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EXECUTIVE SUMMARY 

This report describes and documents the Oregon Beach 
and Shoreline Mapping Analysis Program (OBSMAP) 
maintained by the Oregon Department of Geology and 
Mineral Industries (DOGAMI), with funding from the 
Northwest Association of Networked Ocean Observ­
ing System (NANOOS contract #449958), the Oregon 
Department of Land Conservation and Development 
(DLCD contract #PS07028), and the Oregon Parks and 
Recreation Department (OPRD contract#07-372). The 
objective of this monitoring program is to document 
the response of Oregon's beaches to both short-term 
climate variability (e.g., El Niiios, extreme storms) 
and longer-term effects associated with the chang­
ing climate of the earth (e.g., increasing wave heights, 
changes to storm tracks, and sea level rise), that will 
influence the stability or instability of Oregon's beaches 
over the next century. Understanding the wide range of 
responses characteristic of the Oregon coast is critical 
for effectively managing the public beach both today 
and into the future. 

Beach monitoring undertaken as part of the 
OBSMAP effort is based on repeated high-accura­
cy surveys of selected beach profiles using a Trimble 
5700/5800 Real-Time Kinematic Differential Global 
Positioning System (RTK-DGPS) mounted on either a 
backpack or on an ATV vehicle. The OBSMAP moni­
toring network currently consists of 119 beach moni­
toring sites, which include: 

• Six sites along the Clatsop Plains (Seaside to the 
mouth of the Columbia River); 

• Twenty-five sites along the Rockaway littoral cell 
(Cape Meares to Neahkahnie Mountain); 

• Fifteen sites in the Neskowin cell (Cascade Head 
to Cape Kiwanda); 

• Fifteen sites in the Beverly Beach cell (Yaquina 
Head to Otter Rock); and, 

• Fifty-eight sites in the Newport littoral cell (Yach­
ats to Yaquina Head) . 

This report focuses specifically on coastal chang­
es along the Rockaway and Neskowin littoral cells, 
with emphasis on measured responses following the 
extreme December 2-3, 2007, winter storm. Our beach 
monitoring efforts completed thus far have identified 
the following large-scale beach responses: 

• The cumulative effect of the 1997-1998 and 
1998-1999 winters resulted in extensive erosion 
along the Rockaway littoral cell; to date, some of 
the largest erosion responses measured on the 
Oregon coast. Nevertheless, the degree of change 
observed and the level of beach rebuilding that 
has taken place since then varies along the shore: 

o Erosion continues to plague much of the 
Rockaway subcell, which has continued to 
recede landward up to the present. The area 
presently experiencing the highest beach 
erosion changes is occurring north of Tilla­
mook Bay and south of the Rockaway High 
School. 

o North of Rockaway High School and south 
of the Nehalem jetties, beaches have been 
slowly gaining sand and, hence, are gradu­
ally rebuilding following the extreme storms 
of the late 1990s. 

o Erosion continues to affect the southern half 
of Bayocean Spit, while the northern third 
of the spit has effectively been rebuilt and is 
now beginning to prograde (advance) sea­
ward. 

o Similarly, erosion continues to plague the 
southern half of Nehalem Spit, while the 
northern third has gained some sand. 

o The beaches along the Rockaway littoral cell 
remain in a state of net deficit compared to 
1997, with the loss of sand for the period 
1997-2002 estimated to be about 1,439,600 
m3 (1,883,000 yd3). Given that much of the 
Rockaway subcell has continued to erode 
and lose sand, we estimate that as of March 
2008 the net sand loss from the cell is likely 
to be on the order of 2 million cubic meters 
of sand (2.6 million cubic yards). W hether 
the beaches recover fully and how long it 
takes remain important scientific and man­
agement questions, which in time will be 
answered by continued beach monitoring. 

Oregon Department of Geology and Mineral Industries Open-Fi le Report 0-08-1 5 v 
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o Post-storm recovery has been slow, limited 
to the lower beach face, and restricted to 
parts of Bayocean Spit, Nedonna Beach, and 
at the north end Nehalem Spit. The lack of 
significant sand accumulation high on the 
beach face in recent years suggests that the 
present climate may not be conducive for 
transporting sand landward from the beach 
face. 

• In contrast to the Rockaway cell, measured beach 
changes on the Clatsop Plains indicate that 
although this section of shore was also affected by 
the extreme storms of the late 1990s, the degree of 
impact was much less; the beaches fully recovered 
within 1 to 2 years. 

o The exception is shoreline change taking 
place just south of the south jetty. Repeated 
beach surveys at the Eastjetty profile site 
has revealed that the beach has been slowly 
eroding landward. Given its narrow fore­
dune width, it is likely that parts of this dune 
system could be breached in the near future. 

o The main foredune has steadily gained sand 
over the past several years. We estimate that 
the net sediment volume gain for the period 
1997 to 2008 is about 3.4 million cubic 
meters (4.5 million cubic yards) of sand. 

• The 2007-2008 winter caused severe erosion at 
selected sites in the Rockaway subcell (south end 
of the cell) and north of the town of Rockaway; 
erosion and damage to facilities at Cape Lookout 
State Park (including significant damage to the 
dynamic revetment constructed there to protect 
the park); damage to riprap revetments at multi­
ple locations on the north coast but most notably 
at Neskowin; and exhumed cannons at Cannon 
Beach and a boat near Coos Bay. In most cases, 
the erosion was enhanced due to formation of rip 
embayments, allowing waves to break close to the 
shore with little loss in incident wave energy. 

• An analysis of wave and water levels associ­
ated with the 2007-2008 winter indicates that 
events during this winter was not as extreme as 
past events. However, several major storms that 
occurred in winter 2007-2008 when the beaches 
of Oregon remained in a generally degraded state 
(i.e., beaches were narrower and had less sand 
volume), enabled the waves to cause significant 
damage to infrastructure along the coast. 

Oregon Department of Geology and Mineral Industries Open-File Report 0-08-15 
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INTRODUCTION 

Over the past century, the Oregon coast has undergone 
several periods of major coastal erosion in which the 
mean shoreline position retreated landward, encroach­
ing on homes built atop dunes and coastal bluffs, and 
in several cases resulted in the destruction of homes. 
The most notable of these events took place in 1934, 
1939, 1958, 1960, 1967 (Dicken and others, 1961; Stem­
bridge, 1975), the winters of 1972-1973, 1982-1983 
(Komar, 1997), in 1997-1998, 1999 (Allan and others, 
2003), and most recently in December 2007. Of these, 
it is generally thought that the winter of 1938-1939, and 
specifically a storm in January 1939, was probably the 
worst on record (Dr. Paul Komar, personal communi­
cation, 2006). This storm resulted in extensive coast­
wide erosion (e.g., Netarts Spit was breached at several 
locations), along with the flooding inundation of sev­
eral communities (e.g., Seaside, Cannon Beach, Rocka­
way, and Waldport), as ocean waves accompanied high 
water levels (Stembridge, 1975). Although the effects of 
the January 1939 storm were captured in the 1939 suite 
of aerial photographs flown by the U.S. Army Corps 
of Engineers (USACE), the fact that these photos have 
never been orthorectified makes it difficult to interpret 
the true extent of the storm's impact on the coast. 

An assessment of how the beaches of Oregon respond 
to storms could not be fully documented until the late 
1990s, when a joint venture between the U.S. Geologi­
cal Survey (USGS), the National Aeronautics and Space 
Administration (NASA), and the National Oceanic 
and Atmospheric Administration (NOAA), used Light 
detection and ranging (lidar) technology to measure 
the topography of U.S. coastal beaches. On the Oregon 
coast, the results of such surveys have been published 

in several papers (Revell and others, 2002; Revell and 
Marra, 2002; Allan and others, 2003, 2004; Allan and 
Hart, 2005; Allan and Komar, 2005). However, while 
lidar provides an unprecedented amount of quantita­
tive information that may be used to assess beach mor­
phodynamics, on the Oregon coast such data sets have 
been collected infrequently (only on three occasions: 
1997, 1998, and in 2002), with no additional measure­
ments scheduled until 2009; given the present high 
costs, the expectation is that lidar will only be flown 
approximately every five years. As a result, the tem­
poral scale of the lidar surveys is presently insufficient 
to adequately characterize short-term and to a lesser 
extent long-term trends of beaches. 

The purpose of this report is to describe the Oregon 
Beach and Shoreline Mapping Analysis Program 
(OBSMAP) maintained by the O regon Department 
of Geology and Mineral Industries (DOGAMI), with 
funding from the Northwest Association of Networked 
Ocean Observing System (NANOOS) , the Depart­
ment of Land Conservation and Development Agency 
(DLCD), and the Oregon Parks and Recreation Depart­
ment (OPRD). The objective of the OBSMAP effort is 
to develop a comprehensive beach observation pro­
gram, capable of providing high-quality quantitative 
data on the response of Oregon's beaches at a variety of 
time and space scales that are of most value to coastal 
resource managers and the public at large. OBSMAP 
data have been supplemented through analyses of lidar 
data measured along the Oregon coast in 1997, 1998, 
and 2002, and are now beginning to yield important 
new insights on how the beaches of Oregon respond to 
storms, El Nifws, and climate change. 

Oregon Department of Geology and Mineral Industries Open-Fi le Report 0 -08-1 5 
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MANAGEMENT NEEDS AND MONITORING OBJECTIVES 

Management of beaches and dunes in Oregon falls 
under the jurisdiction of the OPRD, the Coastal Man­
agement Program of DLCD, and local jurisdictions 
through their comprehensive plans and land-use ordi­
nances. OPRD has jurisdiction over the active beach 
up to the statutory vegetation line (surveyed in 1967; 
Oregon Revised Statute 390.770) or the existing veg­
etation line, whichever is located most landward, and 
thereby controls the permitting of structures used to 
protect ocean shore property. DLCD works with the 
planning departments of local jurisdictions to preserve 
Oregon's beaches and dunes by ensuring that they apply 
the standards for siting development as required by 
specific statewide planning goals that are incorporated 
into their local comprehensive plans. The department 
provides technical assistance to local jurisdictions in 
the form of model ordinances, as well as support for 
the improved and updated mapping and inventories. 

The permitting of new ocean shore development 
by state and local jurisdictions is based on the best 
available knowledge and, in some cases, site investiga­
tions of specific locations. Although the information 
collected through these efforts meets the standards 
required by agencies, at times the information is piece­
meal and does not always reflect an adequate under­
standing of the processes affecting the property for 
making sound decisions (i.e., site-specific studies on 
dune-backed beaches tend to be too narrowly focused, 
effectively ignoring issues that may influence the site 
at larger spatial or longer time scales). Specifically, the 
information presented often does not fully take into 
account the high-magnitude episodic nature of North 
Pacific extratropical storms, the long-term processes 
that m ay impact the property, the manner in which the 
proposed alterations might affect the system, or the 
effect those alterations could have on adjacent proper­
ties. State and local agencies are therefore relegated to 
making decisions about ocean shore development with 
only a partial understanding of their potential impacts. 
Those decisions will affect not only the relative level 
of risk posed to that development but also the long­
term integrity of ocean shore resources and a variety of 
public recreational assets. Improved baseline data and 
analysis of beach morphodynamics will enable state 
agencies and local governments, and the geotechnical 
community, to better predict future shoreline positions 

and will provide the quantitative basis for establishing 
scientifically defensible coastal-hazard setback lines. 

New baseline data repeated at appropriate time 
intervals (e.g., seasonal to annual surveys) and space 
scales (hundreds to thousands of meters) in conjunc­
tion with periodic detailed topographic information 
derived from lidar and ground surveys will help coastal 
managers resolve short- and long-term specific plan­
ning issues by providing an improved understanding of 
the following: 

• The spatial and temporal responses of beaches 
to major winter storms in the Pacific Northwest 
(PNW) and to climate events such as El Niiios and 
La Niiias. 

• The time scales required for beach recovery fol­
lowing major winter storms, El Niiios; or from 
persistent El Nino conditions that characterize 
the warm phase of the Pacific Decadal Oscil­
lation. Under the present climatic regime and 
given uncertainties over future climate condi­
tions, an important question is how long does it 
take for beaches to fully recover following a major 
storm(s)? 

• The long-term implications of climate change 
to Oregon's beaches that result from increased 
storminess, larger storm wave heights (and hence 
greater wave energy), and changes to the predom­
inant tracks of the storms and sea level rise. 

Several important questions that may also be 
addressed from repeated ongoing monitoring of 
Oregon beaches include: 

• What are the cumulative effects of increased 
storm wave heights, increased armoring of shore­
lines, and possible accelerated sea level rise on 
erosion rate predictions for bluffs and dunes? Is 
past practice of using historical data (e.g., aerial 
photos, ground surveys) to predict future shore­
line or bluff toe/top locations defensible? If not, 
what quantitative approach should take its place? 
Can a numerically based model be developed that 
adequately handles all of the forcing that affects 
coastal change in the PNW? 

• How can we improve existing process/response 
models so they adequately account for the erosion 
of PNW beaches? Present models were developed 
mainly for United States East Coast wave and 

2 Oregon Department of Geology and Mineral Industri es Open-File Report 0 -08-15 
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sediment transport conditions rather than for the 
significantly different conditions in the PNW. The 
wave climate in the PNW is far more severe, and, 
unlike the unidirectional longshore movement of 
beach sediment typical of the U.S. East and Gulf 
coasts, Oregon's beach sand oscillates from south 
to north, winter to summer, within its headland­
bounded littoral cells. 

• What are the spatial and temporal morphologi­
cal characteristics of rip embayments on PNW 
beaches? What are the "hotspot" erosion impacts 
of rip embayments on dunes and beaches? How 
often do rip embayments occur at a particular site 
on the coast and what is the long-term effect on 
bluff erosion rates? 

• How has the morphology of Oregon's beaches 
changed since the 1960s (i.e., when the coastline 
was last surveyed)? 

• The loss of large volumes of sediment from sev­
eral littoral cells on the northern Oregon coast in 
recent years (e.g., Netarts and Rockaway) raises 
the obvious questions: why are they eroding, 
where has the sand gone, and will it return? 

Integral to answering many of these questions and 
for making informed decisions based on technically 
sound and legally defensible information is an under­
standing of the scales of morphodynamic variability 
within the coastal zone. Comprehensive beach moni­
toring programs have enhanced decision-making in the 
coastal zones of populous states such as Florida (OBCS, 
2001), South Carolina (Gayes and others, 2001), Texas 
(Morton, 1997), Washington state (Ruggiero and Voigt, 
2000), and in the United Kingdom, where the UK gov­
ernment recently endorsed the expansion of a pilot 
beach and bluff monitoring to extend around the bulk 
of the English coastline (Bradbury, 2007). These pro­
grams typically include the collection of topographic 
and bathymetric surveys, remote sensing of shoreline 
positions (aerial photography or lidar), and measure­
ments of environmental processes such as currents, 
waves, and sediment transport. Over time such data 
sets prove critical in calibrating predictive models of 
shoreline change, in the design of shore-protection 
measures, and in determining regional sediment bud­
gets (Gayes and others, 2001). 

The general purpose of this study is to continue to 
document the response of Oregon's beaches using real­
time kinematic differential global positioning system 
(RTK-DGPS) technology. Although the OBSMAP 
program now spans several littoral cells, this report 
will focus primarily on the measured responses in the 
Rockaway and Neskowin littoral cells, particularly as a 
result of the December 2-3, 2007, extreme storm and 
the problems that have arisen as a result of that event. 
The specific tasks associated with completing this 
ongoing study include the following: 

1. Undertake quarterly (spring, summer, fall, and 
winter) surveys of the Neskowin (15 sites), Rock­
away (25 sites) and Clatsop Plains (6 sites) beach 
monitoring network, Figure 1, in order to provide 
ongoing documentation of the response of Ore­
gon's beaches to North Pacific winter storms, El 
Nifios, and climate change. 

o Surveys were undertaken during the follow­
ing months (approximately): March 2007; 
May/June 2007; September/October 2007; 
December 2007; March/ April 2008. 

2. Maintain and update the existing OBSMAP 
website (http:/ /www.oregongeology.org/sub/ 
nanoosl/index.htm). Continue to develop new 
data products that may be of value to coastal 
resource managers, and to improve the readabil­
ity and usability of the website; 

3. Disseminate beach state/change data and prod­
ucts among coastal managers and regulatory 
authorities in appropriate formats. Specific prod­
ucts produced as part of this monitoring effort 
include the measured beach profile responses, 
and the response of the beach at specific contour 
intervals. For the purposes of this study, we use 
the 6.0-m (20ft) and 5.0-m (16ft) contour chang­
es to account for changes that may be occurring 
adjacent to the dune toe (i.e., caused predomi­
nantly by storms, El Nifios, and long- term shore­
line responses), while the 3.0-m (10 ft) contour 
reflects those changes near the Mean Higher High 
Water (MHHW) line (i.e., seasonal to interannual 
to longer-term changes); and, 

4. Develop a report that summarizes the latest find­
ings for each of the littoral cells. 
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Figure 1. Location maps of Oregon Beach and Shoreline Mapping and Analysis Program (OBSMAP) beach monitoring 
stations (locations shown by black bars) established on the northern Oregon coast and overlaid on 2005 ortho­

imagery (OGIC; httpJ/gis.oregon.gov/ DAS/EISPD/GEO/ data/dog.shtml). Red line is U.S. Highway 101. 
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BACKGROUND 

Beaches composed of loose sediments are among 
the most dynamic and changeable of all landforms, 
responding to a myriad of complex variables that 
reflect the interaction of processes that drive coastal 
change {waves, currents, and tides), and the underly­
ing geological and geomorphological characteristics of 
the beaches (sediment grain size, shoreline orientation, 
beach width, sand supply, losses, etc.). These factors 
have a threefold role in contributing to the morphology 
and position of the beach: 

1. Promoting the supply of sediments to the coast 
for beach construction; 

2. Transferring sediments through the system; and 
ultimately, 

3. Removing sediments through the process of ero­
sion. 

Because beaches are composed of loose material, 
they are able to respond and to adjust their morphol­
ogy rapidly in intervals of time ranging from seconds to 
days to years (Figure 2) in response to individual storm 
events, and enhanced periods of storm activity and 
increased water levels (e.g., the 1982-1983 and 1997-
1998 El Niiios). 

Beginning with the 1997-1998 El Nino, the Oregon 
coast experienced a series of20 unusually severe storms 
in which the deep-water significant wave heights 
exceeded 6 m {20 ft) for 9 hours or longer. Prior to the 
1997-1998 winter the largest number of major storms 
experienced in a single season was 10 to 12, which 
occurred in the early 1980s {1982-1986). Furthermore, 
on the basis of wave data up through 1996, researchers 
{Ruggiero and others, 1996) had calculated the 100-year 
storm waves to be around 10 m {33 ft) for the Oregon 
coast. However, an event on November 19-20, 1997, 
exceeded that projection, and wave conditions were far 
worse the following winter, 1998-1999, when 22 major 
storms occurred, four of which generated deep-water 
significant wave heights over 10 m, the largest having 
generated wave heights of 14.1 m (47 ft). W hen wave 
energy of this magnitude {approximately proportional 
to the square of the wave height) is expended on the 

low sloping beaches characteristic of the Oregon coast, 
especially at times of elevated ocean water levels, these 
storms have the potential for creating extreme hazards 
to developments in foredunes and atop sea cliffs back­
ing the beaches. For example, the cumulative impact of 
these recent extreme storms along the Neskowin and 
Netarts littoral cells in Tillamook County resulted in 
the foredune retreating landward by, on average, ll.S 
m {38ft) to 15.6 m {49ft) respectively, and as much as 
55 m {180 ft) in some locations, damaging properties 
fronting the eroding shore {Allan and others, 2004). In 
response to the erosion, property owners have resorted 
to the placement of riprap to safeguard their proper­
ties. Following erosion there is usually a period lasting 
several years to a few decades during which the dunes 
rebuild, until later they are eroded by another storm 
(Allan and others, 2003). How long this process takes is 
not known for the Oregon coast. 

Longer-term adjustments of the beaches may also 
result from changes in sediment supply or mean sea 
level. However, attempts to quantify these processes 
suggest that erosion due to rising sea level is consid­
erably lower compared with the effects of individual 
storms or from storms in series. 

The monitoring of two-dimensional beach profiles 
over time provides an important means of understand­
ing the morphodynamics of beaches and the processes 
that influence the net volumetric gains or losses of sedi­
ment (Morton and others, 1993; Ruggiero and Voigt, 
2000). Beach monitoring is capable of revealing a variety 
of information concerning short- term trends in beach 
stability, such as the seasonal response of a beach to 
the prevailing wave energy, responses due to individual 
storms, or hotspot erosion associated with rip embay­
ments. Over sufficiently long periods, beach monitor­
ing can reveal important insights about the long-term 
response of a particular coast, such as its progradation 
(seaward advance of the mean shoreline) or recession 
(landward retreat), attributed to variations in sediment 
supply, storminess, human impacts, and ultimately as a 
result of a progressive increase in mean sea level. 
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Figure 2. Conceptual model of beach and shoreline changes that occur over various time and space scales 
(a her Ruggiero and Voigt, 2000). Dashed box indicates the portion of beach measured as part of OBSMAP. MHHW 

is mean higher high water; MSL is mean sea level; MLLW is mean lower low water; PDQ is Pacific Decadal Oscillation. 

METHODOLOGY 

Beach profiles that are nominally orientated perpendic­
ular to the shoreline (Figure 1) can be surveyed using 
a variety of approaches, including a simple graduated 
rod and chain, surveying level and staff, Total Station 
theodolite and reflective prism, lidar, and RTK-DGPS 
technology. 

Traditional techniques such as leveling instruments 
and Total Stations are capable of providing accurate 
representations of the morphology of a beach but are 
demanding in terms of time and effort. For example, 
typical surveys undertaken with a Total Station the­
odolite may take anywhere from 30 to 60 minutes to 
complete, which reduces the capacity of the surveyor to 
develop a spatially dense profile network. At the other 
end of the spectrum, high-resolution topographic sur­
veys of the beach derived from lidar are ideal for cap­
turing the three-dimensional state of the beach over an 
extended length of coast within a day; other forms of 
lidar technology are now being used to measure near­
shore bathymetry but are dependent on water dar-

ity. However, the technology remains expensive and 
is impractical along small segments of shore. More 
importantly, the high cost of lidar effectively limits the 
temporal resolution of the surveys and hence the abil­
ity of the end-user to understand short-term changes 
in the beach morphology (Bernstein and others, 2003). 
Within this range of technologies, the application of 
RTK-DGPS for surveying the morphology of both the 
subaerial and subaqueous portions of the beach has 
effectively become the accepted standard (Morton and 
others, 1993; Ruggiero and Voigt, 2000; Bernstein and 
others, 2003; Ruggiero and others, 2005). 

The Global Positioning System (GPS) is a worldwide 
radio-navigation system formed from a constellation of 
24 satellites and their ground stations, originally devel­
oped by the U.S. Department of Defense. In its simplest 
form, GPS can be thought of as triangulation with the 
GPS satellites acting as reference points, enabling users 
to calculate their position to within several meters 
(e.g., by using off-the-shelf hand-held units [note that 
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the vertical error is typically about twice the horizon­
tal error]), while survey-grade GPS units are capable of 
providing positional and elevation measurements that 
are accurate to a centimeter. 

At least four satellites are needed to determine math­
ematically exact position, although more satellites are 
generally available. The process is complicated because 
all GPS receivers are subj ect to error, which can sig­
nificantly degrade the accuracy of the derived posi­
tion. These errors include the GPS satellite orbit and 
clock drift plus signal delays caused by the atmosphere 
and ionosphere and multipath effects (where the sig­
nals bounce off features and create a noisy signal). 
For example, hand-held autonomous receivers have 
positional accuracies that are typically less than about 
10 m ( < ~30 ft), but can be improved to less than 5 m 
(<~15ft) using the Wide Area Augmentation System 
(WAAS). This latter system is essentially a form of dif­
ferential correction that accounts for the above errors, 
which is then broadcast through one of two geostation­
ary satellites to WAAS-enabled GPS receivers. 

Greater survey accuracies are achieved with differ­
ential GPS (DGPS) using two or more GPS receivers to 
simultaneously track the same satellites, thus enabling 
comparisons to be made between two sets of observa-

tions (Figure 3). One receiver is typically located over a 
known reference point and the position of an unknown 
point is determined relative to the reference point. 
With the more sophisticated 24-channel dual-frequen­
cy RTK-DGPS receivers, positional accuracies can be 
improved to the subcentimeter level when operating in 
static mode and to within a few centimeters when in 
RTK mode (i.e., as the rover GPS is moved about). 

Survey benchmarks 

Allan and Hart (2007) fully describe the procedures 
used to establish survey benchmarks and the beach pro­
files established in the Neskowin cell, while Ruggiero 
and Voigt (2000) describe procedures used to establish 
the beach monitoring network on the Clatsop Plains. 
Here we briefly describe our earlier efforts to establish 
a dense GPS beach monitoring network in the Rocka­
way cell, located in Tillamook County. It is important 
to note that this effort was originally undertaken in the 
summer/ fall of 2004 and was funded in part by DLCD 
and through the initial NANOOS pilot project. 

Twenty-five beach profile sites and survey bench­
mark locations were initially identified in a Geographi­
cal Information System (GIS). These sites were then 

Figure 3. The Trimble 5700 base station antenna located over a known reference point at Cape Lookout State Park, Oregon. 
Corrected GPS position and elevation information is then transmitted by a Trimark Ill base radio to the 5800 GPS rover unit. 
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assessed in the field to refine the benchmark locations 
and to make sure that the sites would have an unob­
structed view of the sky. The benchmarks consisted of 
either: 

• aluminum sectional rods (Figure 4A) hammered 
approximately 12-24 ft into the ground and 
capped with a 2W' aluminum cap. The ends of the 
rods and caps are concreted into the ground; or, 

• 2~-ft deep holes that include a 4- to 6-ft- long gal­
vanized steel earth anchor (with a 6" helix screw) 
screwed into the hole to provide additional sup­
port and rigidity and then backfilled with con­
crete (Figure 4B). These latter benchmarks are 
characterized by brass survey caps. 

All survey caps are stamped with an Oregon Depart­
ment of Geology designation but currently do not have 
an ID number on them. 

Precise coordinates and elevations were determined 
for the Rockaway beach and shoreline network by the 
Tillamook County Surveyor's Office using several GPS 
units. The GPS units were mounted on fixed height 

A) 

(2.0 m) survey rods and located over known geodetic 
survey monuments to establish precise survey control. 
Surveys of the new monuments were then undertaken 
and typically involved occupation times of 20 minutes 
or more. This approach enabled multiple baselines to 
be established from known survey benchmarks points 
to the unknown monuments, which produced excel­
lent survey control. Coordinate information for each of 
the benchmarks were determined in both geographic 
coordinates and in the Oregon State Plane (northern 
zone, meters) coordinate system. All elevations are 
expressed in the North American Vertical Datum of 
1988 (NAVD88). All benchmark information can be 
accessed via the web at: http:/ /www.oregongeology. 
org/nanoosl/Benchmarks/benchmarks.htm 

Figure 1 shows the general layout of the final Rocka­
way cell survey network, which consists of seven pro­
files sites between Cape Meares and the Tillamook 
estuary mouth, ten sites located between Tillamook 
and Nehalem bays, and eight sites between Nehalem 
bay and Manzanita in the north. Surveying of beach 

Figure 4. A) Sectional aluminum rod capped by a 2W' aluminum cap serves as a benchmark at RockS in the Rockaway subcell. 

8 

B) Where rods are not used, a 5-ft-long helix anchor screw is inserted into an 8" diameter hole (3ft deep) and fi lled 
with concrete. The monument is then capped with a 2W' brass cap. Example shown 

is for the Bay2 monument located on Bayocean Spit. 
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profiles commenced on October 26, 2004, using a 
Trimble• 5700/5800 Total Station GPS (Figure 3). 
This system consists of a GPS base station (5700 unit), 
Zephyr Geodetic~ antenna, TRIMMARK~ 3 radio, and 
5800 "rover:' The 5700 base station was mounted on a 
fixed height (2.0 m) tripod and located over a known 
geodetic survey monument followed by a site calibra­
tion on the remaining benchmarks to precisely estab­
lish a local coordinate system (Figure 5). This step is 
critical to eliminate various survey errors. For exam­
ple, Trimble reports that the 5700/5800 GPS system 
results have horizontal errors of approximately ±1-cm 
+ 1-ppm (parts per million x the baseline length) and 
±2-cm in the vertical (Trimble Navigation Limited, 
2005). These errors may be compounded by other fac­
tors such as poor satellite geometry, multipath, and 
poor atmospheric conditions, combining to increase 
the total error to several centimeters. Thus, the site cal­
ibration process is critical to minimize these uncertain­
ties (Ruggiero and others, 2005). 

O nce the local site calibration was completed, cross­
shore beach profiles were surveyed with the 5800 
GPS rover unit mounted on a backpack (Figure 6). 

Figure 5. Static GPS occupations were used as part of a 
site calibration on selected benchmarks to derive a local 
coordinate system in the Rockaway littoral cell. GPS site 
calibration procedures involved occupying a benchmark for 
180 epochs (typically at least 3 minutes or longer) and then 
processing the data in Trimble Geomatics Office software. 

This process was typically undertaken during periods 
of low tide. The approach was to walk a straight line 
from the landward edge of the primary dune, over the 
dune crest, down the beach face, and out into the ocean 
to approximately wading depth by navigating along a 
predetermined line perpendicular to the shoreline and 
displayed on a hand-held Trimble TSCe computer, 
connected to the 5800 rover. The computer shows the 
position of the operator relative to the survey line and 
indicates the deviation of the GPS operator from the 
line. The horizontal variability during and between 
subsequent surveys is generally minor, approximately 
1 m (3 ft) (i.e., about ±0.5 m either side of the line), and 
typically results in negligible vertical uncertainties due 
to the wide gently sloping beaches characteristic of 
much of the Oregon coast (Ruggiero and others, 2005). 
The surveys were repeated on approximately a quarter­
ly basis and/or after major storms. According to pre­
vious research, this method can reliably detect eleva­
tion changes on the order of 4-5 em, that is, well below 
normal seasonal changes in beach elevation, which typ­
ically varies by 1-2 m (3-6ft) (Shih and Komar, 1994; 
Ruggiero and others, 2005). 

Figure 6. Profile survey undertaken near Neskowin using 
a Trimble S800 GPS rover mounted on a backpack. 
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The collected GPS data were subsequently processed 
using the Trimble Geomatics Office~ suite of soft­
ware. The first stage involved a re-examination of the 
site calibration undertaken on the TSCe computer. A 
three-parameter least-square fit was then applied to 
adjust all data points collected during the survey to the 
local coordinate system established for the particular 
study area in order to reduce any errors that may have 
occurred as a result of the GPS units. The reduced pro­
file data were then exported for subsequent analysis. 

Analysis of the beach survey data involved several 
stages. Data were first imported into the Mathworks 
MATLAB" computer programming environment using 
a customized script. A least-square linear regression 
was then fit to the profile data. The purpose of this 
script is to examine the reduced data and eliminate 
data points that exceed a ±0.5-m threshold on either 

side of the predetermined profile line. The data were 
then exported into a Microsoft Office Excel~ database 
for archiving purposes. A second MATLAB script was 
applied to the Excel profile database to plot the latest 
survey data (relative to the earlier surveys) and to output 
the generated figure as a Portable Network Graphics 
(.png) file. A third script examined the profile data and 
quantified the changes that occurred at selected con­
tour elevations; for this study, temporal trends were 
developed for all contours between the 1-m and 6-m 
elevations and for all available data. Finally, the reduced 
contour data were plotted against time and exported 
as a .png file for additional analysis. After data analy­
sis, the graphic images were displayed on the OBSMAP 
website for online viewing (http:/ /www.oregongeology. 
org/sub/nanoosl/ index.htm). 

RESULTS 

A variety of approaches may be used to view and ana­
lyze beach morphology measured by surveys. In the 
traditional approach, one simply examines the tem­
poral and spatial variability of graphed beach profiles. 
Other approaches include examining changes at specif­
ic contour elevations (also known as excursion distance 
analysis, or EDA), undertaking volumetric calculations, 
or examining alongshore changes that occurred. 

Beach profiles provide the most important informa­
tion concerning the spatial variability in the shape of a 
beach section over time. The information derived from 
repeated surveys provides a measure of the response of 
the beach to variations in the wave energy (e.g., winter 
versus summer wave conditions), which is reflected in 
accretion of the beach during the summer and erosion 
in winter. These data may also contain important infor­
mation on how the beach responds to major storms, 
such as during the extreme 1997-1998 and 1998-1999 
winters, including dune or bluff erosion (i.e., how much 
dune or bluff retreat occurred), data that are extremely 
useful when designating hazard zones along the coast. 
Given the short period in which beach changes in 

the Rockaway cell have been monitored, information 
derived from lidar topographic surveys has been used 
to supplement the beach monitoring data, extending 
the data set back to at least October 1997. Along the 
Rockaway cell, airborne lidar data were obtained in 
October 1997 (pre El Niii.o), Aprill998 (post El Niii.o), 
and in September 2002 (Allan and Hart, 2005). When 
combined, the lidar and RTK-DGPS data provide 
almost a decade of information on beach changes in the 
Rockaway littoral cell. 

Results presented here focus primarily on changes 
that have taken place in the Rockaway cell and on the 
Clatsop Plains during the past decade. (A similar assess­
ment was previously undertaken for the Neskowin cell 
by Allan and Hart [2007].) This report concludes with 
an examination of beach changes that took place over 
the 2007-2008 winter, particularly in response to the 
extreme December 2-3, 2007, event and another event 
on January 5, 2008, and the associated beach responses 
that took place at Neskowin and in Rockaway and at 
Twin Rocks. 
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Rockaway cell beach changes 

The Rockaway littoral cell extends from Cape Meares 
in the south to Neahkahnie Mountain in the north. The 
length of the cell is about 26 km (16 mi), and can be 
further subdivided into three subcells that include Bay­
ocean Spit, Rockaway, and Nehalem spit, with each of 
the subcells separated at the mouths of Tillamook and 
Nehalem bays. Within this cell, the most concentrated 
area of coastal development occurs along the Rockaway 
sub cell {i.e., the area includes the towns of Twin Rocks, 
Rockaway, and Nedonna Beach). Intense development 
is also occurring in the north at Manzanita. 

Bayocean Spit 
The Bayocean Spit sub cell extends from Cape Meares 

in the south to the south jetty that bounds Tillamook 
Bay. Site Bay1, located at the south end of Bayocean 
Spit is characterized by a wide (~SO m wide [164 ft]) 
low-lying (S.8 m high [19 ft]) barrier berm comprised 
of pebbles and cobbles, which extends from the Cape 
Meares headland in the south to about 270 m (900 ft) 
north of Bay 1. North of Bay1, the shore is backed by 
a high (10 to 12 m [33 to 39 ft]) frontal foredune (pri­
mary dune) that extends from Bay2 to BayS. North of 
BayS, the foredune decreases in height to about 8 m 
(26 ft) in elevation. Between Bay4 and BayS, the back­
shore is characterized by a remnant parabolic dune and 
transverse dunes that have been truncated due to the 
erosion of Bayocean Spit following construction of the 
north Tillamook jetty in the early 1900s (Cooper, 19S8; 
Komar, 1997). South of Bay3 and north of Bay1, the 
backshore is low lying and is characterized by a wetland 
and lake that formed from the breaching of Bayocean 
spit in 19S2. Seaward of the cobble berm and foredune, 
the beach is wide and gently sloping (tan f3 = 0.021). 
Grain-size statistics determined by Peterson and others 
{1994) indicate that the mean grain size is 0.167 mm 
(i.e., fine sand). 

Beach morphological changes for four of the study 
sites located along Bayocean Spit are presented in Figure 
7. The measured changes indicate that over the past 
decade the beach has been relatively stable. In the far 
south at Bay1, the beach has experienced little change 
(Figure 7), a testament to the resilience of the cobble 
beach that protects the community of Cape Meares. 
Nevertheless, due to its relatively low crest elevation 
(~ S to 6 m [16 to 20 ft]) this particular shore section is 

periodically overtopped by ocean waves, carrying flot­
sam and cobbles landward of the cobble berm. Hence, 
this section of shore remains subject to major hazards 
associated with ocean flooding (storm surge plus high 
wave runup) that may accompany large storms, as well 
as from ballistics associated with the transport of cob­
bles and tree trunks inland against the houses that have 
been built parallel to the beach. 

In response to the extreme winter storms of 1997-
1998 and again in 1998-1999, parts of the spit did 
experience some erosion, particularly along the south­
central section of the spit (north of Bay1 and south of 
Bay3), with the foredune eroding landward by about S 
to 7 m (16 to 23 ft) (Figure 8). However, since those 
events the monitoring data indicate that the Bay2 site 
has been gradually recovering, while the Bay3 site has 
not. In contrast, monitoring data from the remainder 
of the spit (north of Bay4) indicate that the upper part 
of the beach and frontal fore dune have been aggrading 
(building vertically) over time, causing the beach-dune 
face (measured at an elevation of about 6 m [20 ft]) to 
advance (prograde) seaward by about 31.6 m (104 ft) 
at BayS and 37.8 m (124ft) at Bay 7 at the north end of 
the spit (Figure 8). Much of this phase of beach building 
and dune growth has occurred since 2002. Although 
beach building has occurred at higher elevations on the 
beach face, the position of the lower beach face near the 
MHHW mark (~ 3m [9ft] elevation) has continued to 
erode landward over time, north of Bay2 and south of 
BayS, causing the beach in the central part of the spit 
to steepen over time. For example, beach changes mea­
sured at the peak of the 2007-2008 winter revealed the 
beach in its most eroded state since monitoring com­
menced. In contrast, the beach along the northern one 
third of the spit revealed little to no change on the lower 
beach face. Nevertheless, as can be seen in Figure 8, the 
lower beach face at Bay7 was generally in the positive 
(i.e., had more sand on it relative to previous years). 

Rockaway 
The Rockaway subcell extends from Tillamook 

Bay in the south to Nehalem Bay in the north. Along 
much of its shore, significant property development 
has occurred, particularly in the areas of Twin Rocks, 
Rockaway, and Nedonna Beach. As a result of these 
developments having been allowed to be built too close 
to the beach, and because of the relatively narrow beach 
widths present in this subcell (compared with other 
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Figure 7. Measured beach morphological changes carried out between 1997 and 2008 along Bayocean Spit. 
Morphological changes shown in the figure are based on only the winter surveys undertaken in each year. 

Note: win the legend signifies winter; beach surveys typically occurred in March. 
NAVD88 is North American Vertical Datum of 1988. 
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beach sites), the Rockaway subcell has become one of 
several erosion "hotspots" on the Oregon coast, requir­
ing expensive coastal engineering (riprap revetments) 
to combat the beach and dune erosion that has taken 
place in recent years. In particular, riprap structures 
have been constructed along much of the township of 
Rockaway, north of profile RckS and south of Rck8, as 
well as in the south between Rck2 and Rck3 (Figure 1). 

Grain-size statistics indicate that the mean sand size 
is slightly coarser (0.21 mm) at Rockaway than at Bay­
ocean Spit, but the sand is still classified as fine sand. 
Where creeks and streams flow out onto the beach, 
gravels can also be identified, though the quantities 
are very small. Due to the slightly coarser nature of the 
sediments, the beach in the Rockaway subcell tends to 
be generally steeper (tan f3 = 0.021) than Nehalem and 
Bayocean Spit beaches. 

Since construction of the Tillamook and Nehalem 
jetties, the shoreline has changed considerably. In the 
south, the mean shoreline position has prograded 
seaward by up to 300 m (1000 ft) (Allan and Priest, 
2001). Shore progradation also characterizes the beach 
response in the area ofNedonna Beach, which has been 
gradually accumulating sand since the late 1960s. 

Figure 9 shows the responses of the Rockaway beach 
since the extreme storms of the late 1990s. Unlike the 
beach changes identified on Bayocean Spit, changes 
along the Rockaway subcell have been far more dra­
matic. Beach and dune erosion dominates the bulk 
of the shoreline, with the greatest amount of erosion 
having occurred north of the Tillamook jetties and 
south of about Rck8 (Figure 1). Without doubt, much 
of the erosion can be attributed to the extreme storms 
that impacted this section of the coast during the 1997-

Oregon Department of Geology and Mineral Industries Open-Fi le Report 0-08-15 13 
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Figure 9. Measured beach morphological changes carried out between 1997 and 2008 along the Rockaway subcel l. 
Morphological changes shown in the figure are based on only the winter surveys undertaken in each year. 

Note: win the legend signifies winter; beach surveys typically occurred in March. 
NAVD88 is North American Vertical Datum of 1988. 
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1998 and 1998-1999 winters. For example, by the end 
of the 1998-1999 winter season the dune toe at Rcl<l 
had receded landward by 38.2 m (125 ft). Recent beach 
monitoring efforts along this shore has revealed that 
this section of beach has continued to retreat landward, 
with Rck1 having now eroded by 46.9 m (154ft) since 
1997. It is likely that some of the beach erosion at the 
south end of the Rockaway subcell can be attributed to 
"hotspot" erosion effects that take place during major El 
Nifi.os (Komar, 1998; Allan and others, 2003). Because 
the predominant storm tracks are shifted to the south 
during major El Nifi.os, so that the storms cross the 
central/northern California coast, wave heights along 
the Oregon coast tend to be much larger. Furthermore, 
because of the proximity of the storm systems to the 
south, the arrival of waves on the Oregon coast tend to 
occur at strongly oblique angles relative to the shore, 
contributing to greater erosion at the south ends of the 
littoral cells (i.e., north of the headlands and jetties). 

As shown in Figure 9, Rck3 has also experienced 
fairly significant beach and dune retreat. Between 1997 
and 2002 (i.e., the period that spans the extreme storms 
of the late 1990s) the beach receded landward by 46.5 
m (152.6 ft). Since 2002, the beach has eroded an addi­
tional 41 m (134.5 ft), bringing the total beach and 
shoreline retreat to 87.5 m (287 ft). Further north at 

Rck5, Figure 9, the beach eroded 26m (85 ft) between 
1997 and 2002. Our recent monitoring efforts have 
revealed that the Rck5 eroded an additional 5 m (16 ft) 
between 2002 and 2004, and was relatively stable up 
through early 2006. Since then, this section of Rocka­
way beach has retreated landward by an additional 7.9 
m (26 ft), bringing the total amount of beach erosion 
since 1997 to 39.2 m (128.6 ft). Much of this recent 
phase of erosion can be attributed to a storm in early 
2006, and most recently in December 2007. As can be 
seen in Figure 9, the erosion can be easily tracked over 
time, initially as small 1.2 m (3.9 ft) high erosion scarp 
that has increased in height (now about 4 m [13.1 ft)) 
over time as the dune has receded landward. 

Similar changes can be identified for the Rck7 profile 
site, which retreated landward by about 20.6 m (-67.6 
ft), between 1997 and 2002. By October 2004, when 
we commenced our surveys of the beach, the Rck7 
site had eroded an additional 6.6 m (22 ft) . While our 
other beach monitoring sites south of Rck7 continued 
to be characterized by ongoing beach and dune reces­
sion, the Rck7 site did not change much between 2004 
and 2007. However, in January 2008 the beach cut back 
about 4 m (12 ft) (Figure 10); due to the close prox­
imity of several homes to the beach, OPRD granted 
permission for emergency riprap to be installed. The 

Figure 10. Dune erosion scarp that formed at Rck7 in January 2008. Note the two people having to use a ladder to get off the beach. 
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erosion that occurred at Rck7 was in fact exacerbated 
by the presence of a large rip embayment that formed 
over the winter. The presence of the rip embayment 
was identified in our summer survey; over the course 
of the winter, the embayment broadened and migrated 
north. Due to the presence of the rip embayment, large 
waves were able to break much closer to the shore in 
the throat of the channel, with minimal loss of energy. 
As a result of these processes as well as currents that 
form in response to circulation in the nearshore, the 
waves were able to rapidly lower the beach elevation 
and directly attack the dune face. 

Finally, unlike south of Rck8, the Nedonna Beach 
area to the north has been relatively free of erosion 
problems. Although the Rck9 site shown in Figure 9 did 
experience fairly significant erosion between 1997 and 
1998, since then the beach and dune has been gradually 
accreting. As a result, the dune has prograded seaward 
by about 4.4 m (14.4 ft). Such a response has likely been 
aided by the northward transport of sediments eroded 
from the beaches south of Rck8. Although the north 
end of the Rockaway subcell has gained new material 
over the past decade, the actual volume is relatively 
small compared with the total amount of sand that has 
been eroded from the beach south of Rck8. Further dis­
cussion of this is provided below. 

Nehalem Spit 
The Nehalem Spit subcell spans the region between 

the Nehalem jetties in the south and Neahkahnie 
Mountain in the north. The beach along Nehalem Spit 
is significantly wider than beaches in the Rockaway 
subcell, in part because this shore is appears to be pres­
ently gaining sand, albeit at slow rates, and because the 
Rockaway subcell has experienced so much erosion 
in recent years. Along much of the spit, the beach is 
backed by a high foredune that averages about 12 to 14 
m (39.4 to 45.9 ft) in height, with a maximum height 
of 17.6 m (57.8 ft) at Neh4, located midway along the 
cell. North of Neh6, the foredune crest decreases in 
elevation to a low of 8.4 m (27.6 ft) at Neh8. While the 
bulk of the spit is managed by the OPRD, residential 
development has occurred in the northern portion of 
the cell, from just south of Neh6 all the way north to 
Neahkahnie Mountain. Like the beaches along Bay­
ocean Spit and at Rockaway, the Nehalem Spit beaches 

are gently sloping and are characterized by a wide dis­
sipative surf zone. Grain-size statistics determined by 
Peterson and others (1994) indicate that the mean grain 
size is 0.195 mm (i.e., fine sand). 

Morphological changes for selected beach profile 
sites are shown in Figure 11. For the most part, the 
identified pattern of responses are consistent with 
changes observed on Bayocean Spit. Thus, in general, 
the beach south of and including Neh4 (Figure 1), expe­
rienced quite a bit of erosion during the extreme winter 
storms of the late 1990s. For example, the mean beach 
and dune retreat between 1997 and 2002 was 18.2 m 
(59.7 ft), while the maximum amount of erosion was 
28.3 m (92.9 ft) measured at the Neh2 profile site. Since 
then, two of the sites (Neh1 and Neh4) have almost fully 
recovered, while the Neh2 and Neh3 sites continue to 
experience low beach volumes relative to their condi­
tion in 1997 prior to the major El Nino. 

Neh5 marks the transition between the southern 
region that has been subject to erosional changes and 
the northern portion of the cell that has been steadily 
aggrading over time. As can be seen for Neh5 (Figure 
11) this particular site has undergone some recent 
beach building. Between 2002 and 2008, the foredune 
aggraded vertically by about 2.5 m {8.2 ft) {Figure 12), 
the section of dune above about 8 m (25 ft) prograded 
seaward by about 21m (68.9 ft), and the dune toe mea­
sured at the 6 m (20ft) contour elevation advanced sea­
ward by about 12.6 m (41.3 ft). These changes suggest 
that the bulk of the dune sand is accumulating up in the 
dune itself, probably aided by the presence of European 
beach grass that helps trap sand blown inland from the 
beach. In contrast, sand accumulation around the 6 m 
(20 ft) contour elevation is likely to be more ephem­
eral, as it is moved about by ocean waves and the wind. 
These types of responses are broadly similar to mea­
sured beach changes observed in the Neskowin litto­
ral cell (Allan and Hart, 2007). Further north at Neh7 
and Neh8, the measured beach responses indicate 
very subtle changes. While there has been some sand 
accumulation on the upper beach face at Neh7 and to 
a lesser extend Neh8, both sites indicate considerable 
variability on the lower beach face as the beach varies 
between erosion and accretion. In essence, neither of 
these sites has changed significantly in the last decade. 
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Figure 1 1. Beach morphological changes from surveys carried out between 1997 and 2008 along the Nehalem Spit subcell. 
Morphological changes shown in the figure are based on only the winter surveys undertaken in each year. 

Note: win the legend signifies winter; beach surveys typically occurred in March. 
NAVD88 is North American Vertical Datum of 1988. 
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Volume changes and alongshore responses 

Analyses of volume changes along the Rockaway 
littoral cell indicate that the cumulative effect of the 
1997-1998 El Nino and 1998-1999 winters resulted in 
considerable erosion along much of the cell (Figure 
13). These changes were derived from an analysis of 
lidar data undertaken by Allan and Hart (2007), which 
were based on a GIS beach profile database spaced at 
100-m (300ft) intervals along the shore. As can be seen 
in Figure 13, greatest sand volume losses occurred at 
mid-cell, between Tillamook and Nehalem bays near 
the towns of Twin Rocks, Rockaway, and Nedonna 
Beach, and along the southern end of Nehalem Spit. In 
contrast, the northern end of Bayocean and Nehalem 
spits gained sand, probably due to some northward 
migration of the sand. Nevertheless, sediment volume 
gains in the north are offset by the substantial net 
losses observed along the bulk of the shore. Summing 
the volume changes along the entire littoral cell indi­
cates that the cumulative erosion of the beach and dune 
as a result of both winters resulted in the removal of 
1,439,600 m3 (1,883,000 yd3

) of sand from the beaches, 

the bulk of which was probably carried offshore, with 
some sand possibly carried into the bays. 

As described above, recent surveys of the beaches in 
the Rockaway littoral cell indicate that the shore con­
tinues to erode, primarily in the region between Tilla­
mook and Nehalem bays. Figure 14 shows the along­
shore response of the beach determined at the 5-m (16 
ft) contour elevation, representative of the juncture 
between the dune face and the beach crest. Included in 
the plot are data for the period 1997 to 2002, essentially 
capturing those beach changes that took place during 
the extreme winter storms of the late 1990s. As can be 
seen in Figure 14, the upper portion of the beach face/ 
dune toe area continues to recede landward, with the 
most significant changes having taken place along the 
southern half of the Rockaway subcell, between the 
north jetty and the Rck5 beach profile site. Erosion has 
also occurred north of Rck5 and south of Rck7 to such 
a degree that much of this section of shore has now 
been hardened with riprap. In contrast, beach changes 
talking place on Bayocean and Nehalem Spits suggest 
some level of beach recovery. For example, the 5-m (16 
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ft) contour has begun to prograde seaward along the 
northern one third of Bayocean Spit, and the northern 
half of Nehalem Spit, with the sand tending to migrate 
up onto the dune face. From these ongoing changes, it 
is highly likely that the net volume of sand along the 
entire littoral cell remains in a state of net deficit com­
pared to conditions in 1997, with the total loss of sand 
as of March 2008 estimated to be about 2 million cubic 
meters of sand (2.6 million cubic yards). 

In summary, the measured responses identified by 
the combined lidar and RTK-DGPS survey data indi­
cate that the beaches along the Rockaway subcell have 
continued to erode over time, with little to no evidence 
of recovery as of March 2008. Conversely, beaches 
along Bayocean and Nehalem Spits have recovered 
somewhat, while the northern ends of these two sub­
cells have gained sand, relative to our lidar baseline 
measured in 1997. However, as was observed by Allan 
and Hart (2007), accretion in these two areas has been 
largely confined to a gradual buildup of sand on the pri­
mary frontal dune, raising its crest elevation over time. 
Thus, although these two sections of shore have accret­
ed slightly over the past decade, the shoreline has not 
prograded seaward. Furthermore, the beaches along the 
littoral cell remain in a state of net deficit compared to 
their condition in 1997, with the estimated loss of sand 
as of March 2008 to be about 2 million cubic meters 
(2.6 million cubic yards) of sand. Whether the beach 
recovers fully and how long it takes remain important 
and interesting scientific and management questions, 
which can be answered only as the beaches continue to 
be monitored. 

Clatsop Plains beach changes 

The Clatsop Plains are an arcuate shaped coastline 
that extends from Tillamook Head in the south to the 
mouth of the Columbia River (MCR) (Figure 1). The 
plains form part of a smaller subcell (34 km long) locat­
ed within the much larger Columbia River littoral cell 
(CRLC), a 165-km coastal system that extends from Til­
lamook Head, Oregon, to Point Grenville, Washington. 

The coastline of the Clatsop Plains is characterized 
by wide surf zones and prominent longshore bars in the 
nearshore, while the beaches are backed by an extensive 
dune sequence (Cooper, 1958; Woxell, 1998). The fron­
tal foredunes that immediately back the beaches range 
in height from several meters to over 16m (up to 53ft 

high). These dunes increase in height from Seaside to 
Kyle Lake, and then decrease in height toward Clatsop 
Spit (Ruggiero and Voigt, 2000). The beaches are gently 
sloping (mean slope [S] of 0.032 ± 0.007), and have a 
somewhat lower beach slope when compared with 
slopes identified along the Tillamook County coastline 
(Allan and Priest, 2001). The sediments that comprise 
the beaches range in size from 0.14 to 0.25 mm (classi­
fied as medium- to fine-grained sand). 

For the past few thousand years, the shorelines of 
the CRLC, including the Clatsop Plains, have accret­
ed, causing the coastline to prograde seaward by a few 
hundred to several thousand meters. This process is 
thought to have begun around 4000 years ago, as the 
rate of sea-level rise slowed (Woxell, 1998). Woxell 
(1998) estimated that the Clatsop Plains historically 
accreted at an average rate of 0.7 m/yr (2.3 ft/yr) from 
about 4000 years BP to AD 1700. Between 1700 and 
1885, accretion rates along the Clatsop Plains fell 
slightly to around 0.5 m/yr (1.6 ft/yr). The year 1885 is 
significant because this was when construction of the 
south jetty began. 

The seaward advance of the Clatsop Plains shore­
line has continued throughout the past 120 years, but 
at rates exceeding several meters per year due to large 
supplies of sand from the Columbia River, and as a 
result of jetty construction at the MCR (Gelfenbaum 
and others, 1999). Of particular significance has been 
the construction and subsequent extensions of the 
south jetty, which caused a dramatic increase in the rate 
of shoreline advance. According to Woxell (1998), since 
the late 1800s accretion rates along the Clatsop Plains 
have ranged from 2.0 to 5.8 m/yr (6.6 to 19 ft/yr), with 
an average rate of 3.3 m/yr (10.8 ft/yr), with the high­
est accretion rates identified near the MCR. However, 
since about the mid-1920s the rate of coastal advance 
has slowed, while erosion has been the dominant 
shoreline response along the northern end of Clatsop 
Spit. These latter adjustments may suggest a change in 
the overall sediment budget of the Columbia River cell, 
which could have important implications to the future 
stability of coastal shorelines adjacent to the MCR. 

To better understand the changes taking place within 
the CRLC, the Washington Department of Ecology 
(WDoE) and the U.S. Geological Survey (USGS) initi­
ated a joint study, the Southwest Washington Coastal 
Erosion Study (SWCES), to examine the causes of ero­
sion hotspots that had begun to appear along the CRLC. 
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Figure 15. Beach morphological changes from surveys carried out between 1997 and 2008 along the Clatsop Plains subcell. 
Morphological changes shown in the figure are based on only the winter surveys undertaken in each year. 

Note: win the legend signifies winter; beach surveys typically occurred in March. 
NAVD88 is North American Vertical Datum of 1988. 

As part of this effort, the WDoE and the USGS devel­
oped and implemented a beach monitoring program 
along the full length of the CRLC. Within the Clatsop 
Plains subcell, six beach monitoring sites were estab­
lished in 1997 (Figure 1) and have been surveyed on a 
seasonal basis since their inception. In 2005, a "tech­
nology transfer" was implemented between the WDoE 
and DOGAMI staff that resulted in DOGAMI staff 
taking over the monitoring of the beach profile sites. 

Figure 15 shows the profile changes measured at four 
of the transect sites: Seaside, Rilea, Iredale, and East­
jetty. Beginning in the north at the Eastjetty site, Figure 
15 indicates that the Eastjetty site eroded landward as a 
result of the storms of the late 1990s. One caveat here is 
that the winter 1998 survey is quite different from the 
other surveys and may reflect a survey that was carried 
out at the wrong location. By the late 2002 winter, the 
beach and dune had effectively rebuilt itself. However, 
since then the Eastjetty site has been steadily erod-
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ing (Figure 16), causing the foredune width to narrow 
over time. The current foredune width is 14m (45.9 ft), 
down from 19 m (62.3 ft) in the winter of 2002. As a 
result, additional erosion of this shore section could 
easily breach the dune. Farther south at the Iredale site, 
morphological changes of the beach again indicate the 
impact of the storms of the late 1990s, which caused the 
beach to initially erode. However, since then the beach 
has been gradually rebuilding and by 2005 had essen­
tially rebuilt itself. Probably the most significant change 
taking place at the Iredale site is the degree of aggrada­
tion occurring on the crest of the foredune (Figure 15). 
As can be seen in the figure, between 1997 and 2008 the 
foredune grew vertically by about 1.6 m (5.2 ft), result­
ing in a net gain of 90 m3 of sand per meter of beach 
(m3 x m ·1) or 118 yd3 per yard of beach. With progress 
south along the plains, aggradation on the foredune 
becomes even more significant, while changes on the 
beach face tend to be relatively minor. For example, 
net volume gains were measured at Kim (135 m3 x m·1 

[177 yd3 x yd·1
]), Rilea (259m3 x m·1 [339 yd3 x yd·1]) and 

at Delray (159 m3 x m·1 [208 yd3 x yd·1
)]). From these 

values and the length of shore between the transects 
a conservative estimate of the net sediment volume 
gain between 1997 and 2008 is 3.4 million cubic meters 
(4.5 million cubic yards) of sand. Given that the mean 
shoreline position at each of the beach profile sites has 
not changed substantially (i.e., prograded seaward), the 
bulk of the sediment gains reflect net gains on the fore­
dune. 

Figure 16. Surveying at the Eastjetty site on December 20, 2007. 
High waves associated with the December 2-3, 2007, storm eroded 
the dune toe, leading to its destabilization. Given the current 
foredune width of 14m (45.9 ft) , further erosion of this site will not 
take much to "punch" a hole through dune. 
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THE 2007-2008 WINTER STORM S 

This section examines erosion and flood 
hazards that occurred over the 2007-
2008 winter season. Here we briefly dis­
cuss changes that took place in the Nes­
kowin and Rockaway littoral cells. 

The 2007-2008 winter season was 
characterized by at least seven major 
storms (Figure 17), where a major storm 
is defined as an event in which the signif­
icant wave heights exceeds 6 m (20ft) for 
a period of 9 hours or greater (Allan and 
Komar, 2000). By far the most significant 
of these events was the December 2-3, 
2007, storm, which was the largest not 
only in terms of measured significant 
wave heights but also because the waves 
exceeded 10 m (33 ft) for a total period 
of 18 hours. As can be seen in Figure 17, 
the significant wave heights peaked at 
14.6 m (47.9 ft) and are associated with 
a 1.1-m (3.6 ft) storm surge (the differ­
ence between the measured and pre­
dicted tides). Figure 17C also shows the 
estimated total water level for this event, 
which reflects the calculated wave runup 
plus the measured tide. The wave runup 
was determined using the Stockdon and 
others (2006) equation (19), which relies 
on knowledge of the deepwater wave 
height, peak spectral wave period, and 
beach slope. As shown in Figure 17C, 
the total water levels peaked at about 7.1 
m (22.3 ft), effectively raising the mean 
shoreline elevation and thereby allowing 
the waves to attack the dunes directly 
and to erode them. GPS measurements 
of rack/strandline deposits along Nes­
kowin beach indicated total water eleva­
tions on the order of 6.5 to 7.4 m (21.3 
to 24.3 ft), increasing our confidence in 
the calculated total water levels shown 
in Figure 17. Also apparent is a second 
major storm that occurred January, 5, 
2008. Although this event did not pro­
duce large waves (the waves were on 
the order of 9 m (29.5 ft) relative to the 
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Figure 17. A) Significant wave heights measured by the Tillamook NDBC wave 
buoy (#46089) over the 2007-2008 winter. B) Storm surge derived by subtracting 
the predicted tide from the measured tide and based on the Garibaldi tide gauge. 
C) Hourly total water levels determined from the calculated wave runup plus the 
measured tide. Wave runup was calculated using the Stockdon and others (2006) 
equation (19) using a beach slope of 0.04. 
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December 2007 storm, the event did coincide with high 
tide that again helped to raise the elevation at which 
the wave swash could impact the shore. As a result, this 
event generated the second highest total water levels 
for the 2007-2008 winter, aided by the high storm surge 
(reaching 1 m [3.3 ft]) that characterized this event. 

The effects of the 2007-2008 winter were widely felt 
along the Oregon coast, resulting in significant erosion 
in Neskowin, Netarts, Rockaway; the exhumation of 
a ship down on the north spit of Coos Bay and can­
nons at Cannon Beach; and erosion at Garrision Lake 
near Port Orford. At Neskowin, the storm contribut­
ed to as much as 25 m (82 ft) of dune retreat midway 
along the beach and north of the town of Neskowin. 
Slightly smaller erosion responses were observed to the 
north at Cape Lookout State Park, with the dune there 
retreating by 8.8 m (29ft), eventually destroying a drain 
field constructed in the foredune that serves the park. 
At Neskowin, the formation of a rip embayment north 
of Proposal Rock during late summer 2007 broadened 
significantly over the course of the winter. In response 
to the combination of extreme waves, the high ocean 
water levels due to the occurrence of a storm surge, 

and the location of the rip embayment, wave break­
ing was able to occur close to shore, scouring down 
the beach face and eventually undermining the toe of 
a rip rap structure and causing part of the structure to 
fail (Figure 18). Measurements of the beach elevation 
in April 2008 and obtained along the toe of the riprap 
indicated an extreme low beach elevation of 0.1 m (0.3 
ft) above (mean lower low water (MLLW), while the 
beach elevation was typically less than 0.5 m (1.6 ft) 
along about 200m (656 ft) of riprap. As a result, waves 
were able to impact the riprap wall at essentially all tidal 
elevations (Figure 19). During moderate wave events, 
green water was also observed to go over the top of the 
rip rap wall, which has a crest elevation of 8.8 m (28.9 ft) 
affecting those properties built adjacent to the eroding 
shore (Figure 20). 

Farther north in the Rockaway subcell, erosion issues 
were observed just south of Twin Rocks near an RV 
park built next to the ocean (Figure 21) as well as at the 
north end of Rockaway beach. In both cases, the prob­
lem was related to the presence of a rip embayment that 
lowered the beach elevation, decreasing its buffering 
capabilities. At the RV park, a survey of the shoreline 

Figure 18. Erosion during a storm on January S, 2008, eventually caused part of a rip rap wa ll to fail in the 
t own of Neskowin. (Photo cou rtesy of the The Breakers Condominiums, Neskowin, Oregon.) 
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Figure 19. Development of a rip embayment north of Proposal Rock in Neskowin removed much of the fronting beach that 
would otherwise have protected the rip rap structure shown above. Extreme lowering of the beach elevation means that the 

structure is being impacted by ocean waves at all tidal elevations. (Photo taken at low tide by J. C. Allan on April15, 2008.) 

Figure 20. Overtopping of waves during the January 5, 2008, storm caused flooding and damage to ground floor condominium 
units located in Neskowin. Note that the crest elevation of the graded dune is 8 m (26ft), while the condominium units are 
located approximately 6 to 10m (20 to 30ft) from the top of the rip rap revetment. (Photo taken on January 9 at high tide.) 

Oregon Department of Geology and Mineral Industries Open-Fi le Report 0 -08-15 25 



Applicants' July 27, 2021 Submittal 
Exhibit 1 - Page 32 of 60 

Oregon Beach and Shoreline Mapping and Analysis Program: 2007-2008 Beach Monitoring Report 

--

ongoing shoreline 
retreat 

Figure 21. View south toward the RV park located south of Twin Rocks in the Rockaway 
subcell and erosion taking place to the north and south ofthe park. 

undertaken at the end of the 2007-2008 winter high­
lights the changes that have taken place to the north 
and south of the RV park (Figure 22). As described pre­
viously, much of the Rockaway subcell has continued 
to erode landward following the extreme storms of the 
late 1990s. The erosion has been especially acute along 
the southern portion of the cell, south of about Rck4, 
including the area south of Rck4 and including the RV 
park shown in Figure 21. At the conclusion of the 2007-
2008 winter, the RV park now stands out on the beach 
as the shoreline to the north and south of the park has 
receded landward (Figure 22). As can be seen in Figure 
22, the beach north of the park receded landward by 
about 50 m (164ft). In response to the erosion, an emer­
gency permit for the construction and extension of a 
r iprap revetment was issued for three homes north of 
the RV park. Since then, additional retreat of the shore­
line north of northernmost home (Figure 21) has begun 
to flank the home (Figure 22). At this stage, the expec­
tation is that the shore will continue to retreat to the 
north and south of these homes. Eventually, this could 
result in the need for these properties to be "ringed" by 
rock in order to protect the homes from erosion that is 
now occurring on all sides of the properties. The costs 
to maintain the r iprap wall could become prohibitive 
and result in the property owner abandoning the site. 
At that point, all property owners would be at risk. This 
evolving situation also applies at several sites at Nes-

kowin and at north Neskowin. Given the current state 
of low beach sand volumes along the much of the Nes­
kowin and Rockaway shore, and ongoing concerns over 
climate change and more severe storms, the situation 
in these two areas alone remains exlremely bleak. 

To better understand the relative significance of the 
2007-2008 winter compared with the previous 1998-
1999 extreme winter, a wave-height frequency distri­
bution analysis was performed. The wave-height data 
shown in Figure 23 were derived from the National 
Data Buoy Center (NDBC) buoy #46050 (average curve 
and 1998-1999 winter) and from the Tillamook buoy 
#46089 (2007-2008 winter) since buoy #46050 was out 
of commission. In all cases the waves heights analyzed 
reflect only the winter waves measured between Octo­
ber and March. The frequency values have been plotted 
on a log scale in order to emphasize the occurrence of 
the larger wave heights, which naturally have a much 
lower frequency of recurrence. 

As can be seen in Figure 23, wave heights typically 
average about 3 m (9.8 ft) during winter, increasing to 
as much as 14 to 15m for the most extreme storms. Of 
interest, conditions during the 2007-2008 winter aver­
aged 3.4 m (11.2 ft), slightly above the long-term aver­
age, while the wave heights during the 1998-1999 winter 
averaged 3.8 m (12.5 ft). Of greater interest are the dif­
ferences in the curves for the higher wave heights. As 
can be seen in Figure 23, measured wave heights during 
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Figure 22. Plan view showing the extent 
of erosion along a portion of the Rockaway 
subcell. Mean Higher High Water (MHHW) 
shorelines derived from lidar ( 1997 and 
2002) and from a Rea l-Time Kinematic 
Differential Global Positioning System (RTK­
DGPS) mounted on an ATV vehicle (post-
2002) demonstrate the degree of erosion 
that has taken place at this site during the 
past decade. Total shoreline change at the 
RV park reflects approximately 300 feet of 
erosion. 
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Figure 23. Comparison plot of 2007-2008 winter storm waves (blue) relative to t he extreme 1998-1999 w inter (red), and the 
long-term average curve for NDBC buoy #46050 (black). Green shading denotes a larger number of measured waves in the 

range of> 4 and < 9 m (> 13 and < 29.5 ft) observed during the 1998-1999 winter, compared with the 2007-2008 w inter. 

the 1998-1999 winter well exceed the long term average 
curve, particularly for those wave heights > 4 and < 9 
m (> 13 and < 29.5 ft) . In contrast, 2007-2008 winter 
waves generally track close to the long-term average, 
and it is not until wave heights exceed 9 m (29.5 ft) that 
the curves begin to depart from the long-term aver­
age. These differences provide a stark reminder of the 
current level of risk facing many oceanfront property 
owners, particularly given that many of the beaches in 
Tillamook County have not recovered from the effects 

of past storms and hence the ability of the beaches 
to provide a buffering capacity against high waves is 
presently reduced. To that end, a worst-case scenario 
facing coastal communities in Tillamook County is a 
repeat of the 1998-1999 wave conditions, which would 
almost certainly result in significant damage to ocean­
front property and infrastructure. Given the erosion 
responses observed in 2007-2008, and the state of the 
beach today, the prognosis remains bleak for beaches in 
Tillamook County for the immediate future. 
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CONCLUSIONS 

This report has presented the results of a collaborative 
effort by DOGAMI and the DLCD to maintain a com­
prehensive beach monitoring program on the Oregon 
coast, with the surveys used to document short- and 
long-term responses of the beaches. The establishment 
and repeated monitoring of beach and shoreline observ­
ing systems such as the those established at Rockaway, 
Neskowin, the Clatsop Plains and, more recently, in the 
Newport littoral cell, are capable of providing critical 
information to scientists and coastal resource manag­
ers concerning the response of Oregon's beaches to 
major storms, the effects of climate events such as the 
El Nino Southern Oscillation (ENSO) phenomena, sed­
iment transport patterns, variations in the beach sedi­
ment budget, and longer-term impacts associated with 
climate change and sea level rise. 

A major aspect of this study and of a similar beach 
monitoring efforts underway on the Oregon coast 
(http:/ /www.oregongeology.org/sub/nanoos1/index. 
htm) is that as the beach survey data are collected, 
the information is placed on DOGAMI's website for 
rapid access and viewing by other state agency officials, 
researchers, and the public at large. This approach has 
received considerable support and is rapidly gaining 
ground with members of the geotechnical community, 
who are beginning to use the measured information in 
their studies. In this respect alone, the beach monitor­
ing effort has begun to pay off: officials are now able to 
respond to various beach erosion issues on the basis of 
on sound scientific information. 

Our beach monitoring efforts completed thus far 
along the Rockaway and Clatsop littoral cell have iden­
tified a number of interesting aspects of large-scale 
beach responses: 

• The cumulative effect of the 1997-1998 and 1998-
1999 winters resulted in extensive erosion along 
the Rockaway littoral cell and reflects some of 
the largest erosion responses observed on the 
Oregon coast. The degree of change observed and 
the level of beach rebuilding that has taken place 
since then varies along the shore. 

o Erosion continues to plague much of the 
Rockaway subcell, which has continued to 
recede landward up to the present. The area 
presently experiencing the highest beach 
erosion changes is occurring north of Tilla-

mook Bay and south of the Rockaway High 
School; 

o North of Rockaway High School and south 
of the Nehalem jetties, beaches have been 
slowly gaining sand and, hence, are gradu­
ally rebuilding following the extreme storms 
of the late 1990s. 

o Erosion continues to affect the southern half 
of Bayocean Spit, while the northern third 
of the spit has effectively been rebuilt and is 
now beginning to prograde (advance) sea­
ward; 

o Similarly, erosion continues to plague the 
southern half of Nehalem Spit, while the 
northern third has gained some sand. 

• The beaches along the Rockaway littoral cell 
remain in a state of net deficit compared to 1997, 
with the loss of sand for the period 1997-2002 
estimated to be about 1,439,600 m3 (1,883,000 
yd3

) . Given that much of the Rockaway subcell 
has continued to erode and lose sand, we estimate 
that as of March 2008 the net sand loss from the 
cell is likely to be on the order of 2 million cubic 
meters of sand (2.6 million cubic yards). Whether 
the beaches recover fully and how long it takes 
remain important scientific and management 
questions, which in time will be answered by con­
tinued beach monitoring. 

• Post-storm recovery has been slow, limited to the 
lower beach face, and restricted to parts of Bay­
ocean Spit, Nedonna Beach, and at the north end 
Nehalem Spit. The lack of significant sand accu­
mulation high on the beach face in recent years 
suggests that the present climate may not be con­
ducive for transporting sand landward from the 
beach face. 

• In contrast to the Rockaway cell, measured beach 
changes on the Clatsop Plains indicate that 
although this section of shore was also affected by 
the extreme storms of the late 1990s, the degree 
of impact was much less; beaches fully recovered 
within a matter of 1 to 2 years. The one excep­
tion are those shoreline changes taking place at 
the north end of the subcell and just south of the 
south jetty. Repeated beach surveys at the East­
jetty profile site has revealed that the beach has 
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been slowly eroding landward. Given its narrow 
foredune width, it is likely that parts of this dune 
system could be breached in the near future. 

• Beach monitoring on the Clatsop Plains indicates 
that the main foredune has steadily gained sand 
over the past several years. We estimate that the 
net sediment volume gain for the period 1997 to 
2008 is about 3.4 million cubic meters (4.5 million 
cubic yards) of sand. 

• The 2007-2008 winter caused severe erosion at 
selected sites in the Rockaway subcell (south end 
of the cell) and north of the town of Rockaway; 
erosion and damage to facilities at Cape Lookout 
State Park (including significant damage to the 
dynamic revetment constructed there to protect 
the park); damage to riprap revetments at multi­
ple locations on the north coast but most notably 
at Neskowin; and exhumed cannons at Cannon 
Beach and a boat near Coos Bay. In the majority of 
the cases, erosion was enhanced due to the forma­
tion of rip embayments in those areas, allowing 
waves to break close to the shore with little loss in 
the incident wave energy. 

• An analysis of the wave and water levels associ­
ated with the 2007-2008 winter compared with 
the long-term average and past extreme winters 
indicates that the 2007-2008 winter was not as 
severe as past winter seasons (e.g., the 1998-1999 
winter). Despite this difference, the 2007-2008 
winter was characterized by one major storm 
and several minor events, which resulted in sig­
nificant erosion at Neskowin, Cape Lookout State 
Park, and in Rockaway, with the degree of erosion 
accentuated due to the lack of any post-storm 

beach recovery at those sites. As a result, given 
that many beaches in Tillamook County have con­
tinued to see very little post-storm recovery in the 
intervening years between successive winters (i.e., 
beaches today are narrower and have less sand 
volume compared with beaches in the mid 1990s), 
the communities of Neskowin and Rockaway in 
particular remain at high risk of being affected 
by both coastal erosion and ocean flooding in the 
ensuing winter seasons. 

As additional surveys are completed and analyzed, 
patterns of sand transport within the littoral cells will 
become clearer. Of importance, we now have a system 
in place that can be used to better document and under­
stand the changing beach morphodynamics, including 
the tracking of large-scale sand movements within the 
cell, the effects of future storms, and any post-storm 
recovery. In time, such information can be used to fur­
ther evaluate and refine coastal hazard "setback" zones 
that are being developed by DOGAMI. 
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APPENDIX A: 
COMBINED BEACH PROFILE AND EXCURSION DISTANCE ANALYSIS 11CONTOUR" PLOTS 

For each site shown, the upper plot is a conventional 
beach profile plot, which depicts the two-dimensional 
response of the beach to variations in the incident wave 
energy. The four lower plots reflect contours of greater 
interest due to their proximity to the dune toe (e.g., the 

6.0-m and 5.0-m contours) or to Mean Higher High 
Water (MHHW) mark (e.g., the 3.0-m contour). The 
1997 data have been used in the four lower plots as a 
baseline as this reflects the first comprehensive survey 
of the shape and position of the beach. 
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1.0 INTRODUCTION 

The objective of the Tillamook County coastal flood 

hazard project is to develop a digital flood insurance 

rate map (DFIRM) and flood insurance study (FIS) 

report for Tillamook County, Oregon (Figure 1-1). A 

parallel effort is underway to convert the existing 

Tillamook County Federal Emergency Management 

Agency (FEMA) flood maps to a new countywide 

format in the North American Vertical Datum of 1988 

(NAVD88); however, the scope of that project is 

strictly digital conversion and no new studies andjor 

updated floodplain boundaries are being incorpo­

rated. For this effort, the Oregon Department of 
Geology and Mineral Industries (DOGAMI) will be 

using available light detection and ranging data (lidar) 

to redelineate flood hazards within Tillamook County, 

produce revised DFIRMs and a revised FIS report, and 
produce other mapping products useable at the local, 

state, and federal level for mitigation planning, risk 

analysis, and disaster response. 
As part of the redelineation, DOGAMI has been 

contracted to perform detailed coastal flood hazard 
stud ies for several stretches of beach along the 

Tillamook County shoreline of the Pacific Ocean. These 

analyses are to include assessments of the 1% annual 
probability, or 100-year, extreme storm wave event 

and the associated calculated wave setup, runup, and 
total water level (i.e., the wave runup superimposed 

on the tidal level) to help guide the determination of 

Special Flood Hazard Areas (SFHAs), the most s ignifi­

cant being regions subject to high coastal flood risk 

(Zone VE), characterized with base flood elevations 
(B FEs) that are used to guide building practices. 

Additional modeling of the 0.2%, or 500-year, event 

will also be undertaken. 
These detailed analyses will be limited to the fol­

lowing key areas (Figure 1-1) : 
• Neskowin littoral cell: extends from the north 

side of Cascade Head to Cape Kiwanda. This par­

ticular shore section includes the communities 
of Neskowin, North Neskowin, and Pacific City; 

• Sand Lake littora l cell: extends from Cape Ki­
wanda north to Cape Lookout This section in­

cl udes the communi ty of Tierra Del Mar; 

• Netarts littoral cell: extends from Cape Lookout 

to Cape Meares. This sections includes Cape 
Lookout State Park and the communities of 

Happy Camp (N etarts), Oceanside, and Short 

Sand Beach; and 

• Rockaway littoral cell: extends from the north 

side of Cape Meares to Neahkahnie Mountain in 

the north. This section includes the communities 

of Cape Meares, Twin Rocks, Rockaway, Nedon­
na Beach, Nehalem State Park, and Manzanita. 

The communities noted above represent approxi- • 
mately 43% of the mapped Tillamook coastline; the ' 

remainder of the coast has been mapped as FEMA 
flood zone categories "D" (e.g., most of the spits) and 
"V" (e.g., Nehalem State Park) . These latter areas 
reflect areas that were previously not mapped using 

detailed hydraulic analyses. As a result, this study will 

provide updated detailed coastal hydraulic analyses 
for the same communities, and will extend the de­

tailed analyses by an additional 30% to encompass 
areas outside the existing areas. For the remaining 

27% of the Tillamook County coast, the shoreline will 
be redefined as V zone (e.g., along the headlands) to 

better reflect the geomorphology of those areas. 
The development of coastal flood maps is compli­

cated due to its dependence on a myriad of data 

sources required to perform wave transformation, 

runup, and overtopping calculations. These challenges 
are further compounded by an equally wide range of 

potential settings in which the data and methods can 
be applied, which range from dune to bluff-backed 

beaches, sites that may be backed by coastal engineer­
ing structures such as sea walls, riprap revetments, or 

wooden bulkheads, to gravel and hard-rock shore­

lines. Figure 1 -2 broadly summarizes the steps 

described in the ensuing sections in order to provide a 

conceptual basis for the p rocess that leads, ultimately, 

to the completed coastal flood hazard zones. 
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0 4 8Km 

Figure 1-1. Location map of the Tillamook County, Oregon coastline. 
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Figure 1-2. Three representative examples of the steps that may be taken to derive coastal flood 
hazard maps on the Pacific Northwest coast. **Note: The waves are first shoaled using numerical 
models in order to account for the effect of wave changes (refraction/diffraction) that take place 
across the shelf and in the nearshore. Because many coastal engineering equations (e.g. wave 
runup) require deepwater inputs, the "shoaled" waves are then converted back to their deepwater 
equivalence. 
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This report first examines the coastal geology and 
geomorphology of the Tillamook County shoreline, 
including a discussion of the erosion history of the 
coast. The results presented in this section will 
ultimately form the basis for defining the flood zones 
along the Tillamook coast Section 3 presents the 
results of Real-Time Kinematic Differential Global 
Positioning Surveys (RTK-DGPS) of the detailed study 
sites established along the length of the Tillamook 
County shoreline, undertaken at the peak of the 2011-
12 winter. These surveys are also compared with 
recent historical data derived from lidar data, which 
are used to help define the most eroded winter profile 
used in the runup calculations described in Section 6. 
Section 3 also documents various parameters associ­
ated with the measured beach profile data, including 
the beach/dune junction elevation, the beach slope 
and dune/bluff crest/top elevations. 

Section 4 presents an examination of the tide data 
measured by the National Ocean Service (NOS) of the 
National Oceanographic Atmospheric Administration 
(NOAA) Garibaldi tide gauge (Tillamook Estuary) and 

the South Beach, Yaquina Bay tide gauges (including 
several other gauges), including an analysis of the 1% 
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and 0.2% still water levels (SWL). Section 5 describes 
the steps undertaken to develop a synthesized wave 
climate, critical for developing the input wave statis­
tics used in calculating the wave runup. Section 5 also 
examines the procedures used to refract the waves 
from deep water into the nearshore using the SWAN 
(Simulating Waves Nearshore) wave model. Analyses 
of the wave runup, including the calculation of the 1% 
and 0.2% total water levels (TWL), as well as any 
overtopping calculations, are presented and discussed 
in Section 6. 

Section 7 discusses the steps used to determine the 
degree of erosion that might occur on the dune­
backed beaches, including the approach used to define 
the duration-reduced erosion factor, important for 
further establishing the initial conditions on which the 

runup and overtopping calculations are ultimately 
performed. Similar discussions are provided describ­
ing observations of bluff erosion, characteristic of a 
few discrete sections of the Tillamook County shore­
line. Finally, Section 8 synthesizes all of the infor­
mation and describes the steps taken to draft new 
flood maps along the Tillamook County shoreline. 
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2.0 COASTAL GEOLOGY AND GEOMORPHOLOGY OF TILLAMOOK COUNTY 

Tillamook County is located on the northwest Oregon 
coast, between latitudes 45° 45' 49.49" N (Cape 
Falcon) and 45° 3' 54.88" N (Cascade Head), and 
longitudes 124° 1' 15.57" Wand 123° 17' 59.88" W. 

The terrain varies from low-elevation sandy beaches 
and dunes on the coast to elevations over 1,000 m 
(e.g., Rogers Peak reaches 1,130 m [3,706 ft]) farther 

inland. The coastal strip is approximately 104 km (65 
miles) in length and varies in its geomorphology from 
broad, low-sloping sandy beaches backed by dunes, to 
beaches backed by engineered structures, cobble and 
boulder beaches adjacent to the headlands, and cliff 

shorelines. Prominent headlands formed of resistant 
basalt (e.g., Cascade Head, Cape Meares, Cape Lookout, 

and Neahkahnie Mountain) provide natural barriers to 
alongshore sediment transport (Komar, 1997), 
effectively dividing the county coastline into four 

littoral cells. These are: 
• Neskowin littoral cell ( - 14.3 km), which ex­

tends from the north side of Cascade Head to 
Cape Kiwanda; 

• Sand Lake ( -13.2 km), which extends from Cape 
Kiwanda north to Cape Lookout; 

• Netarts (-15.9 km), which extends from Cape 
Lookout to Cape Meares; and 

• Rockaway littoral cell ( -28.2 km), which ex­
tends from the north side of Cape Meares to 
Neahkahnie Mountain in the north. 

Each of these cells is further divided into a series of 
subcells due to the presence of five estuaries (in order 
from south to north, Nestucca, Sand Lake, Netarts, 
Tillamook, Nehalem), two of which (Tillamook and 
Nehalem) are stabilized by prominent jetties (Figure 
1-1). The county also is characterized by several 
major rivers (Nestucca, Nehalem, Miami, Tillamook, 
Trask, Kilchis, and Wilson Rivers) that terminate in 
the estuaries. 

Due to their generally low flows and the terrain 
they are eroding, these rivers carry little beach 
sediment out to the open coast but instead deposit 
most of their sediment in the estuaries (Clemens and 
Komar, 1988; Komar and others, 2004). Hence, the 
beaches of Tillamook County receive very little 
sediment along the coast today other than from 
erosion of the backshore. 

2.1 Local Geology 

Along the Tillamook County coast the predominant 
geologic unit consists of latest Holocene beach sand 
present along the full length of the coastline (Figure 
2-1) (Cooper, 1958). Interspersed between the sand 

are intrusive rocks (Tertiary age basalt), which 
characterize discrete areas, such as Neahkahnie 
Mountain at the northern end of the county coastline 
(Figure 2-2). Other volcanic rocks (Miocene age) form 
the prominent headlands such as at Cape Meares and 
Cape Lookout (Schlicker and others, 1972). These 
latter rocks are described as fine-grained. In all cases, 
rockfalls and landslides in these latter units are 
actively providing new material to the beaches, gravel 
and cobbles, albeit at relatively slow rates. These 
failures contribute to the formatio n of extensive 
cobble and boulder berms (Figure 2-2), which 
accumulate along their northern/southern flanks, 
where beaches have merged up against the headlands. 

South of Cape Lookout and north of the Sand Lake 
estuary, much of the beach is backed by bluffs, which 
have an average height of 24 m (Allan and Harris, 
2012) consisting of medium-grained sandstone and 
interbedded siltstone of the Astoria Formation 
(Figure 2-3 ). This particular rock formation also 
characterizes the geology of Cape Kiwanda, adjacent 
to Pacific City (Figur e 2-4). Sandstone is also promi­
nent along a small section of the coast adjacent to 
Porter Point (Figure 1-1), located just south of the 
Nestucca estuary mouth. These latter sediments are 
considered to be much older (Oligocene to Miocene) in 
age and are described as massive basaltic sandstone 
that is predominantly fine- to medium-grained 
(Schlicker and others, 1972). 

Much of the beach sand present on the Oregon 
coast consists of grains of quartz and feldspar. The 
beaches also contain small amounts of heavier 
minerals (e.g. garnet, hypersthene, augite, and horn­
blende [Figure 2-5]), which can be traced to various 

sediment sources along the Pacific Northwest coast 
(Clemens and Komar, 1988). For example, garnet and 

hypersthene is derived from the Klamath Mountains 
located in southern Oregon and in North California. 
Because the headlands today extend well out in deep 
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water, they effectively limit sand transport around 
their ends under the current process regime. This 
suggests that these heavier minerals were probably 
transported northward along the coast at a time when 
sea level was much lower, w ith few barriers to 
interrupt their northward movement (Komar, 1997). 
With distance from their source, the sediments 
combined with other minerals derived locally from 
erosion processes in the coast range. As shown in 
Figure 2-5, the concentrations of garnet and hyper­
sthene decrease to the north, while concentrations of 
of augite increase significantly; augite is a mineral that 
is prevalent in the volcanic rocks present throughout 
Tillamook County. At Tillamook Head, the concentra­

tion of garnet is very smalL suggesting that Tillamook 
Head reflects its most northerly transport. North of 
Tillamook Head, it can be seen that concentrations of 

hypersthene and hornblende increase again. These 
latter sediments are derived from the Columbia River, 

which contributed to the formation of the Clatsop 
Plains, Long Beach Peninsula, and Grayland Plains. 
Thus, sediments derived from the Columbia River 
were transported mainly to the north, supplying the 
Washington coast and shelf. 

With the end of the last glaciations, sea level rose 
rapidly and the beaches began to migrate landward. 
New sediments were derived from erosion of the 
coastal plain that makes up the continental shelf 
today. At around 5,000-7,000 years ago, the rate of 
sea level rise slowed as it approached its current level 
today (Komar, 1997) . At this stage the prominent 
headlands would have begun to interrupt sediment 
transport. Modern barrier spits and beaches began to 
form within the headland bounded littoral cells that 
make up the present coast today. 

Along the Tillamook County coast, the beaches 
contain abundant concentrations of augite, indicative 
of their having been derived locally (Figure 2-5). This 
implies that at the time, rivers and streams were 
carrying these sediments out to the coast where they 
mixed w ith other sediments. These concentrations 
likely increased during the past 150 years as human 
settlement accelerated leading to increased deforesta­
tion (Peterson a nd others, 1984; Komar and others, 
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2004). This correspondingly contributed to increased 
sediment loads in the various rivers. However, 
analyses of the sediment characteristics in Tillamook 
Bay, the largest estuary in the county, indicated that 
while fine sediments pass through the estuary, the 
bulk of the coarser sediments remain behind where 
they accumulate as bars and shoals in Tillamook Bay 
(Komar and others, 2004). Furthermore, sed iments 
within Tillamook Bay are predominantly of a marine 
origin (60%), while river sediments make up 40% of 
the sediment in the estuary. This finding is consistent 
with the work of Peterson and others (1984) and 
Clemens and Komar (1988), who observed that 
because of the combination of low river discharge and 
high tidal regime in Oregon estuaries, the majority of 
the estuaries are in fact natural "sinks" for the sedi­

ment. Thus, the beaches of Oregon receive very little 
sediment input from rivers and streams today. 
Accordingly, sediment supply is essentially confined to 
those areas backed by coastal bluffs, pa rticularly those 
areas overlain by more erosive Pleistocene marine 

terrace sandstones (raised ancient beach and dune 
sands) and more recent Holocene dune sands that 
drape the landscape. 

Prior to the 1940s, many of the barrier spits were 
devoid of significant vegetation. With the introduction 
European beach grass (Ammophila arenaria) in the 
early 1900s and its subsequent proliferation along the 
Oregon coast, the grass essentially resulted in the 
stabilization of the dunes and barrier spits. The 
product today is an extensive foredune system, which 
consist of large "stable" dunes containing significant 
volumes of sand. Accompanying the stabilization of 
the dunes, humans have settled on them, building in 

the most desirable locations, typically on the most 
seaward foredune. As will be shown throughout this 
report, construction of these homes and facilities in 
such areas poses a significant risk as periodically 
storms erode into the dunes. This has resulted in 
many cases where the fo undations of the homes are 
undermined, eventually requiring riprap coastal 
engineering structures to mitigate the erosion 
problem. 
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Figure 2-1. Looking north along Bayocean spit, the Tillamook jetties (Tillamook Bay to the right), 
Rockaway just north of the jetties, Nehalem Spit and Neahkahnie Mountain in the far distance 
(photo: E. Harris, DOGAMI, 2011). 

Oregon Department of Geology and Mineral Industries Special Paper 47 7 



Applicants' July 27, 2021 Submittal 
Exhibit 2 - Page 17 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

Figure 2-2. Looking east at Neahkahnie Mountain. U.S. Highway 101 can be seen around mid 
photo tracking along the mountain. To the right and along t he toe of t he bluff is an extensive 
cobble/boulder berm that has formed as a result of rockfalls and landslides off the headland (photo: 
L. Stimely, DOGAMI, 2011). 

Figure 2-3. Looking south toward Cape Kiwanda in the distance. Coastal bluffs of the Astoria 
Formation characterize much of the shore north of Sand Lake. Note the presence of cobbles t o the 
left of the photo, which serve to protect the bluff toe (photo: J. Allan, DOGAMI, 2011}. 

Oregon Department of Geology and Mineral indust ries Special Paper 47 8 



Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 18 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

Figure 2-4. looking east across Cape Kiwanda toward the town of Pacific City. Cape Kiwanda is 
described as Astoria Formation sandstone. Immediately adjacent to the headland, latest Holocene 
dune sand have ramped up and over the headland (photo: L. Stimely, DOGAMI, 2011). 
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Figure 2-5. Variations in the percent abundances of various heavy minerals observed on the 
central to northern Oregon coast (after Clemens and Komar, 1988). 
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2.2 Tsunami Hazards Associated with the 

Cascadia Subduction Zone and from Distant 

Earthquake Sources 

Considerable geologic data from estuaries and coastal 
lakes along the Cascadia subduction zone provides 
evidence for episod ic occurrences of abrupt coastal 
s ubsidence immed iately followed by significant ocean 
flooding associated with major tsunamis that swept 
across the ocean beaches and also traveled well inland 
through the bays and estuaries. Coastal paleoseismic 
records document the impacts of as many as 13 major 
subduction zone earthquakes and associated tsunamis 
over the past -7,000 years (Witter and others, 2003; 
Kelsey and others, ZOOS; Witter and others, 2010), 
while recent s tudies of turbidite records within 
sediment cores collected in deep water at the heads of 
Cascadia submarine canyons provide evidence for at 
least 41 distinct tsunami events over the past - 10,000 
years (Goldfinger and others, 2003; Goldfinger, 2009; 
Goldfinger and others, 2012). The length of time 
between these events varies from as short as a 
century to as long as 1,200 years, w ith the average 
recurrence interval for major Cascadia earthquakes 
(magnitude [Mw] > 9) estimated to be -S30 years 
(Witter and others, 2010) . 

The most recent Cascadia subduction zone earth­
quake occurred on January 26, 1700 (Satake and 
others, 1996; Atwater and others, 200S) and is 
estimated to have been a magnitude (Mw) 9 or greater 
based on the s ize of the tsunami documented along 
the coast of Japan. From correlations between tsunami 
deposits identified at mul tiple s ites along the length of 
the PNW coast this event probably rup tured the full 
length ( - 1,200 km) of the subduction zone. 

There is now increasing recognition that great 
earthquakes do not necessarily result in a comple te 
rupture of the Cascadia subduction zone (i.e., rupture 
along the full 1,200 km fault zone), such that partial 
ruptures of the plate boundary have occurred in the 
paleo-reco rds due to smaller earthquakes with 
magnitudes (Mw) < 9 (Witter and others, 2003; Kelsey 
and others, 2005). These partia l segment ruptures 
appear to occur more frequently on the southern 
Oregon coast, determined from paleotsunami studies 
(stratigraphic coring, radiocarbon dating and marine 

diatom analyses) undertaken at several locations on 
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the southern Oregon coast, including Bradley Lake 
located just south of Bando n, the Sixes River and the 
Coquille estuary. Acco rding to Kelsey and others 
(200S), initial estimates of the recurrence inte rvals of 
Bradley Lake tsunami incursion a re typically shorter 
( -380-400 years) than the average recurrence 
intervals inferred for great earthquakes ( -S30 years). 
Furthermore, they have documented from those 
records that local tsunamis from Cascadia earth­

quakes recur in clusters ( -2S0-400 years) followed 
by gaps of 700-1,300 years, w ith the highest tsunamis 
associated with earthquakes occurring at the begin­
ning and end of a cluste r. 

Recent analyses of the turbidite records 
(Goldfinger, 2009; Goldfinger and others, 2012) 
s uggest that of the 41 events in the geologic past: 

• 20 events were probably associated with a rup­
ture of the full Cascadia subduction zone, char­
acterized by a magnitude (Mw) -9 or greater 
earthquake; 

• 2-3 events reflected a partial rupture ( -7S%) of 
the length of the subduction zone, characterized 
by an estimated earthquake magnitude (Mw) of 
-8.S-8.8 earthquake; 

• 10-11 events were associated with a partial 
rupture (-SO%), characterized by an estimated 
earthquake magnitude (Mw) of -8.3-8.S earth­
quake; and 

• 8 events reflected a partial rupture (-2S%), 
with an estimated earthquake magnitude (Mw) 
of -7.6-8.4. 

These last 19 shorter ruptures are concentrated in 
the southern part of the margin and have estimated 
recurrence intervals of -240-320 years. Goldfinger 
(2009) estimated that time-independent probabilities 
for segmented ruptures range from 7-9% for full 
margin ruptures, to -18% in SO years for a southern 
segment rupture; time dependent rupture analyses 
indicate that the probability increases to -2S% in SO 
years for the northern zone. 

Aside from local tsunamis associated with the Cas­
cadia s ubduction zone, the Oregon coast is also 

s usceptible from tsunamis generated by dis tant 
events, particularly along the coast of Japan, along the 
Aleutian Island chain, and from the Gulf of Alaska. The 

most recent distant tsunami event occurred on March 
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11, 2011, when a magnitude (Mw) 9.0 earthquake 
occurred 129 km (80 miles) offshore from the coast of 
Sendai, northeast Honshu, japan (Allan and others, 
2012a). This earthquake tr iggered a catastrophic 
tsunami that within minutes inundated the northeast 
coast of japan, sweeping far inland; most recent 
reports indicate 15,854 dead and another 3,155 
missing. Measurements derived from a tide gauge on 
the impacted shore (Ayukawa, lshinomaki, Miyagi 
Prefecture) recorded a tsunami amplitude of 7.6 m, 
before the gauge was destroyed by the initial tsunami 
wave (Yamamoto, 2011), while post-tsunami surveys 
indicate that the tsunami water levels within the 
inundation zone reached as high as 19.5 m (64 ft) 
(Mori and others, 2011). The tsunami also propagated 
eastward across the Pacific Ocean, impacting coastal 
communities in Hawaii and along the west coast of the 
continental United States- Washington, Oregon, and 
California. 

Damage in Oregon, Washington, and northern Cali­
fornia from the tsunami was almost entirely confined 
to harbors, including Depoe Bay, Coos Bay, Brookings 
in Oregon, and in Crescent City, California, having 
been moderated by the a rrival of the tsunami's highest 
waves during a relatively low tide (Allan and others, 
2012a). At Crescent City, an open-coast breakwater, 
the to-and-fro surge of the water associated with the 
tsunami waves overturned and sank 15 vessels and 
damaged 47, while several boats were swept offshore. 
Flood damage also occurred during the early hours of 
March 12; for example, an RV park near the mouth of 
Elk Creek was flooded when a 1.05 m (3.4 ft) tsunami 
wave arrived, coinciding with high tide. The total 
damage to the Crescent City harbor and from the 
effects of the flooding has been placed at $12.5 million. 
At Brookings on the southern Oregon coast, 12 fishing 
vessels put to sea at about 6 am, prior to the arrival of 

the tsunami waves. However, the Hilda, a 220-ton 
fishing boat and the largest in the harbor, broke loose 
under the forces of the wave-induced currents, 

washing around the harbor and smashing into and 
sinking several other boats. Much of the commercial 
part of the harbor and about one third of the sports 
basin were destroyed; the tota l damage has been 
estimated at about $10 million. 

Prior to the Tohoku tsunami, the previous most 
s ignificant distant tsunami occurred on March 27, 
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1964, when a magnitude (Mw) 9.2 earthquake oc­
curred near Prince William Sound in Alaska. The 
earthquake generated a catastrophic local tsunami in 
Alaska, but the effects of the tsunami were also felt 
around the Pacific Basin. The tsunami caused s ignifi­
cant damage to infrastructure in the coastal communi­
ties of Seaside and Cannon Beach, Oregon, and killed 
four people camping along Beverly Beach in Lincoln 
County, Oregon. 

In 2009, the Oregon Department of Geology and 
Mineral Industries (DOGAMI) initiated a multi-year 
study to accelerate remapping of the Oregon coast for 
tsunami inundation using state of the art computer 
modeling and laser based terrain mapping (lidar). The 

outcome of this effort was the creation of new and 
more accurate tsunami evacuation maps for the entire 
length of the coast. DOGAMI, in collaboration with 
researchers (Zhang and Baptista) at the Oregon Health 
and Science University (OHSU), Oregon State Universi­
ty (Goldfinger) and the Geological Survey of Canada 
(Wang), developed a new approach to produce a suite 
of next-generation tsunami hazard maps for Oregon 
(Priest and others, 2010; Witter and others, 2010). 
Modeling tsunami inundation on the southern Oregon 
coast was initiated late in 2009 and consisted of a 
range of scenarios, including 15 Cascadia events and 
two distant earthquake source events (e.g., 1964 
Prince William Sound earthquake magnitude [Mw] 9.2 
earthquake [Witter, 2008]). The last of the suite of 
new evacuation maps (TIM series) was released in 

2013; the maps are also available in an online tsunami 
hazard portal (http: 1/nvs.nanoos.org/TsunamiEyac). 

Associated with great Cascadia earthquakes is a 
near instantaneous lowering (subsidence) of the coast 
by -0.4 m (1.3 ft) to as much as 3 m (9.8 ft) (Witter 
and others, 2003). This process equates to raising sea 
level by the same amount along the entire Pacific 
Northwest coastline. Following the earthquake, 
coastal erosion is expected to accele rate everywhere 
as the beaches and shorelines adjusted to a new 
equilibrium condition that, over time, would likely 
decrease asymptotically (Komar and others, 1991). On 
the southern Oregon coast, Komar and others have 

suggested that the extensive development of sea 
stacks offshore from Bandon may be evidence for that 
erosion response following the last major subduction 
zone earthquake in 1700. Over the past century, the 
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erosion appears to have stabilized as there is little 

evidence for any progressive erosion trend. This 

suggests that the south coast is now being uplifted 
(estimated to be -0.6 to 1.1 m) due to the Cascadia 

subduction zone having become locked again, such 

that strain is now building toward the next major 

earthquake. With the release of that energy and land 
subsidence, cliff erosion along the Bandon shore (and 

elsewhere on the Oregon coast) would be expected to 

begin again. 

2.3 Coastal Geomorphology 

On the basis of geology and geomorphology the 
Tillamook County shoreline can be broadly divided 

into five morphological beach types. These are 
depicted in Figures 2-6 to 2-10 and include: 

1. Dune-backed beaches: Dune-backed beaches 

make up the bulk (50.9%) of the Tillamook 

County shoreline, much of which is associated 

with the barrier spits (e.g., Nestucca, Sand 

Lake, Netarts, Bayocean, and Nehalem Spits, 

Figures 2-6 to 2-10). The geomorphology of 

the beaches can be generalized as having 
wide, dissipative surf zones with low sloping 

foreshores that are backed by high dunes con­

taining significant sand volume (Figure 2-1). 
Dune crest elevations reach their highest peak 

along Bayocean (39 m [128 ft]) and Netarts 

Spit (25 m [82 ft]) (Figure 2-11). However, 

these dunes are in part ancient parabolic 

dunes that are now being truncated by wave 

erosion. Dune crest elevations are generally 

lowest in the Rockaway subcell (Twin Rocks, 

Rockaway, and Nedonna Beach) (Figure 1-1). 
Along the length of the county, mean dune 

crest heights a re 10.5 m (35.5 ft), with most 

dunes being in the range of 5 to 16 m (16 to 

54 ft). The average beach slope (tan (3) for 

dune-backed beaches is summarized in Fig­

ure 2-12 where it is apparent that slopes vary 

significantly along the coast, with the lowest 

mean slopes occurring in the vicinity of 

Oceanside (mean = 0.032), and are generally 

steepest in the Neskowin littoral cell (mean = 

0.06). 
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2. Cliffed shore: Cliffed shores make up the sec­

ond largest (30.5%) geomorphic "type" in the 

county (Figure 2-2). Examples exist around 

each of the major headlands. This particular 
shore type generally consists of near-vertical 

cliffs that plunge directly into the ocean, but in 

some cases, the cliffs may be fronted by rock 

platforms and/or talus. 
3. Bluff-backed beaches: Bluff-backed beaches 

fronted by wide, dissipative sand beaches are 

the third most prominent geomorphic type in 

Tillamook County, comprising approximately 
14.3% of the shore (Figure 2-3). This particu­

lar geomorphic type dominates the shoreline 

in the vicinity of Oceans ide and Short Sand 

Beach, south of Cape Lookout, the south end of 

Cape Lookout State P,ark, north of Cape Ki­

wanda and south of Tierra Del Mar, and adja­

cent to the mouth of Nestucca Bay. The bluffs 

that back the beaches vary in height from -7 

m (23 ft) to greater than 50 m (164 ft) . Beach 

slopes (tan (3) seaward of the bluffs are similar 

to those observed throughout Tillamook 

County, averaging about 0.037 (cr = 0.009). 
Geomorphically, these beaches may be charac­

terized as "composite" using the terminology 

of Beaulieu (19 73) and Jennings and 

Shulmeister (2002), such that the beaches 

co nsist of a wide dissipative sandy beach, 

backed by a steeper upper foreshore com­

posed of gravels and cobbles. In addition, sev­

eral of the bluff-backed sections a re 

characterized by well-vegetated faces, indicat­

ing that they have not been subject to signifi­

cant wave erosio n processes along the toe of 

the bluffs for many decades. 
4. Bluff-backed beaches fronted by gravel and 

sand: This particular geomorphic type makes 

up approximately 3.3% of the Tillamook 

County shoreline and is prevalent on the south 

s ide of Neahkahnie Mountain (north of Man­
zanita), immediately north of Cape Meares, 

Short Sand Beach (Figure 2-13), and immedi­

ately north of Cape Lookout. The overall mor­

phology is esse ntially the same as described 

for bluff-backed beaches, with the only differ-
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ence being the presence of a gravel berm 
along the toe of the bluff. 

5. Gravel/boulder berm fronted by sand: In the 
community of Cape Meares (south end of 
Bayocean Spit, Figure 2-7), a substantial 
gravel/boulder beach abuts against the Cape 
Meares headland, where they form prominent, 
steep natural barriers to wave erosion 
(Figure 2-14). The berm is approximately 0.8 
km (0.6 miles) long. Crest elevations of the 
cobble/boulder beach reach a maximum of 8.7 
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m (29ft), while the mean crest elevation is 6.7 
m (22ft). The slope of the gravel berm is steep 
(mean = 0.187 [(cr = 0.060]), while the sand 
beach has a mean slope of 0.04 7, which is typ­
ical of much of the Tillamook County coast. 
Considerable flotsam exists a long the crest of 
the berm and significant distant landward of 
the crest, indicating that this stretch of shore 
is subject to frequent wave overtopping 
and inundation. 
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Figure 2-6. Geomorphic classification of northern Rockaway Beach/Nehalem Spit (Rockaway 
beach to Cape Falcon). 
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Figure 2-8. Geomorphic classification of the Netarts littoral cell (Cape Lookout to Cape Meares). 
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Figure 2-13. An extensive gravel berm fronted by a dissipative sand beach and backed by high 
bluffs at Short Sand Beach, north of the community of Oceanside. Note the extensive accumulation 
of woody debris along the crest of the berm, which has a crest elevation that averages N5.8 m (o = 
1.6 m) (photo: J. Allan, DOGAMI, 2003). 

Figure 2-14. An extensive gravel/boulder berm that backs a dissipative sand beach in the Cape 
Meares community. View is looking south toward the Cape Meares headland. An exposed tree 
stump located in situ is exposed due to lowering of the sand beach (photo: J. Allan, DOGAMI, 2008). 
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2.4 Coastal Erosion and Flood History 

2.4.1 Tillamook County historical shoreline 
positions 
This section presents a qualitative discussion of large­
scale morphological changes derived from analyses of 
historical and contemporary s horelines derived for 
the Tillamook County coastline. This summary stems 
from work undertaken by researchers at DOGAMl and 
OSU over the past two decades (Priest and others, 
1993; Allan and Priest, 2001; Allan and others, 2003; 
Allan and Hart, 2007, 2008; Allan and Harris, 2012; 
Allan and Stimely, 2013; Ruggiero and others, 2013). 

National Ocean Service (NOS) Topographic (T)­
sheet shoreline positions covering the 1920s and 
1950s were previously obtained from NOAA (Allan 
and Priest, 2001). These lines reflect the mean high 
water (MHW) position mapped by early NOS survey­
ors, on an average tide typically in mid to late summer. 
Additional shorelines were derived from a variety of 
other sources including: 1967 digital orthophotos 
(Ruggiero and others, 2013), 1980s era U.S. Geological 
Survey topographic maps, 1994 digital orthophotos, 
and from 1997, 1998, and 2002 lidar data (Allan and 
Priest, 2001) . Pre-lidar historical shorelines use the 
high water line (HWL) as a shoreline proxy. The HWL 
has been used by researchers for more than 150 years 
because it could be visually identified in the field or 
from aerial photographs. In contrast, shorelines 
derived from lidar data are da tum-based and can be 
extracted obj ectively using a tidal datum, such as 
MHW or mean higher high water (MHHW). Studies by 
Moore (2000) and Ruggiero and others (2003) note 
that HWL-type shoreline proxies are virtually never 
coincident with datum-based MHW-type shorelines. In 
fact they are almost universally estimated to be higher 
(landward) on the beach profile when compa red to 
MHW shorelines (Ruggiero and others, 2013). Accord­
ing to Ruggiero and others, the average absolute 
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horizontal offset between the HWL and MHW ranges 
from -6 m ( -19 ft) to as much as 50 m (164 ft), while 
the average is typically less than 20 m (65 ft). Offsets 
are typically greatest on flat, dissipative beaches 
where the wave runup may be la rge and smallest 
where beaches are steep (e.g., gravel beaches). 

Estimates of the uncerta inty of HWL shoreline 
measurements have been assessed in a number of 
studies (e.g., Moore, 2000; Ruggiero and others, 2013). 
These uncertainties reflect the following errors: 1) 
mapping methods and materials for historical shore­
lines (including the offset between the HWL and MHW 
shoreline), 2) the registration of shoreline positions 
relative to Cartesian coordinates, and 3) shoreline 
digitizing, and are summarized in Table 2-1. 

Shorelines measured by DOGAMI staff using Real­
Time Kinematic Differential Global Positioning System 
(RTK-DGPS) surveys of the beach a re also available for 
the Neskowin and Rockaway littoral cells (Allan and 
Hart, 2007, 2008; Allan and Stimely, 2013). These 
latter data sets provide the most up-to-date assess­
ments of the changes taking place along the Tillamook 
coastline and have been collected since 2007 in order 
to document the seasonal to interannual variability in 
shoreline positions along the county. In all cases, the 
GPS shorelines reflect measurements of the MHHW 
line located at an elevation of 2.3 m (7.5 ft). We have 
relied on the latter as opposed to the MHW line, 
because previous studies indicate tha t MHHW line 
most closely approximates the MHW line surveyed by 
early NOS s urveyo rs. Errors associated with these 
various products are described by Moore (2000). GPS 
shoreline positioning errors, a function of the orienta­
tion of the GPS receiver relative to the slope of the 
beach, a re estimated to be approximately ±0.1 to ±0.2 
m (±0.3 to ±0.6 ft). 

The approach adopted here is to describe the 
broad morphological changes identified along the 

Table 2-1. Average uncertainties for Pacific Northwest shorelines (Ruggiero and others, 

2013). 

Total shoreline 
position uncertainty 

NOS T-Sheets DRGs Aerial Photography 
(1800s to 1950s) (1940s t o 1990s) (1960s to 1990s) Lidar 

18.3 m 60ft 21.4 m 70ft 15.1 m soft 4.1 m 14ft 
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coast, beginning in the south at Neskowin, and 
progressing northward toward Cape Falcon. 

2.4.1.1 Neskowin Cell 

At Neskowin, the historical shoreline positions reveal 
little systematic pattern, with all of the identi fied 
shorelines falling w ithin a few hundred feet of each 
other (Figure 2-15). Many of the shorelines reveal the 
presence of large embayments along the coast indica­
tive of the formation of rip currents that can result in 
highly localized hotspot eros ion (e.g., the April 2013 
shoreline in Figure 2-15). Along much of the southern 
half of the cell, the 192 Os era shoreline tends to track 
landward of the other shorelines. Th is suggests that 
beach conditions in the 1920s reflected an eroded 
state following a period of large storm events. Erosion 
appears to have dominated much of the early exist­
ence of the Neskowin community. Probably the most 
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significant storm on record occurred in January 1939, 
which affected much of the Oregon coast and caused 
majo r coastal flood hazards as well as significant 
erosion problems. For example, Figure 2-16 provides 
an example of the damage sustained in Neskowin; one 
home had its foundation eroded from under it, which 
resulted in the house collapsing onto the beach. 
Within a decade, however, this process had effectively 
reversed itself, with much of the shore having been 
rebuilt as sand migrated back on to the beach. This 
cycle of erosion followed by accretion is typical of 
shoreline changes on the Oregon coast. The 1967, 
1980s era, and 1994 shorelines represent the most 
seaward positions, implying that significant accretion 
had occurred adjacent to Neskowin during those 
years, while the early 1960s, the 1982-83 El Nifio 
winter, and the storms of the late 1990s represent 
eroded states. 
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Figure 2-15. Historical and contemporary shoreline positions identified at Neskowin. Note: The 
1920s (1927 /28) shoreline is derived from NOS T-sheets, 1967 and 1994 are from orthorectified 
aerial photographs, 1980s (1985/86) is from U.S. Geological Survey topographic maps, 1997-2002 
are derived from lidar, and post 2007 were measured using GPS. 
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Figure 2-16. Erosion and accretion at Neskowin. A) Erosion (adjacent to the juncture between 
Neskowin and Hawk Creeks) following the January 1939 storm; B) Rebuilding of the sandy beach at 
Neskowin in 1949. Note: the arrow indicates the approximate position of the erosion shown in A) . 
(Photos courtesy of Neskowin community archives.) 

Following the major storms of the late 1990s, ero­
sion hazards in the community of Neskowin have 
reached acute levels (Allan and others, 2003; Allan 
and Hart, 2007), with the beach and dune having 
eroded landward some 50 m ( ~ 150 ft) (Figure 2-17). 
Property owners responded to the hazard by in­
stalling riprap along much of the shore north of 
Proposal Rock As of 2014, virtually the entire length 
of the community of Neskowin (including north 
Neskowin) is hardened with riprap. Monitoring of the 
beaches in Neskowin indicates that they have not fully 

recovered from the storms of the late 1990s (several 
areas have in fact continued to erode), such that the 
beaches today are narrower and have much less sand 
volume compared with the same beaches in the mid 
1990s (Allan and Hart, 2008) . Long-term erosion rates 
derived by Ruggiero and others (2013) indicate that 
the beaches of Neskowin have some of the highest 
rates of retreat in the state. Due to narrow beaches 
and lack of sand volume, the community of Neskowin 
today remains at high risk of being impacted by major 
winter storms and from ocean flooding. 

Profile nunbe• 
4 5 6 8 9 10 11 12 13 14 

Nestucca 
estuary 
mouth 

Nestucca Sptt i 

15 

Cape 
K1wanda 

Figure 2-17. Positional changes in the beach/dune toe (elevation of 6 m) along the Neskowin cell 
between 1997 and 2008 derived from lidar data and RTK-DGPS measured surveys of the beach. 
Circles and numbers correspond to the locations of the Neskowin beach monitoring network 
established by DOGAMI in 2006 (after Allan and others, 2009). 
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Farther north along the coast, the 1994 shoreline 

tends to track well seaward of the other shorelines. 

This suggests a period of accretion and was most 
noticeable adjacent to Porter Point near the mouth of 

Nestucca Bay (Figure 2-18 and approximate location 

of transect 8 in Figure 2-17). The pattern of accretion 

appears to be consistent with a general decline in 

wave energy and storm incidence observed during the 

early part of the 1990s (Allan and Komar, 2000). 

However, recent GPS surveys of this section of the 

coast by DOGAM I staff indicate a reversal from 

accretion back to erosion, w ith the shoreline now 

having retreated virtually back to the toe of the 

marine cliffs that back the beach. 

Along Nes tucca spit (Figure 2-18), the tip of the 

spit and the bay mouth have remained predominantly 
in the south, with some evidence of a northward 

migration in 1998. From inspection of the suite of 
shorelines available to us, the Nestucca spit tip has 

ranged over a distance of about 340 m (1,118 ft) 

between 1927 and 2008 and was a t its most southerly 
position in 2008. Following the 1997-98 El Nifio, the 

spit tip migrated northward, probably in response to a 

change in wave direction that is typical of El Niiio 
events (e.g., Komar, 1986). Of interest also is the 

presence of a large bulge identified by the 1980s era 
shoreline on the eastern side of the spit (Figure 2-18). 

This feature is remnant from when the spit was 
breached during a major storm in February 1978 (see 

Figure 6.15 of Komar [1997]). 
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North of Nestucca spit, the 1980s era shoreline 

tracks landward of the other shoreline positions and 
extends all the way to Pacific City at the north end of 

the cell. This finding is likely to be a function of 

erosion that occurred during the 1982-83 El Nifio 
event (P. Komar, personal communication 2001). In 

contrast, the 1994 and 2002 shoreline positions 
represent the most seaward extent of the MHWL 

(located some 45-76 m [150-250 ft] seaward of the 
1985-1986 shoreline). This indicates that large 

volumes of sediment had accumulated along much of 

the northern half of the cell, the product of a persis­

tent net drift of beach sediments to the north. It is 

highly likely that this pattern is a function of the 

persistent El Nifio conditions that have characterized 

the Pacific Northwest (PNW) during the 1980s and 

1990s. Similar observations of net accretion around 

Pacific City since about 1981 were also noted in a 

report by Shoreland Solutions (1998b ) . For example, 

considerable quantities of sand accumulated along 

much of the Pacific City shoreline, burying a large 

riprap revetment that was installed in 1978. Further­

more, the continued accumulation of sand at the north 
end of the Neskowin cell has presented major prob­
lems for homeowners since at least 1984. Of particular 

concern has been the inundation of homes and 

property by sand (Komar 1997; Shore land Solutions, 

1998b). As can be seen from Figure 2-17, much of the 

Nestucca spit has now recovered from the major 

storms of the late 1990s. 
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Figure 2-18. Historical and contemporary shoreline positions identified adjacent to the Nestucca 
Bay mouth. Note: The 1920s (1927 /28) shoreline is derived from NOS T -sheets, 1967 and 1994 are 
from orthorectified aeria l photographs, 1980s (1985/86) is from U.S. Geological Survey topographic 
maps, 1997-2002 are derived from lidar, and post 2007 were measured using GPS. 
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2.4.1.2 Sand Lake Cell 

Along the Sand Lake cell, the 1920s and 1980s era 
shoreline pos itions represent the most landward 
extent of the MHWL (i.e., eroded state), while the 1967 
and 1994 shorelines characterize the accreted state. 
For the most part, this pattern is broadly similar to 
that identified previously in the Neskowin cell. 
However, unlike the Neskowin cell, the 1980s era 
shoreline at Sand Lake indicates cell-wide coastal 
erosion. 

Approximately 2.8 km (1.74 mi) north of Cape Ki­
wanda is the community of Tierra Del Mar. As with 
Neskowin, much of its shoreline has now been 
protected with coastal engineering structures 
(riprap) . These structures appear to have been built in 
the early 1970s and were expanded further in 1984, 
probably in response to the effects of the 1982-83 El 
Nino. North of Tierra Del Mar, the entire spit is 
experie ncing significant erosion. For example, anal­
yses of lidar data from 1997 to 2009 indicate that the 
spit shoreline has eroded on average by 27.8 m (91ft). 

Some of the most interesting shoreline changes 
identified in the Sand Lake cell are found adjacent to 
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the mouth of the estuary. As shown in Figure 2-19, 
the location of the estuary mouth has varied 
considerably over the past century. The 1920s era 

shoreline characterizes the most southerly extent of 
the estua ry mouth (implying a period of net southerly 
sand transport), while the 2009 shoreline identifies its 
most northerly position. As a result, the estuary mouth 
has migrated some 0.5 km ( -0.3 mi) during this 
period. These results clearly highlight the dynamic 
and unstable nature of spit ends. An examination of 
aerial photographs taken in 1939 (not shown) also 

reveals a southerly bay-mouth position, while the spit 
ends were much wider. These latter characteristics 
are broadly s imilar to the 1920s shoreline identified in 
Figure 2-19. In contrast, the 1980s shoreline 
indicates an extremely wide bay mouth ( -0.5 krn 
[-0.3 mi) wide), so that much of the inner bay was 
probably fully exposed to the sea. Since the 1990s the 
estuary mouth has migrated north up against the 
northern spit tip, causing the tip to be truncated, while 
also eroding a section of the shoreline within the 
estuary adjacent to Sand Lake Recreation Area park 
(Figure 2-19). 

Figure 2-19. Shoreline variability adjacent to the Sand Lake estuary mouth. Note: The 1920s 
(1927 /28) shoreline is derived from NOS T-sheets, 1967 and 1994 are from orthorectified aerial 
photographs, 1980s (1985/86} is from U.S. Geological Survey topographic maps, and 1997-2009 are 
derived from lidar. 
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2.4.1.3 Netarts Cell 

The Netarts littoral cell is one of the smallest cells on 
the Oregon coast. As a result, it is particularly suscep­
tible to varia tions in wave approach, particularly 
changes in the predominant wave direction caused by 
the El Niiio/La Niiia Southern Oscillation. The shore­

line analyses presented here demonstrate a pumber of 
morphological changes that are less apparent in the 
other littoral cells. At Cape Lookout State Park (CLSP) 
located at the southern end of the cell (Figure 2-20), 
the shorelines track closely to each other. The excep­
tions to this are the 1994 and 2009 shorelines. The 

former shoreline identifies the accreted state (con­
sistent with the other littoral cells in Tillamook 
County), while the 2009 shoreline reveals the most 
eroded state. The latter is the product of erosion along 
the spit that accelerated in the late 1990s, due to a 
series of large storms that impacted the area in the 
1997-98 El Nino winter. In fact, subsequent storms 
over the 1998-99 La Niiia winter caused even more 
extensive erosion of the park. In particular, a storm on 
March 2-3, 1999, eventually resulted in the foredune 
that protected the park being breached, and inunda­
tion of the campground that led to significant damage 
to its facilities. 
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According to Komar and others (1989), El Niiio events 
have produced large spatial changes in the configura­
tion of the Netarts cell coastline and the morphology 
of the beaches, especially during the 1980s and 1990s. 
Allan and others (2003) analyzed terrestrial lidar 
measured in 1997 (pre 1997-98 El Nino) and 1998 
(post El Nino) in order to quantify the alongshore 
variance in El Nino shoreline responses (Figure 
2-21) . As can be seen in the figure, the largest extent 
of shoreline retrea t occurred along the southern 3 km 
(1.86 miles) of the cell, immediately north of Cape 
Lookout. Erosion in that area during both the 1982-83 
and 1997-98 El Niiios significantly damaged Cape 
Lookout State Park, eroding away a high ridge of 
dunes that protected the pa rk (Komar and others, 
1989; Komar, 1998a). The lidar results in Figure 2-21 
also capture the northward displacement of sand 
during the El Nino winter. In the hotspot zone in the 
south, the maximum shoreline retreat reached 18 m 
(59 ft) . Shoreline accretion otherwise prevailed along 
the remainder of the celL on average 5 to 10 m ( ~16-

33 ft), a result of sand acquired by its northward 
displacement from the eroded hotspot zone at the 
south end of the cell. There was also an occurrence of 
hotspot erosion along the north shore of the inlet to 
Netarts Bay, which threatened the loss of condomini­
ums perched overlooking the estua ry mouth on the 
north side of the bay (Komar, 1998a). 
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Figure 2-20. Historical and contemporary shoreline positions identified along the southern end of 
Netarts Spit, adjacent to Cape Lookout State Park. Note: The 1920s (1927 /28) shoreline is derived 
from NOS T-sheets, 1967 and 1994 are from orthorectified aerial photographs, 1980s (1985/86) is 
from U.S. Geologica l Survey topographic maps, and 1997-2009 are derived from lidar. 
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Figure 2-21. De-meaned shoreline changes in the Netarts cell derived by subtracting the 1998 lidar 
shoreline from the 1997 shoreline (after Allan and others, 2003). 

Prior to the 1982-83 El Nifio, erosion on Netarts 
Spit had been minimal (Komar and others, 1989). As a 
result, significant erosion of CLSP did not begin to 
occur until the 1982-83 El Nifio and was very ad­
vanced by the 1987-88 El Nifio erosion event. Interest­
ingly, the 1980s era and 1994 shorelines presented in 

Figure 2-20 indicate a relatively broad beach in front 
of the park, suggesting that the beach had reformed 
somewhat after the 1982-83 El Nifio. This is consistent 
with observations reported by Komar and others 
(1989). However, they noted further that although 
some of the sand had returned, the volume of sand 
contained on the beach was still depleted when 
compared with the period prior to the 1982-83 El 
Nifio. Extensive areas of gravel exposed on the beach 
and the presence of rock outcrops in the shallow 
offshore were evidence for their conclusion. Because 
the beach was in such a depleted state, its capacity to 
act as a buffer against storm waves during subsequent 

winter seasons was severely reduced. This was 
especially the case during the 1987-88 El Nifio event, 
which eventually caused the destruction of a wooden 
bulkhead emplaced along the beach foredune during 
the late 1960s (Figure 2-22). By April 1998 the width 
of the beach in front of CLSP had narrowed s ignificant­
ly, from about 50-91 m (170-300 ft) wide in 1994, to 
around 12-24 m ( 40-80 ft) wide in 1998 (Figure 
2-20). Furthermore, the area affected by the erosion 
extended about 1.4 km (0.9 mi) north and 1.1 km (0.7 
mi) south of the campground. In an effo rt to mitigate 
the erosion problems, the Oregon Parks and Recrea­
tion Department responded by installing a dynamic 
revetment structure in the area most affected (Figure 
2-23). Such structures are a "soft" form of engineering 
(when compared with basaltic rip rap revetments), 

because they a re less intrusive on the coastal system 
and are designed to respond dynamically to wave 
attack 
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Figure 2-22. Cape Lookout State Park. A) A wooden bulkhead constructed at CLSP [Photo OPRD, 
June 1978]; B) The same area in February 1998 (photo: P. Komar, February 1998). 

Figure 2-23. Dynamic revetment "cobble beach" constructed at Cape Lookout State Park. The 
cobble beach is backed by an artificial dune, which periodically is overtopped during major storms 
(photo: J. Allan, DOGAMI, 2008). 
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Farther north along Netarts Spit (about 2.9 km [1.8 
mi] north of CLSP), erosion of the high foredune 
remains acute. For the most part, the 1980s shoreline 
shifts landward with progress along the spit, tracking 
close to the vegetation line and indicating significant 
erosion along much of the northern end of Netarts Spit 
(Figure 2-24). This is characterized by the position of 
the 1980s shoreline and by the presence of a promi­
nent erosion scarp. In contrast, the 1994, 1997, and 

1998 shorelines shift seaward and track about 60 to 
75 m (196 to 246 ft) seaward of the 1980s shoreline 
(Figure 2-24). Such a change is analogous to a pivot 
point in which one set of processes (erosion), gives 
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way to another (accretion). In other words, the coastal 
response along Netarts Spit reflects a reorientation of 
the entire shoreline toward the direction of wave 
attack, with erosion occurring along the southern end 
of the cell and accretion in the north (Komar and 
others, 1989; Revell and others, 2002). Recent 
measurements by DOGAMI staff using RTK-DGPS to 
document beach and shoreline changes along Netarts 
Spit have revealed that the foredune periodically 
undergoes 10 to 15 m (33 to 49 ft) of dune retreat 
during single storm events, highlighting the intensity 

of the erosion processes that dominate much of this 
coastline. 

Figure 2-24. Historical and contemporary shoreline positions identified along the northern end of 
Netarts Spit, adjacent to Cape Lookout State Park. Note: The 1920s {1927 /28) shoreline is derived 
from NOS T-sheets, 1967 and 1994 from orthorectified aerial photographs, 1980s {1985/86) is from 
U.S. Geological Survey topographic maps, and 1997-2009 are derived from Jidar. Black dashed line 
on the dune denotes an erosion scarp. 
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Figure 2-25 compares the historical shoreline 
positions adjacent to the end of Netarts Spit; here we 
include one additio nal shoreline (1950s), which was 
derived from a NOS T-sheet not available south of 
Netarts Spit. Apart from the 1950s shoreline, which 
shows the spit end having re-curved into the bay and a 
much narrower mouth, the morphology of Netarts Spit 
has remained broadly the same. In keeping with the 
Nestucca and Sand Lake estuary mouths, the spit tip 
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migrated northward some 122 m ( 400 ft) between the 
1980s and 1994 shorelines. Part of this response is 
probably related to the prevalence of El Nifios 
throughout the 1980s, which would have helped shift 
the mouth of Netarts Bay to the north in response to 
the increase in waves from the southwest typical of El 
Nifio conditions. However, by 1998 the spit tip had 
returned to the south. These changes again highlight 
the dynamic nature of spit ends. 

Figure 2-25. Historical shoreline positions identified at the end of Netarts Spit. 
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On the north side of Netarts Bay is The Capes de­
velopment, which consists of homes built along the 
head scarp of a large landslide (Figure 2-25 and 
Figure 2-26). During the 1997-98 El Nifio, homeown­
ers observed movement on the slide immediately 
seaward of homes built adjacent to the head scarp 
(Figure 2-26). The movement accelerated over the 
winter, resulting in several cracks opening up land­
ward of a few of the homes. The cause of the move­
ment was attributed to extensive wave e rosion along 
the toe of the landslide, the product of the northward 
movement of the mouth of the estuary. The erosion 
essentially removed the toe supporting structure, 
which effectively enhanced the lateral movement of 
the landslide material. 

Our analyses of shoreline data reveal that the 
width of the beach in fro nt of The Capes has varied 
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considerably (Figure 2-25 and Figure 2-26). For 
example, the width of the beach at the toe of the slide 
in 1994 was some 106 m (350 ft) wide, while small 
dunes had developed along a 1.1 km (0.6 mi) section 
of the beach. This suggests the accumulation of a 
significant volume of sand in the area. However, as a 
result of the 1997-98 El Nifio, the beach eroded back 
about 98 m (320 ft), eroding into the tbe of the slide 
(Figure 2-26). This process has been repeated over 
the years (e.g., 1950s shoreline) and most recently in 
the mild 2009-10 El Nifio. During this last event, the 
sand beach in front of The Capes narrowed significant­
ly, almost approaching the posi tion of the shoreline in 
1998. Figure 2-26 shows the magnitude of change 
characterized by the shift in the shoreline from 2009 
and 2011, as the mouth of the bay once again shifted 
north. 

Figure 2-26. Historical shoreline positions identified along the toe of The Capes development near 
the mouth of Netarts Bay. Here we include one addit ional shoreline (2011) surveyed using GPS. 
Brown hashed line depicts the landslide headscarp. 
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Finally, Figure 2-27 shows the spread of shore­
lines adjacent to Oceanside. The 1920s and 1950s 
shorelines reveal the presence of an extremely narrow 
beach at Oceanside. This suggests a period of exten­
sive erosion during those years. However, as can be 
seen from Figure 2-28, although the beach may have 

been narrow the bluff face is covered in vegetation 
w ith little sign of erosion. In fact, comparisons be­
tween historical and modern photos reinforce the 
perception that this section of shore is essentially 
stable. 

Of interest also is the 1980s shoreline, wh ich high­
lights significant differences between Oceanside and 
Short Sand Beach to the north. At Oceanside, the 
1980s shoreline is located in the approximate same 
location as the 1994, 1997, and 1998 shorelines and 
indicates a relatively broad beach (Figure 2-27). In 
the two pocket beaches to the north, the 1980s 
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shoreline tracks close to the base of the bluff, indicat-
ing a very narrow beach. The latter is not surprising 
given that this particular beach consists of gravels and 
as noted previously, the shorelines tend to track much 
closer to each other on steep beaches. Overall, varia­
tions in the shoreline positions along this section of 
coast may reflect a lag in the transport of sediment 
around the bluff headlands that bound the smaller 
pocket beaches. Furthermore, erosion events similar 
to what occurred at the Capes likely contribute large 
slugs of sediment that progressively move northwards 
alo ng the coast, producing the apparent shoreline 
fluctuations seen at Oceanside and in the smaller 
pocket beaches to the north. Overall, these findings 
clearly highlight a very dynamic and complex coastal 
environment, in which a wide range of different 
processes are operating over a broad range of spatial 
and temporal scales. 

Figure 2-27. Historical shoreline positions identified at the mouth of Netarts Bay, Oceanside and 
along Short Sand Beach. Note: The 1920s and 1950s (1927 /28, 1953/55) shoreline is derived from 
NOS T-sheet s, 1967 and 1994 are from orthorectified aerial photographs, 1980s (1985/86) is from 
U.S. Geological Survey topographic maps, and 1997-2009 are derived from lidar. Black dashed line 
on the dune denotes an erosion scarp. 
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Figure 2-28. Stable shorelines at Neskowin and Oceanside. A) A 1920s era photo of the community 
of Neskowin looking south toward the entrance to Netarts Bay. Note well vegetated bluffs and the 
presence of the gravel berm along the toe of the bluffs (photos courtesy of Neskowin community 
archives); B) Oceanside in March 1998 following the 1997-98 El Nino winter. Note again the well 
vegetated bluff and gravel berm at the back of the beach (photo courtesy of P. Komar). 

2.4.1 .4 Rockaway Cell 

Some of the most dramatic shoreline changes identi­
fied on the Oregon coast have occurred in the Rocka­
way littoral cell, particularly in response to the 
construction of the north jetty at the mouth of Tilla­
mook Ray (Figure 2-29 and Figure 2-30). Previous 
descriptions of the response of Tillamook Bay mouth 
to jetty construction are given by Terich and Komar 
(1974), while (Komar, 1997) provides a historical 
summary of the destruction of Bayocean spit. 

Construction of Tillamook's north jetty was com­
pleted in October 1917. During the construction 
phase, changes in the inlet channel and the adjacent 
shorelines soon became evident (Figure 2-29). North 
of the jetty, sand began to accumulate rapidly and the 
shoreline advanced seaward at a rate almost equal to 
the speed at which the jetty was being constructed 

(Komar, 1997). Between 1914 and 1927, the coastline 
just north of the jetty advanced seaward by -1 km 
(0.62 mi). However, by 1920 the rate of sand accumu­
lation on the north side of the jetty had slowed 
dramatically, so that the position of the shoreline was 
much the same as it is today (Figure 2-30). According 
to (Komar and others, 1976), the volume of sand that 
accumulated north of the jetty caused some to specu­
late that the predominant net sand transport was to 
the south. However, Komar and others argued that 
this was not the case. They observed that if a net 
southward drift of sediment was occurring, why was 
there no evidence of an accumulation of sand adjacent 
to Cape Meares, located at the southern end of the 
Rockaway littoral cell. Instead, the Cape Meares beach 
is narrow and is composed mainly of cobbles and 
gravels. 
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Figure 2-29. Shoreline positions north of Tillamook Bay jetty, 1914-1972 (From Terich 1973 in 
Komar 1997). 
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Figure 2-30. Historical shoreline positions identified adjacent to the mouth of Ti llamook Bay in the 
Rockaway littoral cell. Note: The 1920s and 1950s (1927 /28, 1953/55) shoreline is derived from NOS 
T-sheets, 1967 and 1994 are from orthorectified aerial photographs, 1980s (1985/86) is from U.S. 
Geological Survey topographic maps, and 1997-2009 are derived from lidar. 
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Although the coastline from Rockaway to 
Manzanita experienced some erosion (discussed 
below) due to jetty construction, the most dramatic 
changes were in fact observed farther south along 
Bayocean Spit. In particular, s ignificant coastal retreat 
occurred at the south end of the Rockaway cell in the 
vicinity of the Cape Meares community (Figure 2-31). 
As shown in the figure, the 1927 shoreline previously 
extended well seaward (up to 260 m [850 ft]) of the 
present-day shoreline; when visiting the community 
of Cape Meares, 3rd Street is the most seaward street 
with 1st and 2nd Streets having been located out on 
what is now the beach. Over time the shoreline has 
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progressively retreated landward to its present 
position. Between 1920s and 1950s the sho reline 
retreated by about 67 to 85 m (220 to 280 ft) at an 
average erosion rate of ~2 to 3 mfyr (6 to 10 ft/yr). In 
particular, significant coastal erosion occurred in the 
vicinity of the Cape Meares community as a result of a 
major storm during January 3-6, 1939 (Komar, 1997). 
Additional large storm wave events during the winter 
of 1940 continued to erode the spit. This process was 
repeated throughout the 1940s and culminated with 
the removal of a 1.2 km (0.75 mi) section of Bayocean 
spit on November 13, 1952, breaching the spit (Figure 
2-32). 
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Figure 2-31. Historical shoreline positions identified at the southern end of the Rockaway littoral 
cell in the vicinity of the Cape Meares community. 

Figure 2-32. The breach of Bayocean Spit on November 13, 1952. Note: The 1920s and 1950s 
(1927 /28, 1953/55} shoreline is derived from NOS T-sheets, 1967 and 1994 are f rom orthorectified 
aerial photographs, 1980s (1985/86} is from U.S. Geological Survey topographic maps, and 1997-
2009 are derived from lidar. 
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The estimated erosion rate ( -2 to 3 mjyr [6 to 10 
ftjyr]) for the area around Cape Meares appears to 
have been maintained between the 1950s to the 
1980s, as the shoreline continued to retreat landward 
by a n additional 91 m (300 ft, Figure 2-28). However, 
since then the lidar and GPS shorelines indicate that 
the shoreline may have stabilized, because it appears 
to be oscillating around its present location. The 
absence of a south jetty at Tillamook Bay prior to 
197 4 probably enhanced the erosion of Bayocean spit, 
as a lot of sediment accumulated as ~hoals at the spit 
end or was washed into the bay (Komar, 1997). 
However, with the completion of the south jetty in 
November 1974, sand quickly began to accumulate at 
the north end of the spit, causing the shoreline to 
prograde seaward by some 300 to 760 m (1,000 to 
2,500 ft; Figure 2-27). Since then, the shoreline along 
Bayocean Spit has stabilized, so that it now responds 
in a manner similar to other littora l cells on the 
Oregon coast (Komar, 1997), with the pair of jetties on 

the inlet acting more like a headland. Repeat GPS 
surveys of Bayocean Spit undertaken by DOGAMI staff 

since 2004 indicate that the southern end of the spit 
is s table (http://www.oregongeology.orgh 
nanoos/data/img/lg/Bq,yl 6mchangc.png), while the 
northern one third of the spit has been accreting at an 
average rate of -+0.7 to +1 mjyr (+2.3 to +3.3 ftjyr) 
(http: //www.orego ngeology.org/nanoos I data /i mg/lg 
/Bay6 6mchange.png). 

Farther north along the Rockaway-Manzanita 
coastline, the 1920s and 1950s shorelines were 
positioned well landward of contemporary shorelines 
(Figure 2-33 and Figure 2-34). This type of pattern is 
a direct response to construction of the north Tilla­
mook jetty. However, the eros ion that occurred along 
the Rockaway-Manzanita beaches was generally much 
less then on Bayocean Spit (Komar, 1997). This is 
because the length of shoreline a long the Rockaway­
Manzanita coastline is much greater than along 
Bayocean spit. As a result, only a small amount of sand 
had to be eroded from those beaches, per unit length 
of shoreline, to supply sand to the accre ting area 
around the north jetty. Erosion along the Rockaway-
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Manzanita coastline probably stabilized sometime 
after the 1950s, enabling the coastli ne to enter an 
accretionary phase. As shown in Figure 2-33 and 
Figure 2-34, the 1994 and 1997 shorelines character­
ize the seaward extent of this rebuilding phase. This 
view is also supported from observations of dune 
growth around Manzanita, culminating with the 
initiation of a dune manageme nt program to control 
the growth of the foredu nes (Dr. J. Marra, personal 
comm., 2001). While the historical patterns of change 
suggest overall s tability, this is in fact not the case. 
Commencing in the late 1990s, the beach between the 
Tillamook and Nehalem jetties have been subject to a 
number of major storms that have resul ted in chronic 
erosion hazards. This latest response is described in 
Section 3.3.1. 

In summary, this section has presented infor­
mation on the historical shoreline changes that have 
occurred along the Tillamook County coastline over 
the past century. The analyses indicate that for the 
most part the dune-backed shorelines respond 
episodically to such processes as the El Nifio/La Nina 
Southern Oscillation, and as a result of rip current 
embayments that cause highly localized "hotspot 
erosion" of the coast. Accordingly, the coaslline 
undergoes periods of both localized and widespread 
e rosion, with subsequent intervening periods during 
which the beaches a nd dunes slowly rebuild. Perhaps 
the most significant coastal changes identified in 
Tillamook County have occurred in response to 
huma n activity, particula rly as a result of jetty con­
struction during the early part of last century. In 

particular, jetty construction has had a dramatic 
influence on the morphology of Bayocean Spit and, to 
a lesser extent, between the no rth Tillamook jetty a nd 
the Rockaway-Manzanita beaches to the north. Finally, 
the present analyses have shown that the mouths of 
the estuaries and the spit ends a re extremely dynamic 
features, migrating over large distances in response to 
changes in both the sediment supply and the predom­

inant wave conditions, making these areas hazardous 
for any form of development. 
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Figure 2-33. Historical shoreline positions identified near Twin Rocks. Note: The 1920s and 1950s 
(1927 /28, 1953/55) shoreline is derived from NOS T -sheets, 1967 and 1994 are from orthorectified 
aerial photographs, 1980s (1985/86) is from U.S. Geological Survey topographic maps, and 1997-
2009 are derived from lidar. 

Figure 2-34. Historical shoreline positions at Manzanita. Note: The 1920s and 1950s (1927 /28, 
1953/55) shoreline is derived from NOS T-sheets, 1967 and 1994 are from orthorectified aerial 
photographs, 1980s (1985/86) is from U.S. Geological Survey topographic maps, and 1997-2009 are 
derived from lidar. 
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3.0 BEACH AND BLUFF MORPHOLOGY ASSESSMENTS 

Field surveys were undertaken throughout Tillamook 3.1 Survey Methodology 
County in s ummer 2011 and again in winter 2012 in 
order to better define the seasonal variability. These Beach profiles that are oriented perpendicular to the 
surveys serve two important objectives: 

1. To establish beach profile transects a long dis­
crete but representative sections of the shore­
line's geomorphology /geology, including 
sections of coast where coastal engineering 
structures have been constructed, for the pur­
poses of coastal hydraulic analyses. 

2. To provide representative measurements, de­
rived from lidar or GPS data, of the beach in its 

winter state, in order to define the morpholo­
gy, elevations, and slope of the beach face for 
use in subsequent wave runup and overtop­
ping computations. 

Surveying along the Tillamook County coast was 
initially carried out in August and September 2011, 
and again in February /March 2012. The surveys were 
completed late in the winter season when Oregon 
beaches are typically in their most eroded state 
(Aguilar-Tunon and Komar, 1978; Komar, 1997; Allan 

and Komar, 2002; Allan and Hart, 2008). A total of 178 
beach profile transects were established along the 
length of Tillamook County (Figure 3-1 to 3-3) and 
can be subdivided according to the following littoral 
cells: 

• Neskowin: 28 sites; 
• Nestucca spit/Pacific City: 14 sites; 

• Tierra Del Mar /Sand Lake: 3 2 sites; 
• Netarts Spit/Oceanside: 29 sites; 

• Short Sand Beach: 3 sites; 
• Bayocean Spit: 11 sites; 

• Twin Rocks/RockawayjNedonna Beach: 40 
sites; and 

• Nehalem Spit/Manzanita: 21 sites. 

Appendix B provides a table that describes the 
naming conventions used by DOGAMI, which is linked 
to the transect database in the final DFIRM for Tilla­
mook County. 

shoreline can be surveyed using a variety of ap­
proaches, including a simple graduated rod and chain, 
surveying level and staff, total station theodolite and 
reflective prism, lidar airborne altimetry, and Real­
Time Kinematic Differential Global Positioning System 
(RTK-DGPS) technology. Traditional techniques such 
as leveling instruments and total stations are capable 
of providing accurate representations of the morphol­
ogy of a beach, but are demanding in terms of time 
and effort. At the other end of the spectrum, high­
resolution topographic surveys of the beach derived 

from lidar are ideal for capturing, within a matter of 
hours, the three-dimensional state of the beach over 

an extended length of coast; other forms of lidar 
technology are now being used to measure nearshore 
bathymetry out to moderate depths but are dependent 
on water clarity. However, the lidar technology 
remains expensive and is impractical along small 
segments of shore and, more importantly, the high 

costs effectively limits the temporal resolution of the 
surveys and hence the ability of the end-user to 
understand s hort-term changes in the beach mor­
phology (Bernstein and others, 2003). 
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Figure 3-1. Location map of beach profiles in southern Tillamook County. Left) Beach profiles 
measured along t he Neskowin shoreline (transects 1-28), Nestucca spit and adjacent to Pacific City 
(transects 29-42); Right) and within the Sand Lake littoral cell in Tillamook County (transects 43-
74). Red lines denote transects where overtopping has been identified. Yellow circles denote the 
locat ions of benchmarks used in local sit e ca librations. 
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Figure 3-2. Location map of beach profiles in centra l Tillamook County. Left) Location map of 
beach profiles measured along Netarts Spit (transects 75-92), at Oceanside (transects 93-103) and 
at Short Sand Beach (transects 104- 106); Right) along Bayocean Spit (transects 107-117), and in the 
Twin Rocks area (transects 118- 137) in Tillamook County. Red lines denote transects where 
overtopping has been identified. Yellow circles denote the locations of benchmarks used in local site 
calibrations. 
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Figure 3-3. location of map of beach profiles in northern Tillamook County showing profiles 
measured along Rockaway/Nedonna Beach (transects 134- 157), Nehalem Spit (transects 158- 166), 
and in the Manzanita area (transects 167-178) in Tillamook County. Red lines denote transects 
where overtopping has been identified . Yellow circles denote the locations of benchmarks used in 
local site calibrations. 
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Within this range of technologies, the application of 
RTK-DGPS for surveying the morphology of both the 
subaerial and subaqueous portions of the beach has 
effectively become the accepted standard (Morton and 
others, 1993; Ruggiero and Voigt, 2000; Bernstein and 
others, 2003; Ruggiero and others, 2005) and is the 

surveying technique used in this study. The Global 
Positioning System (GPS) is a worldwide radio­
navigation system formed from a constellation of 24 
satelli tes and their ground stations, originally devel­
oped by the U.S. Department of Defense; in 2007 the 
Russian Government made their GLONASS satellite 
network ava ilable increasing the number of satellites 
to -46 (as of February 2011). 

In its s implest form, GPS can be thought of as trian­
gulation with the GPS satellites acting as reference 
points, enabling users to calculate their position to 
within several meters (e.g., using inexpensive off the 
shelf hand-held units), while survey grade GPS units 
are capable of providing positional and elevation 
measurements that are accurate to a centimeter. At 
least four satellites are needed mathematically to 
determine an exact position, a lthough more satellites 
are generally available. The process is complicated 
because all GPS receivers are subject to error, which 
can significantly degrade the accuracy of the derived 
position. These errors include the GPS satellite orbit 
and clock drift plus signal delays caused by the 
atmosphere and ionosphere and multipath effects 
(where the signals bounce off features and create a 

poor signal). For example, hand-held autonomous 
receivers have positional accuracies that are typically 
less than about 10 m ( <-30 ft), but can be improved 
to less than 5 m ( <-15 ft) us ing the Wide Area 
Augmentation System (WAAS). This latter system is 

essentially a form of differential correction that 
accounts for the above errors, which is then broadcast 
through one of two geostationary satellites to WAAS­
enabled GPS receivers. 
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Greater survey accuracies are achieved with differ­
ential GPS (DGPS) using two or more GPS receivers to 
s imultaneously track the same satellites, enabling 
comparisons to be made between two sets of observa­
tions. One receiver is typically located over a known 
reference point, and the position of an unknown point 
is determined relative to that reference point. With 
the more sophisticated 24-channel dual-frequency 
RTK-DGPS receivers, positional accuracies can be 
improved to the sub-centimeter level when operating 
in static mode and to within a few centimeters when 
in RTK mode (i.e., as the rover GPS is moved about). In 
this study we used Trimble® 24-channel dual­
frequency R7 /R8 and 5700/5800 GPS receivers. This 
system consists of a GPS base station (R7 a nd/or 5700 
unit), Zephyr GeodeticTM antenna (model 2), HPB450 

radio modem, and R8 (and/or 5800) "rover" GPS 
(Figure 3-4). Trimble reports that both the R7 /R8 
and 5700/5800 GPS systems have horizontal e rrors of 
approximately ±1 em+ 1 ppm (parts per million x the 
baseline length) and ±2 em in the vertical (Trimble, 
2005). 

To convert a space-based positioning system to a 
ground-based local grid coord inate system, a precise 
mathematical transfo rmatio n is necessary. While 
some of these adjustments are accomplished by 
specifying the map projection, datum, and geoid 
model prior to commencing a field survey, an addi­
tional transformation is necessary whereby the GPS 
measurements are tied to known ground control 
points (Figure 3-5). This latter step is called a GPS site 
calibration, such that the GPS measurements are 
calibrated to ground control points with known 
vertical and horizontal coordinates using a rigorous 
least-squares adjustment procedure. Performing the 
calibration is initially undertaken in the field using the 
Trimble TSC2 GPS controller and then re-evaluated in 
the office using Trimble's Business Office software 
(version 2.5). 
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GPSantenna 
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Figure 3-4. The Trimble R7 base station antenna in operation on the Tillamook Plains. Corrected 
GPS position and elevation information is transmitted by an HPB450 Pacific Crest radio to the RS 
GPS rover unit (photo: J. Allan, DOGAMI, 2010). 

SL~ ,.. 
ACCE55 

Figure 3-5. A 180-epoch calibration check is performed on a survey monument (Rock7) 
established in the Rockaway littoral cell in Tillamook County. This procedure is important for 
bringing the survey into a local coordinate system and for reducing errors associated with the GPS 
survey (photo: J. Allan, DOGAMI, 2004). 
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3.1.1 Tillamook County survey control procedures 

Survey control (Table 3-1) a long the Tillamook County 

s hore was provided by occupying multiple bench­

marks established by the Coastal Field Office of 
DOGAMI. The approaches used to established the 

benchmarks are fully described in reports by Allan 
and Hart (2007, 2008). 

Coordinates assigned to the benchmarks (Table 
3-1), were derived by occupying a Trimble R8 GPS 

receiver over the established benchmark, which then 

receives real-time kinematic corrections via the 

Oregon Real Time GPS Network (ORGN) 

(http://www.theorgn.net/). The ORGN is a network of 

permanently installed, continuously operating GPS 

reference stations established and maintained by 

ODOT and partners (essentially a CORS network 

similar to those operated and maintained by the 

National Geodetic Survey [NGS]) that provide 
real-time kinematic (RTK) correctors to field GPS 

users over the internet via cellular phone networks. 

As a result, GPS users that are properly equipped to 
take advantage of these correctors, such as the 

Trimble system used in this study, can survey in the 
field to the one centimeter horizontal accuracy level in 

real time. Each benchmark was observed on at least 
two occasions, at different times of the day or on 

alternate days; the derived values were reviewed and, 

if reasonable, were averaged. 

Furthermore, additional checking was undertaken 
for each of the GPS base station sites (Table 3-1), by 

comparing the multi-hour GPS measurements to 

coordinates and elevations de rived using the Online 

Positioning User Service (OPUS) maintained by the 
NGS (http://www.ngs.noaa.gov/OPUS/ [Soler and 

others, 2011]). OPUS provides a simplified way to 
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access high-accuracy National Spatial Reference 

System (NSRS) coordinates using a network of 
continuously operating GPS reference stations (CORS, 

http://www.ngs.noaa.gov/CORS /). In order to use 

OPUS, static GPS measurements are typically made 

using a fixed height tripod for periods of 2 hours or 

greater. OPUS returns a solution report with position­

al accuracy confidence intervals for adjusted coordi­

nates and elevations for the observed point. In all 

cases we used the Oregon State Pla ne coordinate 

system, northern zone (meters), while the vertical 

datum is relative to the North American Vertical 
Datum of 1988 (NAVD88). 

For each of the discrete shore reaches, the R7 GPS 

base station was located on the prescribed base 
station monument (i.e., NEH4, ROCKS, BAY2, CLSP, 

SCOUT, STRAUB, NESK6; Table 3-1), using a 2.0-m 

fixed height tripod. Survey control was provided by 
undertaking 180 GPS epoch measurements ( -3 
minutes of measurement per calibration site) using 

the calibration sites indicated in Table 3-1, enabling 

us to perform a GPS site calibration that brought the 
survey into a local coordinate system. This step is 
critical in order to eliminate various survey errors 
that may be compounded by facto rs such as poor 

satellite geometry, multipath, and poor atmospheric 
conditions that in combination increase the total error 

to several centimeters. Table 3-2 shows the relative 

variability identified when comparing the mean 

derived benchmark coordinate and the original 
ORGN/OPUS derivations. As can be seen from Table 

3-2, differences in the horizontal and vertical values at 
the benchmarks were typically less than 2 em (i.e., 

within one standard deviation [a]). 
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Table 3-1. Survey benchmarks used to calibrate GPS surveys of the beach a long the Tillamook 

County coastline. Asterisk signifies the location of the GPS base station during each respective 

survey. NGS denotes National Geodet ic survey monument, ORGN signifies Oregon Real Time GPS 

Network. 

Primary Ident ificat ion Northing fasting Elevation 

Study Area (PI D) Name1 (m) (m) (m) 

Nehalem Spit NEH8- DOGAMI/ORGN 2232106.11S 234997.630 9.101 
NEH6 - DOGAMI/ORGN 2232318.132 2326S4.396 11.201 
NEH4- DOGAMI/ORGN* 

2232342.7SS 230612.04S 8.703 
NEH1 - DOGAMI/ORGN 

2232062.218 227S86.204 12.828 

Rockaw ay ROCK10- DOGAMI/ORGN 2231980.938 226431.232 8.400 
ROCKS- DOGAMI/ORGN 2231714.373 2243SO.OSS S.276 
ROCKS- DOGAMI/ORGN* 

2231306.182 221626.396 10.046 
ROCK1- DOGAMI/ORGN 6.732 2230430.83S 217674.746 

Bayocean Spit BAY7- DOGAMI/ORGN 2230194.049 211189.992 9.440 
BAYS- DOGAMI/ORGN 2230672.493 214089.934 8.1SS 
BAY2- DOGAMI/ORGN* 

2230827.791 216103.016 8.497 

Netarts Spit/ AJ 198S- NGS/ORGN 2228840.68 20S112.21 37.609 
Oceanside RD14S9- NGS/ORGN 2239922. 16 200302.469S 4.S26S 

CLSP- DOGAMI/ORGN* 
2228287.197 194S92.782 4.763 

Sand Lake/ SCOUT - DOGAMI/ORGN* 2228476.091 189282.S7S 8.261 
Tierra Del Mar ISLE- DOGAMI/ORGN 2229478.034 184302.823 4.638 

NESK1- DOGAMI/ORGN 
2227S40.749 177975.0305 12.367 

Nestucca spit/ NESK1- DOGAMI/ORG N 2227540.749 177975.0305 12.367 
Pacific City STRAUB - DOGAMI/ORGN* 2227S89.237 175343.511 12.936 

NESK2- DOGAMI/ORGN 
2227636.668 17537S. 163 7.085 

NESK3- DOGAMI/ORGN 

NESK4- DOGAMI/ORGN 2227495.199 174174.S9S 4.437 

2227368.161 173001.673 4.827 

Neskowin NESK5 - DOGAMI/ORGN 2226885.830 170740.992 4.12 
NESK6- DOGAMI/ORGN* 2226603.997 168908.419 8.21S 
NESK7 - DOGAMI/ORGN 

2226438.263 167871.992 6.504 
NESK8- DOGAMI/ORGN 

2225802.096 165471.981 9.529 

Notes: Coordinates are expressed in the Oregon State Plane Coordinate System, northern zone (meters), and 
the vertica l datum is NAVD88. 
1Contro l provided using both horizontal and vertical values derived by averaging multiple separate GPS 

occupations with survey control provide by the ORGN. 
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Table 3-2. Comparison of horizontal and vertical coordinates (expressed as a standard deviation) 

at each of the benchmark locations, compared to the final coordinates referenced in Table 3 -1. 

A sterisk signifies the location of the GPS base station during each respective survey. 

Primary Identification Northing (m) Easting (m) Elevation (m) 
Study Area (PID) Name1 

(J (J (J 

Nehalem Spit NEH8 0.001 0.016 0.029 

NEH6 0.004 0.001 0.020 
NEH4* 0.012 0.004 0.010 
NEH1 0.010 0.011 0.001 

Rockaway RCK10 0.010 0.049 0.141 
RCK8 

RCKS* 0.012 0.005 0.024 

RCK1 0.020 0.007 0.006 

Bayocean Spit BAY? 0.003 0.011 0.002 
BAYS 0.012 0.000 0.003 

BAY2* 0.010 0.007 0.025 

Netarts Spit AJ1985 0.019 0.011 0.036 

RD1459 0.021 0.013 0.012 

CLSP* 0.015 0.006 0.010 .J 

Sand Lake SCOUT* 0.010 0.005 0.034 

ISLE 0.029 0.000 0.003 
NESK1 0.014 0.006 0.001 

Nestucca spit STRAUB* 0.003 0.001 0.020 
NESK2 0.011 0.003 0.001 
NESK3 0.005 0.004 0.044 

NESK4 0.008 0.021 0.000 

Neskowin NESKS 
NESK6• 0.014 0.007 0.013 
NESK7 0.008 0.023 0.049 
NESK8 0.015 0.037 0.004 
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After local site calibration (Figure 3-5), cross­
shore beach profiles were surveyed w ith the R8 GPS 
rover unit mounted on a backpack, worn by a survey­
or (Figure 3-6). This was undertaken during periods 

of low tide, enabling more of the beach to be surveyed. 
The approach generally was to walk from the land­
ward edge of the primary dune or bluff edge, down the 
beach face a nd out into the ocean to approximately 
wading depth. A straight line perpendicular to the 
shore was achieved by navigating along a pre­
determined line displayed on a hand-held Trimble 
TSC2 computer controller connected to the R8 
receiver. The computer shows the position of the 
operator relative to the survey line and indicates the 
deviation of the GPS operator from the line. The 
horizontal variability during the survey is generally 
minor, typically less than about ±0.25 m either side of 
the line (Figure 3-7), which results in negligible 
vertical uncertainties due to the relatively uniform 
nature of beaches characteristic of much of the Oregon 
coast (Ruggiero and others, 2005). From our previous 
research at numerous s ites along the Oregon coast, 

Applicants' July 27, 2021 Submittal 
Exhibit 2 - Page 60 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

this method of surveying can reliably detect elevation 

changes on the order of 4-5 em, that is, well below 
normal seasonal changes in beach elevation, which 
typically varies by 1-2 m (3-6 ft) (Ruggiero and 
others, 2005; Allan and Hart, 2007, 2008). 

Analysis of beach survey data involved a number of 
stages. The data were first imported into the Math­
Works® MATLAB® environment (a suite of computer 
programming languages) by using a customized script 
A least-squares linear regression was then fit to the 
profile data. The purpose of this script is to examine 
the reduced data and eliminate data point residuals 
(e.g., Figure 3-7) that exceed a ±0.75-m threshold (i.e., 
the outliers) on either side of the predetermined 
profile line. The data are then exported into a Mi­

crosoft® Excel® database for archiving purposes. A 
seco nd MATLAB script uses the Excel profile database 
to plot the survey data (rela tive to the earlier surveys) 
and outputs the generated figure as a Portable 
Network Graphics (png) file. Appendix C shows the 
reduced beach profile plots for the Tillamook County 
transects. 

Figure 3-6. Surveying the morphology of the beach at Bandon using a Trimble 5800 "rover" GPS 
(photo: J. Allan, DOGAMI, 2009). 
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Figure 3-7. Residuals of GPS survey points relative to zero (transect) line. Example reflects the 
Cannon Beach 10 profile line. Dark grey shading indicates 68.3% of measurements located ±0.15 m 
(1o) from the transect line, while 95.5% (2o) of the measurements are located within ±0.30 m of the 
profile line (grey shading). 

To supplement the GPS beach and bluff data, high­

resolution lidar data measured by Watershed Scienc­
es, Inc. (WSI) in 2009 for DOGAMI were also analyzed 

and integrated into the beach profile data set This 

was especia lly important for backshore areas where it 
was not possible to easily survey with the GPS gear. In 
addition, lidar data flown by the U.S. Geological Survey 

(USGS)/National Aeronautics and Space Administra­
tion (NASA)/NOAA in 1997, 1998, and 2002 were 

used to extend the time series of the beach and bluff 
profile data. In particular, the 1998 lidar data meas­

ured at the end of the major 1997-98 El Nino were 

analyzed, providing additional measurements of the 

beach in an e roded state that can be compared with 
more recent winter surveys of the beach. The 1997, 

1998, and 2002 lidar data were downloaded from 

NOAA's Coastal Service Center (http://coast.noaa . ., 

gov /dataregistry/search /collection /info /coastalljdar) 

and were gridded in Esri® ArcG IS® by using a 
triangulated irregular network (TIN) algorithm; 

distance and elevation data were extracted from the 
grid lidar digital elevation models (DEMs). 

3.2 Beach Characterization 

Analyses of the beach profile data were undertaken 

using additiona l scripts developed in MATLAB. These 
scripts require the user to interactively locate the 

positions of the seaward edge and crest of the primary 
frontal dune (PFD) backing the beach, and then 
evaluate the beach-dune juncture (Ei) elevations and 

beach slopes (tan {J) for the 1997, 1998, 2002, 

2008/2009, 2011 and 2012 surveys along each of the 

profile sites. Beach slope was determined by fitting a 

linear regression through the measured profile data. 

In all cases, the slope of the beach face was deter­

mined to be the region of the beach located between 
mean sea level (-1.4 m, MLLW [mean lower low 

water]) and the highest observed tide ( -3.8 m, 

MLLW) , an approach that is consistent with method­

ologies adopted by Ruggiero and others, 2005; 

Stockdon and others (2006). Determination of the 

location of the beach-dune junctures (Ei) was accom­

plished interactively using the MATLAB scripts and 

from local knowledge of the area. In general, the 
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beach-dune juncture (Ej) reflects a major break in 
slope between the active part of the beach face a nd the 
toe location of the primary dune or bluff. For most 
sites along the Oregon coast, the beach-dune juncture 
(Ej) typically occurs at elevations between about 4 and 
6 m (NAVD88). Figure 3-8 provides an example of the 
identified beach-dune juncture (Ei) for one s ite, TILL 
21, located at the north end of the Neskowin shoreline 
(Figure 3-1) after it has been eroded (described in 
Section 7). In this example, it is apparent that the dune 
has experienced considerable erosion during the past 
two decades, with the dune face retreating landward 
by 32.6 m (107ft) since 1997 as measured at the 7 m 
(23 ft) contour elevation. 

Examination of the profile data indicates that the 
beach-dune juncture (Ei) has varied in e levation, a 
function of repeated phases of both erosion and 
accretion events. As of winter 2012, an erosion scarp 
had formed and the beach-dune juncture reflected the 
toe of the scarp, located at an elevation of 5.1 m (16.7 
ft). Figure 3-8 also includes the derived beach slope 
(tan {3 = 0.049), the crest of the primary dune, as well 
as the landward boundary of the primary frontal dune. 
These latter data are used later to develop new Zone 
VE flood hazard zones along the Tillamook County 
coast. Recall that Zone VE is the flood insurance rate 
zone that corresponds to areas within the 1% annual 
chance coastal floodplain where wave erosion, 
overtopping, and inundation may take place. 
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Figure 3-8. Plot showing various beach cross-sections at the Tlll21 (aka Neskowin 21) profile site. 
In this example, the most likely winter profi le (MlWP) is depicted as the heavy black line, the 
eroded beach-dune juncture location, dune crest, and primary frontal dune location (PFD) are 
character ized by magenta, red, and blue circles, respectively. The plot also provides a dramatic 
example of the extent of erosion that has taken place along this section of Neskowin beach. MllW 
is mean lower low water. MHHW is mean higher high water. TWl is total water level. PFD is primary 
frontal dune. 

Oregon Department of Geology and Mineral industries Special Paper 47 53 

t~ ,.. .. ' ...... _ ....... 



To estimate beach erosio n and profile changes for a 

specific coastal setting that occurs during a particular 

storm, it is essential to first define the initia l condi­

tions of the morphology of the beach prior to the 

actual event of interest (Northwest Hydraul ic 
Consultants, 2005). This initial beach profile is 

referred to as the most likely winter profile (MLWP) 
condition for that particular coastal setting and is 

depicted in Figure 3-8 as the heavy black line. The 

MLWP was assessed from examination of the com­

bined surveyed profiles and lidar data. In the Figure 

3-8 example, the 2009 lidar survey of the primary 

dune and backshore was found to best characterize 
the landward component of the MLWP, while our 
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March 2012 survey best captured the state of the 

active beach and seaward edge of the foredune. 

Landward of the dune crest, information on the 

backshore topography was derived by incorporating 

the actual measured GPS data because those data 
provided the best representation of the actual ground 

surface. Where GPS survey data were not available, we 

used topographic data derived from the 2009 lidar 
flown for DOGAMI. 

Table 3-3 summarizes the various morphological 
parameters identified for each transect site along the 

Tillamook County coastline, including their geo­

morphic classification. 
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Table 3-3. Identified beach morphological parameters from the most likely winter profile 

(MLWP) along the Tillamook County shoreline. Parameters include the beach-dune junction 

elevation (Ej_MLWP), beach slope (tan J3), and a site description. 

Dune Beach 
DFIRM Crest/Bluff Ej_MLWP Slope 

Reach Transect Transect Top(m) (m) (tan 8) Description 

Salmon River LINC 308 1 6.251 5.058 0.084 dune-backed cliff 
Cascade Head LINC 309 2 48.172 1.609 0.027 plunging cliff 

LINC 310 3 43.56 1.207 0.028 plunging cliff 
LINC 311 4 24.427 0.358 0.022 boulder beach backed by bluffs 
LINC 312 5 93.24 2.125 0.026 plunging cliff 
LINC 313 6 139.103 0 0.023 plunging cliff 

Neskowin TILL 1 7 47.278 0.764 0.025 sandy beach backed by rip rap and high 
cliffs 

TILL 2 8 8.684 3.914 0.045 sand beach backed by riprap 
TILL3 9 8.452 3.914 0.042 sand beach backed by riprap 
TILL4 10 5.184 3.448 0.018 sand beach backed by riprap 
TILL S 11 8.312 2.712 0.049 sand beach backed by riprap 
TILL 6 12 8.447 3.563 0.073 sand beach backed by riprap 
TILL 7 13 8.169 1.904 0.062 sand beach backed by riprap 
TILLS 14 8.539 2.533 0.062 sand beach backed by riprap 
TILL9 15 7.075 5.888 0.06 dune-backed 
TILL 10 16 8.897 6.235 0.054 dune-backed 
TILL 11 17 6.679 5.604 0.041 dune-backed 
TILL12 18 8.374 5.521 0.044 dune-backed 
TILL 13 19 7.126 5.709 0.049 dune-backed 
TILL 14 20 8.118 5.086 0.099 sand beach backed by riprap 
TILL 15 21 7.587 4.642 0.069 sand beach backed by riprap 
TILL 16 22 6.767 6.014 0.052 dune-backed 
TILL17 23 9.986 4.326 0.039 dune-backed 
TILL 18 24 8.387 5.512 0.074 dune-backed 
TILL 19 25 6.014 6.014 0.059 dune-backed 

TILL 20 26 7.648 7.066 0.098 dune-backed 
TILL 21 27 12.562 5.582 0.049 dune-backed 
TILL 22 28 6.241 4.489 0.034 dune-backed 
TILL 23 29 14.334 6.819 0.088 dune-backed 
TILL 24 30 7.792 7. 185 0.06 dune-backed 
TILL 25 31 7.642 5.627 0.061 dune-backed 
TILL 26 32 32.562 3.877 0.059 sandy beach backed by high cliffs 

TILL 27 33 28.194 4.519 0.088 sandy beach backed by high cliffs 
TILL 28 34 39.31 6.292 0.084 sandy beach backed by dunes and high 

cliffs 
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Dune Beach 

DFIRM Crest/Bluff Ej_MLWP Slope 
Reach Transect Transect Top (m) (m) (tan 6) Description 

Nestucca spit/ TILL 29 35 10.245 4.903 0.043 dune-backed 
Pacific City TILL 30 36 14.485 5.083 0.048 dune-backed 

TILL 31 37 15.49 5.933 0.061 dune-backed 
TILL 32 38 14.358 5.413 0.093 dune-backed 
TILL 33 39 13.16 5.338 0.072 dune-backed 
TILL 34 40 15.877 6.611 0.086 dune-backed 
TILL 35 41 15.147 5.312 0.05 dune-backed 

TILL 36 42 17.709 5.908 0.051 dune-backed 
TILL 37 43 12.932 4.389 0.051 sand beach backed by rip rap? 
TILL 38 44 11.283 4.69 0.053 sand beach backed by riprap? 
TILL 39 45 18.954 5.407 0.041 dune-backed 
TILL 40 46 11.314 5.539 0.057 sand beach backed by riprap? 
TILL 41 47 11.06 4.785 0.039 sand beach backed by riprap? 
TILL 42 48 13.304 4.681 0.043 sand beach backed by riprap and high 

bluffs 

Sand Lake/ TILL 43 49 23.369 5.582 0.046 sandy beach backed by high cliffs 
Tierra Del Mar TILL 44 so 16.741 6.162 0.075 sandy beach backed by high cliffs 

TILL45 51 6.868 4.232 0.042 sandy beach backed by cobbles- grades 
into bluff 

TILL46 52 18.071 4.865 0.055 sandy beach backed by high cliffs 

TILL 47 53 18.396 4.063 0.045 sand beach backed by riprap 
TILL 48 54 7.412 6.555 0.048 dune-backed 
TILL 49 55 8.24 6.197 0.044 dune-backed 
TILL 50 56 6.931 5.891 0.041 dune-backed 
TILL 51 57 6.317 4.554 0.05 sand beach backed by riprap 
TILL 52 58 7.721 4.543 0.055 sand beach backed by riprap 
TILL 53 59 8.141 5.026 0.056 sand beach backed by riprap 

TILL 54 60 7.462 5.055 0.058 sand beach backed by riprap 
TILL 55 61 8.094 5.159 0.045 dune-backed 

TILL 56 62 8.357 4.652 0.046 sand beach backed by riprap 
TILL 57 63 11.383 4.823 0.04 sand beach backed by riprap 
TILL 58 64 10.224 6.18 0.042 dune-backed 

TILL 59 65 12.153 5.72 0.052 dune-backed 
TILL 60 66 9.595 5.355 0.041 dune-backed 
TILL 61 67 9.37 6.193 0.048 dune-backed 
TILL 62 68 6.573 6.26 0.052 dune-backed 
TILL63 69 3.38 3.324 0.009 dune-backed 
TILL64 70 18.524 6.915 0.111 dune-backed 
TILL 65 71 18.296 5.556 0.053 dune-backed 

TILL 66 72 15.211 5.34 0.049 dune-backed 
TILL 67 73 19.042 8.385 0.069 sandy beach backed by high cliffs 
TILL 68 74 24.72 6.441 0.044 sandy beach backed by high cliffs 
TILL 69 75 29.519 5.96 0.051 sandy beach backed by high cliffs 
TILL 70 76 30.293 4.588 0.045 sandy beach backed by high cliffs 
TILL 71 77 37.153 4.979 0.055 sandy beach backed by high cliffs 
TILL 72 78 30.575 4.844 0.037 sandy beach backed by high cli ffs 
TILL 73 79 28.571 6.625 0.048 sandy beach backed by high cliffs 
TILL 74 80 20.692 5.762 0.038 sandy beach backed by high cliffs 
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Dune Beach 
DFIRM Crest/Bluff Ej_MLWP Slope 

Reach Transect Transect Top(m) (m) (tan 6) Description 

Netarts Spit/ TILL 75 81 6.775 2.43 0.029 sandy beach backed by low/high cliffs 
Oceanside TILL 76 82 7.6 2.937 0.037 sandy beach backed by cobbles/boulders 

and low cliff 
TILL 77 83 8.447 3.235 0.047 sandy beach backed by dynamic 

revetment/artificial dune 
TILL 78 84 7.298 3.706 0.051 sandy beach backed by dynamic 

revetment/artificial dune 
TILL 79 85 10.798 3.976 0.043 dune-backed (+cobbles) 
TILL 80 86 9.131 5.381 0.082 dune-backed (+cobbles) 

TILL 81 87 7.159 4.661 0.067 dune-backed (+cobbles) 
TILL 82 88 11.562 5.04 0.056 dune-backed 
TILL 83 89 12.413 5.492 0.056 dune-backed 

TILL 84 90 7.322 6.012 0.046 dune-backed 
TILL 85 91 11.621 5.37 0.044 dune-backed 
TILL86 92 11.763 6.361 0.047 dune-backed 
TILL 87 93 19.722 4.114 0.043 dune-backed 

TILL88 94 6.567 5.72 0.057 dune-backed 
TILL 89 95 10.543 5.754 0.048 dune-backed 
TILL 90 96 12.156 4.768 0.046 dune-backed 

TILL 91 97 9.61 6.516 0.052 dune-backed 

TILL 92 98 8.324 6.36 0.05 dune-backed 
TILL 93 99 4.971 4.855 0.069 Cobble beach backed by low wall (estuary 

mouth) 
TILL 94 100 14.619 5.554 0.074 sandy beach backed by high cliffs 
TILL 95 101 29.639 4.999 0.032 sandy beach backed by high cliffs 
TILL96 102 39.082 4.536 0.055 sandy beach backed by high cliffs 

TILL 97 103 55.206 4.631 0.065 sandy beach backed by dune and high 
cliffs 

TILL 98 104 60.658 5.832 0.073 sandy beach backed by dune and high 
cliffs 

TILL 99 105 33.925 4.907 0.044 sandy beach backed by high cliffs 

TILL 100 106 36.465 4.585 0.041 sandy beach backed by high cliffs 
TILL 101 107 13.733 5.191 0.045 sandy beach backed by poor riprap and 

low cliffs 

TILL 102 108 18.353 5.953 0.05 sandy beach backed by moderately high 
cliffs 

TILL 103 109 8.241 4.068 0.057 sandy beach backed by moderately high 
cliffs 

Short Sand Beach TILL 104 110 33.582 3.026 0.056 sandy beach backed by gravels and high 
cliffs 

TILL 105 111 26.461 3.932 O.D75 sandy beach backed by gravels and high 
cliffs 

TILL 106 112 47.152 5.674 0.109 sandy beach backed by gravels and high 
cliffs 
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Dune Beach 
DFIRM Crest/Bluff Ej_MLWP Slope 

Reach Transect Transect Top(m) (m) (tan 6) Description 

Bayocean Spit TILL 107 113 8.705 3.527 0.072 sandy beach backed by cobble/boulder 
and low cliffs 

TILL 108 114 7.74 2.981 0.05 sandy beach backed by cobble/boulder 
and low cliffs 

TILL 109 115 6.34 3 0.036 sandy beach backed by cobble/boulder 
berm 

TILL 110 116 6.081 2.495 0.026 sandy beach backed by cobble/boulder 
berm 

TILL 111 117 6.863 3.33 0.04 sandy beach backed by cobble/boulder 
berm 

TILL 112 118 9.667 6.824 0.041 dune-backed 
TILL 113 119 11.095 6.67 0.043 dune-backed 
TILL 114 120 9.781 6.804 0.04 dune-backed 
TILL 115 121 8.97 4.932 0.043 dune-backed 

TILL 116 122 10.49 5.889 0.04 dune-backed 
TILL 117 123 10.053 6.537 0.043 dune-backed 

Rockaway TILL 118 124 5.932 5.932 0.048 dune-backed 

TILL 119 125 6.332 4.905 0.043 dune-backed 
TILL 120 126 6.72 5.37 0.049 dune-backed 

TILL 121 127 6.749 5.178 0.058 dune-backed 
TILL 122 128 6.518 5.388 0.047 dune-backed 
TILL 123 129 7.242 3.13 0.029 sand beach backed by riprap 
TILL 124 130 6.905 5.82 0.05 dune-backed 
TILL 125 131 5.489 5.489 0.046 dune-backed 
TILL 126 132 5.858 4.586 0.02 dune-backed 
TILL 127 133 7.148 5.709 0.037 dune-backed 

TILL 128 134 7.976 5.327 0.038 dune-backed 
TILL 129 135 7.237 5.136 0.048 dune-backed 
TILL 130 136 7.344 5.839 0.046 dune-backed 
TILL 131 137 7.032 4.682 0.037 dune-backed 
TILL 132 138 5.486 3.77 0.038 sand beach backed by riprap 
TILL 133 139 7.133 5.593 0.038 dune-backed 
TILL 134 140 10.147 5.68 0.043 dune-backed 
TILL 135 141 8.387 7.085 0.052 dune-backed 
TILL 136 142 7.062 5.92 0.032 sand beach backed by low bluff 
TILL 137 143 6.827 4 0.034 sand beach backed by r iprap 
TILL 138 144 6.359 3.045 0.013 sand beach backed by riprap 
TILL 139 145 8.67 5.263 0.034 dune-backed 

TILL 140 146 8.923 3.759 0.051 sand beach backed by riprap 
TILL 141 147 7.643 3.759 0.044 sand beach backed by riprap 
TILL 142 148 8.305 3.759 0.057 sand beach backed by riprap 
TILL 143 149 8. 196 4.068 0.051 sand beach backed by riprap 
TILL 144 150 8.305 3.312 0.051 sand beach backed by riprap 
TILL 145 151 8.092 4.309 0.054 sand beach backed by riprap 
TILL 146 152 8. 176 4.029 0.047 sand beach backed by riprap 
TILL 147 153 7.927 7.16 0.056 dune-backed 
TILL 148 154 8. 101 5.982 0.052 dune-backed 
TILL 149 155 8.029 5.997 0.05 dune-backed 
TILL 150 156 8.315 6.325 0.045 dune-backed 
TILL 151 157 6.974 4.176 0.022 sand beach backed by riprap 
TILL 152 158 8.688 6.358 0.068 dune-backed 
TILL 153 159 8.773 4.786 0.037 dune-backed 
TILL 154 160 8.966 6.457 0.051 dune-backed 
TILL 155 161 8.448 6.267 0.042 dune-backed 
TILL 156 162 8.409 6.061 0.04 dune-backed 
TILL 157 163 6.833 5.548 0.031 dune-backed 
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Dune Beach 
DFIRM Crest/Bluff Ej_MLWP Slope 

Reach Transect Transect Top(m) (m) (tan 6) Description 

Nehalem Spit/ TILL 158 164 7.752 6.112 0.049 dune-backed 
Manzanita TILL 159 165 12.218 6.616 0.053 dune-backed 

TILL 160 166 8.676 6.254 0.063 dune-backed 
TILL 161 167 7.828 5.901 0.056 dune-backed 
TILL 162 168 15.433 5.338 0.042 dune-backed 
TILL 163 169 13.023 5.823 0.043 dune-backed 
TILL 164 170 14.069 5.912 0.055 dune-backed 
TILL 165 170 15.75 5.514 0.051 dune-backed 
TILL 166 172 12.088 4.356 0.034 dune-backed 
TILL 167 173 12.772 5.616 0.039 dune-backed 
TILL 168 174 13.313 6.617 0.038 dune-backed 
TILL 169 175 10.635 7.807 0.075 dune-backed 
TILL 170 176 9.226 4.313 0.022 sand beach backed by r ip rap 
TILL 171 177 8.847 5.064 0.026 dune-backed 
TILL 172 178 9.502 6.107 0.03 dune-backed with road 
TILL 173 179 11.496 5.245 0.028 dune-backed with road 
TILL 174 180 9.609 5.516 0.027 dune-backed with road 

TILL 175 181 11.367 4.73 0.029 dune-backed 
TILL 176 182 9.012 5.504 0.048 sand beach backed by extensive cobble 

berm 
TILL 177 183 6.996 5.077 0.049 sand beach backed by extensive cobble 

berm and bluff 
TILL 178 184 7.921 7.894 0.169 sand beach backed by extensive cobble 

berm and bluff 
Falcon Cove CP 1 185 15.935 7.027 0.167 sand, cobble berm backed by high bluff 
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Figure 3-9 provides a plot of the a longshore 
changes in beach slopes (tan {3), mean sediment gra in 
sizes (Mz), beach-dune juncture (Ej) elevations, and 
dune/bluff/structure crest heights. In genera l, the 
steepest slopes a re confined to those beaches with 
coarse sediments on the foreshore (e.g., Figure 2-13), 
while sites containing finer sediments a re character­
ized by generally lower beach slopes (e.g., Figure 
2-1). Mean grain sizes in the Neskowin littoral cell a re 
characterized as medium sand (Mz = 1.30 (0.42 mm 
[Peterson and others, 1994]) and decrease to Mz = 

2.50 (0.18 mm, or fine sand) along the rest of the 
Tillamook County coastline. The steepest beach slopes 
are typically identified adjacent to the headlands, 
where the beach is composed predominantly of 
gravels and boulders and the sediment is locally 
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sourced from the headlands as a result of landslides. 
At several beach study sites, sediment grain sizes vary 
in both along-shore and cross-shore directions. For 
example, beaches at Cape Lookout State Park, located 
at the south end of Netarts Spit, may be characterized 
as "composite" using the nomenclature of jennings 
and Shulmeister (2002), that is, consisting of a wide 
dissipative sandy beach composed of fine sand 
(Figure 3-9), backed by an extensive gravel beach on 
the upper foreshore. In contras t, the beach at the 
north end of Manzanita exh ibits a substantial cob­
ble/boulder berm on the beach face that is fronted by 
a wide dissipative sand beach in the intertidal zone 
(Figure 3-10). The cobble/boulder berm provides 
significant protection to the backshore (Allan and 
others, 2005). 
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Figure 3-9. Alongshore changes in beach slopes (tan 13}, beach-dune juncture (Ej) elevations, and 
dune/bluff crest/tops along Tillamook County. Red squares indicate mean sediment grain sizes 
measured by Peterson and others {1994}. Vertical blue shading denotes the location of estuary 
mouths, while the red shading denotes the location of headlands. 

Oregon Department of Geology and Mineral Industries Special Paper 47 60 



Figure 3-9 also plots the beach-dune and beach­

bluff juncture elevations (Ej) for the various study 

s ites. Values for Ej vary significantly along the length 

of the Tillamook County coast. The lowest Ej values 
tend to occur along the toe of coastal engineering 

structures (e.g., the rip rap structures that protect the 

community of Neskowin) and on beaches backed by 
gravel and boulders. In general, the highest beach­

dune juncture elevations are fou nd along Nehalem and 

Bayocean Sp its, areas that are actively aggrad ing. In 

addition, Figure 3-9 (bottom) indicates the 

dune/bluff/structure crest elevations. Because these 

heights are indicative of the potential for flooding, 
with higher crests generally limiting flood overtop-
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ping, it can be seen that the risk from coastal floodi ng 

and inundation is likely to be highest along much of 

the shores in Neskowin, Tierra Del Mar, Cape Meares, 

and Rockaway beach. Along the remainder of the 

shore, the beaches a re protected by prominent bluffs 

(e.g., adjacent to the mouth of the Nestucca estuary, 

adjacent to Oceanside and at Short Sand Beach) 

andjor dunes (e.g., Nestucca and Nehalem Spit) with 

crest elevations that range from 10 to 18 m (33- 59 ft) 
that effectively preclude wave overtopping and hence 
inundation in those areas. Nevertheless, some of these 

sites are subject to erosion hazards that likely will 
influence the extent of the flood zones in those areas, 
after factoring the potential for erosion from storms. 

Figure 3-10. Cobble/boulder beach located on the south side of Neahkahnie Mountain, north of 
Manzanita (phot o: J. Allan, DOGAMI, July 2, 2003). 
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3.3 Recent Coastal Changes in Tillamook 
County 

This section briefly reviews beach profile changes that 
have occurred during the past decade, as documented 
by lidar and recent GPS surveys of the shore. 

The overall approach used to define the morpholo­
gy of the beach and dune system, including the 
location of the PFD along the length of county shore­
line, and shoreline changes over the past decade, was 
based on detailed analyses of lidar data measured by 
USGS/NASA/NOAA in 1997, 1998, and 2002 and by 
DOGAMI in 2009. However, because lidar data flown 
by USGS/NASA/NOAA are of relatively poor resolution 
( ~1 pointjm2) and reflect a s ingle return (i.e., include 
vegetation where present), while the lidar data flown 
by DOGAMI have higher resolution (8 pointsjm2) and 
are characterized by multiple returns enabling 
development of a bare-earth digital elevation model 
(OEM), our determination of the most critical 
beach/dune morphological features was based 
entirely on analysis of the 2009 lidar data. 
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Lidar data flown in 1997, 1998, and 2002 were 
downloaded from NOAA's Coastal Service Center and 
gridded in ArcG IS using a TIN algorithm (Allan and 
Harris, 2012); a similar approach was undertaken 

with the 2009 lidar data. Transects spaced 25 m apart 
were cast for the full length of the county coastline by 
using the Digital Shoreline Analysis System (DSAS) 
developed by the USGS (Thieler and others, 2009). For 
each transect, xyz values fo r the 1997, 1998, 2002, and 
2009 lidar data were extracted at 1-m intervals along 
each transect line and saved as a text file using a 
customized ArcGIS script. 

Processing of the lidar data was undertaken in 
MATLAB using a custom beach profile analysis script 
developed by DOGAMI. This script requi res the user to 
interactively define various morphological features 
including the dune/bluff crest/top, bluff slope (where 
applicable), landward edge of the PFD, beach-dune 
juncture elevations for each year, and the slope of the 
beach foreshore. 
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3.3.1 Rockaway littoral cell changes 

As a result of the major storms of the late 1990s, the 
Rockaway littoral cell (Cape Meares to Neahkahnie 
Mounta in) effectively experienced a "one-two punch" 

with successive w inters of extreme erosion, commenc­
ing first with the unusually strong 1997-98 El Nino, 
followed immediately by the even more severe 1998-
99 winter (see Figure 3-11). Figure 3-11 was derived 
by analyzing topographic changes collected using 
a irborne lidar flown in 1997 and 2002. The volume 
change estimated using this approach is confined to 
just the subaerial beach and hence excludes the 
vegetated foredune. The results indicate that the 
Rockaway subcelllost ~1.4 x 106 m3 (1.86*106 yd3) of 

sand between 1997 and 2002 (Figure 3-11). Sand 
volume losses can a lso be seen for Nehalem Spit, 
which lost an estimated 1.45 x 105 m3 (1.90 x 105 yd3) 
of sand, while Bayocean Spit gained ~1.3 x 105m3 (1.7 
x 105 yd3) of sand. It is not clear where all the sand 
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went. One hypothesis is that most of the eroded sand 
was removed offshore into deeper water; another 
potential sink is the estuaries. However, we speculate 
that the volume of sand removed into the estuaries is 
likely to be s mall compared to that carried offshore. As 
can be seen from Figure 3-12, which is derived from 
our repeated monitoring of the Rockaway cell beaches 
up to February 2014, the overall pattern of erosion 
within the Rockaway subcell has continued. In 
contrast, the northern half of Bayocean Spit (along 
with portions of the Nehalem Spit) has essentially 
recovered from the storms of the late 1990s and has 
gained significant amounts of sand (Figure 3-12). It is 
highly likely that a significant portion of the accumu­
lated sand may be sediment eroded from Rockaway 
beach in the late 1990s. However, in all cases, the 
volume of sand gained along Bayof ean and Nehalem 
Spit remains relatively small when compared to 
overall losses in the Rockaway subcell. 
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Figure 3-11. Net beach sediment volume changes along the Rockaway littoral cell for the period 
1997-2009. Gray bands denote the locations of the Tillamook and Nehalem Bay mouths (after Allan 
and others, 2009). 
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Figure 3-12. The Rockaway cell beach monitoring network maintained by DOGAMI showing the 
measured changes in the position of the dune toe (6 m [19ft] elevation) from 1997 to 2014. 

Figure 3-13, Figure 3-14, and Figure 3-15 show 
the profile changes measured at four representative 
transect sites located along Nehalem Spit, Rockaway 
beach, and Bayocean Spit, respectively. Beginning in 
the north on Nehalem Spit, Figure 3-13 indicates that 
apart from a brief period between 1997 and 2002, 
Nehalem Spit has essentially been in an accretional 
phase. As a result, the frontal fo redune has aggraded 
vertically, and in some cases by several meters since 
2002. This response is confined almost entirely to the 
southern two thirds of the spit (i.e., south of TILL 170, 
Figure 3-3). Erosion of the spit was especially signifi­
cant between 1997 and 2002 along the southern one 
third of the spit (Figure 3-12), where recovery of the 
beach has taken some 10-14 years to fully rebuild. 
Shoreline erosion rates derived from GPS monitoring 
by DOGAMI staff indicate that the south end of 

Nehalem Spit is accreting at the fastest rate ( -0.95 
mjyr (3.1 ft/yr]), decreasing to -0.2 mjyr (0.7 ft/yr) 
near Manzanita. 

Farther south in the Rockaway subcell, the four 
transects highlight the contrasting responses ob­
served along this particular subcell (Figure 3-14). In 
general, erosion rates are highest in the south ( --0.4 
mjyr (-1.3 ft/yr]), and decrease toward the north. As 
can be seen in Figure 3-14, the TILL 120 transect site 
has retreated landward by about 40 m (130 ft) s ince 
1997, with erosion dominating most of the transects. 
In essence, erosion dominates the entire section of 
coast south of about the TILL150 transect a nd extends 
all the way to the mouth of Tillamook Bay, while the 
beach and dune along Nedonna Beach a re either 
stable or are slowly gaining sand. 
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Figure 3-13. Measured beach morphological changes carried out between 1997 and 2014 for 
selected sites on Nehalem Spit from summer surveys undertaken by DOGAMI. 
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Figure 3-14. Measured beach morphological changes carried out between 1997 and 2014 for 
selected sites along the Rockaway subcell from summer surveys undertaken by DOGAMI. 
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Figure 3-15. Measured beach morphological changes carried out between 1997 and 2014 for 
selected sites along Bayocean spit from summer surveys undertaken by DOGAMI. 

As described previously in Section 2.4.1.4, 
Bayocean Spit has experienced dramatic change to its 
shorelines over the past century, much of which is 
directly a function of construction of the Tillamook 
Bay jetties. Figure 3-15 dep icts the changes that have 
taken place over the past 15 years. In the far south, the 
beach is backed by an extensive gravel beach that 
provides considerable protection from erosion to the 
backshore properties. As a result, this section of the 
beach is essentially stable, oscillating between minor 
bouts of erosion and accretion. With progress north 
along the spit, it is apparent that the dunes have fully 
recovered from the late 1990s winter storms (Figure 
3-12) and are now actively aggrading a long the length 
of the spit. Accretion rates are highest along the north 
end of the spit (reaching around + 1mjyr [3.3 ftjyr]) 
and lowest in the south. 

3.3.2 Tillamook County 

Figure 3-16 summarizes the changes that have taken 
place along the full le ngth of the county's shoreline 

since 1997. The analyses reflect the change in position 
of the 6 m (19. 7 ft) contour elevation (essentially the 
dune/bluff toe) from 1997 (baseline) to 1998 (post El 

Nino), and from 1997 to 2009; the latter includes the 
updated lidar flight undertaken by WSI for DOGAMI. 
Several characteristics are apparent a nd worth 
highlighting: 

• Erosion has continued along much of the shore 
to the north of the community of Neskowin; 

• Along Nestucca spit, the beaches and dunes ap­
pear to have recovered slightly, a lthough much 
of the remainder of the spit remains in a de­
graded state; 

• Beach recovery is nonexistent in the vicinity of 
Tierra Del Mar and along the dunes to its imme­
diate north. However, significant accretion has 
occurred on the south s ide of the Sand Lake es­
tuary and farther north up to the south side of 
Cape Lookout; 

• Erosion co ntinues unabated on Netarts Spit, alt­
hough there has been little to no change near 
Oceans ide at the north end of this littoral cell. 
Considerable accretion has occurred on the 
south side of Netarts Bay, on the spit tip; 

• Beach recovery is prevalent a long Bayocean 
Spit, particularly along the northern half of the 
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spit where the dune face has clearly advanced 
(prograded) seaward by tens of meters; 

• Erosion continues unabated along the bulk of 
the Rockaway subcell and, in many locations, is 
considered to be acute. This contrasts with sig­
nificant aggradation along Nedonna Beach at the 
north end of the subcell and adjacent to the Ne­
halem jetties; and 
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• Beach recovery is occurring along the bulk of 
Nehalem Spit, w ith the area near Manzanita hav­
ing prograded seaward. 

Given these changes, we can conclude that the bulk 
of the Tillamook coast remains in a degraded or poor 
state, such that were we to experience storms compa­

rable in magnitude to those experienced in 1998-99, it 
can be expected that massive erosion would again 
occur, potentially endangering many homes built 
adjacent to this coast. 

1.7 1.8 1.9 2 
Northing (m) 

2.1 2.2 

Figure 3-16. Net shoreline response in Tillamook County as measured at the 6-m (19.7 ft) contour 
elevation for the period 1997- 2002 and 1997-2009. Cyan bands denote the locations of estuary 
mouths; grey bands indicate the positions of headlands. 
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3.4 Bathymetry 

Important for calculating wave transformations and 

determining nearshore beach slopes is information on 

the local bathymetry seaward from the Tillamook 
County coast. For the purposes of this study we have 

adopted two approaches: 
1. For the purposes of SWAN numerical wave 

modeling, we used bathymetric data compiled 

by the National Geophysical Data Center 

(NGDC), an office of NOAA, for the purposes of 

developing an integrated DEM for tsunami in­
undation modeling. 

2. For erosion assessments and wave runup cal­

culations, we used bathymetric data collected 

in late summer 2010 with the a id of personal 

watercrafts (Ozkan-Haller and others, 2009). 

To develop an integrated bathymetric-topographic 
DEM that can be used for tsunami inundation model­
ing, the NGDC has compiled detailed bathymetric data 

across the continental shelf from multiple agencies. 

The synthesized bathymetric-topographic DEM 

(As to ria [http://www. ngdc. noaa.gov Idem /square• 

CeiiGrid /download/454], Garibaldi [http://www.• 
ngdc.noaa.gov /dem/sguareCellGrid /download /249], 

and Central Oregon Coast [http://www.ngdc.noaa.• 
goy/dem/squareCeiiGrid /download/320]) is a 1/3 

arc-second (approximately 10 m [-33ft]) DEM of the 

north central Oregon coast that spans all of Tillamook 
County and includes the offshore rocks, small is lands, 

and reefs that affect wave shoaling. The DEM was 
generated from a diverse suite of digital data sets that 

span the region (Carignan and others, 2009a, b, c). A 
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summary of the data sources and methods used to 

synthesize the data to develop the Astoria and Gari­
baldi DEMs is described in the reports by Carignan 

and others. In general, the best available data were 

obtained by the NGDC and shifted to common horizon­
tal and vertical datums: North America Datum 1983 

(NAD 83) and Mean High Water (MHW). 

NGDC used shoreline, bathymetric, and topograph­

ic digital data sets (Figure 3-17) from several U.S. 

federal, state, and local agencies (e.g., NOAA's National 

Ocean Service (NOS), Office of Coast Survey (OCS) and 

Coastal Services Center (CSC); the U.S. Geological 
Survey (USGS); the U.S. Army Corps of Engineers 

(USACE); and the Oregon Department of Fish and 

Wildlife/Marine Resource Program (ODFW). After all 

the data were converted to a common coordinate 

system and vertical datum, the grid data were check~d 

for anomalous data and corrected accordingly. 
Because the data sets, particularly in deep water and 

near to the coast, were relatively sparse, further 

manipulation and smoothing was required to create a 

uniform grid. These products were then compared 
with the original surveys to ensure grid accuracy. 
According to Carignan and others (2009a) the final 
DEM is estimated to have an accuracy of up to 10 m 

( -33 ft), although some portions of the grid are more 
accurate (e.g., the coastal strip where high-resolution 

lidar data were available) . The bathymetric portion of 

the data set is estimated to have an accuracy of 
between 0.1 m (0.33 ft) and 5% of the water depth, 

again depending on the type of survey data that was 
used to calibrate the final grid development. 
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Figure 3-17. U.S. federal, state, and local agency bathymetric data sets used to compile the Astoria 
digital elevation model (OEM) (Carignan and others, 2009b). 
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Finally, despite all these efforts it is important to 
note that a limitation of the DEMs being developed by 
NGDC is the virtual absence of suitable bathymetric 
data in the nearshore (effectively landward of the 10 
m (33 ft) bathymetry contour), because few survey 
boats are able to venture into this highly turbulent 
and dangerous portion of the surf zone. The exception 
to this is where surveys have been undertaken by the 
USACE in the entrance channels to estuaries where 
navigable water depths need to be maintained. Thus, 
there is so me uncertainty about estimating nearshore 
slopes for the surf zone due to the absence of suffi­
cient data for this region, with the user having to make 
assumptions based on the best available data that a re 
present outside the surf zone and information at the 
s hore face. This is a recognized problem with all 
coastal flood analyses. To resolve this problem, we 
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used a Coastal Profiling System (CPS) that developed 
for nearshore bathymetric surveys by Dr. Peter 
Ruggiero (Department of Geosciences, Oregon State 
University [Ruggiero and others, 2005]). The CPS 
consists of a highly maneuverable personal watercraft 
equipped with a survey grade GPS receiver and 
antenna, an echo sounder, and an on board computer. 
Repeatability tests undertaken by Ruggiero and 
colleagues indicate sub-decimeter accuracy on the 
order of 0.15 m (0.5 ft) (Ozka n-Haller and others, 
2009). Figure 3-18 provides an example of the CPS 
system, while Figure 3-19 and Figure 3-20 present 
the mapped coverage of our bathymetric surveys 
undertaken in the summer 2009. An example of two of 
the bathymetric transects undertaken in Tillamook 
County is presented in Figure 3-21. 

Figure 3-18. Data acquisition boat and on board equipment (photo: courtesy of P. Ruggiero, OSU). 

Oregon Department of Geology and Mineral Industries Special Paper 47 70 



Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 80 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

240 

..... 230 

& 

210 

-30 -20 -10 0 10 
Elevation (m) 

208 

206 

204 

~ 202 ... .., 
Cl 
~ 200 

-~ 
~ 198 

~ 

196 

194 

192 

Easting NAD 83 (km) 

2224 2226 2228 2230 

-30 -20 -10 0 10 
Elevation (m) 

Figure 3-19. Collected bathymetry transects measured offshore the coast of the Rockaway and 
Netarts littora l cells, Tillamook County, Oregon. 

Eastlng NAD 83 (km) 

192 2224 2226 2228 

190 

188 

182 

180 

178 

·30 -20 -10 0 10 
Elevation (m) 

178 

176 

174 

E' 
~ 172 
:;: 
Q 

~ 170 

r a 168 
<!: 

166 

164 

162 

Eastlng NAD 83 ( lcm) 

2222 2224 2226 2228 

-30 -20 -10 0 
Elevation (m) 

10 

Figure 3-20. Collected bathymetry transects measured offshore the coast of the Rockaway and 
Netarts littoral cells, Tillamook County, Oregon. 
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Figure 3-21. Combined topographic and bathymetric cross-shore transects measured offshore from 
Neskowin and Nehalem Spit near the town of Manzanita (southern and northern Tillamook County, 
respectively) showing the presence of sand bars. Note the contrasting nearshore slopes between 
the two sites, with steeper topography observed at Neskowin and wider shallower topography 
offshore from Manzanita. 
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4.0 TIDES 

Measurements of tides on the Oregon coast are 
available from various tide gauges 
(http: //www.tidesandcurrents.noaa.goy/map /index.s 
html?type=PreliminaryData&region=Oregon) operat­
ed by NOS. Hourly tidal records are available from the 
following coastal s ites (Table 4-1): Willapa Bay, 
Washington (Toke Point, #9440910), the Columbia 
River (Astoria, #9439040), Tillamook Bay (Garibaldi, 
#9437540), Newport (South Beach, #9435380), Coos 
Bay (Charleston, #9432780), and Port Orford 
(#9431647) on the southern Oregon coast. Long-term 
tidal records are also available from the Crescent City 
tide gauge ( #9419750), located in northern California. 
The objective of this section is to establish which tide 
gauge would be most appropriate in applications 
directed toward FEMA wave and total water level 
analyses for the Tillamook coastline. Results present­
ed here will also help guide future total water level 
(TWL) ana lyses scheduled for Lincoln County. 

The tide gauges and their record intervals are 

listed in Table 4-1. Figure 4-1 maps the locations of 
the most pertinent tide gauges present on the central 
to northern Oregon coast, along with the locations of 
various wave buoys operated by the National Data 
Buoy Center (NDBC) and the Coastal Data Information 
Program (CDIP), and Global Reanalysis of Ocean 

Table 4-1. Pacific Northwest NOAA tide gauges. 

Gauge Site Gauge location 

Washington 

Waves (GROW) Fine Northeast Pacific wave hindcast 
data. These latter stations are pertinent to d iscussions 
of the wave cl imate and modeling described in Section 
5 and, ultimately, in calculations of wave runup a nd 
overtopping. 

As can be seen in Table 4-1, a number of the gaug­
es have long records (30+ years) suitable for coastal 
flood analyses. The longest tide-gauge records (87 and 
80 years, respectively) are from Astoria (AST), located 
23.5 km up-channel from the mouth of the Columbia 
River, and at Crescent City (CC) in northern California. 
The South Beach (SB) a nd Toke Point (TP) gauges 
have moderately long records on the order of 45 and 
43 years respectively (Table 4-1); the SB gauge is 
located within Yaquina Bay, -2 km from the open 
coast, and the TP gauge is close to the mouth of 
Willapa Bay. The shortest record ( -6 years), is that for 
Garibaldi (GB), located near the mouth of Tillamook 
Bay. All hourly tide data were purchased from NOS 
and were processed using various scripts developed in 
MATLAB. In addition to the measured tides, hourly 
tide predictions were calculated for all years us ing the 
NOS tide prediction program NTP4 (for NTP4, see the 
contact information at http: 1/tidesandcurrents., 
noaa.goy/faq2.html#60). 

Record Interval Years 

Toke Point {TP) Willapa Bay, near the inlet mouth Oct. 1968 - present 43.6 
Oregon 

Astoria {AST) Astoria Feb. 1925- present 87.2 
Garibaldi {GB) Tillamook Bay, near t he inlet mouth July 2005 - present 6.8 
South Beach {SB) Yaquina Bay, near the inlet mouth Feb. 1967 - present 45.2 
Charleston {CH) Coos Bay, near the inlet mouth Apr. 1970 -present 42 
Port Orford {PO) Port Orford, open coast harbor Oct. 1977 - present 34.6 

California 
Crescent City {CC) Crescent City, open coast harbor Sep. 1933 - present 79.4 
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Figure 4-1. Location map of NDBC (black) and CDIP (yellow) wave buoys, tide gauges (red), and GROW wave hind cast stations 
(red suns). NDBC is National Data Buoy Center of NOAA and CDIP the Coastal Data Information Program (CDIP) of Scripps 
Institution of Oceanography. Note: NDBC Buoy #46005 referenced in this report is located 540 km (335 mi) west of the 
Columbia River mouth. 
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4.1 Tide Characteristics on the Central to 
Northern Oregon Coast 

Tides along the Oregon coast are classified as moder­
ate, 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 e levations are given in reference 
to the mean of the lower low water levels (MLLW) and 
can easily be adjusted to the NAVD88 vertical datum. 
(MLLW to NAVD88 conversions may be performed by 
us ing values provided for a specific tide gauge by the 
NOS or by us ing the VDATUM 
(http: 1/vdatum.noaa.goy/) tool developed by NOAA) 
As a result, most tidal e levations are positive numbers 
with only the most extreme lower lows having 
negative values. 

Initial analyses of the measured tides focused on 
developing empirical probability density function 
(PDF) plots of the measured tidal elevations for each 
tide gauge located between Newport, Oregon, and 
Willapa Bay, Washington. The objective here is to 
assess the measured tides along the Oregon and 
southwest Washington coasts in order to identify 
significant characteristics (including differences) 
between the gauges. Figure 4-2 presents a series of 
PDF plots from each of the gauges. Because the gauges 
are characterized by varying record lengths, we have 
initially truncated the analyzed data to the period 
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2006-2011, when measurements were available from 
all four gauges. 

As seen in the top plot of Figure 4-2, the gauges 
can be broadly characterized into two distinct regions. 
Those along the central and northern Oregon coast 
(SB and GB) indicate a slightly higher incidence of 
water levels between -1.25 m and 2.25 m (4.1-7.4 ft, 
i.e., MSL [mean sea level] to MHW). In contrast, the 
AST and TP gauges, located in the Columbia River and 
in southern Washington, indicate a lower incidence of 
water levels in that same range. These differences are 
probably related to a combination of effects associated 
with the regional oceanography (upwelling, shelf 
currents, and Coriolis effects that defl ect the currents 
toward the coast) and effects from the Columbia River 
plume (Legaard and Thomas, 2006). The lower plot in 
Figure 4-2 shows the same PDF, but now clipped to 
span tidal elevations between 2 and 4 m (6.5-13 ft) . In 
this latter plot, the higher water levels characteristic 
of TP clearly stand out. In terms of determining 
ultimately which tide gauge to use as a basis for the 
still water level time series, these initial results 

suggest strongly that we can effectively rule out Toke 
Point as a candidate site as it consistently yields much 
higher water levels and surges (described later), 
which are probably a function of its location at the 
mouth of a broad inlet and the potential for additional 
wind setup along the length of the bay. At the high 
water level end of th e plot, differences between the 
three remaining gauges are relatively minor. 
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Figure 4-2. Empirical probability density function (PDF) plots for various tide gauges for 
overlapping years of data (2006 - 2011). Top) PDF plots showing the complete range of tidal 
elevations, Bottom) truncated to higher water levels. 

Figure 4-3 is broadly s imilar to Figure 4-2, with 
the exception that the PDFs now include the complete 
time series of da ta measured by the respective tide 
gauges. In general, the AST gauge is characterized by a 
higher incidence of water levels between about -0.18 
and 1.0 m (-0.6- 3.3 ft) , and again between 2.1 and 3.5 
m (6.9- 11.5 ft). This contrasts with the SB and GB 
gauges, which show a higher incidence of water levels 
between - 1.0 and 2.0 m (3.3-6.6 ft). As noted previ­
ously, these differences a re probably caused by 
regional oceanographic factors. Detailed examination 
of the hourly tides indicates that the higher incidence 
of AST water levels in the wings of the PDF reflect the 
fact that both the higher highs (HH) and lower highs 
(LH) are greatest at AST when compared with SB and 
GB, while the lower lows (LL) and higher lows (HL) 
a re generally lower at AST compared with SB and GB. 

At the extreme high end of the complete PDF plots 
(Figure 4-3), the highest water levels measured at 

AST, GB, and SB are, respectively, 3.76, 3.62, and 3.71 
m (12.3, 11.9, and 12.2 ft). These results equate to a 
difference of 0.05 m (0.16 ft) between AST and SB and 
0.14 m (0.46 ft) between AST and GB, while indicating 
the absence of any real latitudinal trend w ith the 
extreme water levels. Furthermore, differences 
between these values and those reported by NOS for 

the respective stations d iffer by no more than 2 em. 
The larger differe nce between the GB and AST gauges 

when compared w ith the SB gauge is entirely due to 
the shortness of the Garibaldi measurement record 
( -6 years). Overall, the relative consistency in the PDF 

plots generated for each gauge, particularly at the 
more extreme end of the measured water levels, is 
indicative of the a real impact of major North Pacific 

extratropical storms, which can affect stretches of 
coast up to 1,500 km (932 mi, i.e., 3 times the length of 

the Oregon coast) in length (Davis and Dolan, 1993; 
Allan and Komar, 2002). 
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Figure 4-3. Empirical probability density functions (PDFs} for SB, GB, and AST based on all 
available data. Top) PDF plot showing the complete range of tidal elevations. LL, LH, HL, and HH 
denote, respectively, the lower lows, lower highs, higher lows, and higher highs in the tide data. 
Bottom} PDF truncated to higher water levels. 
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4.2 Seasonal Changes 

Figure 4-4 presents a plot of the characteristic 
seasonal cycles determined for the three gauges, AST, 
GB, and SB, to further examine their consistencies. All 
three gauges depict the typical seasonal cycle that 
reflects the combination of ocean upwelling effects 
along the coast, and seasonal reversals in the Califor­

nia current system. The Astoria gauge has been 
divided into two time periods that reflect conditions 
prior to Columbia River dam control (-mid 1960s, 

dotted line), and post dam conditions (solid black 
line). The reason for the latter is that the AST gauge 
exhibits seasonal characteristics that are not apparent 
in the other coastal tide gauges (including TP), which 
are entirely a function of Columbia River discharge 
flows (Sherwood and others, 1990; Burgette and 

others, 2009). 
Prior to dam and irrigation control on the Colum­

bia River, the seasonal cycle at the AST tide gauge was 
characterized by generally higher monthly mean sea 
levels from May through June (Figure 4-4), decreas­
ing to a minimum between August and September. 
Between September and February, ocean water levels 
increase, reaching peaks in December and February. 
The high mean monthly sea levels observed between 
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May and July are entirely due to the occurrence of 
spring freshets (i.e., high discharge flows due to spring 
snow melt [Sherwood and others, 1990]). 

Following dam control, the incidence of high mean 
sea levels during spring at the AST tide gauge was 
clearly reduced (Figure 4-4), while the timing of these 
events remained essentially unchanged, although the 
period of higher spring mean sea levels was shortened 
slightly by about 1 month. In contrast, the seasonal 
pattern between October and March is essentially the 
same for AST as it is for SB and GB, with all three sites 
experiencing peak water levels in January, while the 
broad shape of the curve is effectively the same. As 
noted by Sherwood and others (1999), with the 

introduction of r iver control on the Columbia River in 
the mid 1960s for the purposes of flood control and 
for irrigation use, the incidence of spring freshets 
were reduced by up to 40% compared with the 
natural regime. This change is captured in Figure 4-4 

by the marked drop in monthly mean sea levels 
observed from May to July. Interestingly, under 
conditions today there is essentially little difference in 
the seasonal water levels between the three gauges 
during the critical w inter period (October to March) 
when storms are affecting this northern part of the 
Oregon coast. 

~ 

I 

I 

~ L .()2 
May Jun ' Jul Aug Sep Oct NOY Doc Jon Feb Mat 

Monlh 

Figure 4·4. Seasonal plot of t ides along the central to northern Oregon coast. 
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Finally, although not shown in Figure 4·4, a ll the 
tide gauges are strongly influenced by the El Nifio 
Southern Oscillation phenomenon, which periodically 
causes mean sea levels along the U.S. West Coast to 
increase (Komar and others, 2011). This response is 
due to an intensification of the processes, especially 
enhanced ocean sea surface temperatures offshore 
from the Oregon coast. This occurred particula rly 
during the unusually strong 1982-83 and 1997-98 El 

Nifios, whereby mean sea levels increased by approx­
imately 20-25 em ( -0.8 ft) above the normal seasonal 
cycle in mean sea level depicted in Figure 4-4 (i.e., for 
a total mean sea level rise of up to SO em (1.6 ft) 
relative to the preceding summer). As a result, under 
these latter conditions, wave swash processes are able 
to reach much higher elevations on the beach, poten­
tially eroding dunes and bluffs. 

4.3 Oregon Storm Surges 

The actual level of the measured tide can be consider­
ably higher than the predicted tides provided in 
standard tide tables and is a function of a variety of 
atmospheric and oceanographic forces, which ulti­
mately comhine to raise the mean elevation of the sea. 
These latter processes vary over a wide range of time 
scales and may have quite different effects on the 
coastal environment. For example, strong onshore 
winds coupled with the extremely low atmospheric 
pressures associated with a major s torm can cause the 
water surface to be locally ra ised along the shore as a 

storm surge, and such surges have been found in t ide­
gauge measurements to be as much as 1.5 m ( 4.9 ft) 
along the Pacific Northwest coast (Allan and Komar, 
2002). However, during the summer months these 
processes can be essentially ignored due to the 
absence of major storm systems. 

Analyses have been undertaken to examine the 
non-tidal residuals and ultimately the storm surges 
identified at the various tide gauges on the northern 
Oregon coast. The objective is to provide a better 
understanding of the spatial and temporal variabilities 
of storms as they track across the North Pacific, the 
magnitudes (and frequency) of the surges, and the 
potential differences in the non-tidal res iduals 
between gauges due to variations in the storm tracks, 
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barometric pressures, and winds. Th is last point is 
particularly important in terms of finalizing the tide 
gauge time series to be used in the Tillamook total 
water level analyses. 

For the PNW, the measured water level (htJ at a 
particular tide gauge is given by the following rela­
tionship: 

(Eq.4-1) 

where Zo is the mean water level, Xar is the predicted 
astronomical tide, Xoc is the altered mean water level 
due to ocean processes (water temperatures, currents 
and El Nifio "sea-level" waves), and S is the contribu­
tion by the storm surge at time t. The predicted 
astronomical tide for the specific tide gauge is calcu­
lated using its harmonic constituents: 

M 

Xat =I Hi COS((Jit + <Jli) 
i=l 

(Eq. 4-2) 

where H; is the amplitude of the constituent i, cr; is its 
frequency, <p; is the phase of the constituent, and M is 
the number of tidal constituents included in the 
analysis. 

4.4 Non-Tidal Residual Analyses 

The procedures used to analyze the non-tidal residu­
als and storm surge incidence follow those developed 
by Allan and others (2011), which used an harmonic 
analysis method of least squares (HAMELS) approach 
developed in MATLAB to estimate the amplitude and 
phase for any set of tidal constituents at each of the 
tide gauge sites (Boon, 2004). The purpose here is to 
develop a predicted time series of the water levels 
produced entirely by astronomic forces that excludes 
the seasonal component produced by oceanographic 
processes on the West Coast; the seasonal component 
can be integrated into tide predictions through the 
solar annual (Sa) and solar semiannual (Ssa) tide and 
is integrated as a n average term in the predicted tides 
provided by NOS. 
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HAMELS a nalyses of tide gauge data have previous­

ly been completed for the SB and TP tide gauges (Allan 
and others, 2011). Thus, similar ana lyses were 

undertaken us ing the AST and GB tide gauges. The 

specific s teps included the following: 

1. HAMELS was used to derive an estimate of the 

amplitude and phase for the tidal constituents. 

This was initially done us ing just a 
spring/summer data set for testing purposes 

a nd then expanded to the full year of data; 
2. After the tidal constituents were determined, 

HAMELS was used to derive the astronomic 

tide predictions for the entire record on a 

year-by-year basis (e liminating any long- term 

trend). The non-tidal residuals (NTRs) were 

calculated by subtracting the astronomic tide 

from the measured tides; 
3. The NTR time series were then filtered using a 

moving average filter (averaged over ±30 
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days) with zero phase shift, and the seasonal 

cycle was removed from the NTRs; 

4. The winter standard deviation was calculated, 

and those events exceeding 2*cr were used to 

define individual surge events (Zhang and 
others, 2001). 

Figure 4-5 presents a plot of the derived NTRs for 
the South Beach (SB), Garibaldi (GB), and Astoria 
(AST) tide gauges. These data reflect the correspond­

ing NTRs associated with the higher highs and higher 

lows of the diurna l tidal cycle, which were determined 

using a peak detection algorithm in MATLAB. Analyses 

here span the period of record for the respective tide 
gauges. Correlation (R2) values calculated for the three 

plots a re 0.91, 0.69, and 0.79, respectively, with the 

s trongest correlation found between the SB and GB 
tide gauges on the open coast, while the weakest 

correlation was between the SB and the AST tide 
gauges. 
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Figure 4-5. Comparison of non-tidal residuals determined for South Beach (SB) versus Garibaldi 
(GB), SB versus Astoria (AST), and GB versus AST tide gauges. Values plotted here reflect the daily 
peak values. 
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Figure 4-6 presents the actual time series of de­
seasoned NTRs derived for the SB, GB, and AST tide 
gauges for the 2005-06 winter. In this example, the 
NTRs have been time adjusted to a s ingle station. As 
can be seen in this example, the SB and GB tide gauges 
tend to track very closely to each other, consistently 
capturing the same peaks and troughs. In contrast, the 
AST gauge shows larger fluctuations, when compared 
to the other tide gauges. These differences are further 
highlighted in the anomaly plot (Figure 4-6 bottom), 
which indicates more subtle differences between SB 
and GB tide gauges, with both gauges characterized by 
anomalies that reach as much as 0.2 m (0.65 ft). In 
contras t, anomalies between the GB and AST tide 
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gauges reveal much larger differences. While differ­
ences here to a large degree reflect differences in the 
position of the storms relative to the tide-gauges, the 
s torm's barometric pressures, winds, and the associ­
ated wave forcing along the coast, the flu ctuations 
s hown for the AST gauge suggest that other factors 
(e.g., Columbia River d ischarge) may be exerting a 
strong influence on the observed patterns between GB 
and AST. Overall, diffe rences between the SB a nd GB 
tide gauges probably reflect mostly subtle shifts in the 
timing of the events as they impact the coast, reinforc­
ing our confidence that the effects of North Pacific 
extratropical storms are indeed widespread, affecti ng 
large tracts of the coast at similar times. 

~4~------~------~--------~-------L-------L------~ 
~ Oec05 JanOG 

Time 
Feb06 

Figure 4-6. Comparison of non-tidal residuals (NTRs, top), and their differences (bottom) between 
t he South Beach (SB), Garibaldi (GB), a nd Astoria (AST) tide gauges for the 2005-06 winter. 
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After NTRs for each of the tide gauges had been 
identified, individual storm surge events were identi­
fied following the procedures of Zhang and others 
(2001) and Allan and others (2011). Figure 4-7 (left) 
presents a log number plot of all surge events for SB, 
GB, and AST gauges; here we include similar analyses 
performed on the TP tide gauge. The plot indicates 
that for the most part the four gauges are showing 
relatively similar patterns in terms of the storm surge 
magnitudes. In general, the mean storm surges 
increase northward (0.45 m [1.5 ft] at SB to 0.66 m 
[2.2 ft] at TP), while the highest surges have occurred 
at TP (1.62 m [5.3 ft]) and SB (1.42 m [4.7 ft]); despite 
its significantly longer record, the highest surge 
observed at AST reached 1.1 m (3.6 ft). Figure 4-7 
(right) presents the empirical cumulative distribution 
function (CDF) calculated for the four gauges, further 
highlighting the progressive shift in the surge magni­
tudes to the north. Again, the TP gauge stands out as 
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an exception, further confirming why this site should 
be excluded as the time series of water levels for the 
Tillamook coast. 

Taken together, these analyses confirm that the 
two open coast tide gauges located at South Beach in 
Newport on the central Oregon coast and at Garibaldi 
in Tillamook Bay provide, overall, the best measure of 
the open-coast still water levels, important in FEMA 
total water level and overtopping analyses. The main 
distinction between these two stations is the length of 
available measurements, with the Newport site having 
the longest record ( -45 years) and Garibaldi having 
the shortest. Furthermore, from our analyses, we 
believe that the measured tides at Astoria (located 23 
km upriver from the coast) are so s ignificantly 
influenced by Columbia River flows that this gauge 
should not be used in FEMA flood q.nalyses for the 
Tillamook County open coast. 
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Figure 4-7. (Left) Histogram of surge magnitudes determined for se lected tide gauge stations. 

(Right) Cumulative distribution plot of storms surge magnitudes. 
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4.5 Tillamook County Tides 

For the purposes of this study, we have based our still 
water level (SWL) and wave runup calculations on a 
combined time series (1967-2011) that encompasses 
tides measured at the South Beach gauge (#9435380) 
in Yaquina Bay (1967-2005) and from the Garibaldi 
tide gauge (#9437540) in Tillamook Bay (ZOOS­
present). Figure 4-8 shows the tidal elevation statis­
tics derived from the South Beach tide gauge (the 
longest temporal record), 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 s ite (mean= 1.9 m, diurnal 
= 2.53 m), with the only real d ifference that this latter 
gauge recorded a peak water level of 3.64 m (11.9 ft) 
in December 2005 due to its shorter record. 

As noted previously, tides on the Oregon coast tend 
to be enhanced during the winter months due to 
warmer water temperatures and the presence of 
northward flowing ocean currents that raise water 
levels along the shore. These enhanced tides persist 
throughout the w inter ra ther than lasting for only a 
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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 
4-9), but where the averaging process has removed 
the water-level varia tions of the tides, yielding a mean 
water level for the entire month. Based on 45 years of 
data, the resul ts in Figure 4-9 show that on average 
monthly-mean water levels during the winter are 
nearly 25 em (0.8 ft) higher than in the s ummer. 
Water levels are most extreme during El Nino events, 
due to an intensification of the processes, largely 
enhanced ocean sea surface temperatures offshore 
from the Oregon coast. This occurred particularly 
during the unusually strong 1982-83 a nd 1997-98 El 
Nifios. As seen in Figure 4-9, water levels during 
those climate events were approximately 25-30 em 

(0.8- 1 ft) higher than the seasonal peak. and as much 
as 56 em (1.8 ft) higher than during the preceding 
summer, enabling wave swash processes to reach 
much higher elevations on the beach during the 
winter months, with storm surges potentially raising 
the water levels even more. 

Tide E levations, MLLW. 

m ft 

12 3.73 Highest measured tide 
3.5 ... (12/11/1969) 

3.0 ... 10 

2.5 ... 8 2.54 Mean higher high water 
2.33 Mean high water 

2.0 ... 
6 

1.5 ... 
1.38 Mean tide level 

4 
1.0 ... 

0.5 ... 2 0.42 Mean low water 
0 .23 NAVD-1988 

0 ... 0 0.00 Mean lower low water 

-0.5 ... 
·2 

·1.0 ... -1.07 Lowest measured tide 
-4 

(06/01/1973) 

Figure 4-8. Daily tidal elevations measured at South Beach, Newport on the central Oregon coast. 
Data from the NOS (http://www.co-ops.nos.noaa.gov/waterlevels.html?id=9435380). MLLW is 
mean lower low water. 
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Figure 4-9. Seasonal cycles in monthly-mean water levels based on data from the combined South 
Beach-Garibaldi (SB-GB) measured tides. 

Aside from seasonal to interannual effects of cli­
mate events on ocean water levels, of interest are 
long-term trends associated with relative sea level 
changes due to climate cha nge along the Tillamook 
County coastline. Figure 4-10 shows results from an 
analysis of the combined SB-GB time series based on a 
separate analysis of the summer and winter tide 
levels. For our purposes, "winter" is defined as the 
combined average tide level measured over a three-

month period around the peak of the seasonal maxi­
mum in winter water levels, typically the months of 
December through February. Similarly, "summer" 
water levels reflect the combined average tide level 
measured over a three-mon th period around the 

seasonal minimum, typically the months of May 
through July when water levels also tend to be less 
variable (Komar and others, 2011). 
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Figure 4-10. Trends of "winter" (red) and "summer" (blue) mean sea levels measured by the SB-GB 
tide gauges. Results for the summer regression are statistica lly significant, while the estimated 
winter rate is not significant at the 95% confidence level. 
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As observed previously in Figure 4-9, the winter 
tidal elevations are systematically displaced upward 
by about 25 em (0.8 ft) above the summer elevations, 
with the difference between the regression lines 
reflecting the seasonal change in ocean water levels 
from summer to winter. Figure 4-10 also emphasizes 

the extremes associated with major El Nifios; the 
peaks between the 1983 and 1997 major events have 
systematically shifted upward over the years due to 
relative sea level changes along this particular section 
of the coast. In contrast, the summer regression line is 
characterized by significantly less scatter in the 
residuals, as it effectively excludes the influence of 
storms and El Nifios that are dominant during the 

winter. Using this approach, it can be seen that the 
central Oregon coast is slowly being transgressed at a 
rate of ~1.29 ± 0.89 mmjyr, which is slightly lower 
than that reported by NOS ( -2.18 ± 0.85 mmjyr). This 
difference is due to the SB tide gauge having been 
affected by localized subsidence, particularly in the 
late 1960s and early 1970s, that continued to decrease 
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over time up until the mid 1990s (Burgette and others, 
2009). Since then, repeat surveys of NGS benchmark 
indicate that the land now appears to be stable. 

Finally, it is important to appreciate that the tren ds 
s hown in Figure 4-10 reflect relative sea level 
changes due to the PNW coast of Oregon and Washing­
ton being locally influenced by changes in the eleva­
tion of the land due to regional tectonics as well as by 
the global rise in sea level, with the net change 
important to both coastal erosion and fl ood hazards. 
Figure 4-11 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 NGS benchmarks (e.g., Burgette and 
others, 2009) and GPS CORS 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 (i.e., Tillamook County) is 
s lowly being transgressed by sea level. 
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Figure 4-11. Assessments of changes in relative sea level (RSL) based on t ide-gauge records 

compared with NGS benchmark (Burgette) and GPS measurements of land-elevation changes, with 

their corresponding RSL rates obtained by adding the 2.28 mm/yr PNW eustatic rise in sea level. 
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4.6 Still Water Level (SWL) 

The still water level (SWL) is the sum of the predicted 
astronomical tide listed in Tide Tables plus the effects 
of processes such as an El Nino or storm surge that 
can elevate the measured tide above the predicted tide 
(Northwest Hydraulic Consultants, 2005). Of im­
portance to e rosion and flooding hazards are the 
extremes of the measured tides. In conventional 
analyses of extreme values, the general assumption is 
that the data being analyzed (e.g., the annual maxima) 

represent independent and identically distributed 
(stationary) sequences of random variables. The 
generalized extreme value (GEV) family of distribu­

tions is the cornerstone of extreme value theory, in 
which the cumulative distribution function is given as: 

{ [ 
z- fJ. ]-1/(} 

G(z, IJ., cr, ~) = exp - 1 + ~ (-CJ-) (Eq. 4.3) 

defined on ( z: 1 + {(z;!l) > 0}. 

where the parameters satisfy -oo < fJ. < oo, cr > 0, 
-co < ~ < oo (Coles, 2001). The model has three 
parameters; fJ. is a location parameter, CJ is a scale 
parameter, and ( is a shape parameter. The EV-Il 
(Frechet) and EV-III (Weibull) classes of extreme 
value distributions correspond, respectively, to the 
cases of ( > 0 and ~ < 0. When ~ = 0, equation 4.3 

collapses to the Gumbel or EV-I type extreme value 
distribution. By inferring the shape parameter ( 
(estimated here, along with the other parameters, by 
maximizing the log-likelihood function), the data 
themselves determine the most appropriate type of 
tail behavior and it is not necessary to make an a 
priori assumption about which individual extreme 
family to adopt, as in a classical Weibull-type extreme 
wave height analysis (Coles, 2001). 

The GEV is often applied to annual maxima data in 
an approach referred to as the annual maximum 
method (AMM). However, one of the primary short­
comings of fitting a n extreme-value distribution with 
annual maximum data is that useful information about 
the extremes is inherently discarded, particularly 
when data are sampled on e ither a daily or hourly 
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basis (as in the case of the measured tides and deep­
water significant wave heights measured by Oregon 
tide gauges and NDBC wave buoys). Two well-known 
approaches exist for characte rizing extremes by using 
data other than s imply annual (block) maxima. The 
firs t is based on the behavior of the r largest-order 
statistics within a block, for low r, and the second is 
based on exceedances above a high threshold value. 
For the purposes of this s tudy, we use the peak-over­
threshold (POT) approach for determining extreme 
SWL and wave heights. 

In the peak-over-threshold (POT) method, a high 
threshold, u, is chosen in which the statistical proper­
ties of all exceedances over u and the amounts by 
which the threshold is exceeded are analyzed. It is 
assumed that the number of exceedances in a give n 
year follows a Poisson distribution with annual mean 
vT, where v is the event rate and T = 1 year, and that 
the threshold excesses y > 0 are modeled using the 

Generalized Pareto Distribution (GPO) given by: 

( )

-1/{ 
H(y, cr, ~) = 1- 1 +~ (Eq. 4-4) 

where ~is the shape parameter of the GEV distribu­
tion and CJ is a scale parameter related to GEV parame­
ters by CJ = CJ + ((u - fJ.). The event rate can also be 
expressed in a form compatible with the GEV distribu­
tion provided that 

Estimates of extreme quantiles of the distributions are 
obtained by inverting the distributions in equation 
4.4. For GPO-Poisson analyses the N-year re turn level, 

YN, is given as: 

(Eq. 4-5) 

where ny is the number of observations per year and 
S:tis the probability of an individual observation 
exceeding the threshold u. 
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Figure 4-12 presents results of the GEV analyses 

for the combined SB-GB measured tides. In construct­

ing this plot, we used a threshold of 3.06 m (10 ft). 

Included in the figure are the calculated 1- through 
500-year SWLs. As can be seen in Figure 4-12, the 1% 
SWL calculated for the combined time series is 3.71 m 

(12.2 ft, relative to MLLW) . When adjusted to the 
NAVD88 vertical datum, this value becomes 3.60 m 

(11.8 ft, NAVD88); note the adjustment from NAVD88 
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to MLLW is calculated to be 0.108 m (0.35 ft) at the GB 

site. The NAVD88 to MLLW adjustment at the GB site 
was calculated using the VDATUM tool developed by 
NOAA (http://ydatum. noaa.gov/). The 500-year SWL 
is estimated to be 3.68 m (12.1 ft) relative to the 

NAVD88 vertical datum. As observed previously, the 

highest tide measured in the combined time series 
reached 3.62 m (11.9 ft, relative to NAVD88). 
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Figure 4-12. Extreme-value analyses of the still water level (SWL) determined for the combined 
South Beach-Garibaldi tide gauge time series. These data are relative to the MLLW vertical datum. 
Black dots reflect the discrete peak tidal events and the red line is the extreme value distribution fit 
to those data. Green dashed line reflects the 95% confidence boundary. 
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5.0 PACIFIC NORTHWEST WAVE CLIMATE 

The wave climate offshore from the Oregon coast is 

one of the most extreme in the world, with winter 

storm waves regularly reaching heights in excess of 

several meters. This is because the storm systems 

emanating from the North Pacific travel over fetches 
that are typically a few thousand miles in length and 

are also characterized by strong winds, the two main 

factors that account for the development of large wave 
heights and long wave periods (Tillotson and Komar, 

1997). These storm systems originate near Japan or 
off the Kamchatka Peninsula in Russia and typically 

travel in a southeasterly di rection across the North 
Pacific toward the Gulf of Alaska, eventually crossing 

the coasts of Oregon and Washington or along the 

shores of British Columbia in Canada (Allan and 

Komar, 2002). 
Wave statistics (heights and periods and, more 

recently, wave direction) have been measured in the 

Eastern North Pacific using wave buoys and sensor 

arrays since the mid 1970s. These data have been 

collected by the National Data Buoy Center (NDBC) of 
NOAA and by the Coastal Data Information Program 
(CD!P) of Scripps Institution of Oceanography (Figure 
4-1). The buoys cover the region between the Gulf of 

Alaska and Southern California and are located in both 

deep and intermediate to shallow water over the 
continental shelf. The NDBC operates some 30 stations 

along the West Coast of North America, while CDIP has 

at various times carried out wave measurements at 80 
stations. Presently, there are two CDIP buoys operat­

ing offshore from the mouth of the Columbia River 

(#46243 and #46248) and three NDBC buoys (Wash­

ington [#46005], Tillamook [#46089], and Columbia 
River Bar [#46029]); Note buoy #46005 is located 

-540 km (335 mi) directly west of the Columbia River 

mouth. Wave measurements by NDBC are obtained 
hourly (CDIP provides measurements every 30 

minutes), and a re transmitted via satellite to the 
laboratory for analysis of the wave energy spectra, 

significant wave heights and peak spectral wave 
periods. These data can be obta ined directly from the 

NDBC through their website 1. 

1 http: //www.ndbc.noaa.goy/maps/ N orthwest.shtml 

An a lternate source of wave data appropriate for 
FEMA flood modeling is hindcast wave data such as 

the Global Reanalysis of Ocean Waves Fine Northeast 
Pacific Hindcast (GROW-FINE NEPAC), purchased 

through Oceanweather, Inc., and Wave Information 

Studies (WIS)Z hindcasts developed by the USACE 
(Baird, 2005). GROW is a global wave model, while 

GROW Fine No rtheast Pacific extends the original 

model by incorporating a higher-resolution analysis (4 

times as many data nodes), basin-specific wind 
adjustments based on QUIKSCAT scatterometry, 

enhancements due to Southern Ocean swells, and 

inclusion of shallow water physics (Oceanweather, 

Inc., 2010). These data can ultimately be applied to 

offshore structure design, tow-analysis, operability, 

and other applications where wind and wave data are 

required. Standard products from GROW include time 
series of wind and wave parameters (including 

sea/swell pa rtitions), extreme criteria, operability 

statistics, and wave spectra (Oceanweather, Inc., 

2010). The advantage of GROW as opposed to meas­
ured data is that it provides a continuous time series 
of wave and wind data suitable for FEMA flood 

modeling. In contrast, measured data obtained from 

wave buoys may be characterized by significant data 
gaps due to the instruments having come off their 

mooring or from instrument failure. The main disad­

vantage of GROW Fine Northeast Pacific data is that it 

is modeled basin-scale w ind models and data, and the 
data time series is 3 hourly as opposed to hourly as 

provided by the buoys. For the purposes of this study, 

we have explored both data sets in order to define the 
most appropriate time series of wave data. To that 

end, GROW Fine Northeast Pacific data were pur­

chased for three nodes offshore the Oregon coast. 

Figure 4-1 identifies the locations of two of the GROW 
s ites, station #18023 located offshore from southern 

Clatsop j northern Tillamook County and #17663 
offshore from Lincoln County. Besides the hourly 
measured wave buoy data, we a lso obtained wave 

hindcast information on the deepwater wave climate 

determined through comparisons with the WIS station 

located adjacent to NDBC buoy 46005. 

z http://wjs.usace.army.mil/wis.shtml 
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Analyses of the wave climate offshore from Tilla­

mook County were undertaken by DOGAMI staff, and 
as a subcontract to Dr. Peter Ruggiero, College of 
Earth, Ocean, and Atmospheric Sciences (CEOAS), OSU, 
and included numerical analyses of the 1 o/o or 100-
year extreme total water levels, which reflect the 

calculated wave runup superimposed on the tidal level 
(i.e., the still water level [SWL]) to help determine the 
degree of coastal flood risk along the coast of Tilla­

mook County. 
OSU performed a series of tests and analyses in­

cluding wave transformations, empirical wave runup 
modeling, and total water level modeling. For the 
purposes of this study, OSU used the SWAN (Simulat­
ing Waves Nearshore) wave model to transform 
deepwater waves to the nearshore (typically the 20 m 
[65.6 ft] contour) . The transformed waves were then 
linearly shoaled back into deep water to derive a 
refracted deepwater equivalent wave parameterization 
(wave height and peak period) that can be used to 
calculate runup levels, which combined with tides, are 
used to estimate the flood risk along the county's 
shoreline. 

In our Coos County FEMA study (Allan and others, 
2012b), the approach we developed involved several 
stages: 

1. We first defined a time series of deepwater 
wave heights and periods for a particular loca­
tion offshore of the shelf break, which we used 
to calculate an initial wave runup and total wa­
ter level time series based on two representa­
tive beach slopes characteristic of beaches in the 
Coos County detailed study areas. 

2. Using the above approach we defined -135 
discrete storm events for the two different slope 
types. We transformed the deepwater wave sta­
tistics associated with these events into the 
nearshore (20-m water depth) to account for 
wave refraction and shoaling effects. Depth­
limited breaking, wind growth, quadruplets, a nd 
triad interactions were all turned off in the 
SWAN runs. The derived nearshore wave statis­
tics were then converted back to their adjusted 

deepwater equivalent wave heights in order to 
perform the wave runup analyses and ultimately 
compute the 1% total water levels. 
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The main limitations associated with this approach 
were: 

1. Only a very limited number of model runs were 
performed, -135 per representative beach 
slope. 

2. Because we used only two representative beach 
slopes, we may have missed a particular wave 
condition (wave height [Hs], period [Tp], direc­
tion [Dd]) and beach slope (tan {3) combination 
that resulted in a higher total water level (TWL) 
at the shoreline. 

3. The structural function approach used to gener­
ate the initial extreme TWLs and therefore to 
pick the offshore wave conditions input in 
SWAN is fundamentally limited. Nature gave us 
only one combination of waves and water levels 
during the 30 years we used to generate input 
conditions, which is not necessarily a statistical­
ly robust sample. 

For the purposes of the Tillamook County study, 
including other detailed FEMA coastal studies under­
way for Oregon, we have adopted a more refined 
approach that reflects the following enhancements. 

1. Rather than steps 1 and 2 as described for our 
Coos County study, modeling will be carried out 
based on analyses of the full range of wave and 
tide combinations observed over the historical 
period. This approach will ultimately provide a 
more robust measure of the 1 o/o (and other de­
sired return periods) total water levels. 

2. We have developed a lookup table approach for 
analyzing thousands of possible storm combina­

tions rather than only a few hundred as per­
formed in Coos County. The general idea is that 
a "lookup table" can be developed by transform­
ing all combinations of wave quadruplets (Hs, h 
Dd, and water levels). We used SWAN to com­
pute the transformed wave characteristics of 
these waves up to wave breaking. 

3. Our approach still suffers from the third limita­

tion listed above fo r the Coos County study. 

The area over which the SWAN grid was set up is 
shown in Figure 5-1. In general, our analyses pro­
ceeded in the following order: 
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1. Develop a long time series of both measured 
(NDBC) and modeled (WlS) wave conditions 
( -30 years long) at approximately the shelf 
edge offshore of the study area; 

2. Run the SWAN model with a full range of input 
conditions, using constant offshore boundary 
conditions, to compute bathymetric induced 
wave transformations up to wave breaking. 

3. Develop "lookup tables" from the suite of SWAN 
simulations. 

4. Transform the long time series through the 
"lookup tables" such that we generate along­
shore varying long time series at approximately 
the 20-m depth contour throughout the study 
area. 

5. Use the deepwater equivalent alongshore vary­
ing wave conditions and the appropriate meas­
ured tides from the combined Yaquina Bay­
Garibaldi time series, to compute time series of 
TWLs for 178 beach profiles along the Tilla-

Eas11ngs (km) 
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mook County coast. These include transects es­
tablished on Nehalem Spit-Manzanita (21 sites), 
Twin Rocks-Rockaway-Nedonna Beach ( 40 

sites), Bayocean Spit (11 sites), Short Sand 
Beach (3 sites), Netarts Spit-Oceanside (29 
sites), Tierra Del Mar - Sand Lake (32 sites), 

Nestucca spit- Pacific City (14 sites), and 
Neskowin (28 sites). 

6. Using a Poisson-generalized Pareto distribution, 
compute the h 10-, 25-, 50-, 100-, and 500-year 
TWL elevations using a peak-over-threshold 
(POT) approach. 

7. Compare extreme TWLs with topographic eleva­
tions of various beach backing features to de­
termine the potential extent of coastal flooding 
during extreme events. 

The following sections describe in more detail the 
various procedures used in each of the aforemen­
tioned steps in this analysis. 

-300 

-400 

·500 

Figure 5-l. The SWAN model domain developed for the Tillamook County coast. The model 
bathymetry w as developed using 1/3 arc-second (-10 m) DEMs downloaded from the NOAA's 
NGDC. Color scale reflects depth in meters. 
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5.1 Development of a Synthesized Wave 
Climate for Input into SWAN 

Our primary goal was to use existing measured and 
hind cast wave time series to generate as long a record 
of the deepwater wave climate as possible for the 
offshore boundary of the SWAN model, approximately 
the edge of the continental shelf break. To this end, we 
downloaded all available National Data Buoy Center 
(NDBC, http: //www.ndbc.noaa.gov /) and Coastal Data 
Information Program (CDIP, http: //cdip.ucsd.edu/) 
hourly wave buoy data in the region fo r several wave 
buoys. Figure 5-2 shows the various buoys used to 
derive a synthesized northern Oregon coast wave data 
set (data availability shown in Figure 5-3). In addition 
to the hourly measured wave buoy data, we obtained 
wave hindcast information on the deepwater wave 
climate determined through the Wave Information 
Studies (WIS, http://wis.usace.army.mil /) (Baird & 
Associates, 2005). 

Applicants' July 27, 2021 Submittal 
Exhibit 2 - Page 100 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

For the purposes of this study, we used wave 
hindcast data determined for station 81067 (Figure 
5-2), which is located adjacent to NDBC buoy #46005. 
While NDBC #46005 has a high quality, long record of 
data (1975-2012), it is located in 2,981 m (9,780 ft) of 
water and is over 400-500 km (250-310 miles) from 
the shelf edge. Therefore NDBC #46089, a shelf edge, 
deepwater buoy, was selected as the priority buoy to 
be used in the SWAN analyses. A buoy (Columbia 

River #46029) located on the shelf was also included 
in this analysis, reverse shoaled to deep water to 
account for wave height changes in intermediate 
depths. Because of the variation in locations and water 
depths of the buoys, we needed to develop a method­
ology to transform these "off-shelf' and "on-shelf' 
waves to the "shelf-edge" offshore boundary condition 
of the SWAN model. This was necessary as the wave 

climates observed at 46005 and 46029 are significant­
ly different than the climate observed at the Tillamook 
offshore buoy (Figure 5-4). 
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Cc: 
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Figure S-2. Map showing the regional divisions from which synthesized wave climates have been 
developed. 
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Figure S-3. Available wave dat a sets time line (after Harris, 2011). 
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Figure S-4. Differences in the empirical probabi lity distribution functions of the on shore and off 
shore buoys. 
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To transform the 46005 and 46029 waves to the 
shelf edge, we created wave period bins (0-6, 6-8, 8-
10, 10-12, 12-14, 14-16, 16-21, and 21-30 s) to 
evaluate if there has been a wave period dependent 
difference in wave heights observed at Washington 
46005 and Columbia River 46029 compared with the 
Tillamook buoy. (Note that the NDBC wave buoys only 
relatively coarsely resolve long-period waves. Be­
tween 21 and 30 s only a wave period of 25 s is 
populated in the data set. There are no 30-s waves in 
the time series. Of the waves with periods between 16 
s and 20 s, over 80 percent are at approximately 16 s. 
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Only a relatively few waves in the record have record­
ed periods of 17, 18, and 19 s. This coarse resolution 
in the raw data determined our choice of period bin 
widths.) For our comparisons, the time stamps 
associated with waves measured at either 46005 or 
46029 were adjusted based on the group celerity (for 
the appropriate wave period bin) and travel time it 
takes the wave energy to propagate to the wave gauge 
locations. For example, for waves in the period range 
10- 12 s the group celerity is about 8.3 mjs, and 
therefore it takes 13 hours for the energy to propagate 
from 46005 to the Tillamook buoy (Figure 5-5). 
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Figure 5-5. Example development of transformation parameters between the Washington buoy 
(#46005) and the Tillamook (#46089) buoy for period range 10 s to 12 s. In the top panel the dashed 

black line is the linear regression and the dashed red line is the constant offset. Blue error bars 
represent the standard deviation of the wave height differences in each period bin (Harris, 2011). 
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After correcting for the time of wave energy prop­
agation, the differences in wave heights between the 
two buoys, for each wave period bin, were examined 
in two ways as illustrated in Figure 5-5: 

1. A best fit linear regression through the wave 
height differences was computed for each wave 
period bin; and 

2. A constant offset was computed for the wave 
height differences for each period bin. 

Upon examination of the empirical probability 
density functions (PDF) of the buoys' raw time series 
(using only the years where overlap between the 
buoys being compared occurred) and after applying 
both transformation methods (Figure 5-6), it was 
determined that the constant offset method did a 
superior job of matching the PDFs, particularly for the 
high wave heights. Ther~fore, a constant offset 
adjustment dependent on the wave period was 
applied to the wave heights from the Washington 

-46089 
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- 46005 
- WI$81067 

0 2 4 6 
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46005 and Columbia River 46029 buoys. Because the 
WIS hindcast data used in this study were also located 
well beyond the boundary of the SWAN model 
(bas ically at the location of 46005), the same series of 
steps comparing WIS wave heights to the Tillamook 
buoy was carried out, with a new set of constant 
offsets having been calculated and applied. 

After applying the wave height offsets to the neces­
sary buoys, gaps in the time series of Tillamook 46089 
were filled in respectively with the Columbia River 
and Washington buoys. Where there were still gaps 
following this procedure, we filled in the time series 
with the corrected WIS data. Because wave transfor­
mations (particularly refraction) computed by SWAN 
are significantly dependent on wave di rection, when 
this information was missing in the buoy records it 
was replaced w ith WIS da ta for

1
the same date in the 

time series (but the wave height and period remained 
buoy observations where applicable) . 

8 10 12 14 
Signficant Wave He1ght (m) 

Figure S-6. Adjusted probability density functions (corrected using the constant offset approach) 
for buoy 46005 (green line), buoy 46029 (red line), and WIS station 81067 (blue line) as compared to 
the raw probability density function for buoy 46089 (black line). 
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The final synthesized wave time series developed 

for Tillamook County extends from Ju ne 1980 through 
December 31, 2011, and consists of approximately 
~31 years of data (measurements including at least 

wave he ight and periods) (Figure 5-7). Forty-two 

percent of the synthesized wave climate is from NDBC 

46050, 36% from NDBC 4605, 15% from NDBC 46089, 
and -7% from WIS station 81067. As can be seen 
from Figure 5-7 A, the wave climate offshore from the 

1975 1980 1985 1990 
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northern Oregon coast is episodically characterized by 

large wave events (> 8 m [26 ft]), with some storms 

having generated deepwater extreme waves on the 
order of 14.5 m (48 ft). The average wave height 

offshore from Tillamook County is 2.6 m (8.5 ft), while 
the average peak spectral wave period is 10.9 s, 

although periods of 20-25 s are not uncommon 

(Figure 5-78). 

1995 
Year 
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:s;;:::, : l 
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Figure 5-7. Synthesized wave climate developed for Tillamook County. A) Significant wave height 
with mean wave height denoted (dashed line), B) Peak spectral wave period with mean period 
denoted (dashed line), C) Probability distribution of wave heights plotted on a semi-log scale, and D) 
Significant wave height cumulative frequency curve plotted on a semi-log sca le. 
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The PNW wave climate is characterized by a dis­

tinct seasonal cycle that can be seen in Figure 5-8 by 

the variability in wave heights and peak periods 
between s ummer and winter. (The groupings evident 

in the peak periods (Figure 5-78) are directly from 
the data and are a product of the data processing 

methods used by the NDBC to establish the wave 

frequencies and hence periods. It is for this reason 

that we chose coarse wave period bins for long-period 

waves [i.e., > 16 s].) Monthly mean significant wave 

heights are typically highest in December and January 

(Figure 5-8), although large wave events (>12m [39.4 

ft]) have occurred in all of the winter months except 

October. The highest significant wave height observed 

in the wave climate record is 14.5 m (48ft). In general, 
the smallest waves occur during late spring and in 
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summer, with wave heights typically averaging -1.5 

m during the peak of the summer (July I August). These 

findings are consistent with other studies that have 

examined the PNW wave climate (Tillotson and 
Komar, 1997; Allan and Komar, 2006; Ruggiero and 
others, 2010b). Figure 5-7C shows a probability 

density function determined for the complete time 

series, while Figure 5-70 is a cumulative frequency 

curve. The latter indicates that fo r 50% of the time 

waves are typically less than 2.2 m (7.2 ft) , and less 

than 4.4 m (14.4 ft) for 90% of the time. Wave heights 

exceed 6.9 m (22.6 ft) for 1% of the time. However, 

a lthough rare in occurrence it is these large wave 

events that typically produce the most significant 

erosion and flo oding along the Oregon coast. 
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Figure S-8. Seasonal variability in the deepwater wave climate offshore from the northern 
Oregon coast. (Top) The monthly average wave height (blue line) and standard deviation (dashed 
line); (Bottom) The maximum monthly significant wave height. 
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Finally, Figure 5-9 provides a wave rose of the 
significant wave height versus direction developed for 
the northern Oregon coast In general, the summer is 
characterized by waves arriving from the northwest, 
while winter waves typically arrive from the west or 
southwest (Komar, 1997). This pflttern is shown in 
Figure 5-9, which is based on separate analyses of the 
summer and winter directional data developed from 
the synthesized time series. As can be seen in Figure 
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' 
5-9, summer months are characterized by waves 
arriving from mainly the west-northwest ( -48%) to 
northwes terly quadrant ( -42%), with few waves out 
of the southwest. The bulk of these reflect waves with 
amplitudes that are predominantly less than 3 m (9.8 
ft). In contrast, the winter months are dominated by 
much larger wave heights out of the west ( -23%) and 
to a lesser extent the northwest ( -5.8%), while waves 
from the southwest account for -21% of the waves. 
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Figure S-9. (Left) Predominant wave directions for the summer months (June-August), and (Right) 
winter (December-February). Colored sca les indicate the significant wave height in met ers. 
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5.2 Comparison of GROW versus Measured 

Waves 

This section presents a more detailed analysis of 
GROW Fine Northeast Pacific wave hindcast data 
compared with measured waves obtained from 
selected wave buoys offshore from the Oregon coast 
The objective here is to better define the degree of 
congruence between these two contrasting data sets 
in order to assess their relative strengths and weak­
nesses. The approach used here is similar to the tide 
analyses presented in Section 4, using empirical 
probability density functions (PDFs) to assess the 
shapes of the distributions. For the purposes of this 
analysis, PDF plots were derived for the GROW station 
(#18023) and for NDBC wave buoys 46089, located 66 
km (41 mi) northwest of 18023 (Figu(e 4-1), and 
46005 (not shown on map), located 540 km (335 mi) 
west of the Columbia River mouth. 
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The first plot (Figure 5-10) presents i series ~f 
significant wave height empirical PDFs for all meas­
ured data from NDBC buoys 46005 and 46089 as well 
as the GROW hindcast data from site 18023. Data from 
the statio ns span the following time frames: NDBC 
46005 from 1976 through 2010; NDBC 46089 from 
2004 through 2010; GROW 18023 from 1980 through 
2009. Based on these PDFs, it is immediately apparent 
that the GROW data contain a larger number of 
smaller wave heights (in the 2-3 m range) than those 
measured by the buoys. 
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Figure 5-10. Probability density function {PDF) plots of significant wave heights plotted on a 
normal (top) and log {bottom) scale. Plots include all existing data from these stations. 
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Additionally, exam ination of the log-scale plot (bot­

tom of Figure 5-10) indicates that the GROW hindcast 

at 18023 tends to underestimate the more extreme 

wave heights (waves >7 m), which are the most 

important for inundation and erosion vulnerability 
studies. Table 5-1 lists general statistics of the various 

data sets where the maximum wave height modeled 
by GROW is shown to be nearly 3 m lower than that 

measured by the 46089 buoy. In contras t, GROW 
indicates on average slightly higher peak periods 

when compared with the NDBC stations. While 

differences between NDBC 46005 and NDBC 46089 
may s imply refl ect buoy locations relative to the 

tracks of the s torms, differences between 46089 and 

GROW 18023 a re almost certainly entirely due to the 

ability of the numerical model to hindcast the waves. 

Because NDBC station 46089 spans a much shorter 

measurement period compared with 46005 and the 

GROW site, the results from the full PDFs may be 

construed to be misleading. To better assess this 

potential bias, we again performed analyses of the 
truncated time series, which revealed nearly identical 

results to those presented in Figure 5-10. Summary 
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statistics for the truncated time series are included in 

Table 5-1 . Figure 5-11 shows a PDF of the peak 
periods for 46005, 46089, and GROW for the time 

period 2004-2009. This last plot clearly indicates that 

GROW is tending to overestimate the higher peak 

periods when compared with the measured data. 

Table 5-1. General statistics of the NDBC buoy and GROW 

data sets based on the complete time series of data and on 
truncated time series. Note: H denotes the significant wave 

height and Tis the wave period. 

46005 46089 GROW 
1976- 2004-

Data availability present present 198o-2009 
MeanH 2.8m 2.7 m 2.6m 
MaxH 13.6m 14.5m 11.7m 
MinH 0.2 m 0.4 m 0.72 m 
H standard dev. 1.4m 1.3m 1.1m 
MeanT 10.8 s 11.1 s 12.6 s 
Data availability 2004-2009 2004-2009 2004- 2009 
Mean H 2.8 m 2.6m 2.6 m 
MaxH 12.7 m 14.5 m 11.7 m 
MinH O.S m 0.4 m 0.9 m 
H standard dev. 1.4 m 1.3 m 1.1 
MeanT 10.6 s 11.1 s 12.7 s 

02~----------------------------------------------~ 

015 

0 05 

- 46005 
- 46089 
- GROW 

10 15 20 25 
Domnart WtM> Panod (S) 

Figure 5-11. Probability density function (PDF) plots of peak wave periods from 2004 through 2009 

on a normal (top) and log (bottom) plot. 
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After examination of PDFs of the various data sets, 
additional analyses were carried out for selected 
individual storms in order to better assess how well 
GROW is performing. The approach adopted was to 
select the five largest storms measured by the NDBC 
46089. The storm events were selected by using a 3-
day filter to ensure the selection of independent storm 
events. Once the peak of the storm was identified, the 
data (±2 days) were plotted with the GROW data. 
Figure 5-12 presents results fro m two of the five 
selected storms. In generaL our results indicate that 
while the timing of the events seems to be accurately 
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determined by the GROW model, the magnitude is 
often lower than that measured by the wave gauges. 
This result may be due to the GROW approach of only 
estimating model results every 3 hours as opposed to 
NDBC's hourly buoy measurements. As a result, 
sampling at 3 hourly intervals has the potential to 
miss the peak of the storms. In fairness to GROW, the 3 
hourly sampling probably reflects the fact that 
modeling waves on an hourly basis is dependent on 
having temporally and s patially suitable meteorologi­
cal information, which remains a challenge for large­
scale regional models. 
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Figure 5-12. Two examples of storms where measured and modeled waves are compared. Top) 
Storm on November 12, 2007, and Bottom) Major storm event on December 3, 2007. 
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Finally, we also compared 2% exceedance extreme 
runup values estimated using the Stockdon and others 
(2006) approach and waves from the buoys and the 
GROW station. These results are presented in Figure 
5-13 and were calculated using a representative 
beach slope (tan {3) of 0.04, which is typical for Oregon 
beaches. Only data from 2004 through 2009 were 
included in these calculations to provide a s tandard 
time frame for the comparison. Results indicate that, 
just as with the significant wave height PDFs, the 
extreme runup levels (>2.5 m [8.2 ft]) are underesti­
mated by the GROW modeL while the highest calculat-
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ed runup differs by about 0.4 m (1.3 ft). Although the 
difference in the calculated runup between GROW and 
our measured time series is not as large as expected, 
the shape of the PDF plot would potentially reduce the 
number of storms available for defining the 100-year 
wave runup and tota l water level, as well as in over­
topping, inundation, and erosion analyses as required 
for FEMA detailed coastal s tudies. From these findings 
we have concluded that all subsequent modeling of 
waves should be based, as much as possible, on the 
measured wave time series as opposed to using GROW 
hind cast data. 

0.1,------------=--------------r===::::::::;J 
- 46089 
- 46005 

008 - GROW 

002 

10-1 

i 10-2 
v 
"' 8' 
= 
~ 
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-1 0 2 5 
R2,. Levels (m) 

Figure 5-13. Probability density function (PDF) plots of 2 percent extreme runup elevations (R2" ) for 
NDBC 46005, 46089, and GROW hindcast results. An average beach slope of 0.04 was used for runup 
calculations. The bottom plot is the same as the top, but with the y-axis having been plotted using 
with a logarithmic sca le in order to emphasize the higher wave run up characteristics. 
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5.3 SWAN Model Development and 
Parameter Settings 

We used the historical bathymetry assembled by the 

National Geolog ica l Data Center (NGDC) (described in 

Section 3.4) and created a model grid that covers a 

large portion of the northern Oregon coast (Figure 

5-1). 
SWAN (S imulating WAves Nearshore) version 

40.81, a th ird-generation wave model developed at 

the Tech nical University of Delft in the Netherlands 

(Boo ij and others, 1999; Ris and others, 1999), was 

used in this study. The model solves the spectral 

action balance equation using finite d iffere nces for a 

spectral or parametric input (as in our case) specified 

along the boundaries. For the Tillamook County study, 

the cross-shore and alongshore resolution of the 

model grid used is 100*100 m. The total grid area is 

72 km by 139 km in length, which yields 716*1,390 

computational nodes. The SWAN runs were executed 

in stationary mode and included physics that account 
for shoaling, refraction, and breaking, while model 

settings varying from the default values are discussed 

in more detail below. 

The north, south, and west boundaries of the mod­

el were specified using g rid coordinates and forced 

using a parameterized JONSWAP spectrum. The 

functions for spectral peakedness parameters y and 

nn in the JONSWAP directional spectra are given as: 

{ 
3.3 if Tp < lls 

y = 0.5Tp - 1.5 if Tp ~ 11s 

(5.1) 

{ 
4ifTp< lls 

nn = 2.5Tp - 20 if Tp ~ lls 

Thus, the directional distribution is generated by 

multiplying the standard JONSWAP frequency spec­

trum by cosnn( 8- Bpeak ) (Smith and others, 2001). 

Wind wave spectra are broad (low y and nn values) 

while swell typ ically have narrow distribut ions (high y 
and nn values). The values used in the SWAN wave 

modeling were based on the input peak periods which 

ranged 4.055 $ y $ 11.03 and 7.775 $ nn $ 42.65. To 

ensure that the wave directional spread is sufficiently 

resolved by the model, we specified directional bins 

giving a 4-degree directional resolution. The spectrum 
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was discretized in frequency space w ith 29 bins from 

0.032 to 1 Hz. Wind was not included in the SWAN 

s imulations and therefore no e nergy growth due to 

w ind or quadr uplet wave-wave inte ractions occur in 

the s imulations. Triad interactions, diffract ion, and 

wave setup also were not activated in the model. We 

used the Janssen frictional d issipation option, which 

has a default friction coefficie nt of 0.067 m2js3. No 

model calibration was performed in this study, 

although several numerical experiments were imple­

mented to test various assumptions in the wave 

modeling (e.g., not to use winds). 

5.3.1 Wind effects 
The decis ion not to model the effect of winds on wave 

growth over the continental shelf in our original Coos 

County study (Allan a nd others, 2012) was based on 

two observations: 

• To develop our combined wave time series de­

scribed previously, we performed a "statistical" 

wave transformation between buoy 46002 a nd 

the buoys at the edge of the continental shelf and 

found that, in general, the wave heights during 

storm events decreased even with hundreds of 

kilometers of additional fetch. Without under­

standing the deta ils of this phenomenon (e.g., 

wh ite capp ing versus wind wave growth) a nd 

with no data for calibration we felt that attempt­

ing to model wind growth would add to the uncer­

tainty of our input wave cond itions. 

• We also have previous experience with SWAN 

wave modeling in the region (U.S. Pacific North­

west) in which sensitivity runs including wind 

were performed with only minor impact on re­

sults (Ruggiero and others, 2010a). 

To test the validity of the assumptions made in our 

Coos County study, several wave modeling experi­

ments were performed in order to specifically exam­

ine the ro le of additional wind wave development over 

the shelf. The basic question that was addressed is: 

How much do wind fields result in wave growth 

between the location of the GROW stat ions that were 

purchased (an off-shelf location roughly equivalent to 

the offshore extent of the Tillamook ( 46089) buoy 

shown in Figure 4-1) and the inner shelf. The latter 

was defined as the 100 m (300 ft) isobath. To address 
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this question, hindcast waves were modeled for the 
months of January and February (i.e., peak of the 
winter season) and for two representative years 
(2006 and 2010). The wave modeling was accom­
plished by running a regional Eastern North Pacific 
(ENP) model and a 3 arc-min grid for the Oregon 
coast, with the outer boundary coinciding with the 
Tillamook buoy station (Figure 5-14). The model runs 
were forced by analyzed Global Forecast System 
winds with a temporal resolution of 6 hours and a 
spatial resolution of 1 arc-degree. A similar run was 
undertaken without winds over the same 3 arc-min 
grid, just propagating the boundary conditions. 
Hindcast wave data were obtained from selected 
points across the shelf at contour depths of 500, 400, 
300, 200, and 100 m along a cross-shore transects 
from the offshore GROW station (A a nd B in Figure 
5-14). 

Results from the model runs (with and without 
winds) are presented in Figure 5-15 and Figure 5-16. 
Modeled and measured waves for two NDBC buoys 
( 46089 and 46029) are included for comparative 
purposes (Figure 5-17 and Figure 5-18). In generat 
our experiments indicated that although the addition 
of wind sometimes changed the timing of the large 
wave events, producing at times a relatively large 

Model Output 

46' N •sose 

. 
18023/AOFF 

8Jl231AOFF 

Oregon 

126 w 
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percentage error for part of the "wave hydrograph," 
the peaks of the wave events showed very little 
difference between cases where wind was included or 
excluded (Figure 5-15 and Figure 5-16). Further­
more, in the majority of cases, the differences in the 
derived wave heights between model runs including 
(excluding) wind (no wind) were on the whole minor. 
This finding was also observed in the derived peak 
wave periods, which appear to be virtually identical in 
all the plots. Of greater concern in these model tests 
are the occasional large differences between the 
modeled runs (irrespective of whether wind/no wind 
is applied) and the actual measurements derived from 
NDBC wave buoys (Figure 5-17 and Figure 5-18), as 
well as the GROW data derived for station 18023. 
These latter findings will be explored in more detail 
later in this section. 

These experiments support our decision to not 
include wind growth in our model runs, and therefore 
quadruplet wave-wave interactions were also not 
incorporated in the s imulations. Further, wave setup 
is not included in the simulations because we extract 
the transformed wave parameters at the 20-m depth 
contour and use the Stockdon and others (2006) 
empirical model to compute wave runup (which 
incorporates setup) along the coast. 

Model Domain 

Figure 5-14. Left) Map showing the locations of the northern Oregon coast buoys, and transect 
lines (A and B), and Right) model domain. 
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Figure 5-15. Model-model comparison at 500-m depth on transect A for the 2006 simulation. 
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Figure 5-16. Model-model comparison at 100-m depth on transect A for the 2006 simulation. 
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Figure 5-17. Model data comparison at NDBC buoy #46029 for the 2006 simulations. 
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Figure 5-18. Model data comparison at Station Aoff (GROW station location) versus NDBC buoy 
#46089 for the 2010 simulations. 
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5.3.2 Frictional and Whitecapping Dissipation of 
the Wave Energies 
Additional testing was undertaken to explore the 
effect of not including friction and whitecapping. 
Figure 5-19 and Figure 5-20 provide two test case 
conditions associated with a significant wave height of 
10 m and peak period of 20 s, with the waves ap­
proaching from a direction of 285 degrees (NW), while 
the second case is for a significant wave height of 14 
m, peak period of 14 s, with the waves approaching 
from a direction of 270 degrees (W) . Figure 5-19 

PWD 285' No Fric & No Whitecapping 
Contours from 20 to 140 meters, every 20 

JONSWAP Parameters: HS 10mm, PWP 20s, DO 15. 
10 

~- \: , ::: ,1-~; 

·: fJ ·. 
" 

. ; 

. . 'I . 3 

2 

0 
- 125 -124.5 -124 

Longlrude 

~-~::No Whllecappilg I 
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indicates that for this particular condition, the mod­
eled results are relatively s imilar until immediately 
prior to wave breaking, where s ignificant differences 
arise. However, as the s ignificant wave height increas­
es (Figure 5-20) the effect of excluding bottom 
friction and whitecapping becomes conside rably 
larger. The exclusion of these processes results in an 
overestimation of wave heights prior to breaking. 
Therefore, we have chosen to include frictional 
dissipation and dissipation due to whitecapping in our 
modeling. 

~·~! -E2C~' 
-1~5.5 - 125 -124 5 -124 

Cross-Shore Proftle a\ 46.7f179' ParaJWI 

d! .::zr 
-1~5.5 - 125 ·124.5 -124 

Cross-Shore Proftle a\ 45.9623' Parallel 

di ~ r~ 5~-_; ~--~___jL__/" j 
-125.5 -125 -124.5 -124 - r:t£5 

Cross-Shore Proftle at 45.628 1' Palallel 

Figure 5-19. The impact of ignoring bottom frictional dissipation and dissipation due to 
whitecapping for a 10-m significant wave height with a peak period of 20 s approaching from a 
direction of 285 degrees. 
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Figure 5-20. The impact of ignoring bottom frictional dissipation and dissipation due t o 
whitecapping for a 14-m significant wave height with a peak period of 14 s approaching from a 
direction of 270 degrees. 

5.3.3 Lookup table development 
Having demonstrated that w inds have little impact in 
terms of additional wave development across the 
continental shelf of Oregon, our next goal was to 
develop an efficient methodology that could be used to 
minimize the total number of SWAN runs needed to 
perform the actual wave modeling and transfor­
mations, while ensuring that we resolve the influence 
of varying parameters on the wave transformations. 
To do th is, we discretized the significant wave height 
(Hs), peak period (Tp) , wave direction (Dp), and water 
level (WL) time series. 

For the direction bins (Dp), the bin widths were 
made approximately p roportional to the probability 
distribution function of the GROW time series (and the 
synthesized wave climate time series). In application 
of this approach in our Clatsop County study, 11 
directional bins were created that have approximately 
an equal probability of occurrence (Figure 5-21). As 

defined, the bin edges are: Dp = [170, 225, 240, 251, 
260, 268, 277, 288, 304, 331, 370) and were subse­
quently refined in SWAN to Dp = [170, 225, 240, 250, 
260, 270, 280, 290, 305, 330, 370), resul ting in 11 
direction cases for our SWAN runs. At the bin edges, 
linear interpolation is used to derive the wave param­
eters. Us ing ini tial sensitivity runs unde rtaken as part 
of our Clatsop County study, we have determined that 
these bin widths are more than adequate. Figure 5-22 
shows the result of interpolating over a 20-degree bin 
spacing. 

For the purposes of the Tillamook County work, we 
furth er refined our original approach to include an 
additional two directional bins. This was accom­
plished by refining the spread of the bins to better 
reflect the observed conditions offshore Tillamook 
and Lincoln Counties. The final bin edges are defined 
as: Dp = [175, 205, 225, 240, 250, 260, 270, 280, 290, 
300, 315, 335, 365). 
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Figure 5-21. Joint probability of wave height and dominant direction derived from the GROW time 
series. Overlaid in white are the wave height and direction bins for use in the wave modeling on the 
Clatsop coast . 
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Figure 5-22. SWAN wave modeling and calculated alongshore wave variability using the look-up 
table approach. The left red line represents the alongshore variable wave height at the 20-m depth 
contour for an incident angle of 240 degrees (Hs = 10, Tp = 15 s) and the right red line is for an angle 
of 260 degrees. The blue line is the wave height for an angle of 250 degrees as modeled in SWAN, 
while the green line represents the linearly interpolated wave heights using the look-up table. Note 
that this is a preliminary SWAN model run, meant for testing the interpolation scheme, and the 
lateral boundary conditions are not dealt with in the same manner as in our production SWAN runs. 
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For the significant wave heights bins, we identified 
the following deepwater significant wave heights for 
inclusion in SWAN: Hs = [0.25, 1.5, 2.5, 3.5, 5, 7, 10, 13, 
16.5], which gives us nine cases. From our sensitivity 
tests, we found that a bin width of 3 m for large waves 
is sufficient for resolving the linearly interpolated 
wave conditions (Figure 5-23). In the case of the 

deepwater peak periods, our analyses identified the 
fo llowing period bins for inclusion in SWAN: Tp = [2, 4, 
6, 9, 11, 13, 15, 17, 20, 23, 26] , w hich provides a total 
of 11 additional cases. From our sensitivity tests, we 
found that the linear interpolation approach for wave 
period is not quite as good as for direction and wave 
height. Because wave period affects breaking, shoal­
ing, and whitecapping, there is significant variability 
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in the wave transformations as a function of wave 
period. For our sensitivity run of Hs = 10 m, and Dp = 
260 degrees, Figure 5-24 illustrates the impact of 
linear interpolation. However, for the most part in our 
parameter space we will have interpolation errors 

only around 10%. In this particular example the 
maximum error is only approximately 4 percent. 

Figure 5-25 presents the joint probability of wave 
height and peak period from the GROW time series. 
The white dots represent bin centers, from a much 
smaller mesh, in which this combination of Hs and Tp 
does not exist in the GROW time series. The red line 
represents the theoretical wave steepness limit below 
which waves are nonphysical. We can use this infor­
mation to reduce the overall matrix of model runs. 
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Figure 5-23. SWAN wave modeling and calculated alongshore wave variability using the look-up 
table approach for an 11-m and 15-m wave. In this example the red lines are the alongshore varying 
wave height for an 11-m and 15-m incident wave height in 20 m. The blue line is the modeled 
transformed 13-m wave height, while the green represents a linear interpolation between the 11-
and 15-m results. 
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Figure 5-24. SWAN wave modeling and calculated alongshore wave variability using the look-up 
table approach for a 10-m wave. In this example the red lines are the alongshore varying wave 
height for a 10-m wave arriving from 260 degrees for 20 s and 24 s. The blue line is the modeled 
wave height for 22 s, and the green line represents a linear interpolation. 
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Figure 5-25. Joint probability of wave height and peak period from the GROW time series. The 
white dots represent bin centers, from a much smaller mesh, in which this combination of Hs and Tp 
does not exist in the GROW time series. The red line represents the theoretical wave steepness limit 
below which waves are nonphysical. 

Figure 5-26 is the joint probability of peak period 
and dominant wave height shown here for complete­
ness. Finally, we illustrate our bin choice on the 
individual parameter PDFs in Figure 5-27 (buoy 
data). 

In summary, the lookup tables were generated 
using all wave parameter cases and two contrasting 
water levels. Our sensitivity tests indicated that 
varying water levels have a negligible impact on the 
model and linearly transformed waves. The following 
matrix of SWAN runs is considered for lookup table 
development for transforming waves offshore from 
Tillamook County: 

Dp = [175, 205, 225, 240, 250, 260, 270, 280, 290, 
300, 315, 335, 365] -13 cases 

Hs = [0.25, 1.5, 2.5, 3.5, 5, 7, 10, 13, 16.5] - 9 cases 
Tp = [2, 4, 6, 9, 11, 13, 15, 17, 20, 23, 26] - 11 cases 
WL = [-1.5, 4.5]- 2 cases 

In total, this equates to 2,574 model cases that can 
be used for linearly interpolating the waves from a 
time series of data. However, Figure 5-25 indicates 
that several Hs- Tp combinations are physically not 
realistic. Multiplying these bins by the Dp and WL bins 
means that we can eliminate 390 bins for a new total 
of only 2,184 model runs. 
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Figure 5-26. Joint probability of dominant direction and peak period from the GROW time series. 
The white dots represent bin centers, from a much smaller mesh, in which this combination of DP 
and Tp does not exist in the GROW time series. The red lines depict the boundaries of the binning. 
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Figure 5-27. Individual parameter probability density function plots and bin edges using the 
combined buoy wave time series. 
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5.4 Summary of SWAN Results 

Significant alongshore variabili ty is apparent in many 
of the conditions examined with SWAN (Figure 5-28). 
Differences on the order of 3 m in significant wave 
height along the 20-m isobaths are not uncommon in 
Tillamook County. To calculate the wave runup along 
the County's shoreline, we subsequently extracted the 
wave characteristics along the 20-m contour, or the 
seawardmost location where the wave breaking 
parameter equaled 0.4, throughout the model domain 
(Figure 5-28, right panel). Because all of the paramet­
ric runup models used in this study rely on infor­
mation on the deepwater equivalent wave height and 
peak periods as inputs, we then computed the linear 
wave theory shoaling coefficient and back shoaled our 
transformed waves to deep water. These transformed 
deepwater equivalent waves were then used to 

calculate the wave runup and generate the TWL 
conditions used in the subsequent extreme value 
analysis. 
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To confirm that our approach of interpolating wave 
transformations us ing lookup tables yields acceptable 
results, we ran several additional SWAN runs that 
were not part of our original matrix. These additional 
runs extended across a range of conditions, including 
extreme events capable of forcing high water levels at 
the coast. We then compared the results from using 
the lookup tables to these additional direct SWAN 
computations at the 20-m contour location. Figure 
5-29, Figure 5-30, and Figure 5-31 show a sample of 
these results for wave heights, peak periods, and 
directions, respectively, for a SWAN run driven with 
an offshore boundary condition of Hs = 11.5, Tp = 18.5, 
Dp = 320, and a water level of 4.5 m NAVD88. In all 
cases, the percentage error between the lookup table 
and direct computation is low, averaging well less 
than 5 percent. In only a few locations, near model 
boundaries or inlets, are the errors sig~ificant. None of 
the transects analyzed in detail for extreme flooding 
later in this report are near those problem locations. 
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Figure S-28. Example SWAN simulation, for an offshore significant wave height 13 m, peak wave. 
period 23 s, and peak wave direction of 330•. Left) Significant wave height in the modeling domain 
is shown in colors. Dissipation processes result in reduced wave height. Contour lines are drawn 
from SO to SOO m every SO m in grey and every 20 m in black. Right) Modeled significant wave 
height extracted at 20-m water depth. 
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Figure 5-29. Comparison of alongshore varying wave height at the 20-m contour extracted from 
the lookup t ables (red line) and from a direct SWAN computation (blue line) with an offshore 
boundary condition characterized as Hs = ll.S, Tp = 18.S, Dp = 320, and a water level of 4.S m 
NAVD88. 
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Figure 5-30. Comparison of alongshore varying wave period at the 20-m contour extracted from 
the lookup tables (red line) and from a direct SWAN computation (blue line) with an offshore 
boundary condition characterized as H, = 11.5, Tp = 18.5, Dp = 320, and a water level of 4.5 m 
NAVD88. 
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Figure 5-31. Comparison of alongshore varying wave direction at the 20-m contour extracted from 
the lookup tables (red line) and from a direct SWAN computation (blue line) with an offshore 
boundary condition characterized as H, = 11.5, Tp = 18.5, Dp = 320, and a water level of 4.5 m 
NAVD88. 
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6.0 WAVE RUNUP AND OVERTOPPING 

Wave runup is the culmination of the wave breaking 
process whereby the swash of the wave above the still 
water level is able to run up the beach face, where it 
may encounter a dune, structure, or bluff, potentially 
resulting in the erosion or in overtopping and flooding 
of adjacent land (Figure 6-1). Runup, R, or wave setup 
plus swash, is generally defined as the time-varying 
location of the intersection between the ocean and the 
beach and, as summarized, is a function of several key 
parameters. These include the deepwater wave height 
(Ho or H5) , peak spectral wave period (Tr) and the 
wave length (Lo) (specifically the wave steepness, 
Ho/Lo), and thr:ough a surf similarity parameter called 
the Iribarren number, 

{3 

~0 - ../ Ho/Lo ' 

which accounts for the slope (/3) of a beach or an 
engineering structure, as well as the steepness of the 
wave. 

The total runup, R, produced by waves includes 
three main components: 

• wave setup, ry; 
• a dynamic component to the still water level, 

'i];and 

• incident wave swash, S;nc 

R = ll + ll + Sine (6.1) 

Along the Pacific Northwest Coast of Oregon and 
Washington, the dynamic component of still water 
level, 7], has been demonstrated to be a major compo­
nent of the total wave runup due to relatively high 
contributions from infragravity energy (Ruggiero and 
others, 2004). This process occurs due to a transfer of 
energy from the incident wind-generated waves to the 
longer-period infragravity wave energy, the division 
being placed at -20-s periods. On the dissipative 

beaches of the Oregon coast, it is the infragravity 
energy that increases swash runup levels during 
major storms that is ultimately responsible for erosion 

and overwash events. The combination of these 
processes produces "sneaker waves," yielding the 

most extreme swash runup levels. 
A variety of models have been proposed for calcu­

lating wave runup on beaches (Ruggiero and others, 
2001; Hedges and Mase, 2004; Northwest Hydraulic 
Consultants, 2005; Stockdon and others, 2006). Here 
we explore two approaches available for runup 
calculations along Tillamook County, Oregon. These 
included the runup model developed by Stockdon and 
others (200 6) and the direct integration method 
(DIM) described in NHC (2005). 

dune face or 
bluff 

Figure 6-1. Conceptua l model showing the components of w ave runup associated with incident 
w aves (modified from Hedges and M ase, 2004). 
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6.1 Runup Models for Beaches 

6.1.1 Stockdon Runup Model 

For sandy beaches, Stockdon and others (2006) 
developed an empirical model based on analyses of 10 
experimental runup data sets obtained from a wide 
variety of beach and wave conditions, including data 
from Oregon (Ruggiero and others, 2004), and by 

separately parameterizing the individual runup 
processes: setup and swash. Stockdon and others 
(2006) proposed the following general relationship 
for the elevation of the 2% exceedance elevation of 
swash maxima, Rz, for any data run: 

where: 

and : 

s 
Rz = 1.1[if +2] (6.2) 

(6.3) 

where fJr is the slope of the beach face, and S reflects 

both the dynamic, Tj, and incident swash, S;"'' compo­
nents. The 1.1 coefficient value was determined 
because the swash level assumes a slightly non­
Gaussian distribution. The final parameterized runup 
equation is: 

Rz% 

~ 1.1 ( 0.35 tan P (H0L0)~ 
[H0 L0 (0.563 tan{J2 + 0.004)]~) 

+ 2 
(6.4) 

Applicants' July 27, 2021 Submittal 
Exhibit 2 - Page 127 of 283 

Coasta l Flood Hazard Study, Tillamook County, Oregon 

which may be applied to natural sandy beaches over a 
wide range of morphodynamic conditions. In develop­
ing equation 6.4, Stockdon and others (2006) defined 
the slope of the beach as the average slope over a 
region ±2a around the wave setup, lj, where a is the 
standard deviation of the continuous water level 
record, TJ(t). Simply put, the setup reflects the height of 
the mean-water level (MWL) excursion above the 
SWL, such that the slope is determined to span the 

region around this MWL. For Tillamook County, the 
slope of the beach was determined by fitting a linear 
regression through those da ta points spanning the 
region located between 2 and 4 m. 

Combining equation 6.4 with the measured water 
level at tide gauges produces the total water level 
(TWL) at the shore, important for determining the 
erosion or flood risk potential. Given that equation 6.4 
has been derived from quantitative runup measure­
ments spanning a range of beach slopes (beach slopes 
ranged from 0.01 to 0.11 and Iribarren numbers [~] 

ranged from 0.1 [fully dissipative conditions] to - 2.2 
[reflective conditions]. Table 1 of Stockdon and others 
[2006]), the model is valid for the range of slopes and 
conditions observed along the Tillamook County 
coastline and elsewhere on the Oregon coast. 

6.1.2 Direct integration method-beaches 

The FEMA coastal flood mapping guidelines (NHC, 
2005) for the U.S. West Coast presents an alternative 
method for calculating runup. According to NHC 
(2005), the direct integration method (DIM) approach 
allows for the wave and bathymetric characteristics to 
be taken into consideration; specifically, the spectral 
s hape of the waves and the actual bathymetry can be 
represented. Here we review the parameterized set of 
runup equations that may be used to calculate runup 
on beaches. The equations are based on a parameter­
ized JONSWAP spectra and uniform beach slopes. 
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Similar to equation 6.1, the runup of waves using 

DIM can be defined according to its three components: 

the wave setup, "ij, a dynamic component, r,, a nd the 

incident band swash, S1nc· Wave setup can be calculat­

ed using: 

(6.5) 

while the root mean square (rms) of the dynamic 

component, 17rms , may be estimated using: 

(6.6) 

where the units of 7j and 17rms are in feet and the 

factors (F) are for the wave height (Fu and Gu), wave 

period (FT and GT), JONSWAP spectrum narrowness 

(Fcamma and Gcamma), and the nearshore slope (Fstope and 

Gstope) · These factors are summarized as a series of 
simple equations in Table 0.4.5-1 (NHC, 2005). For the 

purposes of defining an average slope, NHC recom­

mended that the nearshore slope be based on the 

region between the runup limit and twice the wave 

breaking depth, hb, where: 

(6.7) 

and 

H - 0 39 o.z(r. Hz)0.4 b-. 9 p 0 
(6.8) 
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where Hb is the breaker height calculated using 

equation 6.8 (Komar, 1998b ), 9 is acceleration due to 

gravity (9.81 mjs), and for the purposes here k 

(breaker depth index) can be taken to be 0.78. Thus, 

one impo rtant distinction between the DIM and 

Stockdon methods for calculating runup is the method 

used to define the beach slope; the fo rmer accounts 

for a larger portion of the nearshore slope, w hile the 

latter is based on the slope calculated around the mid 

beach-face. 

To derive the statistics of the osci llating wave set­

up and the incident swash components, the recom­

mended approach is to base the calculations on the 

standard deviations (cr) of each component. The 

standard deviation of the incident wave oscillation 

(crz) on natural beaches may be calculated from: 

(6.9) 

Because the standard deviation of the wave setup 

fluctuations (crt) is proportional to equation 6.6, the 

total oscillating component of the dynamic portion of 

the wave runup can be derived from: 

TJT = 2.ojcrf + crl (6.10) 

Combining the results of equations 6.10 and 6.5 

yields the 2% wave runup, and when combined with 

the tidal component results in the TWL. 
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6.1.3 Comparison between the Stockdon and DIM 
runup calculations 
Fundamentally, the wave runup model proposed by 
Stockdon and others (2006) and the DIM method 
described in NHC (2005) are similar, because both 
models account for the three componen~s of runup 
described in equation 6.1. Here we examine the runup 
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results derived from both models based on a range of 
conditions characteristic of the Clatsop shore (Figure 
6-2 and Figure 6-3). We focus on our results from 
Clatsop, because this is where we first tested both 

approaches, before settling on one approach for 
calculating all subsequent runup for the Oregon coast. 
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Figure 6-2- Calculated setup, swash and runup using the Stockdon and DIM runup equations. In 
this example, slope values are defined similarly for both methods, at a mid-beach elevation range of 
2-4 m (6.6-13 ft). A 6-m (19.7 ft) significant wave height, 12-s peak wave period, and 210• wave 
direction were used to drive the models. Due to the semi-empirical nature of the equations, only 
the magnitudes of the subplots outlined in magenta are directly comparable (the two panels 
showing swash results are not directly comparable). The total oscillating component compares the 
results from equation 6.3 (S/2) with equation 6-10. 

Figure 6-2 provides a comparison of the various 
calculated parameters (setup, infragravity swash, 
incident swash, total oscillating component, and 
runup) determined using the Stockdon and DIM 
app roaches. In this example, we use the same slope 
defin ed for the mid-beach region in order to provide a 
direct comparison between DIM and Stockdon. Upper 
estimates have been truncated to tan f3 = 0.11, which 

reflects the slope limit on which Stockdon has been 
tested. In contrast, it is unclear the range of slope 

conditions on which DIM may be applied as there is no 
quantitative field testing of this particular formulation. 
As can be seen in Figure 6-2, although there are 

notable differences in the various parameterizations, 
the derived runup (bottom, middle plot) is similar. 

Nevertheless, as can be seen from the ~R plot (bottom 
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right), the DIM approach tends to estimate a slightly 
higher runup when compared to Stockdon, which in 
this example reaches a maximum of-1m (3.3 ft) for a 
beach slope of 0.04 to 0.05. Thus, overall, we can 
conclude that the two approaches are performing in a 
similar fashion when tested using the same slope. 

Figure 6-3 presents a similar suite of comparisons 
under the same hydrodynamic conditions. Therefore 
the Stockdon and others (2006) results are identical 
to Figure 6-2 in all panels. However, in this example 
we now account for the appropriate nearshore slope 
in the DIM runup calculations as defined above in 
Section 6.1.2. This was originally done by computing 
the DIM runup components for this hydrodynamic 
condition using the full nearshore slope at 85 tran-
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sects spread along the Clatsop County coastline (Allan 
and others, 2014). The DIM values are, however, 
plotted against the foreshore beach slopes defined for 
all 85 transects in order to make the comparisons with 
Stockdon meaningful. As can be seen in Figure 6-3, 
application of the nearshore slope significantly 
changes the magnitudes of all the runup components 
and, in particular, reduces the calculated runup when 
compared to Stockdon for most foreshore slopes. In 
general, at lower slopes (tan {3 < 0.05) runup calculat­
ed by DIM is slightly higher than Stockdon, which 
reverses at steeper slopes (tan {3 > 0.05). This pattern 
is consistent with analyses performed by Allan and 
others (2012) in Coos County. 
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Figure 6-3. Total water level calculations using the Stockdon (foreshore slope) and DIM runup 
equations (nearshore slope). A 6-m (19.7-ft} significant wave height, 12-s peak wave period, and 
210• wave direction were used to drive the models. Due to the semi-empirical nature of these 
equations only the magnitudes of the subplots outlined in magenta are directly comparable. The 
results for DIM are sorted in ascending order as a function of foreshore beach slope. 
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Most interesting in the comparisons shown in Fig­
ure 6-3, is that the DIM run up components actually do 
not vary as a function of the foresho re slope. The total 
runup Figure 6-3, bottom center) produced by DIM is 
relatively constant, oscillating between 1.7 and 2.3 m 
(5.6 and 7.5 ft). The oscillations are due primarily to 
the variabil ity in the nearshore slopes, which are a 
functio n of wave height (equations 6.7 and 6.8). 
Because waves in the PNW are relatively large and 
upper s horeface slopes are relatively shallow, the DIM 
runup values are controlled by the nearshore slope 
w ith little influence from the upper beach. This lack of 
dependence on the foreshore is in contrast to fie ld 
measurements made in Oregon (Ruggiero and others, 

2004) in which runup is clearly a function of the 
foreshore slope. Because the Stockdon model has been 
extensively validated against measured runup data, 

including measurements on the Oregon coast (e.g., 
Ruggiero and others, 2001; Ruggiero and others, 

2004) together with qualitative observations of run up 
during storms by DOGAMI staff at multiple sites along 
the coast, 1% extreme values of TWLs calculated for 
sandy beaches along the Tillamook County coast will 
be based primarily on the Stockdon and others (2006) 

model. 

6.2 "Barrier" Runup Calculations 

6.2.1 Introduction 
According to NHC (2005) an alternate approach is 
recommended for use in calculating runup on steep 
barriers. By definition, barriers include "steep dune 
features and coastal armoring structures such as 
revetments" (NHC, 2005, p. D.45-10) , although little 
guidance is offered in terms of the range of slopes to 

breaker line 
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which this alternate approach would apply. Through­
out this document we use the generic term barrier to 
define the range of morphological and engineering 
conditions where barrier runup calculations may 
apply. In general, runup on barriers depends not only 
on the height and steepness of the incident waves 

defined through the Iribarren number or breaker 
parameter (~m·t.o) but also on the geometry (e.g., the 
slope of the barrier and/or if a berm is present), 
design characteristics of the structure, and its perme­
ability. 

The recommended approach for calculating runup 
on barriers is to use the TAW (Technical Advisory 
Committee for Water Retaining Structures) method, 
which provides a mechanism for calculating the 
runup, adjusted for various reduction factors that 
include the surface roughness, the influence of a berm 
(if present), and effects associated with the angle of 
wave approach (van der Meer, 2002; Northwest 
Hydraulic Consultants, 2005; Pullen and others, 
2007). According to NHC (2005) the TAW method is 
useful as it includes a wide range of conditions for 
calculating the wave runup (e.g., both smooth and 
rough slopes) and because it agrees well with both 
small- and large-scale experiments. 

Figure 6-4 is a conceptual model of the various 
components required to determine the extent of 
runup on barriers. Of importance is first determining 
the 2% dynamic water level (DWLz%) at the barrier, 
which includes the combined effects of the measured 
still water level (SWL), the wave setup (17) and the 
dynamic portion (7]) of the run up (Figure 6-4), which 
is then used to establish the spectral significant wave 
height (Hmo) at the toe of the "barrier" (NHC, 2005). 

limit of swash 
----surf zone 'barrier' 

DWL2~ = SWL + ii + 11 

berm 

Figure 6-4. Wave runup on a beach backed by a structure or bluff (modified from NHC, 2005}. 

Oregon Department of Geology and Mineral Industries Special Paper 47 122 



The general formula for calculating the 2% wave 
run up height on barriers is given in a non-dimensional 
form by equation 6.11: 

(6.11) 

with a maximum of: 

where: 
Rz% = wave runup height exceeded by 2% of the 

incoming waves 
Hmo = spectral s ignificant wave height at the struc-

ture toe 
c1, cz, and C3 =empirical coefficients with: 
Yb = influence factor for a berm (if present), 
yr = influence factor for roughness element of slope, 
yp = influence factor for oblique wave attack, 
~m-1.o =breaker parameter 

(
tan {3 !(~)o.s), 

Lm-1,0 

tan {3 = slope of the "barrier," 
Lm-1,o = the deepwater wave length (gT;1_ 1.0 /2rr ), 

and 
Tm-1,0 can be calculated from Tp/1.1, where Tp is the 

peak spectral wave period. 
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Substituting the empirical coefficients derived 

fro m wave tank experiments and incorporating a 5% 
upper exceedance limit into the general equatio ns of 
6.11 (van der Meer, 2002; Pullen and others, 2007), 
run up on barriers may be calculated by using: 

Rz% = Hmo( 1.75. Yb· Yt· Yp· (m-1,o), 

where 0 < Yb· (m-1,0 < 1.8 

with a maximum of: 
Rzo/o 

= Hmo ( 1.0. Yt· Yp ( 4.3 

1.6 )) - ~ , where Yb · (m-1.o ;::: 1.8 
v (m-1,0 

(6.12) 

There are, however, notable differences between 
equation 6.12 originally described by van der Meer 
(2002) and Pullen and others (2007) from that 
presented in equation 0.4.5-19 in the FEMA West 
Coast methodology (NHC, 2005). For example, 
equation 0.4.5-19 in the NHC report contains a higher 
coefficient value (1.77), along with one additional 
reduction factor (porosity) for calculating run up when 
the breaker parameter is less than 1.8. Similarly, for 
conditions where the breaker parameter exceeds 1.8 

and the maximum runup equation is used, equation 
0.4.5-19 in the NHC report contains two extra reduc­

tion factors (berm and porosity reduction factors) that 
are not included in the original solution, which 
potentially could have a very s ignificant effect on the 
calculated runup. Based on these differences, we have 
used the original solution presented as equation 6.12 
in van der Meer (2002) a nd Pullen and others (2007). 
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6.2.2 Specific procedure for calculating "barrier" 
run up 
For those cases where the TAW method is used for 
determining runup on barriers (i.e., beaches backed by 

structures, cobble berms, and/or bluffs), we have 
followed the general approach laid out in section 

0.4.5.1.5.2 in NHC (2005), with the exception that we 

use Stockdon to define the DWLzo/o (instead of DIM) at 

the structure toe, and TAW to calculate the incident 

swash on the barrier (i.e., equation 6-12). Because 

waves are depth limited at the barrier toe, Hmo may be 

estimated from DWLz% using a breaker index of 0.78 
(i.e., Hmo = DWLz% * 0.78). In performing these various 

derivations, DWLzo/o was first determined using 

equation 6.13: 

DWLz% = SWL + 1.1 * (11 + i)- Dtow (6.13) 

where: 

SWL = measured tide 

11 = 0.35 *tan {3~ H5 * L 

11 = 0.06 * ~ H5 * L 

Eqn. 10 in Stockdon and 
others (2006) 

Eqn. 12 in Stockdon and 
others (2006) 

Dtow =the toe of the structure or bluff 
tan {3 = the beach slope defined for the region 

between 2 and 4 m. 

Having calculated DWLzo/o and Hmo, the TAW runup 

calculation can be implemented. Equation 6.12 
requires information on the slope of the barrier, used 

in the breaker parameter (~m-t .o) calculation, which 

can be somewhat challenging to define. This is 

especially the case if the morphology of the barrier 

exhibits a composite morphology characterized by 

different slopes, such that errors in estimating the 

slope will translate to e ither significant underestima­

tion or overestimation of the runup. According to van 

der Meer (2002) and Pullen and others (2007), 
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because the runup process is infl uenced by the change 

in slope from the breaking point to the maximum 

wave runup, the characteristic slope should be 

specified for this same region. On the Oregon coast, 

the most common composite slope example is the case 
where a broad, dissipative sand beach fronts a 

s tructure or bluff that is perched relatively high on the 
back of the beach (structure toe > -4-5 m). In this 

example, the wave runup is first influenced by the 

sandy beach slope and finally by the slope of the 

s tructure itself. To address this type of situation, we 

define a "local barrier slope" as the portion of the 
barrier that ranges from the calculated storm TWL 

(calculated initially using equation 6.4) down to a 

lower limit defined by the wave setup plus the SWL 
[i.e., (1.1 *I]) + SWL]). In a few cases, the TWL was 

found to exceed the barrier crest; in those cases we 

used the structure crest as the upper limit for defining 
the local slope. This process is repeated for every 

storm condition. Having determined the barrier slope, 

the TAW runup is calculated using equation 6.12 and 

reduced based on the appropriate site specific reduc­
tion factors. 

Under certain conditions, we identified events that 
generated extreme runup that made little physical 

sense. For these (rare) cases, we calculated the TAW 
runup using an iterative approach based on proce­

dures outlined in the Eurotop (2007) manual. Because 

the maximum wave runup is the desired outcome and 

is unknown when initially defining the slope, the 
process is iterative requiring two steps. First, the 

breaking limit is defined as 1.5Hmo below the SWL, 

while 1.5Hmo above the SWL defines the upper limit of 

the first s lope estimate (Figure 6-5). Having deter­
mined the first slope estimate, the TAW runup is 

calculated using equation 6.12 and reduced based on 

the appropriate reduction factors. A second slope 
estimate is then performed based on the initial runup 

calculation, while a third iteration is not necessary 
based on our tests because this method converges 

quickly. The breaking limit is again defined as 1.5H1110 

below the SWL, while Rzo/o above the SWL defines the 

upper limit, and the final barrier runup estimate is 

again calculated using equation 6.12 and reduced 

based on the appropriate reduction factors. 
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- -------- surf zone ---------
Bluff or 

structure 

beach foreshore 
-----------8-----------

slope 2-......., 

SWL 

------------------- L..., ' ----------

Figure 6·5. Determination of an average s lope based on an iterative approach. The first estimate 
is initially based on 1.5Hmo ±SWL, while the second estimate is based on 1.5Hmo below the SWL and 
the calculated R2" above t he SWL t hat is based on the first slope estimate. 

Finally, it is important to note that the runup esti· 
mates based on the "barrier" runup calculations is 
sensitive to the slope. Similar to our study in Coos and 
Clatsop counties, we identified several sites (primarily 
beaches backed by bluffs) along the Tillamook coast 
where the final TWLs calculated using TAW was 
unreasonably low. These few cases are entirely due to 
there being a very wide dissipative surf zone at these 
transect locations that results in very low slopes being 
defined. For these sites where the calculated TWLs 
seemed unreasonably low (relative to the morphology 
of the beach and observations of storm wave runup 
along this shore and elsewhere), we have defaulted to 
the TWLs calculated using the Stockdon and others 
model. 

6.2.3 "Barrier" run up reduction factors 
Table 6·1 below presents information pertaining to 
the suite of parameters used to define wave run up (R) 
and ultimately the 1 o/o TWLs along the Tillamook 
County coast. In the case of bluff roughness along the 
Tillamook shore, we used a value of 0.6 for those 
situations where a bluff face was highly vegetated. 
These bluffs are typically located at or near their 
stable angle of repose and are covered with Salal 

plants (Gaultheria shallon), forming a deep, nearly 
impenetrable thicket. The decision to use 0.6 was 
based on discussions with Dr. W. G. McDougal (Coastal 
Engineer, OSU, and Technical Coordinator of the North 
Pacific FEMA West Coast Guidelines, pers. comm., 
April 2010). At the Tillamook transects 26-28, 43-44, 
46, 67-74, 94-96, and 104 (Table 6·1), the reduction 

factor was set to 1 due to the fact that these beaches 
were backed by a near-vertical bluff face that was 
essentially akin to a seawall situation. For those 
beaches backed by a significant riprap structure, we 
used a reduction factor of 0.55. In other cases, this was 

increased to 0.6 to 0.8, depending on whether the 
beach was backed by gravels/cobbles, a vegetated 
bluff face, or poor quality riprap. Wave direction (yp) 
reduction factors were determined based on the 
s horeline orientation at every transect site and the 
actual wave directions measured during each storm 
condition. The reduction factor was calculated using 
equation D.4.5-22 of NHC (2005, p. 0.4.5-13). Finally, 
because none of the transects where structures are 
present contained a protective berm, no berm reduc­
tion factor was adopted for Tillamook County. 
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Table 6-1. Parameters used to define runup (R) and total water levels (TWLs) on beaches backed 

by dunes, structures, and bluffs. 

Reach Transect 

Salmon River LINC 308 

Cascade Head LINC 309 
LINC 310 
LINC 311 
LINC 312 
LINC 313 

Neskowin TILL 1 

TILL 2 
TILL3 
TILL 4 
TILL 5 
TILL 6 
TILL 7 
TILL 8 
TILL 9 
TILL 10 
TILL 11 
TILL 12 
TILL 13 
TILL 14 
TILL 15 
TILL 16 
TILL17 
TILL 18 
TILL 19 
TILL 20 
TILL 21 
TILL 22 
TILL 23 
TILL 24 
TILL 25 
TILL 26 

TILL 27 

TILL 28 

Nestucca spit/ TILL 29 
Pacific City 

TILL 30 
TILL 31 
TILL 32 
TILL 33 
TILL 34 
TILL 35 
TILL 36 
TILL 37 
TILL 38 
TILL 39 
TILL40 
TILL41 
TILL 42 

DFIRM 
Transect 

1 
2 
3 
4 
5 
6 
7 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

33 

34 

35 

36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

D HIGH 

(m) 

6.251 

48.172 
43.56 

24.427 
93.24 
139.1 

47.278 

8.684 
8.452 
5.184 
8.312 
8.447 
8.169 
8.539 
7.075 
8.897 
6.679 
8.374 
7.126 
8.118 
7.587 
6.767 
9.986 
8.387 
6.014 
7.648 

12.562 
6.241 

14.334 
7.792 
7.642 

32.562 

28.194 

39.31 

10.245 

14.485 
15.49 

14.358 
13.16 

15.877 
15.147 
17.709 
12.932 
11.283 
18.954 
11.314 

11.06 
13.304 

DLOW 

(m) 

5.058 

1.609 
1.207 
0.358 
2.125 

0 
0.764 

3.914 
3.914 
3.448 
2.712 
3.563 
1.904 
2.533 
5.888 
6.235 
5.604 
5.521 
5.709 
5.086 
4.642 
6.014 
4.326 
5.512 
6.014 
7.066 
5.582 
4.489 
6.819 
7.185 
5.627 
3.877 

4.519 

6.292 

4.903 

5.083 
5.933 
5.413 
5.338 
6.611 
5.312 
5.908 
4.389 

4.69 
5.407 
5.539 
4.785 
4.681 

Beach 
Slope 

(tan 13) 
0.084 

0.027 
0.028 
0.022 
0.026 
0.023 
0.025 

0.045 
0.042 
0.018 
0.049 
0.073 
0.062 
0.062 

0.06 
0.054 
0.041 
0.044 
0.049 
0.099 
0.069 
0.052 
0.039 
0.074 
0.059 
0.098 
0.049 
0.034 
0.088 

0.06 
0.061 
0.059 

0.088 

0.084 

0.043 

0.048 
0.061 
0.093 
0.072 
0.086 

0.05 
0.051 
0.051 
0.053 
0.041 
0.057 
0.039 
0.043 
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Wave 
Dir. 
(Ya) 
272.2 
268.8 
274.1 
270.3 
271.8 
273.7 
294.5 

294 
287.1 
283.3 
267.3 
275.6 
284.3 
286.8 
286.7 
285.1 
282.9 

281 
273.3 
282.3 
272.4 

277 
283.7 
284.4 
285.4 
284.5 
287.1 
283.2 
280.2 

278 
278.3 
278.6 

281.5 

281.1 

273.2 

273.8 
276.6 

277 
270.9 
271.1 

270 
268.7 
266.5 

264 
262.2 
261.1 
262.9 
262.8 

Rough-
ness (Y,) Approach Description 

1.0 3 dune-backed cliff 

0.95 
0.95 

0.8 
0.95 
0.95 
0.55 

0.55 
0.55 
0.55 
0.55 
0.55 
0.55 
0.55 

1.0 
1.0 
1.0 
1.0 
1.0 

0.55 
0.55 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

1.0 

1.0 

1.0 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

0.55 
0.55 

1.0 

0.55 
0.55 

0.6 

1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
3 
3 
3 
3 
3 
1 
1 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 

2 

2 

3 

3 
3 
3 
3 
3 
3 
3 
1 
1 
3 
3 
3 
1 

plunging cliff 
plunging cliff 
boulder beach backed by bluffs 
plunging cliff 
plunging cliff 

sandy beach backed by riprap 
and high cliffs 
sand beach backed by riprap 
sand beach backed by riprap 
sand beach backed by riprap 
sand beach backed by riprap 
sand beach backed by riprap 
sand beach backed by riprap 
sand beach backed by riprap 
dune-backed 
dune-backed 
dune-backed 
dune-backed 
dune-backed 
sand beach backed by riprap 
sand beach backed by riprap 
dune-backed 
dune-backed 
dune-backed 
dune-backed 
dune-backed 
dune-backed 
dune-backed 
dune-backed 
dune-backed 
dune-backed 
sandy beach backed by high 
cliffs 
sandy beach backed by high 
cliffs 
sandy beach backed by dunes 
and high cliffs 
dune-backed 

dune-backed 
dune-backed 
dune-backed 
dune-backed 
dune-backed 
dune-backed 
dune-backed 
sand beach backed by riprap? 
sand beach backed by riprap? 
dune-backed 
sand beach backed by riprap? 
sand beach backed by riprap? 
sand beach backed by riprap 
and high bluffs 
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Beach Wave 
DFIRM DH/GH Dww Slope Dir. Rough-

Reach Transect Transect (m) (m) (tan 13) (Ys) ness (Y,) Approach Description 
Sand Lake/ TILL 43 49 23.369 5.582 0.046 281.8 1.0 1 sandy beach backed by high 
Tierra Del cliffs 
Mar 

TILL44 50 16.741 6.162 0.075 281.3 1.0 1 sandy beach backed by high 
cliffs 

TILL 45 51 6.868 4.232 0.042 280.2 0.6 1 sandy beach backed by cobbles 
-grades into bluff 

TILL 46 52 18.071 4.865 0.055 280.8 1.0 1 sandy beach backed by high 
cliffs 

TILL47 53 18.396 4.063 0.045 279.7 0.55 1 sand beach backed by rip rap 
TILL 48 54 7.412 6.555 0.048 279.8 1.0 3 dune-backed 
TILL49 55 8.24 6.197 0.044 279.7 1.0 3 dune-backed 
TILL 50 56 6.931 5.891 0.041 290.1 1.0 3 dune-backed 
TILL 51 57 6.317 4.554 0.05 278.7 0.8 1 sand beach backed by riprap 
TILL 52 58 7.721 4.543 0.055 278.8 0.8 1 sand beach backed by riprap 
TILL 53 59 8.141 5.026 0.056 280.3 0.6 1 sand beach backed by riprap 
TILL 54 60 7.462 5.055 0.058 269.7 0.6 1 sand beach backed by r iprap 
TILL 55 61 8.094 5.159 0.045 283.1 1.0 3 dune-backed 
TILL 56 62 8.357 4.652 0.046 278.7 0.55 1 sand beach backed by r iprap 
TILL 57 63 11.383 4.823 0.04 284.8 0.55 3 sand beach backed by r iprap 
TILL 58 64 10.224 6.18 0.042 278.7 1.0 3 dune-backed 
TILL 59 65 12.153 5.72 0.052 278.4 1.0 3 dune-backed 
TILL 60 66 9.595 5.355 0.041 278.4 1.0 3 dune-backed 
TILL 61 67 9.37 6.193 0.048 279.3 1.0 3 dune-backed 
TILL 62 68 6.573 6.26 0.052 279.1 1.0 3 dune-backed 
TILL 63 69 3.38 3.324 0.009 273.1 1.0 3 dune-backed 
TILL 64 70 18.524 6.915 0.111 270.7 1.0 3 dune-backed 
TILL 65 71 18.296 5.556 0.053 270.7 1.0 3 dune-backed 
TILL 66 72 15.211 5.34 0.049 271.5 1.0 3 dune-backed 
TILL 67 73 19.042 8.385 0.069 272.4 1.0 3 sandy beach backed by high 

cliffs 
TILL 68 74 24.72 6.441 0.044 270.6 1.0 3 sandy beach backed by high 

cliffs 
TILL 69 75 29.519 5.96 0.051 268.7 1.0 3 sandy beach backed by high 

cliffs 
TILL 70 76 30.293 4.588 0.045 266.9 1.0 1 sandy beach backed by high 

cliffs 
TILL 71 77 37.153 4.979 0.055 263.4 1.0 1 sandy beach backed by high 

cliffs 
TILL 72 78 30.575 4.844 0.037 257.8 1.0 1 sandy beach backed by high 

cliffs 
TILL 73 79 28.571 6.625 0.048 256.8 1.0 3 sandy beach backed by high 

cliffs 
TILL 74 80 20.692 5.762 0.038 253.8 1.0 3 sandy beach backed by high 

cliffs 
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Reach 
Netarts Spit/ 
Oceanside 

Short Sand 
Beach 

Transect 
TILL 75 

TILL 76 

TILL 77 

TILL 78 

TILL 79 
TILL 80 
TILL 81 
TILL 82 
TILL 83 
TILL 84 
TILL 85 
TILL 86 
TILL 87 
TILL 88 
TILL 89 
TILL 90 
TILL 91 
TILL 92 
TILL 93 

TILL 94 

TILL 95 

TILL 96 

TILL 97 

TILL 98 

TILL 99 

TILL 100 

TILL 101 

TILL 102 

TILL 103 

TILL 104 

TILL 105 

TILL 106 

DFIRM 
Transect 

81 

82 

83 

84 

85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

D HIGH 

(m) 

6.775 

7.6 

8.447 

7.298 

10.798 
9.131 
7.159 

11.562 
12.413 

Dww 
(m) 

2.43 

2.937 

3.235 

3.706 

3.976 
5.381 
4.661 

5.04 
5.492 

Beach 
Slope 
(tan 13) 

0.029 

0.037 

0.047 

0.051 

0.043 
0.082 
0.067 
0.056 
0.056 

Wave 
Dir. 

(Yal 
276.8 

279.7 

285.7 

281.8 

284.6 
285.4 
285.8 
283.3 
281.9 

7.322 6.012 0.046 271.7 
11.621 5.37 0.044 275.8 
11.763 6.361 0.047 276 
19.722 4.114 0.043 281.1 

6.567 5.72 0.057 271.2 
10.543 5.754 0.048 274 
12. 156 4.768 0.046 278.7 

9.61 6.516 0.052 272.5 
8.324 6.36 0.05 284.5 
4.971 4.855 0.069 202.6 

14.619 5.554 0.074 223.7 

29.639 4.999 0.032 235.6 

39.082 4.536 0.055 236.2 

55.206 4.631 0.065 241.7 

60.658 5.832 0.073 250.3 

33.925 4.907 0.044 254.1 

36.465 4.585 0.041 252.2 

13.733 5.191 0.045 248.4 

18.353 5.953 0.05 250 

8.241 4.068 0.057 250.4 

33.582 3.026 0.056 277.7 

26.461 3.932 0.075 277.9 

47.152 5.674 0.109 275.7 
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Rough-
ness (Y,) Approach 

0.6 1 

0.6 1 

0.6 1 

0.6 1 

0.6 1 
1.0 3 
1.0 3 
1.0 3 
1.0 3 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
0.6 

1.0 

1.0 

1.0 

1.0 

1.0 

0.6 

0.6 

0.7 

0.6 

0.7 

1.0 

0.8 

0.8 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

2 

1 

2 

3 

3 

3 

1 

3 

3 

1 

1 

1 

1 

Descript ion 

sandy beach backed by 
low/high cliffs 
sandy beach backed by 
cobbles/bou lders and low cliff 
sandy beach backed by dynamic 
revetment/artificial dune 
sandy beach backed by dynamic 
revetment/artificial dune 
dune-backed (+cobbles) 
dune-backed {+cobbles) 
dune-backed (+cobbles) 
dune-backed 
dune-backed 
dune-backed 
dune-backed 
dune-backed 
dune-backed 
dune-backed 
dune-backed 
dune-backed 
dune-backed 
dune-backed 
Cobble beach backed by low 
wall (estuary mouth) 
sandy beach backed by high 
cliffs 
sandy beach backed by high 
cliffs 
sandy beach backed by high 
cliffs 
sandy beach backed by dune 
and high cliffs 
sandy beach backed by dune 
and high cliffs 
sandy beach backed by high 
cliffs 
sandy beach backed by high 
cliffs 
sandy beach backed by poor 
riprap and low cliffs 
sandy beach backed by 
moderately high cliffs 
sandy beach backed by 
moderately high cliffs 
sandy beach backed by gravels 
and high cliffs 
sandy beach backed by gravels 
and high cliffs 
sandy beach backed by gravels 
and high cliffs 
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Reach Transect 
Bayocean Spit TILL 107 

Rockaway 

TILL 108 

TILL 109 

TILL 110 

TILL 111 

TILL 112 
TILL 113 
TILL 114 
TILL 115 
TILL 116 
TILL 117 
TILL 118 
TILL 119 
TILL 120 
TILL 121 
TILL122 
TILL 123 
TILL 124 
TILL 125 
TI Ll 126 
TILL 127 
TILL 128 
TILL 129 
TILL 130 
TILL 131 
TILL 132 
TILL 133 
TILL 134 
TILL 135 
TILL 136 
TILL 137 
TILL 138 
TILL 139 
TILL 140 
TILL 141 
TILL 142 
TILL 143 
TILL 144 
TILL 145 
TILL 146 
TILL 147 
TILL 148 
TILL 149 
TILL 150 
TILL 151 
TILL 152 
TILL 153 
TILL 154 
TILL 155 
TILL 156 
TILL 157 

DFIRM 
Transect 

113 

114 

115 

116 

117 

118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 

D HIGH 

(m) 
8.705 

7.74 

6.34 

6.081 

6.863 

9.667 
11.095 
9.781 

8.97 
10.49 

10.053 

5.932 
6.332 

6.72 
6.749 
6.518 
7.242 
6.905 
5.489 
5.858 
7.148 
7.976 
7.237 
7.344 
7.032 
5.486 
7.133 

10.147 
8.387 
7.062 
6.827 
6.359 

8.67 
8.923 
7.643 
8.305 
8.196 
8.305 
8.092 
8.176 
7.927 
8.101 
8.029 
8.315 
6.974 
8.688 
8.773 
8.966 
8.448 
8.409 
6.833 

Dww 
(m) 
3.527 

2.981 

3 

2.495 

3.33 

6.824 
6.67 

6.804 
4.932 
5.889 
6.537 

5.932 
4.905 

5.37 
5.178 
5.388 

3.13 
5.82 

5.489 
4.586 
5.709 
5.327 
5.136 
5.839 
4.682 

3.77 
5.593 

5.68 
7.085 

5.92 
4 

3.045 
5.263 
3.759 
3.759 
3.759 
4.068 
3.312 
4.309 
4.029 

7.16 
5.982 
5.997 
6.325 
4.176 
6.358 
4.786 
6.457 
6.267 
6.061 
5.548 

Beach 
Slope 

(tan 131 
0.072 

0.05 

0.036 

0.026 

0.04 

0.041 
0.043 

0.04 
0.043 

0.04 
0.043 

0.048 
0.043 
0.049 
0.058 
0.047 
0.029 

0.05 
0.046 

0.02 
0.037 
0.038 
0.048 
0.046 
0.037 
0.038 
0.038 
0.043 
0.052 
0.032 
0.034 
0.013 
0.034 
0.051 
0.044 
0.057 
0.051 
0.051 
0.054 
0.047 
0.056 
0.052 

0.05 
0.045 
0.022 
0.068 
0.037 
0.051 
0.042 

0.04 
0.031 
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Wave 
Dir. 

(Yel 
292 

286.2 

284.8 

280 

283.7 

279.7 
274.8 
276.6 
268.4 
265.4 
268.1 

290.2 
285.6 
280.7 
282.2 
284.7 
286.4 
285.9 
285.1 
286.4 
279.2 
279.6 
272.7 
274.4 
274.8 
290.9 
276.7 
277.1 
276.2 
278.5 
279.7 
274.8 
268.9 
273.9 
272.4 
277.7 

276 
277.6 
279.9 
270.8 
280.1 
281.5 

282 
283.3 
282.2 
280.3 
279.4 
278.8 
278.2 
277.6 

277 
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Rough­
ness (Y,) 

0.6 

0.6 

0.8 

0.8 

0.8 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 

0.55 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
0.8 
1.0 
1.0 
1.0 
1.0 

0.55 
0.55 

1.0 
0.55 
0.55 
0.55 
0.55 
0.55 
0.55 
0.64 

1.0 
1.0 
1.0 
1.0 

0.55 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

Approach 

1 

1 

1 

1 

1 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
1 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
1 
1 
3 
1 
1 
1 
1 
1 
1 
1 
3 
3 
3 
3 
1 
3 
3 
3 
3 
3 
3 

Description 

sandy beach backed by 
cobble/boulder and low cliffs 
sandy beach backed by 
cobble/boulder and low cliffs 
sandy beach backed by 
cobble/boulder berm 
sandy beach backed by 
cobble/boulder berm 
sandy beach backed by 
cobble/bou lder berm 
dune-backed 
dune-backed 
dune-backed 
dune-backed 
dune-backed 
dune-backed 

dune-backed 
dune-backed 
dune-backed 
dune-backed 
dune-backed 
sand beach backed by r iprap 
dune-backed 
dune-backed 
dune-backed 
dune-backed 
dune-backed 
dune-backed 
dune-backed 
dune-backed 
sand beach backed by riprap 
dune-backed 
dune-backed 
dune-backed 
sand beach backed by low bluff 
sand beach backed by riprap 
sand beach backed by riprap 
dune-backed 
sand beach backed by riprap 
sand beach backed by riprap 
sand beach backed by riprap 
sand beach backed by riprap 
sand beach backed by riprap 
sand beach backed by riprap 
sand beach backed by riprap 
dune-backed 
dune-backed 
dune-backed 
dune-backed 
sand beach backed by riprap 
dune-backed 
dune-backed 
dune-backed 
dune-backed 
dune-backed 
dune-backed 
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Beach Wave 
DFIRM DHIGH Dww Slope Dir. Rough· 

Reach Transect Transect (m) (m) (tan~) (YB) ness (Y,) Approach Description 

Nehalem TILL 158 164 7.752 6.112 0.049 279.2 1.0 3 dune-backed 

Spit/ 

Manzanita 
TILL 159 165 12.218 6.616 0.053 279.7 1.0 3 dune-backed 

TILL 160 166 8.676 6.254 0.063 276.6 1.0 3 dune-backed 

TILL 161 167 7.828 5.901 0.056 273.6 1.0 3 dune-backed 

TILL 162 168 15.433 5.338 0.042 268.4 1.0 3 dune-backed 

TILL 163 169 13.023 5.823 0.043 263.4 1.0 3 dune-backed 

TILL 164 170 14.069 5.912 0.055 265.7 1.0 3 dune-backed 

TILL 165 170 15.75 5.514 0.051 268.4 1.0 3 dune-backed 

TILL 166 172 12.088 4.356 0.034 266.4 1.0 3 dune-backed 

TILL 167 173 12.772 5.616 0.039 266.2 1.0 3 dune-backed 

TILL 168 174 13.313 6.617 0.038 264.6 1.0 3 dune-backed 

TILL 169 175 10.635 7.807 0.075 267.9 1.0 3 dune-backed 
TILL170 176 9.226 4.313 0.022 268.1 0.7 1 sand beach backed by riprap 

TILL171 177 8.847 5.064 0.026 271.3 1.0 3 dune-backed 

TILL172 178 9.502 6.107 0.03 267.6 1.0 3 dune-backed with road 

TILL 173 179 11.496 5.245 0.028 265 1.0 3 dune-backed with road 

TILL 174 180 9.609 5.516 0.027 261.3 1.0 3 dune-backed with road 

TILL 175 181 11.367 4.73 0.029 263 1.0 3 dune-backed 

TILL 176 182 9.012 5.504 0.048 258.9 0.7 3 sand beach backed by extensive 
cobble berm 

TILL 177 183 6.996 5.077 0.049 257.8 0.55 3 sand beach backed by extensive 
cobble berm and bluff 

TILL 178 184 7.921 7.894 0.169 227.4 0.55 1 sand beach backed by extensive 
cobble berm and bluff 

Falcon Cove CP 1 185 15.935 7.027 0.167 278 0.8 1 sand, cobble berm backed by 
high bluff 

Notes: 

DHIGH denotes the crest of the dune, bluff, or structure; 

DLOw denotes the toe of the dune (i.e., Ei), bluff, or structure; 

Beach slope reflects the calculated slope spanning the region between 2- and 4-m elevation; 

Wave direction denotes the shoreline orientation used to calculate the wave reduction (Ya) factor used in TAW runup calculations; 

Roughness (Y,) defines the backshore roughness used in TAW run up calculations. Bold values indicate sites where the local slope goes to 1 due to 
the presence of a vertical bluff; and 

Approach defines the final runup approach used to calculate the wave runup, where STK = Stockdon, Snsh/TAW =nearshore slope and TAW, and 
LocSip/TAW =the local barrier slope and TAW. 
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6.3 Tillamook County Wave Runup and Total 
Water Level Calculations 

The complete hourly combined time series is run 
through the lookup tables to derive alongshore 
varying transformed wave time series. Using the 
transformed wave conditions, and the measured 
alongshore varying beach and barrier slopes, initial 
TWL time series based on the Stockdon approach are 
developed at all transect locations. From these time 
series we identify the -150 highest independent 
TWLs at each transect over the length of the record. 
Wave run up is then computed for each of these storm 
input conditions (about 5 events per year) at every 
profile site shown in Figure 3-1, Figure 3-2, and 
Figure 3-3 using a combination of the Stockdon and 
others (2006) runup equation for dune-backed 
beaches (equation 6.4) and TAW (equation 6-12) for 
wave runup on a barrier. The specific approaches used 
in our calculations are defined above in Table 6-1. For 
both models, the calculated runup is combined with 
the SWL (measured tides) to develop the TWI. condi­
tions used to generate the 10, SO, and 100-year return 
level event as well as the 500-year return event. The 
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input wave conditions from the SWAN modeling used 
in the various calculations were determined for each 
transect location by extending the shore­
perpendicular transects from the backshore to where 
they intersected the 20-m contour, or the seaward 
most location of Hmo/depth = 0.4, whichever was 
farther offshore (but almost always shallower than 30 
m). This ensured that only minor dissipation due to 
wave breaking influenced the model results. These 
intersections are where wave statistics from the 
SWAN output were extracted. 

Having calculated the storm-induced TWLs, we 
used the generalized extreme value (GEV) family of 
distributions (specifically the peak over threshold 
(POT) approach) to estimate the 100-year and 500-
year Total Water Levels for each of the beach profile 
s ites. Specific information about , the extreme value 
techniques used to estimate these TWLs is described 
in Section 4.6. Figure 6-6 gives an example of the 
extreme value (GPO-Poisson) model for the TILL 6 
profile site in which the 100-year event is calculated 
to be 11.6 m (38ft) and the 500-year event is estimat­
ed to be 12.6 m (41 ft). The results for all of the 
profiles can be found in Table 6-2. 

Peak Over Threshold Method, Threshold = 6 93, m, Number/Year = 3 46, m 

15 

14 

13 

1 
...J 11 
~ a; 

ex: 10 

9 

8 

tO-year ovenl • t000t7 m 
25-yeao event • tO 6826 on 
SO-year OYCnl • It 1702 m 
100-yeao e-.-enl• I 1.6354 m 

10' 
Return Penod (years) 

Figure 6-6. Example peak over threshold (POT) extreme value theory results for the Tillamook 6 
transect site (with 95% confidence levels) located in the Neskowin littoral cell. Note that they-axis 
vertical datum is relative to the NAVD88 vertical datum. Black dots reflect the discrete peak tota l 
water level events and the red line is the extreme value distribution fit to those data. Green dashed 
line reflects the 95% confidence boundary. 
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Table 6-2. 100-year (1%) and 500-year (0.2%) total water levels calculated for the Tillamook 

Reach 
Salmon River 

Cascade Head 

Neskowin 

Nestucca 
spit/ 
Pacific City 

County transect sites. 

Transect 
LINC 308 

LINC 309 
LINC 310 
LINC 311 
LINC 312 
LINC 313 

TILL 1 
TILL 2 
TILL 3 
TILL4 
TILLS 
TILL 6 
TILL 7 
TILLS 
TILL9 
TILL 10 
TILL 11 
TILL 12 
TILL13 
TILL 14 
TILL 15 
TILL 16 
TILL 17 
TILL 18 
TILL 19 
TILL 20 
TILL 21 
TILL 22 
TILL 23 
TILL 24 
TILL 25 
TILL 26 
TILL 27 
TILL 28 

TILL 29 

TILL 30 
TILL 31 
TILL 32 
TILL 33 
TILL 34 
TILL 35 
TILL36 
TILL 37 
TILL 38 
TILL 39 
TILL 40 
TILL41 
TILL 42 

DFIRM 
Transect 
1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

35 

36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

OHIGH 

(m) 

6.251 

48.172 
43.56 

24.427 
93.24 

139.103 

47.278 
8.684 
8.452 
5.184 
8.312 
8.447 
8.169 
8.539 
7.075 

DlOw 
(m) 

5.058 

1.609 
1.207 
0.358 
2.125 

0 
0.764 
3.914 
3.914 
3.448 
2.712 
3.563 
1.904 
2.533 
5.888 

8.897 6.235 
6.679 5.604 
8.374 5.521 
7.126 5.709 
8.118 5.086 
7.587 4.642 
6.767 6.014 
9.986 4.326 
8.387 5.512 
6.014 6.014 
7.648 7.066 

12.562 5.582 
6.241 4.489 

14.334 6.819 
7.792 7.185 
7.642 5.627 

32.562 3.877 
28.194 4.519 
39.310 6.292 

10.245 4.903 

14.485 5.083 
15.490 5.933 
14.358 5.413 
13.160 5.338 
15.877 6.611 
15.147 5.312 
17.709 5.908 
12.932 4.389 
11.283 4.690 
18.954 5.407 
11.314 5.539 
11.060 4.785 
13.304 4.681 

100-year 
(m) 

9.29 

14.13 
13.83 
12.91 

12.4 
17.29 

9.97 
8.32 
8.05 
7.84 

10.98 
11.64 
12.57 
11.56 
7.77 
7.79 
7.11 
7.22 
7.34 

11.24 
9.13 
7.47 
6.94 
8.66 
7.98 

10.08 
7.46 
6.77 

10.11 
7.95 
8.29 
9.35 
9.63 
8.76 

7.15 

7.31 
7.96 
9.76 
8.74 
9.45 
7.42 
7.58 
8.27 
7.68 
7.12 
8.06 
7.12 
7.81 
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500-year 
(m) 

10.62 

14.28 
14.01 
13.46 
12.68 
17.49 

10.04 
8.91 
9.23 
9. 18 

11.53 
12.64 
13.09 
12.24 
8.02 

Description 
dune-backed cliff 

plunging cliff 
plunging cliff 
boulder beach backed by bluffs 
plunging cliff 
plunging cliff 

sandy beach backed by riprap and high cliffs 
sand beach backed by riprap 
sand beach backed by riprap 
sand beach backed by riprap 
sand beach backed by riprap 
sand beach backed by riprap 
sand beach backed by riprap 
sand beach backed by riprap 
dune-backed 

8.27 dune-backed 
7.51 dune-backed 
7.60 dune-backed 
7.62 dune-backed 

12.59 sand beach backed by riprap 
9.41 sand beach backed by riprap 
7.73 dune-backed 
7.25 dune-backed 
9.25 dune-bdcked 
8.48 dune-backed 

10.68 dune-backed 
7.84 dune-backed 
7.07 dune-backed 

10.95 dune-backed 
8.16 dune-backed 
8.77 dune-backed 

10.11 sandy beach backed by high cliffs 
10.07 sandy beach backed by high cliffs 
9.08 sandy beach backed by dunes and high cliffs 

7.49 dune-backed 

7.66 dune-backed 
8.37 dune-backed 

10.32 dune-backed 
9.28 dune-backed 

10.03 dune-backed 
7.84 dune-backed 
8.01 dune-backed 
8.51 sand beach backed by riprap? 
8.12 sand beach backed by rip rap? 
7 .SO dune-backed 
8.66 sand beach backed by riprap? 
7.55 sand beach backed by riprap? 
8.67 sand beach backed by riprap and high bluffs 
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DFIRM DHIGH DLow 100-year 500-year 
Reach Transect Transect (m) (m) (m) (m) Description 

Sand Lake/ TILL43 49 23.369 5.582 7.30 7.67 sandy beach backed by high cliffs 
Tierra Del TILL44 50 16.741 6.162 8.57 9.02 sandy beach backed by high cliffs 
Mar 

TILL45 51 6.868 4.232 10.93 12.05 sandy beach backed by cobbles- grades into 
bluff 

TILL46 52 18.071 4.865 10.43 11.18 sandy beach backed by high cliffs 
TILL47 53 18.396 4.063 9.01 10.64 sand beach backed by riprap 
TILL 48 54 7.412 6.555 7.36 7.71 dune-backed 
TILL49 55 8.240 6.197 7.19 7.58 dune-backed 
TILL 50 56 6.931 5.891 7.13 7.46 dune-backed 
TILL 51 57 6.317 4.554 9.83 11.96 sand beach backed by riprap 
TILL 52 58 7.721 4.543 10.03 11.37 sand beach backed by riprap 
TILL 53 59 8.141 5.026 7.59 7.96 sand beach backed by riprap 
TILL 54 60 7.462 5.055 8.03 8.52 sand beach backed by rip rap 
TILL 55 61 8.094 5.159 7.33 7.85 dune-backed 
TILL 56 62 8.357 4.652 7.29 7.68 sand beach backed by riprap 
TILL 57 63 11.383 4.823 7.00 7.36 sand beach backed by riprap 
TILL 58 64 10.224 6.180 7.11 7.51 dune-backed 
TILL 59 65 12.153 5.720 7.51 7.80 dune-backed 
TILL 60 66 9.595 5.355 7.22 7.63 dune-backed 

TILL 61 67 9.370 6.193 7.37 7.73 dune-backed 
TILL 62 68 6.573 6.260 7.64 8.09 dune-backed 
TILL 63 69 3.380 3.324 5.79 6.04 dune-backed 
TILL 64 70 18.524 6.915 10.87 11.59 dune-backed 
TILL 65 71 18.296 5.556 7.86 8.40 dune-backed 
TILL 66 72 15.211 5.340 7.66 8.14 dune-backed 
TILL 67 73 19.042 8.385 8.70 9.33 sandy beach backed by high cliffs 
TILL 68 74 24.720 6.441 7.08 7.40 sandy beach backed by high cliffs 
TILL 69 75 29.519 5.960 7.65 8.12 sandy beach backed by high cliffs 

TILL 70 76 30.293 4.588 9.71 10.22 sandy beach backed by high cliffs 
TILL 71 77 37.153 4.979 10.25 10.89 sandy beach backed by high cliffs 
TILL 72 78 30.575 4.844 7.30 7.95 sandy beach backed by high cliffs 

TILL 73 79 28.571 6.625 7.57 8.13 sandy beach backed by high cliffs 
TILL 74 80 20.692 5.762 6.82 7.17 sandy beach backed by high cliffs 
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DFIRM DHIGH DLOw 100-year 500-year 
Reach Transect Transect (m) (m) (m) (m) Description 

Netarts Spit/ TILL 75 81 6.775 2.430 9.63 9.99 sandy beach backed by low/high cliffs 
Oceanside TILL 76 82 7.600 2.937 10.40 11.58 sandy beach backed by cobbles/boulders 

and low cliff 
TILL 77 83 8.447 3.235 10.38 11.11 sandy beach backed by dynamic 

revetment/artificial dune 
TILL 78 84 7.298 3.706 10.06 10.97 sandy beach backed by dynamic 

revetment/artificial dune 
TILL 79 85 10.798 3.976 9.84 11.42 dune-backed (+cobbles) 
TILL 80 86 9.131 5.381 9.15 9.59 dune-backed (+cobbles) 
TILL 81 87 7.159 4.661 8.58 9.13 dune-backed (+cobbles) 
TILL 82 88 11.562 5.040 7.87 8.34 dune-backed 
TILL 83 89 12.413 5.492 7.55 7.86 dune-backed 
TILL 84 90 7.322 6.012 7.34 7.77 dune-backed 
TILL 85 91 11.621 5.370 7.43 7.88 dune-backed 
TILL 86 92 11.763 6.361 7.40 7.83 dune-backed 
TILL 87 93 19.722 4.114 7.36 7.85 dune-backed 
TILL 88 94 6.567 5.720 8.17 8.84 dune-backed 
TILL 89 95 10.543 5.754 7.58 8.04 dune-backed 
TILL 90 96 12.156 4.768 7.33 7.63 dune-backed 
TILL 91 97 9.610 6.516 7.76 8.26 dune-backed 

TILL 92 98 8.324 6.360 7.70 8.20 dune-backed 
TILL 93 99 4.971 4.855 8.52 9.12 Cobble beach backed by low wa ll (estuary 

mouth) 
TILL 94 100 14.619 5.554 8.89 9.79 sandy beach backed by high cliffs 
TILL 95 101 29.639 4.999 7.30 8.08 sandy beach backed by high cliffs 
TILL96 102 39.082 4.536 8.29 9.13 sandy beach backed by high cliffs 
TILL97 103 55.206 4.631 8.30 8.80 sandy beach backed by dune and high cliffs 
TILL 98 104 60.658 5.832 8.71 9.15 sandy beach backed by dune and high cliffs 
TILL 99 105 33.925 4.907 7.21 7.56 sandy beach backed by high cliffs 
TILL 100 106 36.465 4.585 7.08 7.44 sandy beach backed by high cliffs 
TILL 101 107 13.733 5.191 7.05 7.36 sandy beach backed by poor riprap and low 

cliffs 
TILL 102 108 18.353 5.953 7.57 8.01 sandy beach backed by moderately high 

cliffs 
TILL 103 109 8.241 4.068 9.77 10.24 sandy beach backed by moderat ely high 

cliffs 

Short Sand TILL 104 110 33.582 3.026 11.00 11.60 sandy beach backed by gravels and high cliffs 
Beach 

TILL 105 111 26.461 3.932 11.99 12.89 sandy beach backed by gravels and high cliffs 
TILL 106 112 47.152 5.674 14.39 18.27 sandy beach backed by gravels and high cliffs 
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Reach 

Bayocean Spit 

Rockaway 

Transect 

TILL 107 

TILL 108 

TILL 109 
TILL 110 
TILL 111 
TILL 112 
TILL 113 
TILL 114 
TILL 115 
TILL 116 
TILL 117 
TILL 118 
TILL 119 
TILL 120 
TILL 121 
TILL 122 
TILL 123 
TILL 124 
TILL 125 
TILL 126 
TILL 127 
TILL 128 
TILL 129 
TILL 130 
TILL 131 
TILL 132 
TILL 133 
TILL 134 
TILL 135 
TILL 136 
TILL 137 
TILL 138 
TILL 139 
TILL 140 
TILL 141 
TILL 142 
TILL 143 
TILL 144 
TILL 145 
TILL 146 
TILL 147 
TILL 148 
TILL 149 
TILL 150 
TILL 151 
TILL 152 
TILL 153 
TILL 154 
TILL 155 
TILL 156 
TILL 157 

DFIRM 
Transect 

113 

114 

115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 

DHIGH 

(m) 

8.705 

7.740 

6.340 
6.081 
6.863 
9.667 

DLOw 
(m) 

3.527 

2.981 

3.000 
2.495 
3.330 
6.824 

11.095 6.670 
9.781 6.804 
8.970 4.932 

10.490 5.889 
10.053 6.537 
5.932 5.932 
6.332 4.905 
6.720 
6.749 
6.518 
7.242 
6.905 
5.489 
5.858 
7.148 
7.976 
7.237 
7.344 
7.032 
5.486 
7.133 

10.147 
8.387 
7.062 
6.827 
6.359 
8.670 
8.923 
7.643 
8.305 
8.196 
8.305 
8.092 
8.176 
7.927 
8.101 
8.029 
8.315 
6.974 
8.688 
8.773 
8.966 
8.448 
8.409 
6.833 

5.370 
5.178 
5.388 
3.130 
5.820 
5.489 
4.586 
5.709 
5.327 
5.136 
5.839 
4.682 
3.770 
5.593 
5.680 
7.085 
5.920 
4.000 
3.045 
5.263 
3.759 
3.759 
3.759 
4.068 
3.312 
4.309 
4.029 
7.160 
5.982 
5.997 
6.325 
4.176 
6.358 
4.786 
6.457 
6.267 
6.061 
5.548 

100-year 
(m) 

11.43 

10.15 

10.39 
10.44 
10.84 
7.34 
7.50 
7.12 
7.22 
6.74 
7.36 
7.52 
6.93 
7.23 
7.79 
7.29 
8.32 
7.13 
6.94 
6.06 
6.79 
7.05 
7.07 
7.30 
7.10 
7.34 
7.26 
7.25 
7.60 
6.85 
7.44 
7.82 
6.93 
9.71 

10.71 
10.34 
9.55 

10.35 
8.80 
8.93 
7.73 
7.80 
7.44 
7.08 
6.17 
8.24 
6.71 
7.74 
7.21 
6.98 
6.39 
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500-year 
(m) 

12.49 

10.57 

Description 

sandy beach backed by cobble/boulder and 
low cliffs 
sandy beach backed by cobble/boulder and 
low cliffs 

10.83 
10.69 
11.71 
7.76 

sandy beach backed by cobble/boulder berm 
sandy beach backed by cobble/boulder berm 
sandy beach backed by cobble/boulder berm 
dune-backed 

7.99 dune-backed 
7.50 dune-backed 
7.59 dune-backed 
6.97 dune-backed 
7.89 dune-backed 
7.99 dune-backed 
7.19 dune-backed 
7.60 dune-backed 
8.18 dune-backed 
7.74 dune-backed 
8.52 sand beach backed by riprap 
7.44 dune-backed 
7.20 dune-backed 
6.28 dune-backed 
7.07 dune-backed 
7.42 dune-backed 
7.63 du ne-backed 
7.78 dune-backed 
7.60 dune-backed 
7.81 sand beach backed by riprap 
7.70 dune-backed 
7.61 dune-backed 
7.89 dune-backed 
7.20 sand beach backed by low bluff 
8.20 sand beach backed by riprap 
8.27 sand beach backed by r'prap 
7.25 dune-backed 

10.57 sand beach backed by riprap 
13.99 sand beach backed by riprap 
11.71 sand beach backed by riprap 
10.34 sand beach backed by riprap 
10.88 sand beach backed by riprap 
9.77 sand beach backed by riprap 
9.79 sand beach backed by riprap 
8.15 dune-backed 
8.27 dune-backed 
7.88 dune-backed 
7.37 dune-backed 
6.41 sand beach backed by riprap 
8.76 dune-backed 
7.03 dune-backed 
8.35 dune-backed 
7.69 dune-backed 
7.39 dune-backed 
6.67 dune-backed 
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DFIRM DHIGH DLOw 100-year 500-year 
Reach Transect Transect (m) (m) (m) (m) Description 

Nehalem TILL 158 164 7.752 6.112 7.62 8.13 dune-backed 
Spit/ 
M anzanita TILL 159 165 12.218 6.616 7.83 8.33 dune-backed 

TILL 160 166 8.676 6.254 8.62 9.40 dune-backed 
TILL 161 167 7.828 5.901 8.13 8.73 dune-backed 
TILL 162 168 15.433 5.338 7.01 7.36 dune-backed 
TILL 163 169 13.023 5.823 6.89 7.17 dune-backed 
TILL 164 170 14.069 5.912 7.66 8.19 dune-backed 
TILL 165 170 15.750 5.514 7.57 8.05 dune-backed 

TILL 166 172 12.088 4.356 6.89 7.27 dune-backed 
TILL 167 173 12.772 5.616 7.05 7.49 dune-backed 
TILL168 174 13.313 6.617 6.94 7.33 dune-backed 
TILL 169 175 10.635 7.807 8.93 9.58 dune-backed 
TILL 170 176 9.226 4.313 6.35 6.67 sand beach backed by riprap 
TILL 171 177 8.847 5.064 6.48 6.81 dune-backed 
TILL 172 178 9.502 6.107 6.51 6.78 dune-backed with road 
TILL 173 179 11.496 5.245 6.61 6.94 dune-backed with road 
TILL 174 180 9.609 5.516 6.54 6.86 dune-backed with road 
TILL 175 181 11.367 4.730 6.65 7.04 dune-backed 
TILL 176 182 9.012 5.504 7.81 8.51 sand beach backed by extensive cobble 

berm 
TILL 177 183 6.996 5.077 7.60 8.03 sand beach backed by extensive cobble 

berm and bluff 
TILL 178 184 7.921 7.894 14.26 15.29 sand beach backed by extensive cobble 

berm and bluff 
Falcon Cove CP 1 185 15.935 7.027 9.93 10.33 sand, cobble berm backed by high bluff 

Notes: 

100-year and 500-year total water level (TWL) va lues relative to NAVD88 vertical datum. 

DHIGH is the crest of the dune, bluff, or barrier determined for the eroded profile. Red text denotes that the crest is overtopped. 
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6.4 Overtopping Calculations 

Overtopping of natural features such as foredunes, 
spits, and coastal engineering structures and barriers 
occurs when the wave runup superimposed on the 
tide exceeds the crest of the foredune or structure 
(Figure 6-7). Hazards associated w ith wave overtop­
ping can be linked to a number of simple direct flow 
parameters including (Pullen and others, 2007): 

• mean overtopping discharge, q; 
• overtopping velocities over the crest and farther 

landward, V; 
• landward extent of green water and splash over­

toppingyc, outer; and 
• overtopping flow depth, h at a distance y land­

ward of the foredune crest or "barrier." 

Potenhal runup 

z 
Crest veloc1ty. V, 

Reference water level 
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NHC (2005) notes that there are three physical 
types of wave overtopping: 

1. Green water or bore overtopping occurs when 
waves break onto or over the foredune or barri­
er and the overtopping volume is relatively con­
tinuous; 

2. Splash overtopping occurs when the waves 
break seaward of the foredune or barrier, or 
where the foredune or barrier is high relative to 
the wave height and overtopping consists of a 
stream of droplets. Splash overtopping can be a 
function of its momentum due to the runup 
swashing up the barrier and/or may be en­
hanced due to onshore direct winds; and, 

3. Spray overtopping is generated by the effects of 
wind blowing droplets and spray that are de­
rived from the wave crests. 

. Extended slope 

/ 

Overtopping jet 

--~~,------~~~~------~ y 

Reduction 
factors 

"(1• surface roughness 

1, •. porosity 

'( ,. berm 

Depth. h(y) 
1 hV= 

200 rt3ts' 
\.LA,.._!_~..J;......,j_~~ 

Yc-

Figure 6-7. Nomenclature of overtopping parameters available for mapping base flood elevations 

{BFEs) and flood hazard zones (after NHC, 2005). 
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Mapping these respective flood inundation zones 
requires an estimate of the velocity, V, the overtopping 
discharge, q, of the water that is carried over the crest, 
the inland extent of green water and splash overtop­
ping, and the envelope of the water surface that is 
defined by the water depth, h, landward of the barrier 
crest. According to NHC (2005) these hazard zones are 
ultimately defined from following two derivations: 

• Base flood elevations (BFEs) are determined 
based on the water surface envelope landward of 
the barrier crest; and 

• Hazard zones are determined based on the land­
ward extent of green water and splash overtop­
ping, and on the depth and flow velocity in any 
sheet flow areas beyond that, defined as h V2 = 5. 7 
m3jsZ or 200 ft3jsz. 

A distinction can be made between whether green 
water (or bore) or splash overtopping predominates 
at a particular location that is dependent on the ratio 
of the calculated wave runup height relative to the 
barrier crest elevation, R/Zc. When 1 < R/Zc < 2, splash 
overtopping dominates; when R/Zc > 2, bore propaga­
tion occurs. In both cases, R and Zc are relative to the 
2% dynamic water level (OWLz•io) at the barrier 
(Figure 0.4.5-12 in NHC [2005, p. 0.4.5-22]). 

6.4.1 Mean overtopping rate at the "barrier" 
crest 
Wave overtopping of dunes and barrier is a function of 
both hydraulic and barrier structure parameters 
whereby: 

(6.14) 

where q is the overtopping discharge (expressed as 
cubic meters per second per meter, m3 jsjm [ft3 jsjft]), 
Hmo is the significant wave height at the toe of the 
structure, Tp is the peak period, {3 is the angle of wave 
attack, Fe is the freeboard, and DWLz% is 2% dynamic 
water level at the toe of the structure (Figure 6-7). 

Prior to calculating the mean overtopping rate at 
the barrier crest it is necessary to distinguish between 
four contrasting types of wave breaking situations 
that may impact a particular barrier or dune overtop­
ping situation. There four conditions include non­
breaking or breaking on a normally sloped barrier 
(where 0.067 < tan a< 0.67), and reflecting or impact-
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ing on steeply sloping or vertical barriers (where tan a 
~ 0.67). Of these, the breaking wave situation is the 
dominant condition in Tillamook County, where the 
waves have already broken across the surf zone and 
are reforming as bores prior to swash ing up the beach 
face or barrier. 

For beaches and normally sloping barriers (where 
0.067 < tan a < 0.67), a distinction can be made 
between situations where waves break directly on the 
barrier versus those conditions where the waves have 
not yet broken. These conditions can be determined 
using the surf similarity parameter (Iribarren num­
ber) defined here in terms of the beach or structure 
slope (tan a), and the wave steepness (Sop= Hmo/Lo): 

( _ tana _ tana 

op - JHmo - fS;p 
Lo 

(6.15) 

Breaking on normally sloping surfaces generally 

occurs where the surf similarity number, ~op s; 1.8, 
while non-breaking conditions occur when ~op > 1.8. As 
noted above, for the Tillamook County coastline the 
identified Iribarren numbers almost always fell below 
the 1.8 criteria, indicating that the incident waves are 
always broken prior to reaching the beach or the 
barrier face. 

At the beach or barrier crest, the relative freeboard 

(Fc/Hmo), Figure 6-7, is a particularly important 
because changing these two parameters controls the 
volume of water that flows over the barrier crest. For 
example, increasing the wave height or period in­
creases the overtopping discharge, as does reducing 
the beach or barrier crest height or raising the water 
level. 

A variety of prediction methods are available for 
calculating the overtopping discharge and are almost 
entirely based on laboratory experiments using a 
range of structure slopes (slopes between 1:1 and 1:8, 
with occasional tests at slopes around 1:15 or lower). 
Factors that will serve to reduce the potential over­

topping discharge include the barrier surface rough­
ness (yJ), the presence of a berm (yb), wave approach 
directions (yp), and the porosity of the barrier (yp) 

(Figure 6-7). In terms of porosity, increasing this 
variable effectively reduces the wave runup and 
overtopping discharge because more of the water is 
able to be taken up by the voids between the clasts 
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and particles. As noted in NHC (2005), the effect of the 
porosity factor makes it convenient to distinguish 
between impermeable and permeable structures. 
Methods for determining the various reduction factors 
a re described in Table 0.4.5-3 in NHC (2005, p. 0.4.5-
13), with one difference whereby the approach 
recommended for determining the wave approach (yp) 
reduction factor for wave overtopping calculations is 
based on the following equation: 

_ {1- o.o033I,81, co~ IPI ~ 80°)} 
Yp - 1- 0.00331801, CIP I ;::: 80°) 

(6.16) 

Table 0.4.5-3 in NHC (2005, p. 0.4.5-13) identifies 
four general categories of overtopping applications: 
overtopping on a normally sloping barrier (e.g., riprap 
structure), steep sloping or vertical barrie r (e.g., 
seawall or bluff where some waves broken); steep 
sloping or vertical barrier (all waves broken); and 
shallow foreshore slopes subject to large Iribarren 
numbers. 

For a normally sloping barrier, where 0.05 < Lan a 
< 0.67 and the Iribarren number (~op) ::; 1.8 (breaking 
wave condition), the following formulation can be 
used to determine the mean overtopping discharge 
(both dimensional [q] and non-dimensional [Q] forms) 
at the barrier crest: 

q = Q gHmo tan a where: 
Sop 

(6.17) 

Q = 0.06e-4·7F', and 

F' = ..!E._ !Sa; 1 
Hmo tana YtYbY(JYp 

For non-breaking conditions (Iribarren number (~op) > 
1.8): 

q = Q) gH(110 where: 

Q = 0.2e-2·3F', and 

F' = ..!E..__l_ 
Hmo Y[Y(J 

(6.18) 
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For steep sloping or vertical barrier, where tan a > 
0.67 and h.;::: 0.3 (reflecting conditions where 

h (2rrh) 
h. = Hmo gT.Ji 

and h is the water depth at the structure toe), the 
following formulation can be used: 

q = QjgH~0 where: 

(6.19) 

Q = 0.05e-2.78Fc/Hmo 

For impacting conditions (h.< 0.3): 

q = Q) gh3 h"! where: (6.20) 

Q = 1.37 * 10-4 (F')-3·24 , and 

F' =..!E._ h. 
Hmo 

For steep sloping or vertical barrier (all waves are 
broken) where the structure toe < DWLz% water level 
and where (F,fHmo)*h• ::; 0.03: 

q = Q) gh3 h~ where: (6.21) 

For steep sloping or vertical barrier (all waves are 
broken) where the structure toe> DWLz% water level: 

q = Q.[iii3 h"! where: (6.22) 
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We have implemented two additional overtopping 
calculations following discussions with Dr. W. G. 
McDougal, which may be applied to beaches subj ect to 
gently sloping (tan f3 < 0.4 ) , dissipative foreshores: 

(6.23) 

F. 
F' = c 

YrYpHm0 (0.33 + 0.022~0p) 

and cases where there is negative freeboard. The 
latter occurs when the dynamic water level (DWL2%) 
is higher than the barrier crest, which produces a 
negative freeboard (i.e., -Fe). In this situation we apply 
the well-known weir type formula to define the 
vol ume of water that is overflowing the crest (Eu­
rotop, 2007). The formulation used is: 

q = Q5 + qw where: (6.24) 

Q5 = 0.4583(-Fc).J-Fcg, 

Qw = 0.21.,) gH'!a, and 
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6.4.2 Overtopping limits and flood hazard zones 
landward of the "barrier" crest 
Estimates of the landward limit of the splashdown 
dis tance associated with wave overtopping and the 
landward limit of the hazard zone require several 
calculation steps. These include: 

1. The following three ini tial parameters are first 
calculated: 
a. excess potential runup: LlR = R-Ze; 
b. crest flow rate, Vecos a (where Vc = 

l .l .J gb.R for cases where splash overtop­
ping, and Vc = 1.8.J gb.R for bore overtop­
ping); and 

c. initial flow depth, he (where he= 0.38b.R). 

2. The associated onshore wind component, Wy, is 
determined from available wind data. For the 

purposes of this study, we used Wy = 19.6 mjs 
(64.3 ft/s), which was determined from an anal­
ysis of winds (mean from a select number of 
storms) measured at the Cape Arago C-MAN sta­
tion operated by the NDBC. In the absence of 
wind data, NHC (2005) recommends a wind 
speed of 13.4 mjs ( 44 ftjs). 

3. The enhanced onshore water velocity compo­
nent (Ve cos a)' is then calculated using equation 
6.25: 

For vertical bluffs and seawalls; 

(Vc cos a)' = 0.3 * Wy 

All other cases: (Vc cos a)' = 
Vc cos a+ 0.3(Wy - Vc cos a) 

(6.25) 

4. The effective angle, acrr, is calculated from: 

Vcsina 
tanaeff = ( )' . VcCOSa 
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5. Having determined the above parameters, the 
outer limit of the splash region, yc outer is calcu­
lated using equation 6.26. Here we have used an 
algorithm developed by Dr. W. G. McDougal 
(Coastal Engineer, OSU and Technical Coordina­
tor of the North Pacific FEMA West Coast Guide­

lines) of the form: 
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(Vc cos a)' . 
Yc outer = * Vc sm a- mBackshore * (Vc cos a)' * 

g 
(6.26) 

1 
+ 

1 
_ _____ 2....::g:__*_b_B_a_ck_s_h_o_r_e ___ _ 

(Vc sin a- mBackshore * (Vc cos a)' 2
) 

and 

Zc = bBackshore + (mBackshore * Yc outer) 

where bBackshore is the intercept for the back­
shore slope adjacent to the barrier crest and 
mBackshore is the slope of the backshore. equa­
tion 6.26 is ultimately based on Figure D.4.5-15 
in NHC (2005, p. D.4.5-30) . 

6. The total energy, E, of the splashdown is calcu­
lated from E = LlR-Zc. 

7. Finally, the initial splashdown velocity, Vo 
(where V0 = 1.1/iE), and depth, ho (where ho = 
0.19£) are calculated. In the case of green water 
or bore overtopping, the splashdown velocity, 
Vo, can be calculated from V0 = 1.1.J gi1R, while 
the flow depth is determined as ho = 0.38£. 

Having determined the initial splashdown velocity, 

Vo. and flow depth, ho, the landward extent of the 
overland flow is calculated using an approach modi­
fied from that originally proposed by Cox and 
Machemehl (1986). The versio n presented by NHC 
(2005) effectively calculates the flow depth, h, with 
distance, y, from the barrier crest, such that the flow 
depth decays asymptotically as y-distance increases 

(6.27) 

away from the barrier crest, eventually approaching 
zero. The NHC (2005) equation is shown as equation 
6.28: 

h(y) = [Fa- S(y- Yo)]z 
A.j gT2 

(6.28) 

where ho is determined from step 7 above and for an 
initial approximation the nondimensional A parameter 
may be taken as unity. For sloping backshores, the A 
parameter in equation 6.28 can be modified such that 
Am = A(1- 2 * tan aLw ), and the value in parentheses 
is limited to the range 0.5 to 2. According to NHC 
(2005) if the maximum distance of splash or bore 
propagation calculated using equation 6.28 does not 
appear reasonable or match field observations, the A 
parameter can be adjusted in order to increase or 
decrease the landward wave propagation distance. In 
addition, for green water or bore propagation the A 
parameter value is taken initially to be 1.8. 
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For the purposes of this study we have adopted a 

modified version of equation 6.28 developed by Dr. W. 

G. McDougal of the form: 

h(y) 

= lh liz - Y - Yo ]2 
0 

Za(a + 1)~ (1- 2m) g0·5T 
(6.29) 

where m is the slope of the backshore and a is a 
constant that can be varied in order to increase or 
decrease the landward wave propagation distance. 

Finally, the landward limit of the hazard zone de­
fined as hV2 = 5.7 m3fs2 (or 200 ft3fs2) is determined, 

whereby h is the water depth given by the modified 
Cox and Machemehl (1986) method (equation 6.29) 

and V = Vo calculated from step 7 above. 

6.4.3 Initial testing of the landward limit of wave 
overtopping 
Our initial computations of the landward extent of 
wave overtopping using the steps outlined above 
yielded narrow hazard zones for our original coastal 
FIRM study in Coos County. To calibrate equation 6.29, 
we performed wave overtopping calculations and 
inundation for a site on the northern Oregon coast 
where there are field observations of wave overtop­
ping: Cape Lookout State Park in Tillamook County 
(Allan and others, 2006; Allan and Komar, 2002a; 
Komar and others, 2003) . The southern portion of 
Cape Lookout State Park is characterized by a wide, 
gently sloping, dissipative sand beach, backed by a 
moderately steep gravel berm and ultimately by a low 
foredune that has undergone significant erosion since 

the early 1980s (Komar and others, 2000) . 
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On March 2-3, 1999, the crest of the cobble 

berm/dune at Cape Lookout State Park was over­
topped during a major storm; the significant wave 
heights reached 14.1 m (46.3 ft), while the peak 
periods were 14.3 s measured by a deepwater NDBC 
wave buoy (Allan and Komar, 2002b) . Wave overtop­
ping of the dune and flood ing extended -70 m (230 ft) 
into the park (Dr. P. Komar, Emeritus Professor, 
College of Oceanic and Atmospheric Sciences, pers. 

comm., 2010), evidence for which included photos and 
field evidence including pockmarks at the bases of 
tree trunks located in the park. These pockmarks were 
caused by cobbles having been carried into the park 
from the beach by the overtopping waves, where the 
cobbles eventually slammed into the bases of the trees 
as ballistics. Because the average beach slopes at Cape 
Lookout State Park are analogous to those observed 
elsewhere along the Tillamook County coastline and 
because large wave events associated with extratropi­
cal storms affect significant stretches (100s to 1000 
kilometers) of the coast at any single point in time, we 
believe these data provide a reasonable means in 
which to investigate a range of alpha (a) values that 
may be used to determine the landward extent of 

wave inundation in the park. 
Using beach morphology data (slope (tan {3) = 

0.089, barrier crest= 5.5 m [18ft]) from Cape Lookout 
State Park and deepwater wave statistics from a 
nearby NDBC wave buoy (#46050), we experimented 
with a range of alpha values in order to replicate the 
landward extent of the inundation. As can be seen in 
Figure 6-8, in order to emulate the landward extent of 
flooding observed at Cape Lookout our analyses 
yielded an alpha of 0.58. Using alpha= 0.58, we in turn 
calculated the extent of the hazard zone where h(y) = 
200 ft3fs2, which was found to be -34 m from the 
crest of the cobble berm/dune, consistent with 

damage to park facilit ies. 
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Figure 6-8. Calculations of bore height decay from wave overtopping at Cape Lookout State Park 
at the peak of the March 2-3, 1999, storm based on a range of alpha (a) values {shown in small box). 

6.4.4 Wave overtopping and hazard zone limits 
calculated for Tillamook County 
Table 6-3 presents the results of the calculated 
splashdown distances (yc outer) and the landward 
extent of the flow (hJ12) where the flows approach 5.7 
m3 js2 (or 200 ft3 js2) . Table 6-3 includes a more 
conservative splashdown distance, based on an 

enhanced wind velocity of 19.6 m/s (64.3 ft/s); this 
contrasts with the default wind speed of 13.4 m/s ( 44 

ft/s) suggested by NHC (2005). This enhanced wind 
velocity was determined from an analysis of wind 
speeds measured by the Cape Arago C-MAN 
(http: //www.ndbc.noaa.goy/station page.php ?• 
station-CAR03) station located adjacent to the mouth 
of Coos Bay (Allan and others 2012b). Essentially, 
Allan and others examined the wind speeds identified 
at Cape Arago for a range of storm events and identi­
fied a wide range of values, with a maximum mean 
wind speed of 19.6 m/s (64.3 ft/s). Because the 
measured wind speeds reflect a 2-min average such 
that higher wind speeds have been measured 

throughout the entire record (e.g., the maximum 2-
minute average wind speed is 29.3 m/s [96 ft/s], 
while the maximum 5-s wind gust reached 38.1 mjs 
[125.0 ft/s]), we believe it is justified to use the more 
conservative enhanced wind velocity of 19.6 m/s 
(64.3 ft/s). Furthermore, comparisons by Allan and 
others (2012b) indicated that the relative difference 
between the value suggested by NHC (2005) and the 
enhanced wind used here differs by about 30%. As can 
be seen from the Table 6-3, the calculated splash­

down distances (yc outer) indicate splash distances that 
range from as little as 0.9 m (3ft) to a maximum of 5.9 
m (19.4 ft); the mean splash distance is 2.9 m (9.6 ft), 
while the standard deviation is 1.6 m (5.2 ft). Thus, 
adopting the reduced wind velocity would cause the 
zones to narrow by -1.8 m for the highest splash 
distance and 0.3 m for the smalles t. Overall, these 
differences are negligible given the tremendous 
uncertainties in calculating splash and overtopping 
(NHC, 2005). 
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Table 6-3. Splashdown and hazard zone limits calcu lated for Tillamook County det ailed coastal 

sites. Values reported in the t able ref lect the maximum values derived from all the storm runup and 

overtopping calcu lations. Note: Dist_3, Dist_2, and Dist_1 reflect the landward extent at which the 

calcu lated bore height decreases from 0.9 m (3ft), to 0.6 m (2ft) and, finally, to 0.3 m (1ft). In all 
cases, t he haza rd zones are ultimately defined relative to t he location of the dune/structure crest. 

h > 
DFIRM Splashdown Bore Ht Dist_3 Dist_2 Dist_1 5.7m

3
/s

2 

Profiles Transect Transect Y Gouter (m) (m) (~0.91 m) {>0.61 <0.91 m) (S:0.31 m) (m) 
Salmon River LINC 308 1 1.4 0.57 2.66 36.24 

Neskowin TILL4 10 4.64 0.48 19.79 36.33 
TILLS 11 6.54 0.50 21.97 39.86 
TILL6 12 2.30 0.53 17.37 31.08 
TILL 7 13 7.69 0.82 14.24 39.89 64.60 
TILLS 14 4.29 0.54 24.21 43.10 
TILL9 15 1.29 0.15 
TILL 11 17 0.33 0.04 
TILL 13 19 1.15 0.05 
TILL 14 20 2.73 0.55 26.58 47.15 
TILL 15 21 5.62 0.51 22.03 39.86 
TILL 16 22 1.59 0.16 
TILL 18 24 3.74 0.29 
TILL 19 25 2.55 0.42 14.05 26.84 
TILL 20 26 1.77 0.45 17.56 32.79 
TILL 22 28 1.30 0.11 
TILL 24 30 0.77 0.04 
TILL 25 31 0.69 0.08 

Sand Lake TILL 45 51 1.00 0.68 7.52 47.53 80.16 
TILL SO 56 2.33 0.13 
TILL 51 57 5.49 0.76 10.30 36.60 60.29 
TILL 52 58 4.71 0.51 18.23 32.88 
TILL 54 60 2.03 0.16 
TILL 62 68 0.37 0.19 
TILL 63 69 0.19 0.44 15.82 29.75 

Netarts TILL 75 81 2.24 0.52 30.63 54.94 
TILL 76 82 5 0.6 39.42 68.39 
TILL 77 83 10.79 1.33 27.1 51.41 83.07 123.33 
TILL 78 84 11.97 1.57 43.8 69.78 103.84 150.1 
TILL 80 86 
TILL 81 87 1.1 0.24 
TILL 88 94 4.53 0.48 20.98 38.47 
TILL 93 99 1.27 0.66 4.84 37.22 63.07 
TILL 103 109 3.78 0.37 7.02 14.21 

Bayocean Spit TILL 107 113 2.40 0.46 15.18 28.24 
TILL 108 114 1.51 0.44 14.67 27.56 
TILL 109 115 0.74 0.76 13.67 48.34 79.62 
TILL 110 116 2.21 0.81 18.46 53.68 87.21 
TILL 111 117 6.14 0.94 1.76 27.24 60.44 95.45 
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h > 
DFIRM Splashdown Bore Ht Dist_3 Dist_2 Dist_1 5.7m

3
/s

2 

Profiles Transect Transect YGouter (m) (m) (~0.91 m) {>0.61 <0.91 m) (:!>0.31 m) (m) 

Rockaway TILL 118 124 1.83 0.33 2.95 6.84 

TILL 119 125 1.23 0.12 

TILL 120 126 0.81 0.10 
TILL 121 127 1.72 0.21 

TILL 122 128 0.86 0.15 

TILL 123 129 9.34 1.06 8.87 30.77 59.32 91.65 

TILL 124 130 0.22 0.05 

TILL 125 131 1.99 0.31 0.56 2.10 

TILL 126 132 0.77 0.04 

TILL 131 137 2.03 0.10 
TILL 132 138 0.77 0.34 4.69 10.02 

TILL 137 143 0.58 0.02 

TILL 138 144 1.55 0.27 
TILL 140 146 1.71 0.15 
TILL 141 147 2.84 0.52 24.25 43.49 

TILL 142 148 5.79 0.57 26.12 45.86 

TILL 143 149 6.12 0.49 18.26 33.29 

TILL 144 150 3.93 0.32 1.34 3.48 

TILL 145 151 1.58 0.12 

TILL 146 152 0.92 0.14 
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Hazard zone calculations shown in Table 6-3 indi­
cate a similarly broad range of values that vary from 
negligible (i.e., effectively where the 1 o/o TWL inter­
sects with the backshore, plus the width of the splash 

zo ne where applicable) to as much as 73 m (240 ft) 
wide, with the widest zones having occurred where 
overtopping s ignificantly exceeds the eroded beach 
crest elevations such as at Falcon Cove and at the 
south end of Seaside. Qualitative field observations of 
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past storm wave overtopping events at all sites subject 
to overtopping calculated in this study confirm that 
this is indeed the case. Hence, field-based observa­
tions appear to be consistent with the calibrated 
results ident ified in Table 6-3. Overtopping for 
supplemental transects can be found in Appendix D. 
The depth of flooding at each mapped overtopping 
zone is indicated in Table 6-4. 

Table 6-4. The depth of flooding at the overtopping zones landward of the structure crest. 

DFIRM Dist_3 Dist_2 Dist_1 hl/2 > 

Profiles Transect Transect (<!0.91 m) (>0.61 <0.91 m) (S0.31 m) 5.7m3/s2 (m) Comment 
Neskowin TILL4 10 0.3 0.3 

TILL 5 11 0.3 0.3 
TILL6 12 0.3 0.3 
TILL 7 13 0.61 0.3 0.3 
TILLS 14 0.3 0.3 
TILL 14 20 0.3 0.3 
TILL 15 21 0.3 0.3 
TILL 20 26 0.3 0.3 hV2 zone added to VE 

zone 
Sand Lake TILL45 51 0.61 0.3 0.3 hV2 zone not mapped due 

to tapa barrier 
TILL 51 57 0.61 0.3 0.3 
TILL 52 58 0.3 0.3 

Netarts TILL 75 81 0.3 0.3 overtopping stopped by 
topo barrier 

TILL 76 82 0.3 0.3 
TILL 77 83 0.91 0.61 0.3 0.3 
TILL 78 84 0.91 0.61 0.3 0.3 
TILL 88 94 0.3 0.3 
TILL93 99 0.61 0.3 0.3 hV2 zone cut short by topo 

barrier 
TILL 103 109 0.3 0.3 

Bayocean TILL 107 113 0.3 0.3 
Spit 

TILL 108 114 0.3 0.3 
TILL 109 115 0.61 0.3 0.3 
TILL 110 116 0.61 0.3 0.3 
TILL 111 117 0.91 0.61 0.3 0.3 

Rockaway TILL 118 124 0.3 0.3 narrow overtopping 
added to VE zone 

TILL 123 129 0.91 0.61 0.3 0.3 
TILL 141 147 0.3 0.3 
TILL 142 148 0.3 0.3 
TILL 143 149 0.3 0.3 
TILL 144 150 0.3 0.3 narrow overtopping 

added to VE zone 
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7.0 COASTAL EROSION CAUSED BY INDIVIDUAL STORM EVENTS 

In order to estimate beach (or bluff) erosion and the 
resulting profil e changes that occur during a particu­
lar storm, it is important to first establish the ini tial 
profile conditions that existed prior to that storm. As 
outli ned in Section 3.2, this initial profile morphology 
is represented by the most likely w inter profile 
(MLWP), which fo rms the basis for determining 
profil e changes that could eventuate as a result of a 
particularly severe storm(s). Having established the 
MLWP for a site, the profile is then modified according 
to the amount of erosion estimated to occur during a 
specified storm as a result of the increased water 
levels (tide + surge + ENSO) as well as from wave 
processes, specifically the wave runup. This section 
explores two approaches described in the revised 
FEMA guidelines, which may be used to establish the 
eroded profiles along the Tillamook County coastline. 
The second half of the section describes the specific 
approach adopted for Tillamook County and the 
results from our erosion analyses. 

A) 

~ 
junction (E,) 

E,=----' ..,_ 

' 
\ 

7.1 Models of Foredune Erosion 

7.1.1 The Komar and others {1999} model 

The erosion potential of sandy beaches and foredunes 
along the Pacific Northwest coast of Oregon and 
Washington is a fu nction of the total water level 
produced by the combined effect of the wave runup 
plus the tidal elevation (Er), exceed ing some critical 
elevation of the fronting beach, typically the elevation 
of the beach-dune junction (EJ). This basic concept is 
depicted in Figure 7-lA based on the model devel­
oped by Ruggiero and others (1996), and in the case of 
the erosion of a foredune backing the beach the 
application of a geometric model (Figure 7-18) 
fo rmulated by Komar and others (1999). Clearly, the 
more extreme the total water level elevation, the 
greater the resulting erosion that occurs along both 
dunes and bluffs. 

Foredune Erosion Model 

dune emsm oc:an 
when Er+ R > E, 

Geometric Model of Foredune Erosion 

oe_. (T,., - E,) +681. 

tanll 

'~..: ___ 8., __ _ ~-~ _________ A __ _ e~~~~!'~·.!~ ___ . 
- ~- - - -----~ . ------:-- ---- ~·~ - - _ ~ _ ~ _ t __ ~~?'-•'!~~·_E, _ _ __ . 

B) 
-. 

Figure 7-1. A) The foredune erosion model. B) The geometric model used t o assess t he maximum 
potential beach erosion in response to an extreme storm (Komar and others, 1999). 
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As can be seen from Figure 7-18, estimating the 
maximum potential dune erosion (DEmax) is dependent 
on first determining the total water level (TWL) 
elevation diagrammed in Figure 7-1A, which includes 
the combined effects of extreme high tides plus storm 
surge plus wave runup, relative to the elevation of the 
beach-dune junction (EJ). Therefore, when the TWL > 

EJ, the fored une retreats landward by some distance, 
until a new beach-dune junction is established, the 

elevation of which approximately equals the extreme 
water level. Because beaches along the high-energy 
Oregon coast are typically wide and have a nearly 
uniform slope (tan {3), the model assumes that this 
slope is maintained, and the dunes are eroded land­
ward until the dune face reaches point 8 in Figure 
7-18. As a result, the model is geometric in that it 
assumes an upward and landward shift of a triangle, 
one s ide of which corresponds to the elevated water 
levels, and then the upward and landward translation 
of that triangle and beach profile to account for the 

total possible retreat of the dune (Komar and others, 
1999). 

An additional feature of the geometric model is its 
ability to accommodate further lowering of the beach 
face due to the presence of a rip current, which has 
been shown to be important to occurrences on the 
Oregon coast of localized "hot spot" erosion and 
property impacts (Komar, 1997). This feature of the 
model is represented by the beach-level change !JBL 
shown in Figure 7-18, which causes the dune to 
retreat some additional distance landward until it 
reaches point C. As can be seen from Figure 7-18, the 
distance from point A to point C depicts the total 
retreat, DEmax, expected during a particularly severe 
storm event (or series of storms) that includes the 
localized effect enhancement by a rip current. Critical 
then in applying the model to evaluate the susceptibil­
ity of coastal properties to erosion, is an evaluation of 
the occurrence of extreme tides (Er), the runup of 
waves, and the joint probabilities of these processes 
along the coast (Ruggiero and others, 2001), this 
having been the focus of Section 6, above. 
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The geometric model gives the maximum potential 
equilibrium cross-shore change in the shoreline 
position landward of the MLWP resulting from a 
storm. However, in reality it is unlikely that this 
extreme degree of response is ever fully realized, 
because of the assumptions that had been made in 
deriving the geometric model with the intent of 
evaluating the maximum potential dune erosion. As 
noted by Komar and others (1999), in the first 
instance the geometric model projects a mean linear 
beach slope. As a result, if the beach is more concave, 
it is probable that the amount of erosion would be 
less, though not by much. Perhaps of greater signifi­
cance is that the geometric model assumes an instan­

taneous erosional response, with the dunes retreating 
landward as a result of direct wave attack However, 
the reality of coastal change is that it is far more 
complex, there in fact being a lag in the erosional 
response behind the forcing processes. As noted by 
Komar and others (1999), the extreme high runup 
elevations typically occur for only a relatively short 
period of time (e.g., the period of time in which the 
high wave runup elevations coincide with high tides). 
Because tide elevation varies with time (e.g., hourly), 
the amount of erosion can be expected to be much less 
when the water levels are lower. Thus, it is probable 
that several storms during a winter may be required 
to fully realize the degree of erosion estimated by the 
geometric model; this did occur, for example, during 
the winter of 1998-99, with the last five storms the 
most extreme and erosive (Allan and Komar, 2002). In 
add ition, as beaches erode, the sediment is removed 
offshore (or farther along the shore) into the surf zone 
where it accumulates in near shore sand bars. This 
process helps to mitigate the incoming wave energy 
by causing the waves to break farther offshore, 
dissipating some of the wave energy and forming the 
wide surf zones that are characteristic of the Oregon 
coast. In turn, this process helps to reduce the rate of 
beach erosion that occurs. In summary, the actual 
amount of beach erosion and dune recession is 
dependent on many factors, the most important of 
which include the incident wave conditions, the TWL, 
and the duration of the storm event(s). 
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7.1.2 The Kriebel and Dean (1993} model 
Kriebel and Dean (1993), hereafter known as K&D, 
developed a dune erosion model that is broadly 
similar to the Komar and others (1999) geometric 
model. At its core is the assumption that the beach is 
in s tatistical equilibrium with respect to the prevailing 
wave climate and mean water levels (Bruun, 1962). As 
water levels increase, the beach profile is shifted 
upward by an amount equal to the change in water 
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level (5} and landward by an amount ROC) until the 
volume of sand eroded from the subaerial beach 
matches the volume deposited offshore in deeper 
water (Figure 7-2); note that DEMAX and ROC) are 
essentially synonymous with each other. 

R W, ~ \V c (h ,. J3,)' 
1--------~--~~~-------

:l--\,\ .. ..... .. . .... ... ........... .. .......... ... !s 
...... h, 

•, 
'· ·· .. ·· .. 

-R +Sip, 

h, 

··· ... 

Figure 7-2. Maximum potential erosion (R_) due to a change in water levels (after Kriebel and 
Dean, 1993). 

One important distinguishing feature in the K&D 

model relative to Bruun (1962) is that it relies on the 
equilibrium beach profile theory proposed by Dean 
(1977) to account for the erosion following an in­
crease in the water level. The Dean model is a simpli­
fied equilibrium form for open-coast beach profiles 
expressed as a power-law curve of the form: 

(
h) 3/2 

h = Ax 213 or equivalently as x = A (7.1) 

where h is the water depth at a distance x offshore 
from the still water level and A is a parameter that 
governs the overall steepness (and slope) of the 
profile and is a function of the beach grain s ize. Thus, 
incorporating the assumed components of Bruun 
(1962) and Dean (1977), the maximum erosion 
potential, Roo, was determined by K&D to be a function 
of the increase in mean water level (5} caused by a 
storm, the breaking wave water depth (hb), surf zone 

width (Wb), berm or dune height (8 or D), and the 
slope Cf3r) of the upper foreshore beach face. The 
breaking wave depth (hb) may be calculated from the 
wave breaker height (equation 6.8) multiplied by 0.78 

(the breaker index). 
As a result of the above concepts, K&D developed 

two approaches for determining the maximum 
erosion potential. These include: 

• A beach backed by a low sand berm 

(7.2) 

• A beach backed by high sand dune 

(7.3) 
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Like the Komar and others (1999) model, the which integrates to: 
Kriebel and Dean (1993) dune erosion model esti-
mates the maximum potential erosion (DEMAX) associ­
ated with a major storm and assumes that a particular 
storm will last sufficiently long enough to fu lly erode 
the dune. In reality, DEMAX is almost never fully 
realized because storms rarely last long enough to 
fully erode the dune to the extent of the model 
predictions. Because the duration of a storm is a major 

factor controlling beach and dune erosion, K&D 
developed an approach to account for the duration 
effects of storms with respect to the response time 

DE(t) { fJ
2 

( t) 
DEMAX = 0.5 1- 1 + f32 exp - Ts 

1 [ (2rrt) 
- 1 + f32 cos Tv 

+ fJ sin cT:t) J} 
(7.7) 

scale required to fully erode a beach profile. The time where fJ = 2nTs/Tv and DEMAX is the maximum paten­
scale for the erosion of a dune to the extent R given by t ial recession that would occur if the storm duration 
equation (7.2) can be estimated using equation 7.4: was infinite. Thus, if the storm duration, Tv, is long 

(7.4) 

where Ts is the time scale of response, C1 is an empiri­
cal constant (320), Hb is the breaker height, hb is the 
breaker depth, g is acceleration due to gravity, B is the 

berm elevation, f3r is the slope of the foreshore, Wb is 
the surf zone width, and A is the beach profile parame­
ter that defines an equilibrium profile. Using equation 
7.4 yields typical response times for complete profile 
erosion that are on the order of 10 to 100 hours (NHC, 
2005). In general, as the surf zone width increases due 
to larger wave heights, smaller grain sizes or gentler 
slopes, the response time increases. In addition, the 
response time will also increase as the height of the 
berm increases. 

The beach profile response is determined by a con­
volution integral. According to NHC (2005), the time 
dependency of the storm hydrograph may be approx­

imated by: 

(7.5) 

relative to the time scale of profile response, Ts, then a 
significant portion of the estimated erosion deter­
mined by the K&D or geometric model will occur. As 
the ratio of these two values decreases, the amount of 
erosion will also decrease. The time required for 
maximum beach and dune recession is determined by 
setting the derivative of equation 7.7 to zero and 
solving for time. This yields: 

( 
tm) (2rrtm) exp -Tv =cos T 

Tv . ( 2rrtm) (7.8) ---sm --
2nTs Ts 

in which t, is the time that the maximum erosion 
occurs with respect to the beginning of the storm. 
Unfortunately, this equation can only be solved by 
approximation or numerically. Thus the maximum 
recession associated with a duration limited storm can 
be calculated by: 

DEm [ ( tm)] a = DE MAX = 0.5 1- cos 2rr Tv (7.9) 

where tis time from the start of the storm and Tv is where a is the duration reduction factor and DE, is 
the storm duration. The convolution integral is: the maximum recession that occurs for a given storm 

duration that occurs at time t,. As a result, the 
t 

DE(t) = DEMAX J f(r:)e-Ct-<)/Ts dr: 
Ts 

0 

(7.6) 

duration limited recession is: 

(7.10) 
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7.1.3 Erosion modeling on Tillamook County 
beaches 

In order to determine the duration reduction fac­
tor, a, the duration of each storm event first has to be 

identified. The approach used here involved an 
analysis of the number of hours a specific TWL event 
was found to exceed a particular beach profile's 
beach-dune junction elevation, applying the Ruggiero 
and others (2001) analysis approach. Figure 7-3 is an 
example of the approach we used, which is based on a 
script developed in MATLAB. In essence, the blue line 
is the TWL time series for a particular profile, ±3 days 
from the event. The script moves backward and 
forward in time from the identified event until the 

Oct-20 Oct-22 
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TWL falls below the critical threshold shown as the 
black line in Figure 7-3, which reflects the beach­
dune junction elevation. The duration of the storm 
was then determined as the period where the TWL 
exceeds the threshold and includes the shoulders of 
the event (i.e., when the TWL first falls below the 
critical threshold). This process was undertaken for 
every storm and for each of the profile s ites. One 
limitation of this approach that was encountered is 
that it is possible for the duration to be underestimat­
ed if the TWL dips below the threshold for an hour or 
more and then rises again above the threshold, as seen 
in the example in Figure 7-3. 

Dune Toe Ei...-dlion 

Oct-24 Oct-26 Oct-28 

Figure 7-3. Example plot of the approach used to define storm duration along the Coos County 
shoreline. Note: The red asterisk denotes the location of t he storm peak. The light blue circles 
denote the hours when the event exceeded the critical beach-dune junction toe elevation (including 
the shoulders) that are used to define the "duration" of the event. 
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As described previously, the breaker height, Hb, 

was calculated using equation 6.8 and the breaker 
depth, hb, was calculated using a breaker index of 0.78. 
The berm elevation was established at 3 m (typical for 
PNW beaches), while the surf zone width, Wb, was 
determined for each breaker depth value by 
interpolating along a profile line of interest (Figure 
7 -4). Al though we have grain size information 
available that could have been used to define the A 
parameter for Tillamook County, the approach we 
took was to iteritively determine an equilibrium A 
value based on the actual beach profile data. Here we 

used the profile data seaward to the 8 m (26.3 ft) 
water depth, and a range of A values were fit to the 
data until a value was found that best matched the 
profile morphology. This approach was adopted for all 
the profile sites. Figure 7-5 presents the alongshore 
varying dune erosion parameters (beach slope, A, 
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surfzone width, and breaker depth) calculated for 
each transect site and averaged over every storm. 
These data are also summarized in Table 7-1. 

Figure 7-6 presents the alongshore varying time 
scale for the erosion of a dune (Ts), storm duration 
(To), and duration reduction factor (a) values 
determined for those transect sites characterized as 
"dune-backed" in Tillamook County. In all cases, we 
used the surf zone width, breaking depth, and water 

levels determined at the respective transect s ite 
(along with information pertaining to the site's 

beach/dune morphology) to calculate Ts, and To for 
each storm, while the final parameter, Tm, was solved 
numerically using equation 7.8 in order to define the 
duration reduction factor (a). These data have 
subsequently been averaged for each of the transect 
locations and are included in Table 7-1 and presented 
in Figure 7-5 and Figure 7-6. 
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Figure 7-4. Example transect from Coos County showing the locations of hb (red crosses}, used to 
define the cross-shore width ( Wb) of the surf zone. 
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Figure 7-5. Plot showing the dune erosion parameters (tan ~~ A, Wb, and hb) used to calculate the 
profile responses (T5), storm durations (T0 ), alpha, and the storm induced dune erosion. For W b and 
hb we show the mean value and ±1 standard deviation computed using all of the storms. 
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Figure 7-6. Plot showing the storm duration hours (T0 ), the calculated time scale of profile 
response hours (T5 ), alpha, and the storm induced K&D and geometric model erosion adjusted using 
equation 7.10 for the dune-backed profiles along the Ti llamook County shore. 
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Having defined the duration reduction factor (a) 
for each transect location, the storm-induced erosion 
was calculated using equation 7.10. As can be seen in 
Table 7-1, calculations of the maximum potential 

dune erosion (DEMAx) using the Komar and others 
(1999) geometric model yielded results that are 

considerably smaller than those derived using the 
Kriebel and Dean (1993) approach. These differences 
are largely due to the effect of the surf zone width 
parameter and the low nearshore slopes used in the 
K&D calculations. Our initial calculations of storm­
induced erosion based on the K&D approach indicated 
several sites with anomalously large estimates of dune 
erosion (>20 m [65.6 ft]), when compared with actual 
field observations by DOGAMI staff over the past two 
decades. In contrast, storm-induced erosion estimates 
based on the maximum potential dune erosion (DEMAx) 
calculated using the geometric model produced very 
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negligible erosion responses that made little physical 
sense. As a result, our final calculation of the storm­
induced erosion (DEm) is based on the K&D approach. 
To reduce the large erosion responses observed at 
several of the transect sites, we ultimately defined an 
alongshore averaged duration reduction factor (a) of 
0.047 (Table 7-1), which was used to calculate the 
storm-induced erosion (DEm) at each of the dune­
backed transect sites present along Tillamook County. 
As can be seen from Table 7-1, this resulted in 
erosion responses that range from a minimum of 5.9 
m (19.4 ft) to as much as 22.3 m (73 ft), while the 
mean storm-induced erosion response is calculated to 
be 13 m ( 42.7 ft) . These results are entirely consistent 
with actual field observations derived from both GPS 
beach surveys and from previous analyses of topo­
graphic change data measured using lidar (Allan and 
Harris, 2012; Allan and Stimely, 2013) . 
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Table 7-1. Calculated storm-induced erosion paramet ers fo r du ne-backed beaches in Tillamook 
County. Note: MKA denotes the geometric mode l and K&D is the Kriebel and Dean model. 

DFIRM 
Profiles Transect Transect 
Salmon R. LINC 308 1 
Neskowin TILL 9 15 

TILL 10 16 
TILL 11 17 
TILL 12 18 
TILL 13 19 
TILL 16 22 
TILL 17 23 
TILL18 24 
TILL 19 25 
TILL 20 26 
TILL 21 27 
TILL 22 28 
TI LL 23 29 
TILL 24 30 
TILL 25 31 

Pacific TILL 29 35 
City 

TILL 30 
TILL 31 
TILL 32 
TILL 33 
TILL 34 
TILL 35 
TILL 36 
TILL 39 

Sand Lake TILL 48 
TILL49 
TILL 50 
TILL 55 
TILL 58 
TILL 59 
TILL 60 
TILL 61 
TILL 62 
TILL 63 
TILL 64 
TILL 65 
TILL 66 

Netarts TILL 82 
TILL 83 
TILL 84 
TILL 85 
TILL 86 
TILL 87 
TILL88 
TILL 89 
TILL90 
TILL 91 
TILL 92 
TILL 97 
TILL98 

36 
37 
38 
39 
40 
41 
42 
45 
54 
55 
56 
61 
64 
65 
66 
67 
68 
69 
70 
71 
72 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 

103 
104 

A 

0.11 
0.14 
0.14 
0.13 
0.13 
0.13 
0.14 
0.14 
0.13 
0.13 
0.14 
0.14 
0.13 
0.14 
0.13 
0.13 
0.12 

0.12 
0.12 
0.13 
0.13 
0.14 
0.14 
0.13 
0.12 
0.12 
0.13 
0.12 
0.12 
0.12 
0.12 
0.12 
0.11 
0.11 
0.11 
0.11 
0.12 
0.12 

798.42 
712.64 
722.37 
739.27 
741.74 
760.19 
714.18 
695.49 
716.27 
701.34 
734.73 
731.12 
753.94 
768.35 
738.81 
751.14 
744.43 

779.31 
750.86 
753.17 
761.88 
760.24 
706.32 
719.24 

767.5 
836.71 

817.5 
880.96 
829.65 
821.41 
867.33 
874.61 
889.38 

953.4 
953.4 

944.48 
893.19 
869.49 

0.12 1029.92 
0.12 993.78 
0.12 1017.88 
0.12 1021.41 
0.11 994.98 
0.12 1023.68 
0.11 1043.23 
0.11 1056.53 
0.11 1089.76 
0.11 1099.97 
0.1 1214.09 

0.09 1213.67 
0.1 1088.69 

24.87 
6.68 
7.17 
6.81 
8.14 
6.86 
6.73 

11.52 
18.21 
9.62 

22.22 
8.86 

12.55 
15.66 
6.04 
14.6 
9.53 

11.45 
9.82 

37.35 
20.25 
15.17 
9.81 
7.07 
6.62 
6.38 
6.07 
6.13 

10.48 
6.41 

6.7 
8.89 
6.76 
8.04 
8.04 

31.08 
10.81 
11.02 
18.55 
12.62 
7.53 

Ts 
69.19 
50.64 

44 
61.46 
60.99 
68.65 
49.48 
66.27 
46.66 
46.86 
30.54 
48.09 
66.68 
36.01 
63.03 
50.47 
90.47 

69.47 
60.61 
41.04 
47.08 
38.79 
52.08 
55.64 
87.75 

70.5 
63.05 
95.32 
68.43 
75.77 
76.52 
81.32 
87.03 
66.54 
66.54 
55.33 
78.47 

81.1 
55.93 
57.29 
66.01 

9.84 75.2 
6.78 71.99 

19.44 75.08 
13.12 62.3 
9.91 75.08 

10.05 103.28 
7.16 72.44 
8.74 102.14 

19.94 109.98 
23.13 73.19 
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MKA MKA K&D 
a (DEMAX) (Dfm) (DfMAX) 
0.16 76.35 3.66 368.05 
0.06 48.09 2.25 203.18 
0.08 45.48 2.13 266.33 
0.05 55.37 2.59 229.76 
0.06 57.5 2.69 242.34 
0.05 52.02 2.43 208.52 
0.06 45.52 2.13 218 
0.08 95.44 4.46 128.02 
0.17 63.8 2.98 312.9 
0.09 49.07 2.29 331.62 
0.28 53.06 2.48 441.15 
0.09 53.55 2.5 206.44 
0.09 87.63 4.1 231.5 
0.18 55.04 2.57 316.45 
0.05 14.69 0.69 191.74 
0.13 62.92 2.94 293.27 
0.05 66.07 3.09 173.33 

0.08 
0.08 
0.33 
0.18 
0.17 
0.09 
0.06 
0.04 
0.04 
0.05 
0.03 
0.07 
0.04 
0.04 
0.05 
0.04 
0.06 
0.06 
0.23 
0.06 
0.06 
0.14 

0.1 
0.05 
0.06 
0.05 
0.12 

0.1 
0.06 
0.05 
0.05 
0.04 
0.08 
0.14 

60.19 
46.26 
63.53 
62.73 
48.52 
54.29 
45.15 
54.66 
32.67 

39.9 
50.64 

66.1 
38.16 
52.08 
64.06 
40.4 

50.17 
50.17 
54.78 
57.05 
64.25 
70.86 
54.84 
50.07 
65.12 
42.1 

92.71 
64.85 
58.65 
80.54 
46.47 
54.7 

66.55 
59.13 

2.81 
2.16 
2.97 
2.93 
2.27 
2.54 
2.11 
2.55 
1.53 
1.86 
2.37 
3.09 
1.78 
2.43 
2.99 
1.89 
2.34 
2.34 
2.56 
2.67 

3 
3.31 
2.56 
2.34 
3.04 
1.97 
4.33 
3.03 
2.74 
3.76 
2.17 
2.56 
3.11 
2.76 

197.34 
212.93 
309.26 
273.59 
273.82 
175.78 
163.42 
126.49 
279.25 
253.02 
215.19 
274.64 
223.87 
211.22 
251.35 
272.73 

400.8 
400.8 
386.3 

218.31 
233.68 
353.98 
323.33 
357.96 
247.47 
307.03 
222.97 
397.13 
340.41 
253.07 
378.14 
476.14 
143.97 
143.92 

K&D 
(Dfm) 

17.64 
9.5 

12.45 
10.74 
11.33 

9.75 
10.19 

5.98 
14.62 

15.5 
20.62 

9.65 
10.82 
14.79 
8.96 

13.71 
8.1 

9.22 
9.95 

14.45 
12.79 
12.8 
8.21 
7.64 
5.91 

13.05 
11.82 
10.06 
12.84 
10.46 
9.87 

11.75 
12.75 
18.73 
18.73 
18.05 
10.2 

10.92 
16.54 
15.11 
16.73 
11.57 
14.35 
10.42 
18.56 
15.91 
11.83 
17.67 
22.25 

6.73 
6.73 

155 



DFIRM 
Profiles Transect Transect 
Bayocean TILL 112 118 

TILL 113 119 
TILL 114 
TILL 115 
TILL 116 
TILL 117 

Rockaway TILL 118 
TILL 119 
TILL 120 
TILL 121 
TILL 122 
TILL 124 
TILL 125 
TILL 126 
TILL 127 
TILL 128 
TILL 129 
TILL 130 
TILL 131 
TILL 133 
TILL 134 
TILL 135 
TILL 139 
TILL 147 
TILL 148 
TILL 149 
TILL 150 
TILL 152 
TILL 153 
TILL 154 
TILL 155 
TILL 156 
TILL 157 

Nehalem TILL 158 
TILL 159 
TI LL 160 
TILL 161 
TILL 162 
TILL 163 
TILL 164 
TILL 165 
TILL 166 
TILL 167 
TILL 168 
TILL 169 
TILL 171 
TILL 172 
TILL 173 
TILL 174 
TILL 175 

Mean 

120 
121 
122 
123 
124 
125 
126 
127 
128 
130 
131 
132 
133 
134 
135 
136 
137 
139 
140 
141 
145 
153 
154 
155 
156 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
177 
178 
179 
180 
181 

A 
0.11 
0.12 

1129.98 
1102.1 

0.11 1067.45 
0.11 1076.73 
0.11 990.11 
0.11 1076.77 
0.12 
0.13 
0.12 

933.68 
868.41 
817.94 

0.12 891.38 
0.12 841.92 
0.11 908.63 
0.11 851.29 
0.11 851.29 
0.11 934.31 
0.1 933.36 

0.11 792.57 
0.12 863.23 
0.11 917.13 
0.11 967.17 
0.11 937.96 
0.11 938.06 
0.11 961.29 
0.12 924.87 
0.12 960.23 
0.12 912.02 
0.12 934.25 
0.11 919.41 
0.11 902.13 
0.11 951.31 
0.11 975.26 

0.1 967.48 
0.09 972.43 
0.12 972.19 
0.11 982.77 
0.12 978.15 
0.11 971.16 
0.12 919.97 
0.12 880.48 
0.11 908.82 
0.12 939.04 
0.11 941.75 
0.12 927.17 
0.11 933.89 
0.11 976.6 
0.11 989 
0. 11 995.61 
0.11 995.27 
0.11 995.85 
0.11 1002.39 

0.12 905.16 

6.77 
6.96 
6.25 

11.41 
6.25 

7 
7.5 

11.19 
11.39 

84.29 
74.17 
82.08 
93.32 
99.92 
81.62 
52.59 
60.25 

58.5 
19.95 56.18 
11.13 52.38 
8.16 81.79 
7.02 71.19 
7.02 71.19 
6.71 83.48 
7.04 137.41 

10.94 48.9 
6.72 65.56 
7.83 104.66 
7.59 93.12 
8.03 89.33 
5.18 94.63 
6.71 115.22 
7.01 55.98 

10.27 71.21 
7.97 62.23 
6.17 67.82 

12.08 54.08 
10.16 84 
7.08 68.27 
6.57 89.8 
6.68 109.06 
6.46 129.39 
7.87 66.9 
7.01 75.71 

11.29 60.98 
10.68 75.97 
7.84 84.33 
6.69 62.76 
8.75 59.44 
9.71 64.73 

13.53 100.69 
6.86 77.74 
5.58 84.99 
7.42 54.01 
6.69 110.48 
6.29 110.49 
6.67 104.42 
6.04 111.34 
7.96 111.91 

10.11 75.39 
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a 
0.04 
0.04 
0.04 
0.06 
0.03 
0.04 
0.07 
0.09 
0.09 
0.15 

0.1 
0.05 
0.05 
0.05 
0.04 
0.02 

0.1 
0.05 
0.04 
0.04 
0.04 
0.03 
0.03 
0.06 
0.07 
0.06 
0.04 

0.1 
0.06 
0.05 
0.04 
0.03 
0.02 
0.06 
0.04 
0.09 
0.07 
0.04 
0.05 
0.07 
0.07 
0.06 
0.04 
0.03 
0.06 
0.03 
0.03 
0.03 
0.03 
0.03 

0.047 

33.25 
40.27 

29.5 
78.67 
36.98 
40.57 
49.99 
68.29 
57.74 
67.22 
60.72 
48.71 
47.96 
47.96 
46.17 
69.61 
63.12 
50.22 
96.74 
65.91 
52.74 
23.48 
72.28 
33.36 
57.41 
49.47 
33.35 
50.89 
72.24 
45.71 
41.23 
43.22 

52.1 
50.89 
42.75 
57.12 
58.15 
55.25 
40.35 
49.56 
56.26 
91.68 
53.61 

25.2 
37.11 
75.24 
53.95 
67.56 
58.71 
92.54 

58.85 

MKA 
(DEml 

1.55 
1.88 
1.38 
3.68 
1.73 

1.9 
2.34 
3.19 

2.7 
3.14 
2.84 
2.28 
2.24 
2.24 
2. 16 
3.25 
2.95 
2.35 
4.52 
3.08 
2.47 

1.1 
3.38 
1.56 
2.68 
2.31 
1.56 
2.38 
3.38 
2.14 
1.93 
2.02 
2.44 
2.38 

2 
2.67 
2.72 
2.58 
1.89 
2.32 
2.63 
4.28 
2.51 
1.18 
1.73 
3.52 
2.52 
3.16 
2.74 
4.32 

2.75 

346.07 
327.78 
321.71 
329.28 
237.39 
376.63 
393.64 
283.03 
341.79 
404.81 
363.07 
345.46 
316.45 
316.45 
293.92 
249.27 
372.44 
309.97 
212.33 
312.76 
286.76 
288.86 
204.31 
405.44 
383.87 
344.69 
294.76 
426.31 
265.94 
379.01 
324.63 
313.58 
320.55 
354.31 
324.99 
358.29 
310.33 
206.23 
213.27 
288.63 
255.72 
228.42 
247.47 
235.56 
411.96 
225.95 
213.52 
204.89 
192.45 
195.85 

277.17 

K& D 
(DEml 

16.17 
15.32 
15.04 
15.39 
11.09 

17.6 
18.4 

13.23 
15.97 
18.92 
16.97 
16.15 
14.79 
14.79 
13.74 
11.65 
17.41 
14.49 

9.92 
14.62 

13.4 
13.5 
9.55 

18.95 
17.94 
16.11 
13.78 
19.92 
12.43 
17.71 
15.17 
14.66 
14.98 
16.56 
15.19 
16.74 

14.5 
9.64 
9.97 

13.49 
11.95 
10.68 
11.57 
11.01 
19.25 
10.56 
9.98 
9.58 
8.99 
9.15 

12.96 

Note: A is the beach profile parameter that defin es an equilibrium profile; Wb is the surf zone width; To is the storm duration; Ts is 

the time scale of response; a is the duration reduction factor. 
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Figure 7-7 and Figure 7-8 provide two examples 

where the most eroded winter profile is eroded to 
reflect the storm-induced erosion values identified in 
Table 7-1. The first example is the Clatsop Plains 1 
profile s ite where the beach is backed by a prominent 
foredune. In this example, the calculated duration 
reduced recession is ~16.9 m (55 ft). The location of 
the beach-dune junction is depicted in Figure 7-7 by 
the brown circle, while the most eroded winter profile 

is shown as the black line. Because the underlying 
principle of the K&D and geometric models is for the 
s lope to remain constant, the dune is eroded landward 
by shifting the location of the beach/dune junction 
landward by 16.9 m (55 ft) and upward to its new 
location where it forms an erosion scarp (Figure 7-7). 
Due to the high dune crest, overtopping does not 
occur a t this location. Figure 7-8 provides an example 
where dune breaching and overtopping occurs in 
response to the calculated 1% TWL for the Clatsop 
Plains 14 profile site. The calculated dune erosion for 
Clatsop Plains 14 is ~17.9 m (59ft). The location of 
the beach-dune junction is depicted in Figure 7-8 by 

the shaded black circle, while the MLWP is shown as 
the black line. As noted by NHC (2005), when dunes 
are subject to major overtopping events, breaching of 
the dune typically results in significant lowering of the 
dune morphology and the development of an over­
wash fan on the lee side of the dune. Because the 
present methodologies are unable to account for such 
responses, NHC recommends that the dune profile be 
adjusted by extending the MLWP slope to the backside 
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of the dune. This type of adjustment is demonstrated 
in Figure 7-8 where the entire foredune is assumed to 
be eroded and removed as a result of a major storm. 

Unfortunately, there are no measured examples of 
the type of response depicted in Figure 7-8 for the 
Tillamook County area that can be used to make 
comparisons against. However, monitoring of beaches 
by DOGAMI on the Oregon coast provides some 
suggestion that this approach is probably reasonable. 
Figure 7-9 is an example of beach profile changes 
measured along a barrier beach adjacent to Garrison 

Lake, Port Orford, located to the south of Bandon. In 
this example, the barrier beach, which has a crest 
elevation of 8-9 m NAVD88 (26-29 ft), is known to 
have been overtopped during several major storms in 
February /March 1999 (Figure 7 -10) (Allan and 
others, 2003) . Analyses of the mean shoreline position 
at this site indicate that changes in the morphology of 
the beach is controlled primarily by the occurrence of 
these major storms as well as by El Nino climate 
events that result in hotspot erosion. Examination of 
the beach profile changes along the Garrison Lake 
shore indicate that during major events characterized 
by overtopping, the crest of the barrier beach is 
lowered, with some of the eroded sand having been 
carried landward where they form washover fans, 
while the bulk is removed seaward to form sand bars. 
Ultimately though, any dune located at the back of the 
profile is removed entirely, as the barrier rolls 
landward, consistent w ith the response depicted in 
Figure 7-7. 

Oregon Department of Geology and M ineral industries Special Paper 47 1$7 



Applicants' July 27, 2021 Submitta l 
Exhibit 2 - Page 167 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

12 ~ -...---- ··--~ 

g 8t 
~ r~···~-?!_ __ ,.w ...... ---.. -··---·· .... -·--w·····-··--
- 8 -z lj (( JOdtdl ~ (t 1 

§ 

! · ':~!!!~.~-:-~ ....................................................... . 

Otlglnall.iWP 0 MU.W---------------- --ElodedMI.WP 
J .. 
300 250 200 150 100 0 

Figure 7·7. Application of the duration reduced erosion estimate to the most likely winter profile 
{MLWP} at Clatsop Plains 1. Brown (cyan) dot depicts the original (eroded) beach/dune juncture, 
and red dot depicts the dune crest (Dhigh). 
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Figure 7-8. Application of the duration reduced erosion estimate to the most likely winter profile 
{MLWP} at Clatsop Plains 14 where overtopping and breaching occurs. Brown (cyan) dot depicts the 
original (eroded) beach/dune juncture, and red dot depicts the dune crest (Dhigh). 
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Horizontal distance (m) 

Figure 7-9. Example profile where a barrier beach is overtopped and eroded. This example is 
based on measured beach profi le changes at Garrison Lake, Port Orford on the southern Oregon 
coast. The 1967 morphology was derived from Oregon Department of Transportation surveys of the 
beach on September 25, 1967, used to define the Oregon statutory vegetation line. 

Figure 7-10. Overtopping of the barrier beach adjacent to Garrison Lake during a major storm on 
February 16, 1999 (photo courtesy of a resident at Port Orford). 
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8.0 FLOOD MAPPING 

8.1 Detailed Coastal Zone VE Flood Zone 
Mapping 

Detailed mapping of the 1% chance flood event within 
selected a reas of Tillamook County was performed 
using two contrasting approaches, controlled ulti­
mately by the geomorphology of the beach and 
backshore. In all cases we followed the methods 
described in section 0 .4.9 in the final draft guidelines 
of the Coastal Flood Hazard Analysis and Mapping for 
the Pacific Coast of the United States (NHC, 2005). Due 
to the complexities of each mapping approach for the 
0.1% chance flood event, it was not possible to 
reasonably map the 0.2% chance event. The reasons 
for this are described in more detail in the following 
sections. 

8.1.1 Bluff-backed beaches 

For bluff-backed beaches the total water level (TWL) 

values calcula ted in Section 6.3 were extended into the 
bluff. The fi rst s tep involved identifying specific 
contours of interest, which were extracted from the 1-
m resolution bare-earth lidar grid OEM (surveyed in 
2009) . For the bluff-backed beaches the landward 
extent of the coastal Zone VE is defined by the contour 
representing the TWL elevation calculated for each of 
the represented detailed surveyed transects (e.g., 
Figure 8-1 and Table 6-2. FEMA Operating Guidance 
9-13 (2013) dictates that areas near the landward 
extent of Zone VE, where the difference between the 
TWL and ground elevation is less than 3 feet, be 
designated as Zone AE. However, due to the steepness 
of the shoreline along bluff-backed beaches, such 
areas are too thin in Tillamook County (with one 
exception at the TILL 177 transect located north of 
Manzanita) to be visible at the prescribed map scale, 
and therefore Zone AE was not designated in these 
environments. 
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Figure 8-1. Example of a bluff-backed beach (TILL 26) where the calculated total water level and 
defined velocity (VE) zone extends into the bluff. 
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To define the velocity zones between transects, we 
used professional judgment to establish appropriate 
zone breaks between the various transects. For 
example, along-shore geomorphic barriers were 
identified within which the transect TWL value is valid 
(Figure 8-2). Slope and hillshade derivatives of the 
lidar OEM, as well as 1-m orthophotos (acquired in 
2009), provided the base reference. An effort was 
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made to orient zone breaks perpendicular to the 
beach at the location of the geomorphic barrie r. The 
seaward extents for the majority of Zone VE were 
inherited from the preliminary DFIRM (2011). In 

some cases adopting the effective extent produced 
inconsistent zone widths (too thin), and the bounda­
ries were subsequently extended seaward. 

Figure 8-2. Example of along-shore zone breaks and their relationship to geomorphic barriers and 
surveyed transects. Surveyed transects are symbolized as yellow lines; zone breaks are solid black 
lines. 
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8.1.2 Dune-backed beaches 
For dune-backed beaches, the VE flood zone was 
determined according to one or more criteria speci­
fied in the NHC (2005) guidelines. These are: 

1. The wave runup zone, which occurs where the 
TWL exceeds the (e roded) ground profile by ;::: 
0.91 m (3ft); 

2. The wave overtopping splash zone is the area 

landward of the dune/ bluff/structure crest 
where splashover occurs. The landward limit of 
the splash zone is mapped only in cases where 
the wave run up exceeds the crest elevation by;::: 
0.91 m (3ft); 

3. The high-velocity flow zone occurs landward of 
the overtopping splash zone, where the product 
of flow times the flow velocity squared (h1!2) is;::: 
5.7 m3js2 (or 200 ft3fs2); 

4. The breaking wave height zone occurs where 
wave heights ;::: 0.91 m (3 ft) could occur and is 
mapped when the wave crest profile is 0.64 m 
(2 .1 ft) or more above the static water elevation; 
and 

5. The primary frontal dune (PFD) zone as de­
fined in Part 44 of the U.S. Code of Federal Regu­
lations, Section 59.1; FEMA Coastal Hazard 
Bulletin, No. 15. 

Table 6-3 lists the overtopping calculations for 

those transects where overtopping occurs, including 
the calculated splashdown distances (Yc outer), bore 
height associated with wave overtopping (ho), and the 
landward extent of the high-velocity flow (h 1!2) where 
the flows approach 5.7 m3js2 (or 200 ft3js2). As noted 
above, hV2 reflects the farthest point landward of the 
dune/bluff/structure crest that experiences coastal 
flooding due to overtopping and is ultimately con­
trolled by the extent of the landward flow where it 
approaches 5.7 m3js2 (or 200 ft3js2); values greater 
than 5.7 m3js2 (or 200 ft3js2) are located within the 

high-velocity flow (VE) zone while lower values a re 
located within the passive overland flood ing (AE) 
zone. Included in Table 6-3 are the transition zones in 
which the calculated bore decreases in height, which 
have been defined accordingly: 

• Dist_3 identifies the landward extent of flood 
zones where the bore height (ho) was deter­
mined to be ;::: 0.91 m (3 ft) and were ulti mately 
rounded up to the nearest whole foot (i.e., hav-
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ing an elevation of 0.91 m (3 ft) above the land 
surface); 

• Dist_2 identifies the landward extent of flood 
zones where the bore height (ho) was deter­
mined to be between 0.61 and 0.91 m (2 and 3 ft 
high) and were ultimately rounded up to the 
nearest whole foot above the ground surface; 
and 

• "Dist_1" marks the seaward extent of flood 

zones where the bore height falls below 0.3 m (1 
ft) above the ground surface; these values were 
again rounded up to the nearest whole foot. 

Areas where flood zones exhibited bore height 
elevations of 0.61 m (2 ft) above the land surface were 

inferred as existing in the area between the two 
previously described regions (i.e., between "Distance 
from 'x' Where Bore >2 <3 ft" and "Distance from 'x' 

Where Bore <1"). 
As with bluff-backed beaches, we used professional 

judgment to establish appropriate zone breaks 
between the detailed transects. This was achieved 
through a combination of having detailed topographic 
information of the backshore and from knowledge of 
the local geomorphology. Some interpretation was 
required to produce flood zones appropriate for the 
printed map scale. Elevations were identified from the 
1-m resolution bare-earth lidar OEM to a id in estab­
lishing zone breaks due to changes in flood depth 
landward of the dune crest (Figure 8-3). Slope and 
hillshade derivatives of the lidar OEM, as well as 1-m 
orthophotos, provided base reference. 

In overtopping splash situations, the flood zo ne 
was determined by adding the splashdown distances 
(Ycouter) to the D high distance. For all overtopping 
splash situations on the Tillamook coast, the splash 
distance was very short and not distinguishable at a 
mapping scale. Therefore, it was added to the VE zone 
extent (Figure 8-4). 

For flood zones seaward of the dune crest, the cal­
culated TWL values were used. As with bluff-backed 
beaches, along-shore geomorphic barriers were 
identified within which the transect TWL value is 
valid. In all cases, an effort was made to orient zone 
breaks perpendicular to the beach at the location of 
the geomorphic barrier. The seaward extent of the 
flood zones were inherited from the preliminary 
DFIRM (2011) . 
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The PFD is defined as "a continuous or nearly con­

tinuous mound or r idge of sand with relatively steep 
seaward and landward slopes immediately landward 

and adjacent to the beach and subject to erosion and 

overtopping from high tides and waves during major 

coastal storms. The landward limit of the primary 

frontal dune, also known as the toe or heel of the 

dune, occurs at a point where there is a distinct 
change from a relatively steep slope to a relatively 

mild slope. The primary fronta l dune toe represents 

the landward extension of the Zone VE coastal high 

hazard velocity zone" (Part 44 of the U.S. Code of 

Federal Regulations, Section 59.1, as modified in 
FEMA Coastal Hazard Bulletin, No. 15, https://www . ..., 

fl oodmaps.fema.gov / lis tserv /ch jul02.shtml). 

The approach developed by DOGAMI to define the 
morphology of the beach and dune system, including 

the location of the PFD, follows procedures developed 
in our Coos Bay study (Allan and others, 2012) and 

was based on detailed analyses of lidar data measured 

by the USGS/NASA/NOAA in 1997, 1998, and 2002 
a nd by DOGAMI in 2009. However, because the lidar 

data flown by the USGS/NASA/NOAA is of relatively 

poor resolution ( - 1 pointjm2) and reflects a single 
return (i.e., includes vegetation where present), while 

the lidar data flown by DOGAMI has a higher resolu­
tion (8 pointsjm2) and is characterized by multiple 
returns enabling the development of a bare-earth 

OEM, determination of the PFD was based entirely on 

analysis of the 2009 lidar data. 

Lidar data flown in 1997, 1998, and 2002 were 

downloaded from NOAA's Coastal Service Center, 
(http: I I coast. noaa.gov I dataregis try/search /collection 

/info /coastallidar) and were gridded in ArcGIS using a 

triangulated irregular network (TIN) algorithm (Allan 
and Harris, 2012). Transects spaced 25 m apart were 

cast for the full length of the county coastline using the 

Digital Shoreline Analysis System (DSAS) developed 
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by USGS (Thieler and others, 2009); this process 

yielded 3,628 individual transects in Tillamook 

County. For each transect, x.y,z values for the 1997, 
1998, 2002, and 2009 lidar data were extracted at 1-m 

intervals along each transect line and saved as a text 
file using a customized ArcGIS script. 

Processing of the lidar data was undertaken in 

MATLAB using a beach profile analysis script devel­
oped by DOGAMI. This script requires the user to 

interactively define various morphological features 

including the dune/bluff/structure crest/top, 

bluff/structure slope, landward edge of the PFD(s), 

beach-dune juncture elevations for various years, and 

the slopes of the beach foreshore (Allan and Harris, 

2012). Although we evaluated all 3,628 transects, not 

all morphological features were applicable and 
therefore the PFD could be defined for only a subset of 

transects. Figure 8-5 provides an example from 

Tillamook #1997 located near the south end of 

Netarts Spit. In this example, the dune crest in 2009 is 
located at 10.59 m (34.7 ft); prior to 2009, the dune 
crest was as high as 11.3 m (37 ft). As can be seen 

from the figure, the seaward face of the dune eroded 

landward by - 17 m (56ft) between 1997 and 2009; 

shoreline change (erosion/accretion) was determined 
based on the change in position of the 6 m (19.7 ft) 
contour elevation, which is an excellent proxy for 

determining the effects of storm erosion (Allan and 
others, 2003). Figure 3-12 and Figure 3-16 depict 

changes in the position of the 6-m (19.6 ft) contour 

along the length of the Tillamook County shoreline. As 

can be seen from the figures, erosion is acute along 
much of the county shoreline, especially in the areas of 

Neskowin, north of Tierra Del Mar, Netarts Spit, and 

along much of the Rockaway cell (Figure 3-16). In 

contrast, accretion dominates the northern half of 

Bayocean and Nehalem Spits (Figure 3-12 and Figure 
3-16). 
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Figure 8-3. Overtopping along the TILL 123 transect (near Twin Rocks), where Dhigh is the area 
seaward of Dhigh distance, Splash is the splashdown distance, 03 is depth >3ft, 02 is depth > 2 and 
<3ft, 01 is depth S0.31 m, HV2 is flow< 5.7 m3/s2 (or 200 fe/s2

). Zone breaks are solid black lines. 
Dark blue flood zones are VE zones; light blue are AE zones. 

Figure 8-4. TILL 144 transect at Rockaway with overtopping splash zone. The short splash zone 
distance (black) was added to the extent of the VE zone. 
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Figure 8-5. Example beach profile (#1997) located near the south end of Netarts Spit and derived 
from 1997, 1998,2002, and 2009 lidar data (Allan and Harris, 2012). 

Afte r the lidar transect data had been interpolated 
to define the various morphological parameters, the 
actual locations of the PFDs3 were plotted in ArcGIS 
and overlaid on both current and historical aerial 
photos of the county and on shaded relief imagery 

derived from the 2009 lidar. In a number of locations 
the PFD was found to be located either farther 
landward or seaward relative to adjace nt PFD loca­
tions. This response is entirely a fu nction of the degree 
to which the morphology of foredunes varies along a 
coast, and furth er the ambiguity of defining the PFD. 
Our observations of the PFD approach highlighted a 
number of uncertainties, including: 

3 In many cases, multiple PFD locations were defined a long a 

s ingle transect. 
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1. There were numerous examples of smaller dune 
features that have begun to develop in front of a 
main dune (or are the product of erosion of the 

dune) but have not yet atta ined dimensions and 
volumes where they would be considered an es­

tablished dune; they may continue to erode and 
could disappear entirely. However, the PFD ap­
proach does not adequately account for such 
features. In this example, the smalle r dunes a re 
almost certainly subject to erosion and periodic 
overtopping and have morphologies that re­
semble the FEMA PFD definition. However, be­
cause they are subject to short-te rm erosion 
responses they are more ephemeral in na ture, 
and thus it is deba table whether they should be 
defined as PFDs. Furthermore, over the life of a 

typical map ( - 10 years) these dunes could be 

165 



eroded and removed entirely leaving a "gap" be­
tween the original polygon boundary and the 
e rod ing dune. For example, from repeated ob­
servations of beach profile transects on the 
northern Oregon coast, single storm events have 
been documented to remove as much as 9 to 25 
m (30-82 ft) of the dune (Allan and Hart, 2007, 
2008); 

2. The PFD does not adequately account for a la rge 
established foredu ne, where the dune may have 
attained heights of 10 to 15 m (33-49 ft) , w ith 
cross-shore widths on the order of 100 to 200 m 
(328-656 ft) due to prolonged aggradation and 
progradation of the beach. In this example, alt­
hough there may be a clear landward heel locat­
ed well inland away from the beach (e.g., profile 
#840 in Figure 8-6, which was derived from our 
Clatsop County study), the PFD is clearly not 
subject to "frequent" wave overtopping due to 
its height and erosion (because of its large vol­
ume of sand). Defining the PFD at the location of 
the heel is consistent within the definition pro-
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vided by FEMA but would a lmost certainly gen­
erate a very conservative V zone. 

3. Although numerous transects exhibited clear 
examples of single PFD locations, many others 
were characterized by more than one PFD. Pro­
file #1929 (Figure 8-7) is an example where, 
multiple potential PFDs could be defined. 

To account for these variations and uncertain­
ties, the PFDs shown on the profile plots (e.g., Fig­
ure 8-5, Figure 8-6, and Figure 8-7) were re­
examined, and adjustments were made where 
necessary in order to define a single PFD line. For 
example, in a few locations along the Clatsop 
Plains, the PFD extent for a particular transect was 
physically moved in ArcGIS so that it was more in 
keeping with the adjacent PFD locations to its im­
mediate north and south. As can be seen in Figure 
8-8, the final PFD designation was invariably 
some distance inland, often representing the 
clearest signal determined from all available data 
and adhering best to the FEMA definition. 
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Figure 8-6. Exa mple prof ile f rom the Clatsop Plains where considerable aggradation and 
progradation of the dune has occurred. In this example, the PFD could conceivably be drawn at a 
variety of locations and meet t he FEMA definition. 
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Figure 8-7. Example profile (#1929) from Netarts Spit showing the presence of at least two PFD 
locations. 

Figure 8-8. Plot showing identified PFD locations (yellow dots) along each transect, landward 
most dune heel (red dots), and derived PFD line (black line). Red zone depicts the VE zone having 
accounted for all possible criteria. Red lines depict the locations of the lidar transects, which were 
spaced 25 m (82ft) apart. 
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The PFD was defined at a number of locations 

where significant human modification has occurred on 
the dune. In these areas, the natural dune system has 
been severely impacted and the PFD line does not 
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represent a natural dune system. Table 8-1 lists the 
transect locations where this situation occurs and also 
provides the VE zone extent used in place of the PFD. 

Table 8-1. Transect locations where the PFD was not used for mapping due to significant human 

modification of the dune. 

Transect DFIRM Transect VE Zone Extent 

TILL 2 8 run up 

TI LL 3 9 run up 

TILL4 10 high velocity flow 

TILLS 11 high velocity f low 

TILL6 12 high velocity f low 

TILL 7 13 high velocity f low 

TILLS 14 high velocity f low 

TILL 14 20 high velocity flow 

TILL 15 21 high velocity f low 

TILL 37 43 run up 

TILL 38 44 run up 

TILL40 46 run up 

TILL 41 47 run up 

TILL 42 48 run up 

TILL 51 57 high velocity flow 

TILL 52 58 high velocity flow 

TILL 53 59 run up 

8.1.3 Mapping of estuarine flooding 
Tillamook County includes a number of large estua­
rine features. Due to their complexity, the following 
river mouths were redelineated using previously 
effective BFEs: Kiwanda and Neskowin Creeks, 
Nestucca Bay, Netarts Bay, Barview Jetty and the 
Nehalem River (Figure 8-9). No new studies were 
performed at these locations, and the adjacent open 
coast detailed coastal analysis could not reasonably be 
used for mapping these estuaries. Open water was 
mapped in northern part of Tillamook Bay and the 
southern part of Netarts Bay. These open water areas 
are digitized water bodies that represent unstudied 
portions of the bays. 

Transect DFIRM Transect VE Zone Extent 

TILL 54 60 run up 

TILL 55 61 run up 

TILL 56 62 run up 

TI LL 57 63 run up 

TILL 135 141 run up 

TILL 136 142 run up 

TILL 137 143 run up 

TILL 138 144 wave overtopping splash 

zone 

TILL 139 145 run up 

TILL140 146 run up 

TILL 141 147 high velocity flow 

TILL 142 148 high velocity f low 

TILL 143 149 high velocity flow 

TILL 144 150 high velocity flow 

TILL 145 151 run up 

TILL 146 152 run up 

TILL170 176 run up 

Sand Lake is one estuary that had not previously 
been subjected to detailed coastal or riverine analyses. 
This particular estuary is periodically influenced by 
coastal backwater flooding due to extreme coastal 
water levels. For the purposes of establishing a new 
BFE in the estuary, we used the still water level (SWL) 
to map the coastal backwater effect of the 1% and 
0.2% flood events into Sand Lake (Figure 8-10). 
Procedures for developing the SWL are described in 
Section 4.6. The 1% SWL value for the Tillamook 
County coast is 3.60 m (11.8 ft, NAVD88), a nd 0.2% 
SWL is estimated to be 3.68 m (12.1 ft, NAVD88). 
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Figure 8-9. Redelineation at Barview Jetty (Zone AE and 0.2 percent annual chance flood hazard) 
and the open water section of Tillamook Bay. 

Figure 8-10. Coastal backwater flooding mapped from sti ll water levels (SWLs) for Sand Lake. The 
0.2% chance flooding is too small to be visible at this scale. 
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8.2 Coastal V-Zone Mapping along the Tillamook County Shoreline 

8.2.1 Dune-backed beaches 
The FEMA guidelines provide little direct guidance for 
mapping approximate coastal velocity zones (Zone V) 
in areas where no detailed studies have occurred, 
other than by defining the location of the PFD, using 
the methodology described above. In the case of 
Tillamook County, we have endeavored to undertake 
detailed mapping in all areas backed by dunes. 

8.2.2 V-zane mapping on coastal bluffs and 
headlands 
Several sections of the Tillamook County coastline are 
characterized by coastal bluffs and cliffs of varying 
heights. For these areas, the approach adopted by 
DOGAMI was to map the top of the active bluff (Figure 

8-11) that is most likely subject to wave erosion, 
which is a readily identifiable feature that can be used 
to constrain the landward extent of the Zone V. Figure 
8-11 provides an example of a lidar transect estab­
lished at the seaward end of Cape Lookout in Tilla­
mook County, where the top of the active bluff face is 
located at -65 m (213 ft). Figure 8-12 depicts the 
derived bluff top line based on a synthesis of all 
available information, including the lidar transect 
data, analyses of lidar contours, and hillshades. This 
approach was used primarily for the headlands (e.g., 
Neahkahnie Mountain, Cape Meares, Cape Lookout, 
Cape Kiwanda, and Cascade Head). 
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Figure 8-11. Zone V mapping morphology designation along coastal bluffs and cliffs. Example is 
from the western end of Cape Lookout {Tillamook profile #2254). Magenta dots denote the 
locations of the bluff/ cliff top, while the green dot reflects the bluff toe. 
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Figure 8-12. Zone V mapping example showing the locations of the individual transects (white 
lines), bluff top 1 (yellow line) and bluff top Z (blue line) derived from ana lyses of the lidar transects, 
and the final derived bluff line (red line), which incorporates all available data (transects, contours, 
hillshade, and orthophotos). 
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11.0 APPENDICES 

• Appendix A: Ground Survey Accuracy Assessment Protocols 

Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 186 of 283 

Coasta l Flood Hazard Study, Tilla mook County, Oregon 

• Appendix B: Tillamook County DFIRM/DOGAMI Naming Convention 
• Appendix C: Tillamook County Beach and Bluff Profiles 
• Appendix 0 : Supplemental Transect Overtopping Table 

11.1 Appendix A: Ground Survey Accuracy Assessment Protocols 

See report by Watershed Sciences, Inc., dated December 21, 2009. 
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11.3 Appendix B: Tillamook County DFIRM/ DOGAMI Naming Conventions 

Transect DFIRM DOGAMI Transect Lidar 

Reach Order Transect Transect Type Site Transect Description 

Salmon River 1 1 LINC 308 main Salmon 6 dune-backed beach 

Cascade Head 2 2 LINC 309 main Cascade 1 plunging cliff 

3 3 LINC 310 main Cascade 2 plunging cliff 

4 4 LINC 311 main Cascade 3 boulder beach backed by bluffs 

5 5 LINC 312 main Cascade 4 plunging cliff 

6 6 LINC 313 main Cascade 5 plunging cliff 

Neskowin 7 7 TI LL1 main Neskowin 1 sandy beach backed by riprap and high cliffs 

8 lidar Neskowin 2 2_3524 

9 8 TILL2 main Neskowin 2 sand beach backed by riprap 

10 lidar Neskowin 2 2_3521 

11 lidar Neskowin 2 2_3517 

12 lidar Neskowin 3 3_3514 

13 9 TILL3 main Neskowin 3 sand beach backed by riprap 

14 lidar Neskowin 3 3_3508 

15 lidar Neskowin 3 3_3506 

16 lidar Neskowin 3 3_3504 

17 lidar Neskowin 3 3_3502 

18 10 TILL4 main Neskowin 4 sand beach backed by riprap 

19 11 TILLS main Neskowin 5 sand beach backed by riprap 

20 12 TILL6 main Neskowin 6 sand beach backed by riprap 

21 13 TILL7 main Neskowin 7 sand beach backed by riprap 

22 14 TILLS main Neskowi n 8 sand beach backed by riprap 

23 15 TILL9 main Neskowin 9 dune-backed 

24 16 TILL10 main Neskowin 10 dune-backed 

25 17 TILL11 main Neskowin 11 dune-backed 

26 18 TILL12 main Neskowin 12 dune-backed 

27 19 TILL13 main Neskowin 13 dune-backed 

28 20 TILL14 main Neskowin 14 sand beach backed by rip rap 

29 21 TILL15 main Neskowin 15 sand beach backed by riprap 

30 22 TILL16 main Neskowin 16 dune-backed 

31 23 TILL17 main Neskowin 17 dune-backed 

32 24 TILL18 main Neskowin 18 dune-backed 

33 25 TILL19 main Neskowin 19 dune-backed 

34 26 TILL20 main Neskowin 20 dune-backed 

35 27 TILL21 main Neskowin 21 dune-backed 

36 28 TILL22 main Neskowin 22 dune-backed 

37 29 TILL23 main Neskowin 23 dune-backed 

38 30 TILL24 main Neskowin 24 dune-backed 

39 31 TILL25 main Neskowin 25 dune-backed 

40 32 TILL26 main Neskowin 26 sandy beach backed by high cli ffs 

41 33 TILL27 main Neskowin 27 sandy beach backed by high cliffs 

42 34 TILL28 main Neskowin 28 sandy beach backed by dunes and high cliffs 
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Transect DFIRM DOGAMI Transect Lidar 
Reach Order Transect Transect Type Site Transect Description 

Nestucca 43 35 TILL29 main PacificC 1 dune-backed 
Spit/Pacific 
City 

44 36 TILL30 main Pacific( 2 dune-backed 
45 37 TILL31 main Pacific( 3 dune-backed 
46 38 TILL32 main Pacific( 4 dune-backed 

47 39 TILL33 main Pacific( 5 dune-backed 

48 40 TILL34 main Pacific( 6 dune-backed 

49 41 TILL35 main Pacific( 7 dune-backed 
so 42 TILL36 main PacificC 8 dune-backed 

51 43 TILL37 main Pacific( 9 sand beach backed by riprap? 

52 44 TILL38 main Pacific( 10 sand beach backed by riprap? 

53 45 TILL39 main Pacific( 11 dune-backed 

54 46 TILL40 main Pacific( 12 sand beach backed by rip rap? 

55 47 TILL41 main PacificC 13 sand beach backed by riprap? 

56 48 TILL42 main Pacific( 14 sand beach backed by riprap and high bluffs 

Sand Lake I 57 49 TILL43 main Sand Lake 1 sandy beach backed by high cliffs 
Tierra Del Mar 

58 so TILL44 main Sand Lake 2 sandy beach backed by high cliffs 
59 51 TILL45 main Sand Lake 3 sandy beach backed by cobbles- grades into bluff 

60 52 TILL46 main Sand Lake 4 sandy beach backed by high cliffs 

61 53 TILL47 main Sand Lake 5 sand beach backed by riprap 
62 54 TILL48 main Sand Lake 6 dune-backed 

63 55 TILL49 main Sand Lake 7 dune-backed 

64 56 TILLSO main Sand Lake 8 dune-backed 
65 57 TILL51 main Sand Lake 9 sand beach backed by riprap 

66 58 TILL52 main Sand Lake 10 sand beach backed by riprap 
67 59 TILL53 main Sand Lake 11 sand beach backed by riprap 

68 60 TILL54 main Sand Lake 12 sand beach backed by rip rap 

69 61 TILLSS main Sand Lake 13 dune-backed 
70 62 TILL56 main Sand Lake 14 sand beach backed by riprap 

71 63 TILL57 main Sand Lake 15 sand beach backed by riprap 

72 64 TILL58 main Sand Lake 16 dune-backed 

73 65 TILL59 main Sand Lake 17 dune-backed 
74 66 TILL60 main Sand Lake 18 dune-backed 

75 67 TILL61 main Sand Lake 19 dune-backed 

76 68 TILL62 main Sand Lake 20 dune-backed 

77 69 TILL63 main Sand Lake 21 dune-backed 
78 70 TILL64 main Sand Lake 22 dune-backed 

79 71 TILL65 main Sand Lake 23 dune-backed 

80 72 TILL66 main Sand Lake 24 dune-backed 
81 73 TILL67 main Sand Lake 25 sandy beach backed by high cliffs 

82 74 TILL68 main Sand Lake 26 sandy beach backed by high cliffs 

83 75 TILL69 main Sand Lake 27 sandy beach backed by high cliffs 
84 76 TILL70 main Sand Lake 28 sandy beach backed by high cliffs 

85 77 TILL71 main Sand Lake 29 sandy beach backed by high cliffs 
86 78 TILL72 main Sand Lake 30 sandy beach backed by high cliffs 

87 79 TILL73 main Sand Lake 31 sandy beach backed by high cli ffs 

88 80 TILL74 main Sand Lake 32 sandy beach backed by high cliffs 
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Transect DFIRM DOGAMI Transect Lidar 

Reach Order Transect Transect Type Site Transect Description 

Netarts Spit/ 89 81 TILL75 main Netarts 1 sandy beach backed by low/high cliffs 

Oceanside 

90 82 TILL76 main Netarts 2 sandy beach backed by cobbles/boulders and low 

cliff 

91 83 TILL77 main Netarts 3 sandy beach backed by dynamic 

revetment/artificial dune 

92 84 TILL78 main Netarts 4 sandy beach backed by dynamic 

revetment/artificial dune 

93 lidar Net arts 5 79_2035 

94 lidar Netarts 5 79_2033 

95 85 TILL79 main Netarts 5 dune-backed (+cobbles) 

96 86 TILL80 main Netarts 6 dune-backed (+cobbles) 

97 87 TILL81 main Netarts 7 dune-backed (+cobbles) 

98 88 TILL82 main Netarts 8 dune-backed 

99 89 TILL83 main Netarts 9 dune-backed 

100 90 TILL84 main Netarts 10 dune-backed 

101 91 TILL85 main Netarts 11 dune-backed 

102 92 TILL86 main Netarts 12 dune-backed 

103 93 TILL87 main Netarts 13 dune-backed 

104 94 TILL88 main Netarts 14 dune-backed 

105 95 TILL89 main Netarts 15 dune-backed 

106 96 TILL90 main Netarts 16 dune-backed 

107 97 TILL91 main Netarts 17 dune-backed 

108 98 TILL92 main Netarts 18 dune-backed 

109 99 TILL93 main Netarts 19 Cobble beach backed by low wall (estuary 

mouth) 
110 100 TILL94 main Netarts 20 sandy beach backed by high cliffs 

111 101 TILL95 main Netarts 21 sandy beach backed by high cliffs 

112 102 TILL96 main Netarts 22 sandy beach backed by high cliffs 

113 103 TILL97 main Netarts 23 sandy beach backed by dune and high cliffs 

114 104 TILL98 main Netarts 24 sandy beach backed by dune and high cliffs 

115 105 TILL99 main Netarts 25 sandy beach backed by high cliffs 

116 106 TILL100 main Netarts 26 sandy beach backed by high cliffs 

117 107 TILL101 main Netarts 27 sandy beach backed by poor riprap and low cliffs 

118 108 TILL102 main Netarts 28 sandy beach backed by moderately high cliffs 

119 109 TILL103 main Netarts 29 sandy beach backed by moderately high cliffs 

Short Sand 120 110 TILL104 main Short Sand 1 sandy beach backed by gravels and high cliffs 

Beach 

121 111 TILL105 main Short Sand 2 sandy beach backed by gravels and high cliffs 

122 112 TILL106 main Short Sand 3 sandy beach backed by gravels and high cliffs 

Bayocean Spit 123 113 TILL107 main Bayocean 1 sandy beach backed by cobble/boulder and low 
cliffs 

124 114 TILL108 main Bayocea n 2 sandy beach backed by cobble/boulder and low 

cliffs 

125 115 TILL109 main Bayocean 3 sandy beach backed by cobble/boulder berm 
126 116 TILL110 main Bayocean 4 sandy beach backed by cobble/boulder berm 

127 117 TILL111 main Bayocean 5 sandy beach backed by cobble/boulder berm 

128 118 TILL112 main Bayocean 6 dune-backed 

129 119 TILL113 main Bayocean 7 dune-backed 

130 120 TILL114 main Bayocean 8 dune-backed 

131 121 TI LL115 main Bayocean 9 dune-backed 

132 122 TILL116 main Bayocean 10 du ne-backed 

133 123 TILL117 main Bayocean 11 dune-backed 
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Transect DFIRM DOGAMI Transect Lidar 
Reach Order Transect Transect Type Site Transect Descript ion 

Rockaway 134 124 TILL118 main Rockaway 1 dune-backed 

135 125 TILL119 main Rockaway 2 dune-backed 

136 126 TILL120 main Rockaway 3 dune-backed 

137 127 TILL121 main Rockaway 4 dune-backed 

138 128 TILL122 main Rockaway 5 dune-backed 

139 129 TILL123 main Rockaway 6 sand beach backed by riprap 

140 130 TILL124 main Rockaway7 dune-backed 
141 131 TILL125 main Rockaway8 dune-backed 

142 132 TILL126 main Rockaway9 dune-backed 
143 133 TILL127 main Rockaway 10 dune-backed 
144 134 TILL128 main Rockaway 11 dune-backed 

145 135 TILL129 main Rockaway 12 dune-backed 

146 136 TILL130 main Rockaway 13 dune-backed 
147 137 TILL131 main Rockaway 14 dune-backed 

148 138 TILL132 main Rockaway 15 sand beach backed by riprap 

149 139 TILL133 main Rockaway 16 dune-backed 

150 140 TILL134 main Rockaway 17 dune-backed 

151 lidar Rockaway 18 135_857 

152 lidar Rockaway 18 135_856 

153 141 TILL135 main Rockaway 18 dune-backed 

154 142 TILL136 main Rockaway 19 sand beach backed by low bluff 
155 143 TILL137 main Rockaway 20 sand beach backed by riprap 

156 144 TILL138 main Rockaway 21 sand beach backed by riprap 

157 145 TILL139 main Rockaway 22 dune-backed 

158 146 TILL140 main Rockaway 23 sand beach backed by ripra p 
159 147 TILL141 main Rockaway 24 sand beach backed by riprap 

160 148 TILL142 main Rockaway 25 sand beach backed by riprap 

161 149 TILL143 main Rockaway 26 sand beach backed by rip rap 

162 150 TILL144 main Rockaway 27 sand beach backed by riprap 
163 151 TILL145 main Rockaway 28 sand beach backed by riprap 

164 152 TILL146 main Rockaway 29 sand beach backed by riprap 

165 lidar Rockaway 30 147_783 
166 153 TILL147 main Rockaway 30 dune-backed 

167 lidar Rockaway 30 147_778 

168 154 TILL148 main Rockaway 31 dune-backed 

169 155 TILL149 main Rockaway 32 dune-backed 
170 156 TILL150 main Rockaway 33 dune-backed 

171 157 TILL151 main Rockaway 34 sand beach backed by r iprap 

172 158 TILL152 main Rockaway 35 dune-backed 

173 159 TILL153 main Rockaway 36 dune-backed 
174 160 TILL154 main Rockaway 37 dune-backed 

175 161 TILL155 main Rockaway 38 dune-backed 

176 162 TILL156 main Rockaway 39 dune-backed 

177 163 TILL157 main Rockaway40 dune-backed 
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Transect DFIRM DOGAMI Transect Lidar 
Reach Order Transect Transect Type Site Transect Description 

Nehalem Spit I 178 164 TILL158 main Manzanita 1 dune-backed 

Manzanita 
179 165 TILL159 main Manzanita 2 dune-backed 

180 166 TILL160 main Manzanita 3 dune-backed 
181 167 TILL161 main Manzanita 4 dune-backed 

182 168 TILL162 main Manzanita 5 dune-backed 

183 169 TILL163 main Manzanita 6 dune-backed 
184 170 TILL164 main Manzanita 7 dune-backed 

185 171 TILL165 main Manzanita 8 dune-backed 
186 172 TILL166 main Manzanita 9 dune-backed 
187 173 TILL167 main Manzanita 10 dune-backed 
188 174 TILL168 main Manzanita 11 dune-backed 

189 175 TILL169 main Manzanita 12 dune-backed 

190 176 TILL170 main Manzanita 13 sand beach backed by ri prap 
191 177 TILL171 main Manzanita 14 dune-backed 

192 178 TILL172 main Manzanita 15 dune-backed with road 

192 178 TILL172 main Manzanita 15 dune-backed with road 

193 179 TILL173 main Manzanita 16 dune-backed with road 
194 180 TILL174 main Manzanita 17 dune-backed with road 

195 181 TILL175 main Manzanita 18 dune-backed 

196 182 TILL176 main Manzanita 19 sand beach backed by extensive cobble berm 
197 183 TILL177 main Manzanita 20 sand beach backed by extensive cobble berm and 

bluff 

198 184 TILL178 main Manzanita 21 sand beach backed by extensive cobble berm and 
bluff 

Falcon Cove 199 185 CP 1 main CP 1 sand, cobble berm backed by high bluff 
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11.4 Appendix C: Tillamook County Beach and Bluff Profiles 
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Allison Hinderer 

From: 
Sent: 
To: 
Cc: 

Subject: 

Attachments: 

Importance: 

Sarah Mitchell <sm@klgpc.com> 
Tuesday, July 27, 2021 2:21 PM 
Sarah Absher; All ison Hinderer 
Wendie Kellington; Bill and Lynda Cogdall Owcogdall@gmail.com); Bill and Lynda 
Cogdall (lcogdall@aol.com); Brett Butcher (brett@passion4people.org); Dave and Frieda 
Farr (dfarrwestproperties@gmail.com); David Dowling; David Hayes (tdavidh1 
@comcast.net); Don and Barbara Roberts (donrobertsemail@gmail.com); Don and 
Barbara Roberts (robertsfm6@gmail.com); evandanno@hotmail.com; 
heather.vonseggern@img.education; Jeff and Terry Klein Oeffklein@wvmeat.com); Jon 
Creedon Occ@pacifier.com); kemball@easystreet.net; meganberglaw@aol.com; Michael 
Munch (michaelmunch@comcast.net); Mike and Chris Rogers (mjr2153@aol.com); Mike 
Ell is (mikeell ispdx@gmail.com); Rachael Holland (rachael@pacificopportunities.com); 
teriklein59@aol.com 
EXTERNAL: RE: 851-21-000086-PLNG & 851-21-000086-PLNG-01 Pine Beach BOCC 
Hearing Packet - Additional Evidence (Part 5 of 6) 
Exh 2 - DOGAMI SP-47 Report_Part4.pdf 

High 

[NOTICE: This message originated outside of Til lamook County-- DO NOT CLICK on links or open attachments unless 
you are sure the content is safe.] 

Please include the attached in the record of 851-21-000086-PLNG /851-21-000086-PLNG-01 and in the Board 
of Commissioners' packet for the July 28, 2021 hearing. This is part 5 of 6. 

From: Sarah M itchell 
Sent: Tuesday, July 27, 2021 2:20PM 
To: sabsher@co.tillamook.or.us; All ison Hinderer <ahindere@co.t illamook.or .us> 
Cc: Wendie Ke llington <wk@klgpc.com>; Bill and Lynda Cogda ll (jwcogdall@gmail.com) <jwcogda ll@gmail.com>; Bill and 
Lynda Cogda ll (lcogda ll@aol.com) <lcogda ll@ao l.com>; Brett Butcher (brett@passion4people.org) 
<brett@passion4peop le.org>; Dave and Frieda Farr {dfarrwestproperties@gmail.com) 
<dfarrwestproperties@gmail.com>; David Dowling <ddowling521@gmail.com>; David Hayes (tdavidh1@comcast.net ) 
<tdavidh1@comcast.net>; Don and Barbara Roberts (donrobertsemail@gmail.com) <donrobertsemail@gmail.com>; 
Don and Barbara Roberts (robertsfm6@gmail.com) <robertsfm6@gmail.com>; evandanno@hotmail.com; 
heather.vonseggern@img.education; Jeff and Terry Klein (jeffklein@wvmeat.com) <jeffklein@wvmeat.com>; Jon 
Creedon (jcc@pacifier.com) <jcc@pacifier.com>; kemba ll@easystreet.net; meganberglaw@aol.com; Michael Munch 
(michaelmunch@comcast.net) <michaelmunch@comcast.net>; M ike and Chris Rogers (mjr2153@aol.com) 
<mjr2153@aol.com>; Mike Ellis (mikeellispdx@gmail.com) <mikeellispdx@gmail.com>; Rachael Holland 
(rachael@pacificopportunities.com) <rachael@pacificopportunities.com>; teriklein59@aol .com 
Subject: RE: 851-21-000086-PLNG & 851-21-000086-PLNG-01 Pine Beach BOCC Hearing Packet- Additional Evidence 
(Part 4 of 6) 
Importance: High 

Please include the attached in the record of 851-21-000086-PLNG /851-21-000086-PLNG-01 and in the Board 
of Commissioners' packet fo r the July 28, 2021 hearing. This is part 4 of 6. 

1 

j 



Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 210 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

fm_pc9 

1000 800 600 400 200 0 

--- s97 Nestucca Spit 9fTILL 37 
45 

--w98 40 12 --- s02 

••••••••• s09 
••••• •••• Sep11 35 

10 ·-------· Mar12 

I -mlwp 30 g • Dhigh 
CX> 8 

'""'n'""•••••u,..,,..,., m 1%TWL· CX> 
CX> • Dlow 25 CX> 
0 0 

~ ~ 
z z 
c 6 20 c 
.2 0 

15 -~ 

> 15 > 
Ql Ql 

w 4 w 
10 

2 
5 

0 0 

300 250 200 150 100 50 0 
Horizontal distance (m) 

fm_pc 10 

1000 800 600 400 200 0 

--- s97 
--w98 

,, 35 .. 
" 10 --- s02 .. .. .. 

••••••••• s09 " " " 30 
••••• •• •• Sep11 :: 

II .. 
·-------- Mar12 .. 

8 .. 
-mlwp 1%TWL 

.. 
I 

___ ,_. .............. 
" 25 .. g .. • Dhigh .. .. 

CX> ~ 
.. • Dlow .. CX> .. 0 0 .. 

20 ~ 6 .. 
~ .. .. , 

z " z .. 
c " c " . 2 . 15 0 

15 : ~ > 4 
Ql Ql 

w 10 
w 

2 
5 

0 

300 250 200 150 100 50 0 
Horizontal distance (m) 

Oregon Department of Geology and Mineral Industries Special Paper 47 201 



fm_pc 11 

18 

16 

14 

I 
~ 12 
0 

~ 10 
z 
c 
,Q 

~ 
8 

Q) 

iii 6 

4 

2 

0 

fm_pc 12 

I 
co co 
0 

~ z 
c 

.Q 
til 
> 
Q) 

iii 

Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 211 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

1000 900 800 700 600 500 400 300 200 100 0 

--- s97 Nestucca Spit 11 fTILL 39 
-- w98 60 
--- s02 
----- ---- s09 
--------· Sep11 50 
-···-· --· Mar1 2 
- mlwp g • Dhigh 40 co • Dlow co 

0 

~ 
30 z 

c 
0 

"""" 1% TWL ""'" ,,, "" ""'"' 
~ 

lllllllltlll tlllllllllltltlllllll•lll4111111tlllltiiiiiiiiJIIIIIIII!IIII HIIIIOIIIIIIIIII Ill !Ill > 
Q) 

20 iii 

10 

0 

300 250 200 150 100 50 0 
Horizontal distance (m) 

1000 900 800 700 600 500 400 300 200 100 0 
12 

--- s97 Nestucca Spit 12!TILL 40 
--w98 35 

10 
--- s02 

----- ---· s09 
-··-----· Sep1 1 30 
-··-· -· -· Mar1 2 

8 -mlwp lUI_U-''-'"'-'-'-'-'-'''-'l''""'"''' 'l!JI_I>II_IJUI '''-'"-'""-'-'''l 1% TWL '-''-'-'-~"''l'll. _ltj!_I_IJ! ' 

• Dhigh 25 g 
co • Dlow co 
0 

6 20 ~ z 
c 

15 0 

~ 
4 

Highest Observed Tide ,.~ .• , •.•.• ,. , • • , •• 
> 
Q) 

, iii -· 10 

2 
5 

0 

300 250 200 150 100 50 0 
Horizontal distance (m) 

Oregon Department of Geology and Minera l Industries Special Paper 47 202 



fm_pc 13 

s 
co co 
0 

~ 
z 
c 

.Q 
n; 
> 
Q) 

w 

fm_pc 14 

:[ 
ffi 
0 

~ z 
c 

.Q 
n; 
> 
Q) 

w 

Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 212 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

1000 900 800 700 600 500 400 300 200 100 0 

--- s97 
--w98 35 

10 --- s02 

••••••••• s09 30 
••••••••• Sep11 

8 ••••••••• Mar12 
-mlwp 25 §: • Dhigh co • Dlow co 

20 0 
6 ~ z 

c 
15 0 

4 ·~ 
Q) 

10 w 

2 
5 

0 

300 250 200 150 100 50 0 
Horizontal distance (m) 

800 700 600 500 400 300 200 100 0 

16 --- s97 Nestucca Spit 14fTILL 42 
-- w98 50 
--- s02 

14 ••••••••• s09 
••••••••• Sep11 

12 ·-······· Mar12 40 
-mlwp 

§: • Dhigh 
10 co • Dlow co 

30 ° ~ 
8 + ;,., +ioiou+ • ++ luunii+II"''~''' 'IU I , , ;..,,.u ,u u"''' '"'" ' .,;; ,,. ' "'" '111 1iu l•+ouimn+ in 111111m 1% TWL ~~- ·;;,.. , ,,., _,; , ·;;;; ·;;j; ,; , z 

c 
0 

6 20 ~ > 
Q) 

w 
4 

II Highest Observed Tide .• , •.• ,.: •.• ,.,., •.• , •.• ,.~. ,., · 
10 

2 

0 0 

250 200 150 100 50 0 
Horizontal distance (m) 

Oregon Department of Geology and Mineral Industries Special Paper 47 203 



11.4.3 Sand Lake 

fm_slk 1 

fm_slk2 

Applicants' July 27, 2021 Submittal 
Exh ibit 2- Page 213 of 283 

Coastal Flood Hazard Study, Til lamook County, Oregon 

30 

25 

5 

1 000 900 800 700 600 500 400 300 200 1 00 0 

--- s97 
--w98 
--- s02 

••••••••• s09 
• ••••••• • Sep11 
••••••••• Mar12 
-mlwp 

e Dhigh 
e Dlow 

Sand Lake 1friLL 43 

mnumutiBnumuulm 1111 "'' 'w•mmi• w1u1 11wu '"uum•uumuuuutow•n•w••"'"'"n••wnumuu n '"' 1% TWL u•nn .. •n· 

""'·--"· .... 

90 

80 

70 
~ 

!S 
60 ~ 

0 

50~ z 
c 

40 g 
~ 

30 jj] 

20 

10 

0 ••••n••••••••~••••••••woooooow••••••••••••••• 0 

300 250 200 150 100 50 0 
Horizontal distance (m) 

1 000 800 600 400 200 
1 8rr=~~==~~--~-~~~-~~~]l 

Sand Lake 2/TILL 44 --- s97 

16 
--w98 
--- s02 

••••••••• s09 
14 ·-----·-· Sep1 1 

·-------· Mar12 
~ 12 -mlwp 
_E_ - e Dhigh 
~ e Dlow 
0 1Q fL-------' 
~ z JIIIIIUIIIII !IIII IIIIIII III .IIII •I IIIIIII IIOII+I IIII I I lU I Iii I I IIIOI: I II I I1 1lltlliii 1 IIII II~I I IOIUIUI - I .. II I II 1I III I I I II~ I IIIIIIIOU ..,, ,, .. ' " 1 Ofo TWL IUII IIIII II•iiii ]UI 

c 8 
.Q 

~ 
Q) 6 
jj] 

4 Highest Observed Tide ,. , •.•.•. ~ .••.• :~ .. .. ..... ~ .,;, ., •.•.•.•.•.• ~,· . .-.·· ·......,, 

2 

300 250 200 150 100 
Horizontal distance (m) 

50 0 

50 

40 ~ 
!S 
<Xl 
<Xl 
0 

30 ~ z 
c 
0 

~ 
20 ~ 

w 

10 

0 

Oregon Department of Geology and Minera l Industries Special Paper 47 204 



fm_slk3 

fm_slk4 

Applicants' July 27, 2021 Submittal 
Exhibit 2 - Page 214 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

1 000 900 800 700 600 500 400 300 200 1 00 0 

Sand Lake 3fTILL 45 
1111111" 1/UII/11 1111 l •llt+t 10111111 Ullllll >full 111 Ill lllllllnUIIIIWIIUtllllltl 1% TWL Ill 1 

--- s97 
--w98 

10 --- s02 

I 
<Xl 
<Xl 
0 

8 

~ 6 
z 
c 
,g 

••••••••• s09 
••••••••• Sep11 
·-------· Mar12 
-mlwp 

e Dhigh 
e Dlow 

~ 4 • w Highest Observed Tide ....................... • .. 

0 

300 250 200 150 100 
Horizontal distance (m) 

50 

1000 900 800 700 600 500 400 300 200 

18 --- s97 
--w98 

16 

14 

--- s02 

••••••••• s09 
-----·-·· Sep11 
··-······ Mar12 
-mlwp 

e Dhigh 
e Dlow 

Sand Lake 4fTILL 46 

· ,,,,, ""'"'"'""'"""""''"""""""""" '"" 1%TWL·· ............. .. 

4 Highest Observed Tide , ........................... . 

2 

0 

300 250 200 150 100 50 
Horizontal distance (m) 

0 

0 

35 

30 

25 g 
~ 

20 ~ 
z 
c 

15 ,g 
~ 

10 w 

5 

40 g 
~ 
0 
> 

30 ~ 
c 
0 

~ 
20 ~ 

10 

0 

Oregon Department of Geology and Mineral industries Special Paper 47 205 

• 



fm_slk 5 

fm_slk 6 

Applicants' July 27, 2021 Submittal 
Exh ibit 2- Page 215 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

1 000 900 800 700 600 500 400 300 200 1 00 0 

18 

16 

14 

'E 
~ 12 
ffi 
0 
;:( 10 

--- s97 
--w98 
--- s02 

••••••••• s09 
••••••••• Sep11 
••••••••• Mar12 
-mlwp 

e Dhigh 
e Dlow 

Sand Lake 5fTILL 47 

Z "'' """""""'""""""om ''"'"""'""""'""""'"'""""'""'"""'""""'"""'""""'""''""""" 1% 1WL "" """'""""""""" 
5 8 
~ 
QJ m 6 

8 

7 

6 

I 5 

~ 
;:( 4 
z 
c 
0 3 

1 
m 2 

300 250 200 150 100 50 
Horizontal distance (m) 

1000 800 600 400 

--- s97 . Sand Lake 6fTILL 48 

"""'''""' """' """' ""'" ., ......... " '"' '"""' '''"" · "'" 1% 1WL , .. ""'"' "" 
--w98 
--- s02 

••••••••• s09 
••••••••• Sep11 
••••••••• Mar12 
-mlwp 

e Dhigh 
e Dlow 

Highest Observed Tide 
............................. , ........ , ........• •···•·•·•·•·•·•·•·····•···•········· J'•t... , """ ... I . 

I 

:. i. 
.,\ , .. ,.,,\ .,-;~"1 1~ 

,~./ ~.,"' - , 
.....-., .,., 

v 

60 

50 

40 g 
co 

0 

co 
0 
;:( 

30 z_ 
c 
0 

~ 
> 

20 ~ 

10 

0 

25 

g 
co 

15 ~ 
~ z 
c 

10 ,g 
~ 
Q) 

m 

5 

0 ............•................•.......... . ...... 0 

300 250 200 150 100 50 0 
Horizontal distance (m) 

Oregon Department of Geology and Mineral Industries Special Paper 47 206 



fm_slk 7 

fm_slk8 

Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 216 of283 

Coastal Flood Hazard Study, Tillamook County, Oregon 
' 

1 000 900 800 700 600 500 400 300 200 1 00 0 

I 
::8 
0 

~ 

9 

8 

7 

6 

5 

z 4 
c:: 

.Q 

~ 3 
Q) 

(ij 

2 

0 

8 

7 

6 

I 
::8 
0 

5 

~ z 4 

c:: 
.Q 

3 iii 
> 
Q) 

(ij 

0 

--- s97 Sand Lake 7fTILL 49 
30 

--w98 
--- s02 
--------- s09 
--------- Sep11 

25 
""""""""""':""'""""""'""" ............... ::·"""" " 1% TWL '" 

--------· Mar12 
-mlwp 

• Dhigh 

• Dlow 

5 

300 250 200 150 100 50 0 
Horizontal distance (m) 

1000 800 600 400 200 0 

--- s97 Sand Lake 8fTILL 50 
--- w98 
--- s02 

25 

--------· s09 
--------· Sep11 
--------- Mar12 20 
-mlwp 

• Dhigh 

• Dlow 

g 
a:> 

15 ~ 
~ z 
c 

10 ~ 
> 
Q) 

(ij 

5 

.................................................................. 0 

300 250 200 150 100 50 0 
Horizontal distance (m) 

Oregon Department of Geology and Mineral Industries Specia l Paper 47 207 



fm_slk 9 

fm_slk 10 

Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 217 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

800 700 600 500 400 300 200 

--- s97 Sand Lake 9fTILL 51 
10 " --- w98 ;,:; .. , ....................... '""""""""" ,,, ........ ....... ............ ... ,, "", 1% TWL """"'""'"" ,,;, 

-- s02 30 

8 

~ 6 
0 
:;;: 
z 
c 

••••••••• s09 
••••••••• Sep11 
•••••• ••• Mar12 
-mlwp 

e Dhigh 
e Dlow 

~ 4 Highest Observed Tide 
> 
Q) 

w 

2 

250 200 

1000 800 

150 100 
Horizontal distance (m) 

600 400 

- -- s97 Sand Lake 10fTILL 52 

50 

200 

1 0 --- V/98 "-llUIUUllliUU..I.IW.UI.IUILU.Ii.IUUiliUUI IiUILUUUI.II.I i.ILU . IU IOIIIIIIU\L IUIIHIIUi~~IUI IIIUU 1 % TWL I I III\ 

8 

I 
~ 6 
:;;: 
z 
c 
0 

~ 4 
Q) 

w 

2 

0 

--- s02 

••••••••• s09 
••••••••• Sep11 
••••••••• Mar12 
-mlwp 

e Dhigh 
e Dlow 

Highest Observed Tide •.• , •.•.• ,~ .•.•.• , •.• , •.•.•.•.•.•.•.•.•.• ,. 

300 250 200 150 100 
Horizontal distance (m) 

50 

25 

0 

0 

0 

20 ~ 
0 
:;;: 
z 

15 c 
0 

~ 
10 ~ 

5 

35 

30 

25 
g 
(X) 

20 (X) 
0 
:;;: 
z 

15 c 
.Q 
(;j 
> 
Q) 

10 w 

5 

Oregon Department of Geology and Minera l Industries Special Paper 47 208 



fm_slk 11 

fm_slk 12 

1000 

9 
--- s97 

8 
--w98 

Applicants' July 27, 2021 Submittal 
Exhibit 2 - Page 218 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

--- s02 

••••••••• s09 
'" ,, ....... - ..................... " """'" •M"""" '" ""' " 1% TWL 25 

7 ••••••• •• Sep11 
••••••••• Mar12 

6 -mlwp 20 
.s 
~ 
0 

~ 
5 

• Dhigh 

• Dlow 

~ 4 
Highest Observed Tide 

0 --- - ---------------- .,f - ~ · ···· ·-· ••••••••••• • • •••• • · · ·,•;:· • 

~ 3 / 
Q) 

w 
2 

0 

-1~---m-U~L---~----~------~----~------~----~ 

350 300 250 200 150 100 50 0 
Horizontal distance (m) 

1000 800 600 400 200 0 

g 
~ 
0 

15 ~ 
z 
c: 
0 

10 ~ 
Q) 

w 

5 

9 
~r===~==~~----~--~~--~----~ 30 

Sand Lake 12/TILL 54 

]: 
~ 
0 

~ 

8 

7 

6 

5 

--- s97 
--w98 
--- s02 

••••••••• s09 
••••••••• Sep11 
••••••••• Mar12 
-mlwp 

• Dhigh 

• Dlow 

4 
-~ ~i~_h_~s_t .<?~~~~:~ _!i~~, •• •••••• ••••••••••••••• 
iii 3 
~ 
w 

2 

0 

300 250 200 150 100 
Horizontal distance (m) 

50 0 

~ 
0 

15 ~ 
z 
c: 

.Q 

10 ~ 
Q) 

w 

5 

Oregon Department of Geology and Mineral Industries Special Paper 47 209 



fm_slk 13 

fm_slk 14 

10 

8 

~ 
~ 6 

?( 
z 

Applicants' July 27, 2021 Submittal 
Exh ibit 2- Page 219 of 283 

Coastal Flood Hazard Study, Til lamook County, Oregon 

900 800 700 600 500 400 300 200 1 00 0 

--- s97 
--w98 
--- s02 
--------- s09 
--------- Sep11 
--------· Mar12 
-mlwp 

e Dhigh 
e Dlow 

Sand Lake 13fTI LL 55 

1%TWL 

30 

25 

2 
20 ~ 

~ 
?( 

c 4 
~ ~i~~~~! ~~~E!~_e_~ !~~E! ..••.••.•• "'"'" •••.•••• 

15 z 
c 

.Q 

~ 
10 ~ Cl) 

w 

2 

0 

250 200 150 100 
Horizontal distance (m) 

900 800 700 600 500 400 300 

10 -- s97 

8 

c 
.Q 4 
~ 
Cl) 

w 
2 

0 

--w98 
--- s02 

· ···----· s09 
--------· Sep11 
--------· Mar12 
-mlwp 

e Dhigh 
e Dlow 

250 

Sand Lake 14fTILL 56 

1%TWL 

200 150 100 
Horizontal distance (m) 

50 0 

200 

50 0 

5 

25 

20 :2 
Cl 
?( 

15 z_ 
c: 

.Q 

~ 
10 ~ 

5 

Oregon Department of Geology and Mineral Industries Special Paper 47 210 

J 



fm_slk 15 

fm_slk 16 

Applicants' July 27, 2021 Submittal 
Exh ibit 2- Page 220 of 283 

Coasta l Flood Hazard Study, Tillamook County, Oregon 

900 800 700 600 500 400 300 200 0 

12 
--- s97 Sand Lake 15rriLL 57 

40 

--w98 
--- s02 35 

10 ••••••••• s09 
••••••••• Sep11 30 
••••••••· Mar12 

8 -mlwp 

• Dhigh 

• Dlow '"""'"'"""'"' '""" ................... "' "" .. ... 1% 1WL """"""" ..... · 
25 g 

Q) 
Q) 

0 

6 20 ~ z 
c:" 

15 ~ 
> 
OJ w 

10 

2 
5 

0 0 

250 200 150 100 50 0 
Horizontal distance (m) 

900 800 700 600 500 400 300 200 

10 

8 

--- s97 
--w98 
--- s02 

•••••• ••• s09 
••••••••• Sep11 
••••••••· Mar12 
-mlwp 

e Dhigh 
~ e Dlow 
0 6 1-'--------' 

~ z 
c: 
0 

·~ 4 
OJ 
w 

250 200 

Sand Lake 16rriLL 58 35 

30 

25 
s 
Q) 

20 l3 
~ z 

15 g 
~ 

10 w 

5 

•••••••••••••••••••••••••••••••••••••••••••••••••• 0 

150 100 50 0 
Horizontal distance (m) 

Oregon Department of Geology and Mineral Industries Special Paper 47 211 



fm_slk 17 

fm_slk 18 

I 
co co 
0 

~ z 
c 
0 

15 
> 
(1) 

jjj 

12 

10 

8 

6 

4 

2 

0 

Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 221 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

800 700 600 500 400 300 200 100 0 

--- s97 Sand Lake 17fTILL 59 
40 --w98 

--- s02 
----- ---- s09 35 
- -- -----· Sep11 
--------· Mar12 30 
-mlwp 

§: • Dhigh 
25 ~ • Dlow ...... tmt_l .... Ill n .. IPIIIO"ftll 1%TWL 

0 

20 ~ 
c 
.Q 

15 ~ 
(1) 

Highest Observed Tide, ••••••••••••••• jjj ... ..... ~~ 10 

1 ..... - .. "'\. ,-,_ ..... ....... \ 

............... ··' ,, ..... 5 

0 

250 200 150 100 50 0 
Horizontal distance (m) 

900 800 700 600 500 400 300 200 1 00 0 

--- s97 Sand Lake 18fTILL 60 35 
10 --w98 

--- s02 
- -- -----· s09 30 
--------- Sep11 

8 --------- Mar1 2 
-mlwp 25 

e Dhigh 
~ e Dlow 
o 6 rL-------' 20 ~ 

~ ~ z z 
15 g 

~ 
(1) 

10 iii 

c: 
.Q 

~ 4 
(1) 

jjj 

Highest Observed Tide 
I •••••••••••• A •. -.;:---.,..~'ff>·7 

l ··-,. , 
,.~ .. , ,_ ........ , .. ~· 

N " ""' ,_,.. ....... "* ' .... , ............... ,... , 
5 

2 

0 

250 200 150 100 50 0 
Horizontal distance (m) 

Oregon Department of Geology and Mineral Industries Special Paper 47 212 



fm_slk 19 

fm_slk20 

10 

8 

:§: 
CX) 
CX) 

0 6 
?:( 
z 
c 
0 

~ 
> 

4 
Q) 

w 

2 

0 

900 800 700 600 500 400 

Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 222 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

300 200 100 0 

--- s97 Sand Lake 19!TI LL 61 35 
--w98 
--- s02 
- -------- s09 30 
--------- Sep1 1 
--------- Mar12 
-mlwp ·~' 

25 

• Dhigh s 
20 ~ • Dlow 

?:( 
z 

15 c 
0 

Highest Observed Tide ~ ............... , Q) ,,., .. 10 w , , , ··" ,, ,, .,.,, ..... 
_,.-~ '-....-·v'"''\""' '"",,, .... -.~',l , ## ... 

5 

250 200 150 100 50 0 
Horizontal distance (m) 

91600 1400 1200 1000 800 600 400 200 0 

-- s97 
8 --- w98 

7 

6 
:§: 
~ 5 
?:( 
z 4 
c 

.Q 
iil 3 
[; 
w 

2 

--- s02 
- -- ------ s09 
--------- Sep1 1 
--------· Mar12 
-mlwp 

e Dhigh 
e Dlow 

Sand Lake 20!TILL 62 

25 

20 

5 

•••••••••••••••••••••••••••••••••••••••••••••• 0 

450 400 350 300 250 200 150 1 00 50 0 
Horizontal distance (m) 

Oregon Department of Geology and Mineral Industries Specia l Paper 47 213 



fm_slk21 

fm_slkZZ 

16 

14 

12 

:§: 
(X) 
(X) 

10 
0 

~ 
z 8 
c 
.Q 
1il 6 > 
Q) 

w 
4 

18 

16 

14 

:§: 12 
~ 
0 
~ 10 
z 

.§ 8 
~ 
Q) w 6 

2 

0 

Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 223 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

1600 1400 1200 1000 800 600 400 200 

--- s97 Sand Lake 21rriLL 63 
-- w98 
--- s02 I 
••••••••• s09 

I 
I 
I 

••••••••• Sep11 ! ·---·--·- Mar12 I 

-mlwp i • Dhigh , 
: • Dlow : 
: 
l 
: 
: : 
:.. 

,., "' '" '" ••u iu••au•m• •n n 111•• •" 1111•1 1}: 1%TWL . : 
Highest Observed T ide i 

- .... Ji! _ 

450 400 350 300 250 200 150 1 00 50 

1200 1000 

--- s97 
--w98 
--- s02 

••••••••• s09 
••• •••••• Sep11 
···-----· Mar1 2 
-mlwp 

Horizontal distance (m) 

800 600 400 200 

Sand Lake 22fT ILL 64 

e Dhigh 
e Dlow 

L,_ ____ ___,"'"'' ""'l"'"'""""*'l:llllll'" "' •••••uu!IIIHIII•II•I• "'' • 1 0/oTWL u • >~l · Jlr 

350 300 250 200 150 100 50 
Horizontal distance (m) 

0 

50 

40 

g 
(X) 
(X) 

30 ° ~ z 
c 
0 

20 ~ > 
Q) 

w 

10 

0 

0 

0 

60 

50 

g 
~ 
0 

~ 
30 z 

c 
.Q 
iii 
> 

20 ~ 

10 

0 

0 

Oregon Department of Geology and Mineral Industries Special Paper 47 214 

• 



fm_slk 23 

fm_slk24 

18 

16 

14 

1200 1000 

--- s97 
--w98 
--- s02 

••••••••• s09 
••••••••• Sep11 
· ------ -· Mar12 
-mlwp 

e Dhigh 
e Dlow 

800 600 

Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 224 of 283 

Coasta l Flood Hazard Study, Til lamook County, Oregon 

400 0 

Sand Lake 23fTILL 65 
60 

50 

40 g 
co co 
0 

30 ~ z 
c 
.2 
iii 
> 

20 Q) 

w 

4 Highest Observed Tide '"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"'"' 10 
2 

0 

0 

350 300 

--- s97 
--w98 
--- s02 

••••••••• s09 
•• ••• •••• Sep11 
••••••••• Mar12 
- mlwp 

e Dhigh 
e Dlow 

250 200 150 100 
Horizontal distance (m) 

""""""'"'""" "" '""" '"'"' "" " "" """"'"' '"'"" "" '" '"' · 1% TWL """ '" " 

350 300 250 200 150 100 
Horizontal distance (m) 

0 

50 0 

45 . . . 
40 

35 

30 
g 
co co 

25 
0 

~ z 
c 

20 0 

~ 
> 

15 
Q) 

w 

10 

5 

0 

50 0 

Oregon Department of Geology and Mineral Industries Specia l Paper 47 215 

I . ) 



fm_slk25 

fm_slk26 

Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 225 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

20 900 800 700 600 500 400 300 200 

--- s97 
18 --w98 

16 

14 

I 
~ 12 
0 

~ 10 z 

--- s02 
--------- s09 
--------- Sep11 
-------- - Mar12 
-mlwp 

e Dhigh 
e Dlow 

Sand Lake 25fTILL 67 

100 

c I IUI •II LU• H!lln i .. U IIlOJIIIIIIIUIIIo!l lotiii ii iiiiUhOIIUII IIoW lliiii1U I41111111Ulilllll ll ll .. ll .. llotlll111ll•11 1< 1%TWLioll on loU.I IHII I I 

.Q 8 
~ 
Q) w 6 

4 Highest Observed Tide •••••••••••• ·rr~~c:;~ 

2 

I 
co co 
0 

~ z 
c 
.Q 
iii 
> 
Q) 

w 

250 200 150 100 50 
Horizontal distance (m) 

900 800 700 600 500 400 300 200 1 00 

25 --- s97 

20 

15 

10 

5 

-- w98 
--- s02 

--------- s09 
--------- Sep11 
--------- Mar12 
-mlwp 

e Dhigh 
e Dlow 

250 

Sand Lake 26fTILL 68 

200 150 100 50 
Horizontal distance (m) 

0 

60 

50 

2 
40;; 

co 
0 

~ 
30 z_ 

c 
.Q 
iii 
> 
Q) 

20 w 

10 

0 

0 

0 

80 

70 

60 
5 

50~ 
0 

~ 
40 z_ 

c 
0 

30 ~ 
w 

20 

10 

0 
0 

Oregon Department of Geology and Mineral industries Special Paper 47 216 



Oregon Department of Geology and Mineral Industries Special Paper 47 

Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 226 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

217 



fm_slk29 

fm_slk 30 

35 

30 

I 2s 
~ 
0 

~ 20 z 
c 
0 

-~ 15 
Q) 

w 

--- s97 
--w98 
--- s02 
--------· s09 
••••••••• Sep11 
------- -· Mar12 
- mlwp 

e Dhigh 
e Dlow 

Applicants' July 27, 2021 Submittal 
Exhibit 2 - Page 227 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

Sand Lake 29fTILL 71 
120 

100 

§: 
80 co co 

0 

~ 
z 

60 c 
0 

~ 
> 
Q) 

40 w 
1 0 · ,,,,,,,,,,,, ,,.,,,,,, ................... ,. .... ". ""·'·" """' "''·'" "~''"""'""'''""''"' ";· """""'''' '' '''"'""''"" 1 o/o TWL ·"·' "'·'·'·"" · 

0 MLLW 

350 300 

1200 1000 

30 --- s97 
--w98 
--- s02 

25 
--------- s09 
--------- Sep11 
••• •••••• Mar12 

I 2o 
- mlwp 

• Dhigh 
~ • Dlow 
0 

~ z 15 c 
.Q 
iii 
> 
Q) 

w 10 

250 200 150 100 
Horizontal distance (m) 

800 600 400 

Sand Lake 30fTILL 72 

·i 

IIIII III<UHIIIO II II I UI I U1111111111111 Ill l ll llllll111tl011111<ill 1UIII II IIOU111onlllllll ll lllf1 l lll ll1111llll I IOI!JIII IIIII 

5 

0 .MLLW 

350 300 250 200 150 100 
Horizontal distance (m) 

20 

0 
50 0 

200 0 

100 

90 

80 

70 §: 

60 
co co 
0 

~ 
50 z 

c 
40 

.Q 
iii 
> 
Q) 

w 
30 

20 

10 

0 

50 0 

Oregon Department of Geology and Mineral industries Special Paper 47 218 

• 



Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 228 of 283 

Coasta l Flood Hazard Study, Tillamook County, Oregon 

fm_slk31 

1200 1000 800 600 400 200 0 

--- s97 Sand Lake 31ffiLL 73 90 
--w98 

25 --- s02 

•••• •• ••• s09 80 
••••••••• Sep11 
••••••••• Mar12 70 

~ 20 -mlwp 
2 .s • Dhigh 60 ~ 

CX) :8 CX) • Dlow 
0 0 

~ 15 50 ~ 
z z 
c c 
.Q 40 2 n; ~ > 
Ql 10 Ql 

iii 30 iii 
, .. , •• •-tlllll • 1111 •-u .... •• _ , ....... -•••••" •• ... •w.•-•.., 1 1%TWL 

20 
5 

10 

0 MLLW 0 
350 300 250 200 150 100 50 0 

Horizontal distance (m) 

fm_slk 32 

1200 1000 800 600 400 200 0 

--- s97 Sand Lake 32ffiLL 74 70 
20 --w98 

--- s02 

••••••••• s09 60 
••••••••• Sep11 
••••••••• Mar12 

~ 15 -mlwp 50 
.s • Dhigh 

g 
:8 CX) • Dlow CX) 

0 40 ° 
~ ~ z z 
c 10 c 
0 30 2 

·~ m 
> > 
Ql Ql 

iii ,_ '' ' --" .. ''"-•' ,....., 1 11111:1m n .. ••,..•n• - · • ....,.,m'"'' ' " no un iii 
20 

5 

10 

0 0 

350 300 250 200 150 100 50 0 
Horizontal distance (m) 

Oregon Department of Geology and Mineral Industries Special Paper 47 219 



11.4.4 Netarts Spit 

fm_netarts 1 

fm_netarts 2 

Applicants' July 27, 2021 Submittal 
Exhibit 2 - Page 229 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

800 700 600 500 400 300 200 100 

10 --- s97 Netarts Spit 1!TILL 7S 
--- w98 '""" "" '" """' '""" "" '" ""'" """""'""' """ "'"" "'"" 1% TWL """ "'""""' '"'"" 
--- s02 

····-···· s09 
8 •••·••·•· Sep11 

••••••••• Mar12 

g 
~ 6 
0 

~ 
z 
c· 

-mlwp 
e Dhigh 
e Dlow 

~ 4 Highest Observed Tide 
Q) 

Ui 

2 

250 200 150 100 
Horizontal distance (m) 

900 800 700 600 500 400 300 

--- s97 

50 

200 

Netarts Spit 2fT ILL 7" 
""l""".""" """' "" • """' """""""'"""' "" "" ""'""""'"""""' 1% TWL "" --w98 10 

8 

--- s02 

••••••••• s09 
••••• •••• Sep11 
••••••••• Mar12 
-mlwp 

e Dhigh 
~ e Dlow 
0 6 f-L------' 

~ 
z 
c· 
.Q 

~ 4 Highest Observed Tide · 
Q) "··· · · · · · · · · · · · · • •••••••••••••••••••• •• •• • 

Ui 

0 

250 200 150 100 
Horizontal distance (m) 

50 

100 

0 

0 

0 

0 

30 

25 

20 ~ 
0 

~ 
15 z_ 

c 
.Q 

~ 
10 ~ 

5 

35 

30 

25 
~ s 
(() 

20 ~ 
~ z 

15 -~ 
~ 
Q) 

10 Ui 

5 

Oregon Department of Geology and Mineral Industries Special Paper 47 220 

' 



fm_netarts 3 

fm_netarts 4 

Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 230 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

900 800 700 600 500 400 300 200 100 

--- s97 Netarts Spit 3rr1LL 77 
, '""'"" , " '""'" , '"""'" 1% TWL · --w98 10 

8 

--- s02 

•••••··•· s09 
••••••••• Sep11 
••••••••• Mar12 

~ -mlwp 
.§. e Dhigh 
~ e Dlow 
0 6 1-'-------' 

~ z 
c 
0 

~ 4 
Highest Observed Tide •••••••••••••••••• "'. 

w 

0 

10 

8 

~ 6 
~ z 

250 

900 800 

- - - s97 
--w98 
--- s02 

••••••••• s09 
••••••••• Sep11 
••••••••• Mar1 2 
-mlwp 

e Dhigh 
e Dlow 

200 150 100 
Horizontal distance (m) 

700 600 500 400 300 

.. "" 

c 
.Q 
~ 4 Highest Observed Tide 
Q) w 

2 

0 

250 200 150 100 
Horizontal distance (m) 

50 

50 

0 

0 

0 

35 

30 

25 
g 

20 ~ 
~ z 

15 g 
~ 
> 
Q) 

10 w 

5 

35 

30 

25 

20 ~ 
~ z 

15 c 
.Q 

~ 
Q) 

10 w 

5 

Oregon Department of Geology and Mineral Industries Special Paper 47 221 



fm_netarts 5 

fm_netarts 6 

Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 231 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

1000 900 800 700 600 500 400 300 200 100 

--- s97 Netarts Spit 5fTILL 79 

10 " --w98 '"""""""'"'''""" '"" "'"" " "'""" '" 1 %TWL " "' "' 

8 

--- s02 

-- ----·-· s09 
·······-· Sep11 
·······-· Mar1 2 
-mlwp 

e Dhigh 
~ e Dlow 
o 6 r'---------' 
?l: z 
c· 
.Q 

~ 4 
Highest Observed Tide ••.•.•.•.•.•.•.•.•.•.•.•.••.•.•.••..•.• .• 

[j 

0 

300 250 200 150 100 
Horizontal distance (m) 

1400 1200 1000 800 600 400 

--- s97 
--w98 

10 

--- s02 IO III!thMIIIMIUIIIINtll Ullol l llllll 1111111 Ill 11!11 111111 l l lllllllllfii!IOII •IU 

8 

:§: 
~ 6 
0 

?l: z 

---·----· s09 
•••••••• • Sep11 
••••••· •• Mar12 
-mlwp 

e Dhigh 
e Dlow 

-~ !, 
~ 4 

Highest Observed Tide , ••.•• ~ ............. •. • .• 

'i ' 1'\, ' I [j • , • .... 
' , ' t' ~ ,' I _,~' I 

2 "', l \ : \ .... / .. tv_,..,. . , .. 

0 

400 350 300 250 200 150 
Horizontal distance (m) 

100 

50 

200 

50 

0 

35 

30 

25 
g 

20 ~ 
?l: z 

15 -~ 
~ 
Q) 

10 [j 

5 

0 

0 
35 

25 

20 ~ 
0 

?l: z 
15 c 

0 

~ 
10 ~ 

5 

•• 0 

0 

Oregon Department of Geology and Mineral Industries Special Paper 47 222 



fm_netarts 7 

fm_netarts 8 

1400 1200 

10 

8 

6 

--- s97 
--w98 
--- s02 
- -------- s09 
--------- Sep11 
--------- Mar1 2 
- mlwp 

e Dhigh 
e Dlow 

1000 

c 
.Q 

4 Highest Observed Tide 
~ 
Q) 

jjJ 

0 

16 

14 

I 12 

:8 
0 10 
~ z 

400 350 

--- s97 
---w98 
--- s02 

--------- s09 
--------- Sep11 
--------- Mar1 2 
- mlwp 

e Dhigh 
e Dlow 

300 

800 600 

Applicants' July 27, 2021 Submittal 
Exhibit 2 - Page 232 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

400 200 0 

Netarts Spit ?!TILL 81 

30 

25 

g 
20 g;J 

0 

~ 
15 z 

c 
.Q 

~ 
10 ~ 

5 

........... ~~~-·········~'··············· ••• 0 

250 200 150 100 50 0 
Horizontal distance (m) 

50 

40 g 
<Xl 
<Xl 
0 

30 ~ z 
c 8 

.Q 
"ou''"" ,,,, ·,, ,;,, ,,,,,-,..-u,,,;, "" ml '" , ;~ -,, ,,-, ,; 11io oo ,,.,-,ii ,,-,,-, ,,,,,-,.,,..-,.,,-,.,-,-,,,--,-, ,,-, ,r,·;o 1% TWL c 

.Q 

~ 
Q) 6 

jjJ 

4 Highest Observed Tide ~ .•.•.•.•.••.•.•.•.•.•.•.•.•.•.•.•.• , •. 

2 

0 

20 
~ 
Q) 

jjJ 

10 

0 

350 300 250 200 150 100 50 0 
Horizontal distance (m) 

Oregon Department of Geology and M ineral Industries Special Paper 47 223 



fm_netarts 9 

fm_netarts 
10 

1400 1200 

--- s97 
12 --w98 

10 

I 
~ 8 
0 

~ 
z 6 
r=" 

.Q 
1ii 

--- s02 
········· s09 
••••••••• Sep11 
·-------· Mar12 
-mlwp 

e Dhigh 
e Dlow 

1000 800 600 

Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 233 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

400 200 0 

Netarts Spit 9fTJLL 83 

._, ... ltf11ll .. l ... - 1- RMIRIR)o 

40 

35 

30 

25 ~ 0 

~ 
20 2

. 
r= 
0 

15 ~ Q) > 
Q) 

UJ 
4 

Highest Observed Tide ""'" . ........ .. .. .. ,. ,."'"'"'"' 
i:i} 

0 

400 350 

1200 1000 

--- s97 
10 --w98 

8 

--- s02 
········- s09 
········- Sep11 

•••· Mar12 
-mlwp 

e Dhigh 
~ e Dlow 
0 6 1"'-------' 

~ z 
r= 
.Q 

300 250 200 150 
Horizontal distance (m) 

800 600 400 

~ 4 
Highest Observed Tide • • • •.• • • • • • • • • • . , ,. 

i:i} 

2 

0 

350 300 250 200 150 
Horizontal distance (m) 

100 50 0 

200 0 

100 50 0 

10 

5 

0 

35 

30 

25 

20 ~ 
~ z 

15 g 
~ 

Q) 

10 i:i} 

5 

Oregon Department of Geology and Mineral industries Special Paper 47 224 



fm_netarts 
11 

fm_netarts 
12 

I 
0) 

~ 
~ z 

18 

16 

14 

12 

10 

1000 800 

--- s97 
--w98 
--- s02 
--------- s09 
--------- Sep11 
---- ----- Mar1 2 
-mlwp 

• Dhigh 

• Dlow 

600 

App licants' July 27, 2021 Submittal 
Exhibit 2 - Page 234 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

400 200 

Netarts Spit 11/TILL 85 

50 

40 
~ s 
0) 
0) 
0 

30 ~ z 
c" 8 

.Q II IIIII! Ill llll l llt!l~tl lti ii i !I )IMI ,,, l lllllllh~lllllf! 1111111 IIIII 1111111 11 1011 lfiiiiiiii +IIIUtiOII II!I!I UIIIIIIII IIIIIII II!II III 1% TWL c 
.9 
iii ~ 

Q) 6 
u:; 

2 

300 

1200 
15 

1000 

--- s97 
--w98 
--- s02 
--------- s09 
--------- Sep11 
--------- Mar12 
-mlwp 

e Dhigh 
e Dlow 

250 200 150 100 50 
Horizontal distance (m) 

800 600 400 200 

Netarts Spit 12/TILL 86 

IIIMIIIIII111111IIIItll 11111111 llttllll 111111111 '"""""""'"" """'"""""""~ "" '" """""""'" "" "" '""'"" ""' 1% TWL 

, Highest Observed Tide , ••.•.•.•.•.• , ........................ . 

0 

350 300 250 200 150 100 50 
Horizontal distance (m) 

20 > 
Q) 
u:; 

10 

0 

0
50 

45 

40 

35 
g 

30 0) 
0) 
0 

25 ~ z 
c 

20 .9 
iii 
> 
Q) 

15 u:; 

10 

5 

0 

0 

Oregon Department of Geology and Mineral Industries Specia l Paper 47 225 



fm_netarts 
13 

fm_netarts 
14 

I 
(X) 
(X) 

0 

~ z 
c 
0 

~ 
> 
Q) 

w 

I 
~ 
0 

~ 
z 
c 
.Q 
10 
> 
Q) 

w 

20 

18 

16 

14 

12 

10 

8 

6 

--- s97 
--w98 
--- s02 

········· s09 
••••••••• Sep11 
--------· Mar12 
-mlwp 

e Dhigh 
e Dlow 

Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 235 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

60 

50 
g 

40 ~ 
~ z 

30 .~ 
~ 
Q) w 

20 

4 , Highest Observed Tide ... .... .. .. .. .. ......... .... ·,. , •. 
10 

2 

300 

1200 1000 

12 
--s97 
--w98 
--- s02 

10 
----- ---· s09 
••••••••• Sep11 
- -------· Mar12 
-mlwp 

8 ' • Dhigh 

• Dlow 

6 

4 

2 

0 

350 300 

250 200 150 100 50 0 
Horizontal distance (m) 

800 600 400 0 

Netarts Spit 14ffiLL 88 40 

35 

30 
"" Hllll!llllt r11u """'tnt 1 " " " '' tilt•~~~· '"' ' 11 ''!''ll ••uuw tm lltNiitMouu •n 1 % TWL 11 tuu ., ., 1 1 g 

250 200 150 100 50 
Horizontal distance (m) 

0 

25 ~ 
0 
> 

20 ~ 
c 
0 

15 ~ 
Q) 

w 
10 

5 

Oregon Department of Geology and Mineral Industries Special Paper 47 226 



fm_netarts 
15 

I 
(XJ 
(XJ 

0 

~ z 
c 
0 

~ 
> 
QJ 

w 

fm_netarts 
16 

I 
~ 
0 

~ z 
c 
.Q 
1ii 
> 
QJ w 

12 

10 

8 

6 

4 

2 

0 

1000 800 

--- s97 
--w98 
--- s02 

••••••••• s09 
••••••••· Sep11 
-------·· Mar12 
-mlwp 

• Dhigh 

• Dlow 

600 

Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 236 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

400 200 0 

Netarts Spit 15fTILL 89 
40 

35 

30 
§: 

25 ~ 
0 

~ 
20 2 . 

c 
0 

15 ~ > 
QJ 

Highest Observed Tide ·~·~·~·~~;~ ·~ · ··~ · ~· ~· ~· ,~ ·• ' • r •r •· •· •· •' • w ,.,. 
10 

5 

0 

300 250 200 150 100 50 0 
Horizontal distance (m) 

1400 1200 1000 800 600 400 200 0 

--- s97 Netarts Spit 16fTILL 90 40 12 --w98 
--- s02 

••••••••• s09 35 
10 ••••••••• Sep11 

--------- Mar12 30 
-mlwp 

§: 
8 • Dhigh 

• Dlow ......... ,.m .................. , .......... .... .......... , ............. 1%TWL "' "t 25 ~ 
0 
> 

6 20 ~ 
c 

.Q 

15 ~ 
4 QJ 

Highest Observed Tide ... ..... .. .. .. . .. .. .. .. .. .. .. .. .. .• ,. , w 
10 

2 
5 

0 

400 350 300 250 200 150 100 50 0 
Horizontal distance (m) 

Oregon Department of Geology and Mineral Industries Special Paper 47 227 



fm_netarts 
17 

fm_netarts 
18 

12 

10 

~ 8 
Q) 
Q) 

0 

~ z 6 
c 
.Q 
iii 
> 
Ql 4 iii 

2 

0 

Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 237 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

1000 800 600 400 200 0 

--- s97 Netarts Spit 17rriLL 91 40 
--w98 
--- s02 

••••••••• s09 35 
••••••••· Sep11 
••••••••• Mar12 30 
-mlwp g • Dhigh 

25 ~ • Dlow 0 
> 

20 ~ 
c 
0 

15 ~ 
Q) 

Highest Observed Tide •.••.•.•.•.•.•.•.•.•.•.•.• , •.•.•.•.•.•. iii 

10 
, .. 

5 

300 250 200 150 100 50 0 
Horizontal distance (m) 

1600 1400 1200 1000 800 600 400 200 0 

10 -- s97 Netarts Spit 18rriLL 92 

8 

c 
0 4 

~ 
iii 

2 

0 

--w98 
--- s02 

••••••••• s09 
••••••••• Sep1 1 
••••••••· Mar12 
-mlwp 

e Dhigh 
e Dlow 

450 400 350 300 250 200 150 1 00 50 0 
Horizontal distance (m) 

30 

25 

g 
20 ~ 

0 

~ 
15 

2
-c 

0 

~ 
10 ~ 

5 

Oregon Department of Geology and Minera l Industries Special Paper 47 228 



fm_netarts 
19 

fm_netarts 
20 

Applicants' July 27, 2021 Submittal 
Exhibit 2 - Page 238 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

600 500 400 300 200 100 

9 --- s97 _ Netarts Spit 19fTILL 93 _ 
--w98 """"'""'""" ''"'" '"" "" '" "'"'"'""""'" "" "" .. 1% TWL " ............. """" '"" ... ; .. , .............. . 

8 --- s02 

••••••••• s09 
7 ••••••••• Sep11 

••••••••• Mar1 2 

I 6 

~ 
0 5 
~ 

- mlwp 
e Dhigh 
e Dlow 

z 4 
-~ ··-~i~-~ :s_t _<? ?~::':~~ -~ ~ : ................................... . 
-ro 
~ 3 
ijj 

2 

0 

200 180 160 140 120 100 80 
Horizontal distance (m) 

60 40 20 

0 

0 

1600 1400 1200 1 000 800 600 400 200 0 
15rr===~==~~-~-~-~-~~--~--n 

~ 10 
,S 
~ 
0 

~ z 
c 

_Q 

~ 5 
ijj 

--- s97 
--w98 
--- s02 

••••••••• s09 
••••••••• Sep11 
••••••••• Mar1 2 
-mlwp 

Netarts Spit 20fTILL 94 

• Dhigh ' """'""'"'"' '""" ""'" """' '<W"'"""' "" "" "" '"' '"""' "'""''"'"'"""" '" "" 1% TWL """ e Dlow 

Highest Observed Tide •.•.•.•••.•.•.•.•.•••.•.•.•.•.•.•.•.•.•.•.•.•.••.••.••.••.••.••.••. 

450 400 350 300 250 200 150 1 00 50 0 
Horizontal distance (m) 

30 

25 

20 ~ 
!!::. 
ro 
ro 
0 

15 ~ z 
c 
0 

10 ~ 
Q) 

ijj 

5 

45 

40 

35 

30 ~ 
ro 
0 

25 ~ 
z 
c 

20 _Q 

~ 
15 &i 

Oregon Department of Geology and Mineral indust ries Special Paper 47 229 



fm_netarts 
21 

fm_netarts 
22 

Applicants' July 27, 2021 Submittal 
Exhibit 2 - Page 239 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

1600 1400 1200 1 000 800 600 400 200 0 
30rc===~==~~--~--~--~--~----~--~ 

25 

~ 20 .s 
CX) 
CX) 

0 

~ z 15 
c 

.Q 
1ii 
> 
<I> 10 jjj 

5 

0 

--- s97 
--w98 
--- s02 

••••••••· s09 
••••••••• Sep11 
··· ······ Mar12 
-mlwp 

e Dhigh 
e Dlow 

450 400 350 

401600 1400 1200 

--- s97 
--w98 

35 --- s02 
••••••••• s09 

30 ••••••••• Sep11 
••••••••• Mar12 

I 25 
-mlwp 

• Dhigh 
~ • Dlow 
0 

~ 20 z 
c 
0 
~ 
> 15 
Q) 

jjj 

10 

5 

0 MLLW ........ ::: 

450 400 350 

Netarts Spit 21ffiLL 95 
90 

80 

70 
§: 

60 ~ 
0 

50 ~ z 
c 

40 ,g 
m 
> 
Q) 

30 jjj 

20 

300 250 200 150 100 50 0 
Horizontal distance (m) 

1000 800 600 400 200 0 

Netarts Spit 22/TILL 96 
120 

100 

~ •· 80 CX) 
CX) 
0 

~ z 
60 c 

0 
~ 
> 
<I> 

40 
jjj 

20 

0 
300 250 200 150 100 50 0 

Horizontal distance (m) 

Oregon Department of Geology and Mineral Industries Special Paper 47 230 



fm_netarts 
23 

fm_netarts 
24 

Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 240 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

1600 1400 1200 1000 800 600 400 200 

-- s97 Netarts Spit 23fTILL 97 
--w98 

50 --- s02 

··-······ s09 
----- ---- Sep11 
--------· Mar1 2 

~ 40 -mlwp .s • Dhigh co co • Dlow 
0 

~ z 30 

c 
.Q 
(ij 
> 
Ql 20 w 

10 ., -·· 
II' I• IIOIIIU lit 1111 lllllltltl -11~ ... ............. 

Highest Observed Tide •.•.• ·············•·;:o4• . .. ........... 
0 

450 400 350 300 250 200 150 100 50 
Horizontal distance (m) 

1600 1400 1200 1 000 800 600 400 200 

60 -- s97 Netarts Spit 24fTILL 98 

50 

:§: 40 

&3 
0 

~ 
z 30 c 
.Q 

~ 
Ql 

w 20 

10 

--w98 
--- s02 
••••••••• s09 
··-·· · · ·· Sep11 
••••••••• Mar12 
-mlwp 

e Dhigh 
e Dlow 

'''''''""ll"ti" 

Highest Observed Tide •.• .• · ·· ······::.-::·: •"' • • ....... 
450 400 350 300 250 200 150 1 00 50 

Horizontal distance (m) 

180 

160 

140 

120 g co 
co 
0 

100 ~ z 
c 

80 0 

~ 
> 
Ql 

60 w 

40 

20 

0 
0 

180 

160 

140 ~ 
~ 
co 

120 l3 
~ 

100 z_ 
c 
0 

80 ~ 
> 
Ql 
w 

60 

40 

20 

0 
0 

Oregon Department of Geology and Mineral Indust ries Special Paper 47 231 



fm_netarts 
25 

fm_netarts 
26 

Applicants' July 27, 2021 Submittal 
Exh ibit 2- Page 241 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

30 

25 

I 
~ 20 
a 
~ 
z 

-~ 15 

~ 
Q) 

w 
10 

1600 1400 1200 1 000 800 600 400 

--- s97 
--w98 
--s02 

••••••••• s09 
••••••••• Sep11 
••••••• •• Mar1 2 
-mlwp 

e Dhigh 
e Dlow 

Netarts Spit 25!TILL 99 

200 

-IIOII'I U!1111ttltallhrnllhlltllltlf;l " i m IIIIIIIIIIIIIUetaiiiWUI I I I uiUUlllli .. oUol• lftllmlhniiJIII 1%TWL •• 

5 
Highest Observed Tide •••• , ••• ,.,.,. •••••••••••••• ,~ 

MHHW 

0 

100 

80 
!!:;.. 

~ 
60 ~ 

z 
c­

.Q 

40 ~ 
w 

20 

0 MLLW 
,/\.-..,_ 

··-·~···············~~:-······ 0 
450 400 350 300 250 200 150 1 00 50 0 

1000 

35 -- s97 
--w98 
-- s02 

30 -········ s09 
••••••••• Sep11 

·•••••• Mar12 
~ 25 -mlwp 
S e Dhigh 
~ e Dlow a 
~20 
c: 
.Q 15 

~ 
w 

10 

Horizontal distance (m) 

800 600 400 200 

Netarts Spit 26fTILL 100 

llilllllotl 111111111 ,., ....... " 1U '" IIIII 01\1111 '"'' II Ill ·~ · "'''""'"""'' I It 'tl • I 1111 1 Ofo TWL uo " " "' 

5 

350 300 250 200 150 100 50 
Horizontal distance (m) 

0 

0 

120 

100 

80 §: 
~ a 

60 
~ z 
c: 
.Q 

~ 
40 

Q) 

w 

20 

Oregon Department of Geology and Mineral Industries Special Paper 47 232 



fm_netarts 
27 

fm_netarts 
28 

14 

12 

10 

8 

c 
.Q 6 

~ 
Q) 

1200 1000 800 

-- s97 
--w98 
-- s02 
--------- s09 
--------· Sep11 
···-·--·· Mar12 
-mlwp 

• Dhigh 

• Dlow 

600 

Applicants' July 27, 2021 Submittal 
Exhibit 2 - Page 242 of 283 

Coasta l Flood Hazard Study, Ti llamook County, Oregon 

400 200 0 

Netarts Spit 27ffiLL 101 45 

40 

35 

30 g 
~ 
0 

., "'"'"'"" """" ........ ... '" ''""' "'"" .•. .• . . . ........ ... ... . 1% TWL I• • .. ... 
25 ~ 

z 
20~ 

~ 
jj] 

4 Highest Observed Tide ••••••••••••••••••••••••••••••• 
15 &] 

10 
2 

18 

16 

14 

g 12 
~ 
0 
~ 10 
z 
g- 8 

~ 
&] 6 

350 300 

1200 1000 

-- s97 
--w98 
--s02 
·-·-····· s09 
···-····· Sep11 
••••••••• Mar12 
-mlwp 

e Dhigh 
e Dlow 

250 200 150 100 50 
Horizontal distance (m) 

800 600 400 200 

Netarts Spit 28ffiLL 102 

1%TWL 

4 Highest Observed Tide ............ .. .. .. ........... . ~· · · .............. , 

2 

350 300 250 200 150 100 50 
Horizontal distance (m) 

5 

0 

0 

0 

60 

50 

40 g 
a) 
a) 
0 

~ 
30 z 

c 
0 
-~ 

> 
20 &] 

10 

0 

0 

Oregon Department of Geology and Mineral Industries Special Paper 47 233 



fm_netarts 
29 

:§: 
co co 
0 

~ z 
c 
0 

~ 
> 
Q) 

Ui 

9 

8 

7 

6 

5 

4 

3 

2 

0 

-1 

1400 1200 1000 
""''''"'"' 

--- s97 
--w98 
--- s02 

········- s09 
·-------- Sep11 
--------- Mar12 
-mlwp 

• Dhigh 

• Dlow 

Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 243 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

400 200 0 

Netarts Spit 29fTILL 103 
30 

25 

20 §: 
co co 
0 

15 ~ z 
. .,;' c 

/ • .Q Highest Observed Tide 
-------- -·--------- --- -•••• •••••• ,••••••••••• ••r• ••••••••••••••••••••••••••••••;.-'lu• ~ , 

~· 10 Q) 

Ui 

5 

400 350 300 250 200 150 100 50 0 
Horizontal distance (m) 

Oregon Department of Geology and Mineral Industries Special Paper 47 234 



Applicants' July 27, 2021 Submittal 
Exhibit 2 - Page 244 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

11.4.5 Short Sand Beach 

fm_ss 1 

fm_ss 2 

800 700 600 500 400 300 200 

--- s97 
--w98 

30 --- s02 

25 

g 
~ 20 
0 
;:;: 
z 
.~ 15 

~ 
Q) 

••••••••• s09 
••••••• •• Mar12 
-mlwp 

e Dhigh 
e Dlow 

Short Sand 1 !TILL 104 

w .. ,, "" "" '""'""""'"'"' '" .... .... '""' '""" """' '""" """' 1% TWL "' '""""''"""'""""""" 
10 . " ' . ' 

25 

~ 20 .s 
~ 
0 
> 
~ 15 

250 200 

700 600 

-- s97 
--w98 
--- s02 

••••••••• s09 
--------- Mar12 
---mlwp 

e Dhigh 
e Dlow 

150 100 
Horizontal distance (m) 

500 400 300 200 

Short Sand 2/TILL 105 

50 

c 
0 

~ 
Ull l ll t11IIIIUHII 'IIII• I III l1lll 1lljU II II 111 IIIIIUII 1 \111tlllllllllll1llll1 UIII ~I 11 IUII 11 11!11111 1 111 1% TWL I I I IIII IIIIUIUI "'''' , ,,, 111~11 · 

> m 10 

5 

200 150 100 50 
Horizontal distance (m) 

Oregon Department of Geology and Mineral industries Special Paper 47 

100 0 

0 

0 

100 

80 

~ 
0 

60 ;:;: 
z 
c 
0 

~ 40 Q) 

w 

20 

70 
i2 

60 ;; 
co 
0 

50;:;: z 
c 

40 2 m 
> 
Q) 

30 w 

20 

10 

0 

235 



fm_ss 3 

800 700 

45 --- s97 
---w98 

40 
--- s02 
--------- s09 
-- -- -- --- Mar12 

35 -mlwp 

e • Dhigh 

;;;- 30 • Dlow 
00 
0 

~ 25 
z 

10 

... 

250 200 

600 500 

150 

400 

Applicants' July 27, 2021 Submittal 
Exhibit 2 - Page 245 of 283 

Coasta l Flood Hazard Study, Ti llamook County, Oregon 

300 200 

Short Sand 3rr1LL 106 150 

100 50 0 
Horizontal distance (m) 

Oregon Department of Geology and Mineral industries Specia l Paper 47 236 



11.4.6 Bayocean Spit 

fm_bay 1 

fm_bay 2 

Applicants' July 27, 2021 Submittal 
Exhibit 2 - Page 246 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

1 000 900 800 700 600 500 400 300 200 1 00 0 
12orr~==c=~--~--~~---.~~~,--.~ 

--- s97 Bayocean 1fTILL 107 · 
--- w98 ""'" '"""' ' '' ''' """"'"'"'" "' '"'"""""'"""'""""""""" ' 1 %TWL · "" '" "'""' 

--- s02 

10 ••••••••• s09 

:§: 8 

~ 
0 

~ 6 z 
c 
0 

••••••••• Sep11 
••••••••• Mar12 
-mlwp 

e Dhigh 
e Dlow 

~ 
d) 4 

Highest Observed Tide ............................ : ... .. 

2 

0 

300 250 200 150 100 
Horizontal distance (m) 

50 0 

1000 900 800 700 600 500 400 300 200 100 0 

--- s97 
10 ---- w98 

8 

--- s02 

••••••••• s09 
......... Sep11 
......... Mar12 

-mlwp 
e Dhigh 

~ e Dlow 
o 6 nc.,r-----..-,---' 

~ z 
c 
.Q 4 
~ 
(1) 

w 

300 250 

Bayocean 2/TILL 108 ... 

200 150 100 50 0 
Horizontal distance (m) 

40 

35 

30 

25 g 
CX) 
CX) 
0 

20 ~ z 
c 
0 

15 ~ 
> 
(1) 

w 
10 

5 

0 

35 

25 
5 
CX) 

20 ~ 

~ 
15 c 

.Q 

~ 
(1) 

10 w 

5 

0 

Oregon Department of Geology and Mineral Industries Special Paper 47 237 



fm_bay 3 

10 

8 

I 
CX) 
CX) 

0 6 
~ z 
c 
.Q 

~ 
Cll 

UJ 

2 

" 
0 

fm_bay4 

10 

8 

I 
~ 
0 

~ 
6 

z 
c 

.Q 

~ 
Cll 

UJ 

2 

0 

1000 900 800 700 600 

-- s97 

500 

Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 247 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

400 300 200 100 0 

Bayocean 3fTILL 109 
--w98 " 111111• 11111111 ~"'"' " ' '""' '" !I " "' '" '"' .. 1%TWL· 35 

--s02 
--------- s09 30 
--------· Sep11 
--------· Mar12 
-mlwp 25 

• Dhigh 
g 
CX) • Dlow 20 ~ 
~ z 

15 c 
.Q 
iii 
> 
Cll 

10 UJ 

5 

300 250 200 150 100 50 0 
Horizontal distance (m) 

1 000 900 800 700 600 500 400 300 200 1 00 0 

-- s97 
--w98 
--s02 

--------· s09 
--------· Sep11 
--------· Mar12 
-mlwp 

e Dhigh 
e Dlow 

300 250 200 150 
Horizontal distance (m) 

100 50 

30 

25 
g 
~ 

20 0 

~ 
z 

15 g 
- UIIri.WV"I ~ 

Cll 

10 UJ 

5 

0 

Oregon Department of Geology and Mineral Industries Special Paper 47 238 



fm_bay 5 

fm_bay6 

1600 1400 1200 1000 800 

App licants' July 27, 2021 Submittal 
Exhibit 2- Page 248 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

600 400 200 0 

--- s97 
--w98 

Bayocean 5fTILL 11 1 
"' · " " " " ·" · · """"' "'"'" '"' "" "'"""""""""'""' """'""""''' " 1% TWL ,,. 35 

10 --- s02 

.s 
~ 
0 

8 

~ 6 
z 
c 
.Q 

••••••••• s09 
••••••••• Mar12 
-mlwp 

e Dhigh 
e Dlow 

~ 4 Highest Observed 
UJ 

2 

30 

25 g 
~ 

20 ~ 
z 
c 

15 .,g 
~ 

10 UJ 

5 

0 •••••••..•• ., 0 

450 400 350 300 250 200 150 1 00 50 0 
Horizontal distance (m) 

1600 1400 800 600 400 200 0 

--- s97 Bayocean 6fTILL 112 35 
10 --w98 

--- s02 
30 

••••••••• s09 

8 
••••••••• Sep11 
••••••••· Mar1 2 25 

I -mlwp g • Dhigh 
lB CXl 

0 6 • Dlow 20 ~ 
~ ~ 
z z 
c 15 c 
.Q 

4 
.Q 

~ Highest Observed Tide • •• iii 
> 

Q) Q) 

UJ 10 UJ 

2 
5 

450 400 350 300 250 200 150 1 00 50 0 
Horizontal distance (m) 

Oregon Department of Geology and Mineral Industries Special Paper 47 239 



fm_bay 7 

fm_bay8 

1400 1200 

--- s97 
12 --w98 

--- s02 

10 

:[ 
8 

:8 
0 

~ 
z 6 
c 
.Q 

~ 

••••••••• s09 
••••••••· Sep1 1 
•·•··•••· Mar12 
- mlwp 

e Ohigh 
e Dlow 

1000 800 

Applicants' July 27, 2021 Submittal 
Exhibit 2 - Page 249 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

600 400 200 0 

Bayocean ?friLL 113 
40 

35 

30 
g 

25 :8 
0 

. 
1%TWL 1 

~ 
20 z 

c 
0 

15 ~ 
Q) 

iii 
4 

Highest Observed Tide .•.•.•.•.•.••.••••.• ~ .•.•.•.•.•.•. : .• , 
Q) 

iii 

10 

2 
5 

0 

400 350 300 250 200 150 100 50 0 
Horizontal distance (m) 

1 ()()() 900 800 700 600 500 400 300 200 1 00 0 
12~.=~==~~--~--~-,--~--~--~~--~ 

10 

:[ 
8 

:8 
0 
~ 6 
z 
c 
.Q 

--- s97 
--w98 
--- s02 

••••••••• s09 
••••••••• Sep11 
••••••••· Mar1 2 
-mlwp 

e Dhigh 
e Dlow 

Bayocean 8rr1 LL 114 

lltllllliOI HI j.l 11 ... 11111 IW Ill ltltfllll ltll lit ttl 1%TWL · 

~ 4 
~ Highest Observed Tide •••.•••••••••••••••••. . 

2 

0 

300 250 200 150 100 
Horizontal distance (m) 

35 

30 

25 g 
:8 
0 

20 ~ 
z 
c 

15 ,g 
ro 
> 

10 
Q) 

iii 

5 

0 

50 0 

Oregon Department of Geology and Mineral Industries Special Paper 47 240 



fm_bay9 

fm_bay 10 

9 

8 

7 

6 

5 

2 

0 

1400 1200 1000 

--- s97 
---w98 
--- s02 
--------- s09 

800 

Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 250 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

600 400 200 0 

Bayocean 9fTILL 115 30 

25 
---······ Sep11 II ••• '" •• I 10111 111111 I!II.IIIIIIIIUUUI ... , , 1% TWL '' ''' '~·· 

--------- Mar12 
-mlwp 

• Dhigh 

• Dlow 

20 g 
<X) 
<X) 

0 

15 ~ z 
c 
0 

10 ~ Q) 

jjj 

5 

400 350 300 250 200 150 100 50 0 
Horizontal distance (m) 

1600 1400 1200 1000 800 600 400 200 0 
12c===~==~---------.----.---.----.--~ 40 

--- s97 Bayocean 10fTILL 116 
--w98 
--- s02 

10 --------- s09 
--------· Sep11 

I 8 

~ 
0 

~ 6 z 
c 
0 

------··· Mar12 
-mlwp 

e Dhigh 
e Dlow ........ ~· .. 

~ dJ 4 Highest Observed Tide . ______ •.•. 

2 

35 

30 

25 g 
~ 
0 

20 ~ z 
c 

15 ~ 
~ 
jjj 

10 

5 

0 ··································~~~········~························ 0 

450 400 350 300 250 200 150 1 00 50 0 
Horizontal distance (m) 

Oregon Department of Geology and Mineral Industries Special Paper 47 241 



fm_bay 11 

10 

8 

I 
CX) 

l3 6 

~ z 
c 

Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 251 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

1600 1400 1200 1 000 800 600 400 200 0 
rr===~==~--~--~--~--~~~~35 
--- s97 
--w98 
--- s02 

···· ····· s09 
••••••••• Sep11 
••••••••· Mar12 
-mlwp 

e Dhigh 
e Dlow 

Bayocean 11/TILL 11 7 

1 .... 11 .. 1-+ -·-· tM I 1%TWL 

30 

25 

~ 

20 ~ 
0 

~ z 
15 c 

0 .Q 4 
~ Highest Observed Tide , ••.•••.•.•.•.•.••.•.•.•• , ~ 

Q) 

w ~ 
• MHHW 

10 w 

2 
5 

~~~.~~~~ .... 1:2,.. ,' 
~~ .... u-.;•;·. r~•~ .. ,~~ ....................... ill........................ o 

450 400 350 300 250 200 150 1 00 50 0 
Horizontal distance (m) 

Oregon Department of Geology and Mineral Industries Special Paper 47 242 



11.4.7 Rockaway 

fm_rck 1 

fm_rck2 

I 
(() 
(() 

0 

~ z 
c 

.Q 
iii 
> 
Q) 

Ui 

I 
(() 
(() 

0 

~ z 
c· 

.Q 
it! 
> 
Q) 

Ui 

1200 1000 
8 

--- s97 

7 
--w98 
--- s02 

••••••••• s09 
6 ••••••••• Sep11 

••••••••• Mar12 

5 -mlwp 

• Dhigh 

• Dlow 
4 

Highest Observed Tide 

3 

400 350 300 

1200 1000 

8 --- s97 
--w98 

800 

250 200 

Applicants' July 27, 2021 Submitta l 
Exhibit 2- Page 252 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

400 0 

150 100 50 0 

20 

g 
15 ~ 

0 

~ z 
10 g 

~ 
Q) 

Ui 

5 

0 

Horizontal distance (m) 

800 600 400 200 0 

Rockaway 2fTILL 119 
25 

7 " 
--- s02 

ihlli\ill!iiihli ] 'ilflhi'l illii i ' iil lliilllli UlJiiUUilii lioi"IIIIJi ihflll lllll liUIIJIIii iUilhll• rHIIII 

••••••••• s09 

20 6 
••••••••• Sep11 
••••••••• Mar1 2 

g 
(() 

15 ~ 

-mlwp 
5 • Dhigh 

• Dlow 

4 ~ z 
c 

10 0 

~ 
> 
Q) 

3 

2 
iiJ 

5 

0 
•••••••••••••••••••••••••••••••• 0 

350 300 250 200 150 100 50 0 
Horizontal distance (m) 

Oregon Department of Geology and Mineral Industries Special Paper 47 243 



fm_rck3 

fm_rck4 

8 

7 

6 

:§: 5 
CX) 
CX) 

0 

~ 4 
z 
c 
.Q 
iii 
> 
Q) 

[ij 2 

0 

8 

7 

6 

:§: 
l8 5 
0 

~ 4 
z 

0 

1000 

--- s97 
,, --w98 
--- s02 

••••••••• s09 
••••••••• Sep11 
••••••••• Mar12 
- mlwp 

• Dhigh 

• Dlow 

Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 253 of 283 

Coasta l Flood Hazard Study, Tillamook County, Oregon 

25 

20 

15 ~ 
0 

~ z 
10 § 

-~ 
Q) 

[ij 

5 

.~ .......... .,.. . 
• •••• iyli. ••••••••••••••••••••• ••••••• -••• -•••••••••••••••• -••••••••• 0 

--- s97 
--w98 
--- s02 

--------· s09 
·······-· Sep11 
·······-· Mar12 
-mlwp 

e Dhigh 
e Dlow 

I 

Highest Observed Tide 

Horizontal distance (m) 

20 

g 

15 ~ 
~ 
z ·•········· .............................. ,. ········•·•·· •·•·•·•·•·•···•·· ..... . 

... ~. ; 

350 300 250 

l 

c 
10 ,g 

~ 
Q) 

[ij 

5 

I •••••••••••••••••••••••••••••••••••••••••••••••••••• 0 

200 150 100 50 0 
Horizontal distance (m) 

Oregon Department of Geology and Mineral Industries Specia l Paper 47 244 



fm_rck 5 

fm_rck 6 

7 

6 

I 
5 

co 
~ 4 
~ 
z 
c" 3 
0 

~ 
&] 2 

--- s97 
---w98 
--- s02 

••••••••• s09 
· · ······- Sep11 
·-------- Mar12 
~mlwp 

e Dhigh 
e Dlow 

350 300 

1500 

9 
--- s97 

250 200 

Applicants' Ju ly 27, 2021 Submittal 
Exhibit 2- Page 254 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

20 

15 g 
co co 
0 

~ z 
10 c 

0 

~ 
> 
Q) 

w 
5 

............. ........................... 0 .. 

150 100 50 0 
Horizontal distance (m) 

1000 500 0 

Rockaway 6fTILL 123 
30 

ol 
--w98 llllllllltiiiUIII itllllll lUiltllllll l iiiiOI IIIliiiiUII III .I rll l lll t lllllll llll l """ ""''""'"""llllll lllllll 1%TWL '"""" 

8 --- s02 

······-·- s09 
25 

7 ··· ·····- Sep11 
·-------· Mar1 2 

6 - mlwp 

• Dhigh 

5 • Dlow 

20 g 
co co 
0 

15 ~ z 
c 

10 
.Q 
-ro 
> 
Q) 

w 
2 

5 

0 

-1 wa~~~--_.~~~~~~----~--~----~----~--~ 
450 400 350 300 250 200 150 100 50 0 

Horizontal distance (m) 

Oregon Department of Geology and Mineral Industries Special Paper 47 245 



fm_rck 7 

fm_rck8 

1000 

--- s97 
7 ' --w98 

--- s02 

6 

:§: 5 

~ 

--------· s09 
-·--···-· Sep11 
-----·--· Mar12 
-mlwp 

e Dhigh 
e Dlow 

800 

0 4 
~ Highest ObseNed Tide 
z 
g 3 

~ 
Ql 

jjj 2 

0 

300 250 

Applicants' July 27, 2021 Submittal 
Exhibit 2 - Page 255 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

600 400 

200 150 100 50 
Horizontal distance (m) 

20 

0 

¢? 
15 ;;;-

(X) 

0 

~ z 
10 g 

~ 
Ql 

jjj 

5 

1500 1000 0 

7 . 

6 

5 

:§: 
~ 4 
0 

~ z 3 r:: 
.Q 
iii 
> 
Ql 

jjj 

--- s97 
--w98 
--- s02 
··---·-·· s09 
··------· Sep11 
·····---· Mar12 
-mlwp 

e Dhigh 

1-....,,....;•~-D~Io~w......Jl Tide 

450 400 350 300 250 200 
Horizontal distance (m) 

20 

15 g 
(X) 
(X) 
0 

~ 
10 z 

r:: 
0 

'iii 
> 
Ql 

jjj 

5 

150 100 50 0 

Oregon Department of Geology and Mineral Industries Special Paper 47 246 



fm_rck 9 

fm_rck 10 

8 

7 

6 

I 5 
CX) 
CX) 

0 

~ z 
4 

c 
.2 3 iii 
> 
QJ 

w 
2 

1500 1000 

--- s97 
--w98 
--- s02 
--------- s09 
••••••••• Sep11 
--------· Mar12 
-mlwp 

• Dhigh 

• Dlow 

Highest Observed Tide 

Applicants' July 27, 2021 Submittal 
Exhibit 2 - Page 256 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

500 0 

Rockaway 9ffiLL 126 
25 

20 

g 

15 ~ 
~ z 
c 

1 0 .,g 
~ 
QJ w 

5 

450 400 350 300 250 200 150 1 00 50 0 
Horizontal distance (m) 

1500 1000 500 0 

I 
:8 

10 

8 

0 6 
~ 
z 
c:· 
.2 

--- s97 
--w98 
--- s02 
--------- s09 
--------· Sep11 
••••••••• Mar1 2 
-mlwp 

e Dhigh 
e Dlow 

~ 4 
Highest Observed Tide •••••• 

w 

2 

Rockaway 10ffiLL 127 35 

30 

25 g 
:8 

20 0 

~ z 

15 -~ 
~ 
QJ 

10 w 

5 

0 -····-----····················································· 0 

450 400 350 300 250 200 150 1 00 50 0 
Horizontal distance (m) 

Oregon Department of Geology and Mineral Industries Special Paper 47 247 



fm_rck 11 

:§: 
~ 
0 

~ 
z 
c 
.Q 

~ 
Cl) 

w 

fm_rck 12 

:§: 
(X) 
(X) 

0 

~ z 
c 
0 

16 
> 
Cl) 

w 

Applicants' July 27, 2021 Submittal 
Exhibit 2 - Page 257 of 283 

Coastal Flood Hazard Study, Til lamook County, Oregon 

1500 1000 500 

--- s97 Rockaway 11 !TILL 128 

7 --w98 '"""""""""'""""'" ""'"''''"'"'"""'"' " 1% TWL ""'"" 
--- s02 

6 
--------- s09 
--------· Sep11 
· · -· · ---- Mar12 

5 -mlwp 

• Dhigh 

• Dlow 
4 

Highest Observed Tide 

3 

2 

, 
•' _,_ 

0 
25 

15 

10 

5 

0 ·MLLW t········•·················•········--·········'·················•········· 0 
"' 

-1 
450 400 350 300 250 200 150 100 50 0 

Horizontal distance (m) 

1200 1000 800 600 400 200 0 

8 --- s97 Rockaway 12!TILL 129 

-- w98 25 
7 

--- s02 

••••••••• s09 

6 
·-·····-- Sep11 
· · · · · · ··- Mar12 20 
-mlwp 

5 • Dhigh 

• Dlow 15 
4 

Highest Observed Tide ...................................... , ... , ...................... 
3 10 

2 

5 

0 

-1 
350 300 250 200 150 100 50 0 

Horizontal distance (m) 

g 
(X) 
(X) 

0 
> 
<{ 
z 
c 
0 

~ 
Cl) 

w 

g 
(X) 
(X) 
0 

~ z 
c 
0 
~ 
> 
Cl) 

w 

Oregon Department of Geology and Mineral Industries Special Paper 47 248 



fm_rck 13 

fm_rck 14 

I 
~ 

9 

8 

7 

6 

1000 

--- s97 
--w98 
--- s02 

•••••• ••• s09 
••••••••• Sep11 
••••••••• Mar12 
-mlwp 

• Dhigh 

800 600 

Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 258 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

400 200 0 

Rockaway 13!TILL 130 30 

' """'"'"" ""'"" "'''"""' '"""" '"""' ~··• '' ' 1 °/o TWL "" ' 
25 

20 §: 

~ • Dlow 
0 51-'-------' 

~ 
0 

15 ~ z 

g 
4 -~i~_h_e_s_t _<?~~~~~~ .!~9~ ............... ,. 

~ 
Q) 3 
jjj 

z 
c 
.Q 

10 ~ 
jjj 

2 
5 

0 
······················•······················ 0 

-1W---~---~--~----~~--~--~--~ 

I 
~ 

8 

7 

6 

5 

~z 4 

c 
.Q 3 

~ 
jjj 2 

350 300 250 200 150 100 50 0 
Horizontal distance (m) 

1500 1000 500 0 

-- s97 Rockaway 14!TILL 131 
--w98 
--- s02 

···-----· s09 
·-----··· Sep11 
••••••••• Mar12 
-mlwp 

• Dhigh 

• Dlow 

Highest Observed Tide 
•.• - · ·· ··-- •.• - ..... · ·- • • - . ,. 1 ••••••••••.• 

25 

20 

§: 

15 ~ 
~ z 
c 

10 ,g 
111 
> 
Q) 

jjj 

5 

0 •••••••••••••••••••••••••••••••••••••••••••••••••••• 0 

450 400 350 300 250 200 150 100 50 0 
Horizontal distance (m) 

Oregon Department of Geology and Mineral Industries Special Paper 47 249 



fm_rck 15 

fm_rck 16 

7 

Applicants' July 27, 2021 Submittal 
Exhibit 2 - Page 259 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

1500 1000 500 0 
lr=~====~---.----------.-------~r~25 
-- s97 Rockaway 15fTILL 132 
--w98 
-- s02 I II ... IIIIIOIIftll ltlllllllltiiHI I IN<ft'IHIIIIIUII Ill 1J "' .. IIIHII!IIIIPIIItiOI" Iillll!l •1• 1 

6 ••••••••• s09 20 

5 
I 
~ 
0 4 
;;;: 
z 
c 3 
.Q 

~ 
ill 2 

0 

••••••••• Sep11 
••••••••· Mar12 
-mlwp 

e Dhigh 
e Dlow 

5 

·························································ii] 0 

450 400 350 300 250 200 150 1 00 50 0 
Horizontal distance (m} 

1500 1000 500 0 
8 
-- s97 Rockaway 16fTILL 133 

7 
--w98 
-- s02 

••••••••• s09 
6 ••••••••• Sep11 

......... Mar1 2 

I 5 
-mlwp 

• Dhigh 
~ • Dlow 
0 
;;;: 4 Highest Observed Tide z 
c 

3 .Q 
iii 
> 
CIJ 
Ui 2 

0 

-1 ~~~~--~--~~--~----~---L----~--~--~ 

450 400 350 300 250 200 150 1 00 50 0 
Horizontal distance (m} 

25 

20 

15 g;j 
0 
;;;: 
z 
c 

10 .Q 

~ 
Ui 

5 

Oregon Department of Geology and Mineral Industries Special Paper 47 250 



fm_rck 17 

fm_rck 18 

Applicants' July 27, 2021 Submittal 
Exhibit 2 - Page 260 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

1500 1000 

--- s97 
10 --w98 

--- s02 
--------- s09 
--------- Sep11 
--------· Mar12 8 

, -mlwp 
e Dhigh 

~ e Dlow o 6 rL----___J 
~ z 
c 

500 

Rockaway 17fTILL 134 

,Q 

~ 4 
Highest Observed Tide , •.•.•.•.• · ·~ ·· ··· · ··· · · ·~· ·· ·· ·· ····~········ •.• , (1) 

Ui 

2 ' 

I'' ,, 

450 400 350 300 250 200 
Horizontal distance (m) 

150 100 

0 

35 

30 

25 
g 

20 ~ 
~ z 

15 g 
~ 
(1) 

10 Ui 

5 

50 0 

1 000 800 600 400 200 
10rr===~==~~~-~~-~~-~~---l 

--- s97 Rockaway 18fTILL 135 

0 

8 

I 6 
~ 
0 

~ z 

--w98 
--- s02 

••••••••• s09 
-----··-· Sep11 
-------·- Mar1 2 
-mlwp 

e Dhigh 
e Dlow 

30 

25 

20 g 
00 
00 
0 
> 

15 ~ 
c 
0 g 4 Highest Observed Tide 

~ L - ---- -- ------ -- - --- -•• • •• •• •• t• t• IWt• t• '• l• t• IWIWIWI. •• 1: 1 ~ 
10 ~ (1) 

Ui 

2 

0 

350 300 250 

5 

. 
•••••••••••••••••••••••••••••••••••••••••••••••••••• 0 

200 150 100 50 0 
Horizontal distance (m) 

UJ 

Oregon Department of Geology and Mineral Industries Special Paper 47 251 



fm_rcl< 19 

fm_rck20 

1400 1200 1000 

--- s97 
8 --w98 

--- s02 

7 ••••••••• s09 
••••••••• Sep11 

6 
••••••••• Mar12 
-mlwp 

• Dhigh 
5 • Dlow 

2 

0 

400 350 300 

Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 261 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

800 600 400 

Rockaway 19/TILL 136 

250 200 150 100 
Horizontal distance (m) 

200 

50 

0 

25 

20 
§: 
lB 

15 ° ~ z 
c 
0 

10 ~ 

5 

Cl) 

jjj 

0 

1500 1000 500 0 
8~======~~----------~------~~ 

--- s97 Rockaway 20/TILL 137 25 

7 

6 

I 5 

lB 
0 

--w98 
--- s02 

••••••••• s09 
••••••••• Sep11 
••••••••• Mar12 
-mlwp 

e Dhigh 
e Dlow 

<I!UI/IIJIIU!IIIJJr.I!I J fll oiiU!IIoiJJIIIJ JjJtJIIIII/IIUIJJJJIO ,IIjj ,/)II ,JIIIJJIIIJIJIIWi;IIIII/'111/J/U/10 1/IIIUIIWJ o 1% TWL JUI Jji JJ 

~ 4 
Highest Observed Tide z 

§ 3 

~ 
Cl) 

jjj 2 

0 

-1~~~~~-L--~---L----~---L----~---L--~ 

450 400 350 300 250 200 150 100 50 0 
Horizontal distance (m) 

20 

§: 
15 lB 

0 

~ z 
c 

10 .Q 

~ 
Cl) 

jjj 

5 

Oregon Department of Geology and Mineral Industries Special Paper 47 252 



fm_rck 21 

I 
a) 
a) 

0 

~ z 
c 
.Q 
iii 
> 
Q) 

m 

fm_rck 22 

8 

7 

6 

5 

4 

3 

2 

0 

9 

8 

1200 1000 800 600 

Applicants' July 27, 2021 Submittal 
Exhibit 2 - Page 262 of 283 

Coasta l Flood Hazard Study, Tillamook County, Oregon 

400 200 0 

--- s97 Rockaway 21 fTILL 138 

---w98 ; ' ' ' ,;· " " """'""'";" ,;,;, "" ""'"' """"'"'""""'"'""" ,;: ........ 1 °/o TWL 25 --- s02 

••••••••• s09 
••••••••• Sep1 1 
--------- Mar12 
-mlwp 

400 

1200 

e Dhigh 
e Dlow 

350 

1000 

--- s97 
-- w98 
--- s02 

···--· --- s09 

20 
§: 
~ 

15 ° 
~ z 
c 
0 

10 ·~ 

5 

> 
Q) 

m 

••-i···················································~······· 0 

300 250 200 150 100 50 0 
Horizontal distance (m) 

800 600 400 200 0 

Rockaway 22ffiLL 139 30 

25 
7 " 

••••••••• Sep11 
········- Mar12 

uulfiuiilllll~i o ii UUi hili lil o ouiifjiu~·, ,.,lnl"''''(' l ' • iilo 1 0/o TWL '''' ~ti 11Ui o 

6 
....:...._mlwp 

• Dhigh 

• Dlow 
5 

20 §: 
a) 
a) 

0 

15 ~ z 
c:" 
.Q 

10 
iii 
> 
Q) 

m 
2 

5 

0 • MLLW ···························•·····················-····················· 0 

-1L--L---L--~--~--~--~---L--~ 

350 300 250 200 150 100 50 0 
Horizontal distance (m) 

Oregon Department of Geology and Mineral industries Special Paper 47 253 



fm_rck23 

fm_rck 24 

1000 

10 --- s97 
--w98 
--- s02 

·---··--- s09 

800 600 

Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 263 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

400 200 0 

Rockaway 23fTI LL 140 

30 

8 , --------- Sep11 """' ,,.,,,, "'"" "'"'' "'"" ; ....... ., '"' '"' "'""'";,,. "'"''''' 1% TWL """' 25 

I 
~ 6 
0 

~ 
z 
c 

--------- Mar12 
-mlwp 

e Dhigh 
e Dlow 

~ 4 Highest Observed Tide 
Q) 

ijj 

2 

0 

350 300 250 200 150 100 50 
Horizontal distance (m) 

0 

~ 
20 ~ 

0 

~ 
15 z_ 

c 
0 

~ 
10 ~ 

5 

g F,===1W~0====10~00~--~8~00~~-~~~~4~00~~-200~~--~030 
Rockaway 24fTILL 141 

8 

7 

I 
6 

&3 5 
0 

--- s97 
--w98 
--- s02 
------·-- s09 
--------- Sep11 
--------- Mar1 2 
-mlwp 

e Dhigh 
e Dlow 

~ 
c:: 4 Highest Observed Tide 

.... .. 

.Q . ., ... ... ... ... ... ... ........... .. ........ ........ ...... .. .. .. , • •• .• .• .• •• •• •• •• •• •• •• •• •• •• ~ •• •• •• •• 

~ 3 
ijj 

2 

0 

-1 UL~~~L---~----~----~----~------L-----~--~ 

400 350 300 250 200 150 100 50 0 
Horizontal distance (m) 

25 

20 
g 
00 
00 
0 

15 ~ 
z 
c 
.!2 

10 ~ 
Q) 

w 

5 

Oregon Department of Geology and Mineral Industries Special Paper 47 254 



fm_rck 25 

.. 

fm_rck26 

9 --- s97 
--w98 

8 ' --- s02 

••••••••• s09 
7 ••••••••• Sep11 

--------- Mar12 

6 ~mlwp 

• Dhigh 

5 • Dlow 

2 

0 

350 300 

1200 1000 

Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 264 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

250 200 150 100 

Horizontal distance (m) 

800 600 400 

50 0 

200 0 

25 

20 ~ 
!!::. 

~ 
15 ~ 

z 
c 
.Q 

10 ~ 
Q) 

[ij 

5 

0 

10 --- s97 Rockaway 26!TILL 143 

8 

&3 6 
0 

~ z 

--- w98 '""""'"'"""""""'"""' "" '""""'"""'"" "" " ''"""""' """"""""""" 1 %TWL '"" 
--- s02 

••••••••• s09 
••• •• •••• Sep11 
••••••••• Mar12 
-mlwp 

e Dhigh 
e Olow 

c." 

~ 4 
, Highest Observed Tide .,., • • ,. , •.• , ••• , .,. , . , ."' " ' "'~'"' "'"' "'"' 

Q) 

[ij 

2 

30 

25 

g 
20 &3 

0 

~ 
15 z_ 

c. 
0 

~ 
10 ~ 

5 

• ••••'································· 0 

350 300 250 200 150 100 50 0 
Horizontal distance (m) 

Oregon Department of Geology and Mineral indust ries Special Pa per 47 255 



fm_rck 27 

fm_rck 28 

Applicants' July 27, 2021 Submittal 
Exhibit 2 - Page 265 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

1 000 900 800 700 600 500 400 300 200 1 00 0 

g 
~ 

--- s97 
10 --w98 

--- s02 

8 

••••••••• s09 
•••• •• ••• Mar12 
-mlwp 

e Dhigh 
e Dlow 

0 6 
~ z 
c 
0 

Rockaway 27fflll 144 
... ..... ... '"' '" '" "' 1%TWL· 35 

30 

25 
s 
(X) 

20 ~ 
~ z 

15 g 
~ 4 

Highest Observed Tide ,. ~ •••••••••.•••••••••• 
-~ 
> 
Q) 

iii 1 0 iii 

2 
5 

0 

300 250 200 150 100 50 0 
Horizontal distance (m) 

1000 800 600 400 200 

9 --- s97 
--w98 

8 --- s02 

••••••••• s09 
25 

7 ••••••••• Sep11 
••••••••• Mar12 

6 -mlwp 

• Dhigh 

5 • Dlow 

2 

5 

0 ......................................... 0 

300 250 200 150 100 50 0 
Horizontal distance (m) 

Oregon Department of Geology and Mineral Industries Special Paper 47 256 



fm_rck29 

fm_rck30 

9 

8 

7 

I 6 
CXl 
CXl 
0 
?{ 5 
z 

Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 266 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

1 000 900 800 700 600 500 400 300 200 

--- s97 
--w98 
--- s02 
--------- s09 
--------- Sep11 
--------- Mar12 
-mlwp 

e Dhigh 
e Dlow 

25 

20 g 
CXl 
CXl 
0 
> 

c· 4 
o ~i~~~~! ~~~:r:_v_e_d_ !~~: ........ , ............................... . 
-~ 

15 ~ 
c 
0 

-~ 
Ql 3 
jjj 

2 

0 

300 250 

10 Q) 

jjj 

5 

••••••••••••••••••••••••••••••••••••••••• 0 

200 150 100 50 0 
Horizontal distance (m) 

1 000 900 800 700 600 500 400 300 200 1 00 0 

9 --- s97 
--- w98 

8 --- s02 

7 

2 

0 

'" --------- s09 
--------- Sep11 
--------- Mar12 
-mlwp 

e Dhigh 
e Dlow 

300 250 

Rockaway 30fTILL 147 30 

25 

20 g 
CXl 
CXl 
0 

15 ?{ z 
c 
0 

iii 
10 > 

Q) 

jjj 

5 

••••••••••••••••••• _. •••••••••••••••••••••••• 0 

200 150 100 50 0 
Horizontal distance (m) 

Oregon Department of Geology and Mineral industries Special Paper 47 257 



fm_rcl<31 

fm_rck 32 

:§: 
~ 
0 

~ 

9 

8 

7 

6 

5 

1000 900 800 

--- s97 
--w98 
--- s02 

••••••••• s09 
--------- Sep11 
--------- Mar1 2 
-mlwp 

• Dhigh 

• Dlow 

Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 267 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

700 600 500 400 300 200 100 

25 

20 ~ 
!!::-
~ 
0 

15 ~ 
z z 4 

.~ "~~g-~:~t-??~~-f'::~ -~i?~_ .• , •.•.•.• ··•···•·•·•·•·•···•·•·•·•·•· .• ,., 
c 
.Q 

10 ~ ~ 3 
jj] 

2 

300 250 200 150 100 50 0 
Horizontal distance (m) 

1000 900 800 700 600 500 400 300 200 100 0 

9 

8 

7 

:§: 6 
~ 
0 
~ 5 
z 

--- s97 Rockaway 32fTILL 149 
--w98 
--- s02 

••••••••• s09 
••••••••• Sep11 "" ""'"'" '"'"' '"""''""" """""" "" "'' """'"''"'" 1% TWL "" · "" · 
••••••••• Mar12 
-mlwp 

e Dhigh 
e Dlow 

§- 4 Highest Observed Tide . -
-~ ·- ·-·- ------ -·- -·---- -·-·- ·- --·•}•········ ········•············ 
Q) 3 
jjj 

2 

-1 ~~------~------~------~------~------~----~ 

jj] 

5 

30 

25 

20 g 
~ 
0 
> 

15 ~ 
c 
0 

~ 
10 iii 

jj] 

5 

300 250 200 150 100 50 0 
Horizontal distance (m) 

Oregon Department of Geology and Mineral Industries Specia l Paper 47 258 



fm_rck33 

fm_rck 34 

I 
a:> 
a:> 
0 

~ z 

9 

8 

7 ' 

6 

5 

1000 

--- s97 
--w98 
--- s02 
--------- s09 
--------- Sep11 
--------- Mar12 
___;,_ mlwp 

• Dhigh 

• Dlow 

800 600 

Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 268 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

400 200 0 

Rockaway 33fTILL 150 30 

25 
.. .......... ;., .................... , ...... , .... "'" ................. , ....... "''"'" .... · 1% TWL · ··• · 

20 §: 
a:> 
a:> 
0 

15 ~ z 
c 
.Q 
iii 

§-
4 .~i~~::!~~~:~_e_~ !~~: ........................................... . 

~ 3 
Q) 

jjj 

2 

0 

7 

6 

I 5 

:g 
0 4 
~ z 
c 3 .Q 
iii 
> 
Q) 

jjj 2 

0 

350 300 

1200 

--- s97 
--w98 
--- s02 

--------- s09 
--------- Sep1 1 
--------- Mar12 
-mlwp 

e Dhigh 
e Dlow 

250 200 150 100 50 
Horizontal distance (m) 

1000 800 600 400 200 

Rockaway 34fTILL 151 

llllllt!u 'IOIIIIUNUIIIIIIIIIIOII a iOI IIUIOIIIIIIIIIJ IIIIIIIIIIIII IOI 111 j I 

·• . 1 %TWL ... """' 

Highest Observed Tide 

0 

0 

10 > 
Q) 

jjj 

5 

25 

20 

§: 
15 ~ 

0 

~ z 
10 g 

~ 
Q) 

jjj 

5 

................................................................ 0 

400 350 300 250 200 150 100 50 0 
Horizontal distance (m) 

Oregon Department of Geology and Mineral Industries Special Paper 47 259 



fm_rck 35 

fm_rck 36 

Applicants' July 27, 2021 Submittal 
Exhibit 2 - Page 269 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

900 800 700 600 500 400 300 200 1 00 0 

10 

8 

I 
~ 6 
0 

~ z 

--- s97 
--w98 
--- s02 
--------· s09 
-----·--· Sep11 
-······-· Mar12 
-mlwp 

e Dhigh 
e Dlow 

c 
~ 4 

Highest Observed Tide 
Ql 

[ij 

2 

300 250 200 

Rockaway 35friLL 152 

150 100 
Horizontal distance (m) 

9 

8 

7 

I 6 
l2 
0 
~ 5 
z 

1200 1000 

--- s97 
--w98 
--- s02 
--------- s09 
--------· Sep11 
--------- Mar12 
-mlwp 

e Dhigh 
e Dlow 

800 600 400 

Rockaway 36friLL 153 

.§ 
4 ~i~~:~! ~~~:~_e_~ !~~: ................. ·~ ... . 

~ r~~~ 
Ql 3 
[ij 

2 

•' ,. 

50 

200 

30 

25 

g 
20 l2 

0 

0 

0 

~ 
15 z_ 

c 
.2 
~ 

10 ~ 

5 

30 

20 g 
l2 
0 
> 

15 :2 
c 
0 

i6 
10 [; 

[ij 

5 

0 ,.tll""'''llf.l,lo•':.".~-=:~ .......................... - ••••••••••••••••••••• 0 

350 300 250 200 150 100 50 0 
Horizontal distance (m) 

Oregon Department of Geology and Mineral Industries Special Paper 47 260 



fm_rck37 

fm_rck 38 

I 
~ 
0 

~ z 
c 

.Q 
n; 
> 
Q) 

[jJ 

1000 

--- s97 
9 --w98 

--- s02 
8 ••••••••• s09 

7 
••••••••• Sep11 
--------- Mar12 
-mlwp 

6 • Dhigh 

• Dlow 
5 

2 

300 

1200 1000 

9 
--- s97 
--w98 
--- s02 

8 ········- s09 
••••••••• Sep11 " 7 ········- Mar12 
-mlwp 

6 • Dhigh 

• Dlow 
5 

4 

3 ·· -'-~ 

2 

800 

250 

600 

Applicants' July 27, 2021 Submitta l 
Exhibit 2- Page 270 of 283 

Coasta l Flood Hazard Study, Ti llamook County, Oregon 

400 200 

Rockaway 37!TILL 154 30 

25 

20 g 
a;l 
a;l 
0 

15 ~ z 
c 
0 

~ 
10 ~ 

w 

5 

0 

200 150 100 50 0 
Horizontal distance (m) 

800 600 400 200 

Rockaway 38!TI LL 155 30 

25 

20 g 
~ 
0 
> 

15 ~ 
c 
0 

~ 
10 > 

Q) 

[jJ 

5 

' .. .!!: ... ~ ........................................................ 0 

-1L__L __ _L ____ _L ____ ~----~----~-----~-~ 

350 300 250 200 150 100 50 0 
Horizontal distance (m) 

Oregon Department of Geology and Mineral Industries Special Paper 47 261 

I 
I 



fm_rcl< 39 

fm_rck40 

I 
~ 
0 

~ z 

1200 1000 

9 
--- s97 
-- w98 
--- s02 

8 ••••••••• s09 

7 
••••••••• Sep11 
--------· Mar12 
-mlwp 

6 • Dhigh 

• Dlow 
5 

800 600 

Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 271 of 283 

Coasta l Flood Hazard Study, Tillamook County, Oregon 

400 200 0 

Rockaway 39fTILL 156 30 

25 

20 g 
<XJ 
<XJ 
0 
> 

15 ~ 

.~ 4 
Highest Observed Tide 

c 
0 

~ ~ 3 -------------------- •.• ······· ·· · · · ··· ·· ·· ·:~ 

iiJ 

2 

0 

-1 L--L----~------~----~------L-----~----~----~ 
350 300 

1500 

--- s97 
8 --w98 

7 

6 

I 
~ 5 
0 

--- s02 

· ······-· s09 
-----··-· Sep11 
··-·---·· Mar12 
-mlwp 

e Dhigh 
e Dlow 

250 200 150 100 
Horizontal distance (m) 

1000 500 

Rockaway 40fTILL 157 

~ z 4 
c 

Highest Observed Tide 1.~/· 
.Q 

~ 3 
Q) 

iiJ 
2 

................. ,. , ... , ......................................... , ......... , 
I 
I 
I 

I 
I 

I 

50 0 

0 

10 

5 

25 

20 

> 
Q) 

iiJ 

g 
~ 

15 ° ~ z 
c 
0 

10 ~ 
> 
Q) 

iiJ 

5 

0 •••••••••••••••••••••••••••••••••••••••••••••• 0 

400 350 300 250 200 150 100 50 0 
Horizontal distance (m) 

Oregon Department of Geology and Mineral Industries Special Paper 47 262 



11.4.8 Nehalem Spit 

fm_neh 1 

fm_neh 2 

I 
CX) 
CX) 
0 
;;: 
z 
c:: 

.Q 
iii 
> 
Q) 

UJ 

I 
CX) 
CX) 
0 ;;: 
z 
c:: 
0 
~ 
> 
Q) 

UJ 

1400 1200 1000 

- -- s97 
12 --w98 

--- s02 

••••••••• s09 
10 --------- Sep11 

•••••• ••• Mar12 
-mlwp 

• 

800 600 

Applicants' July 27, 2021 Submittal 
Exhibit 2 - Page 272 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

400 200 0 

Nehalem Spit 1fTILL 158 
40 

35 

30 
g 

25 ~ 
8 Dhigh 

• Dlow 
.......... .. · · ... .. , .• , , .... , .... ... ,, , .. , ...... 1 o/o TWL ....... 

6 

0 ;;: 
20 z 

c:: 
0 

15 ~ 
Q) 

UJ 

10 

2 
5 

0 0 

400 350 300 250 200 150 100 50 0 
Horizontal distance (m) 

1600 1400 1200 1000 800 600 400 200 0 

--- s97 Nehalem Spit 2fTILL 159 
40 12 --w98 

--- s02 

••••••••• s09 35 
10 ··------- Sep1 1 

--------- Mar12 30 
-mlwp g 

8 • Dhigh 
25 ~ • Dlow 0 ;;: 

6 20 z 
c:: 
0 

15 ~ 
4 

Q) 

Highest Observed Tide UJ 

10 

2 
5 

0 ........................................ 0 

450 400 350 300 250 200 150 100 50 0 
Horizontal distance (m) 

Oregon Department of Geology and Mineral Industries Special Paper 47 263 



fm_neh 3 

fm_neh4 

Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 273 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

0 
~r===~==~----~--~----~--~JI~45 

1200 1000 800 600 400 200 

12 

10 

c 6 
.Q 

~ 
Q) 

--- s97 
--w98 
--- s02 

··•·•·•·· s09 
••••••••• Sep11 
••••••••• Mar12 
-mlwp 

Nehalem Spit 3fTI LL 160 

e Dhigh '""'""""""""'""'"""'""'""" ""'""'"'"""'"""'" "" · ' 1% TWL '""" 
e Dlow 

jjJ 
4 Highest Observed Tide .~ ............................... ...... , 

2 

400 350 300 250 200 150 100 
Horizontal distance (m) 

50 

1200 1000 800 600 400 200 

14 --- s97 Nehalem Spit 4fTILL 161 
--w98 
--- s02 • . 
····••·•· s09 :: .. 
•••••• ••• Sep11 i; 

12 

10 •••••••• • Mar12 =· :· ~ -mlwp : 

~ • ~~ u 
ro e Dlow "• ~ 8 r"''--------''"""t'" ''"'"""""' ""''"'""'"""""""'"'"" "" '""'"""" 1 %TWL ....... •: 

z 
c 

.Q 

~ 
Q) 

6 . ' 

jjJ 4 

2 

0 

400 350 300 250 200 150 100 
Horizontal distance (m) 

50 

0 

0 

0 

40 

35 

30 g 
ro 

25 ~ 
~ z 

20 c:.-
0 

~ 
15 ~ 

w 

10 

5 

45 

40 

35 

30 g 
ro ro 

25 ~ 
z 

20~ 
-ro 
> 

15 &] 

10 

5 

Oregon Department of Geology and M ineral Industries Specia l Paper 47 264 



fm_neh 5 

16 

14 

12 

I 10 co co 
0 
;;;: 8 z 
c 
.Q 

~ 6 
QJ 
Ui 

4 

2 

0 

fm_neh 6 

18 

16 

14 

I 12 
co co 
0 
;;;: 10 

z 
c 8 0 

~ 
QJ 6 Ui 

4 

2 

0 

Applicants' Ju ly 27, 2021 Submittal 
Exhibit 2- Page 274 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

1400 1200 1000 800 600 400 200 0 

Nehalem Spit 5!TILL 162 --- s97 50 
--w98 
--- s02 
--------- s09 

45 

--------- Sep11 40 
-- ------- Mar12 
-mlwp 35 g • Dhigh co • Dlow 30 co 

0 
;;;: 

I 25 z 
I ....... " .................................................................................... """ · · .......... 1 o/o TWL ... ' c 

0 

20 -~ 

15 
QJ 

Ui 

Highest Observed Tide ... .. .. .. .. .... .............. ,. 
I 
, 

10 
I 

5 

0 

450 400 350 300 250 200 150 100 50 0 
Horizontal distance (m) 

1600 1400 1200 1000 800 600 400 200 0 

--- s97 60 
--w98 
--- s02 

----··--- s09 50 
--------- Sep11 
---- ----- Mar1 2 
-mlwp 40 g • Dhigh co • Dlow co 

0 
;;;: 

30 z 
c 
0 

llllllfltllllllUHI<IIIIIIIIIIIlll lloltiiiUIIIIIIIIIIIIII Ill toll IIIIUIIIIIIUOIIIII•IItlllllllltlllll 1% 'TWL llo I 
I 15 

> 
20 QJ 

Ui 

Highest Observed Tide ..... .. .. .. .. .. .. .. .. .. .. . 
10 

450 400 350 300 250 200 150 100 50 0 
Horizontal distance (m) 

Oregon Department of Geology and Minera l Industries Special Paper 47 26S 



fm_neh 7 

fm_neh 8 

Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 275 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

0 1 500 1 000 500 
16~======~~~--------~--~~----~ 

Nehalem Spit7fTILL 164 

14 

12 

:§:10 
co 
<Xl 
0 

~ 8 z 
c 
.Q 
ro 
> 
Q) 

6 

jjJ 

4 

2 

0 

--- s97 
---w98 
--- s02 

••••••••• s09 
••••••••• Sep11 
••••••••• Mar12 
-mlwp 

e Dhigh 
e Dlow 

,,,,. "" .... "" "" ... "'""' """""" ·· · .......... ; .................... :.. ...... : ...... ... ; .. 1% TWL '"""' 

, 

Highest ObseNed Tide · •• .-' ................................. ,., , .. , ..... ,.':.,, , , 
I 

450 400 350 300 250 200 150 1 00 50 

1400 1200 

--- s97 
16 --w98 

14 

12 
:§: 
~ 10 
0 

~ 

--- s02 

••••••••• s09 
••••••••• Sep1 1 
• •••••••· Mar1 2 
-mlwp 

e Dhigh 
e Dlow 

Horizontal distance (m) 

1000 800 600 400 

Nehalem Spit 8fTI LL 165 

z 8 ' .. 
c- ' " ' '~~~' '' '11' '"'' '>1'' '' '''' •n• '''' '!' '''"" ,, .... ,,,,.,., mu••uuuM lll'"'''''" '"u'u''' "''" .,, ~~'" 1 o~ TWL ,, .u .... ,, 

.Q 

~ 6 
Q) 

jjJ 

4 

2 

400 350 300 250 200 150 100 
Horizontal distance (m) 

200 

50 

50 

45 

40 

35 g 
<Xl 

30 :3 
~ 

25 z 
c 
0 

20 iii > 
Q) 

15 jjJ 

10 

5 

0 

0 

0 

50 

40 
g 
co 
<Xl 
0 

30 ~ 
z 
c 
0 

20 ~ 
jjJ 

10 

0 

0 

Oregon Departm ent of Geology and Minera l Industries Special Paper 47 266 



fm_neh 9 

fm_neh 10 

Appl icants' July 27, 2021 Submittal 
Exhibit 2 - Page 276 of 283 

Coastal Flood Hazard Study, Ti llamook County, Oregon 

1400 1200 1 000 800 600 400 200 0 

1 5 ~====~~-------.----~--------~--~ 50 
--- s97 Nehalem Spit 9fTILL 166 · 

0 

14 

12 

10 

8 

c 
.2 6 
~ 
Q) 

w 

2 

0 

--w98 
--s02 45 
--------- s09 
••••••••• Sep1 1 40 
--------· Mar12 
- mlwp 35 

e Dhigh 
e Dlow 

400 350 

1200 

--- s97 
--w98 
--- s02 

••••••••• s09 
--------· Sep11 
••••••••• Mar1 2 
-mlwp 

• Dhigh 

• Dlow 

300 

1000 

30 :g 
Cl 
> 

25 ~ 
c: 

20 ,g 
~ 

15 ijj 

10 

5 

••••••••••••••••••••••••••• -•••••• -•••••••••• -••• -.... 0 

250 200 150 100 50 0 
Horizontal distance (m) 

800 600 400 200 0 

Nehalem Spit 10fTILL 167 45 

40 

35 

30 g 
~ 

""'""""'"' "'""" '"""" '" '""""'"'"""'""""'"'" '" """ 1%TWL'"'"'"" 
25 ~ 

z 

·• 

400 350 300 250 200 150 
Horizontal distance (m) 

100 50 0 

20 g 
~ 

15 ~ 

10 

5 

Oregon Department of Geology and Mineral Industries Specia l Paper 47 267 



fm_neh 11 

fm_neh 12 

Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 277 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

1400 1200 1000 800 600 400 200 

--- s97 Nehalem Spit 11 friLL 168 

12 
--w98 
--- s02 
--------· s09 

10 
·····-··· Sep11 
----·-··· Mar12 

g -mlwp 

• Dhigh co 8 co • Dlow 
0 

~ ""'"""'''""'"' '111' '""''"' ' '""" """'''"''"'""" ' '""'"""'"'''1"'"' '.' ''"' '''"' "' "' 1 °/o TWL """'" 
z 

6 c 
0 
-~ 
> 
Q) 

[j 4 

2 

0 

450 400 350 300 250 200 150 100 50 

1200 1000 

--- s97 
12 --- w98 

--- s02 
--------· s09 

10 

Horizontal distance (m) 

800 600 400 200 

Nehalem Spit 12/TILL 169 

·" I' tt : \ 
:' \l:'l . 

g 

••••• •••• Sep11 • · 
-·------· Mar12 
-mlwp 

. · ,~ 1 J 

l llloi!IIIIII IIIII IIUI IIIII tllll!l l<lllllll lll H• llllllllllllltllll .. ltll "" ,,,. , ,, 1 o/o TWL r~ '"'J'"' ' I 

~ 
~ 

8 

z 6 
c 
0 

~ 

e Dhigh 
e Dlow 

~ 4 Highest Observed Tide •.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.• ,, 

2 

0 

400 350 300 250 200 150 
Horizontal distance (m) 

100 50 

0 

40 

35 

30 
g 
co 

25 l3 
~ 

20 z_ 
r::: 
0 

~ 
15 > 

Q) 

[j 

10 

5 

0 

0 

40 

35 

30 
!!':. 

25 :g 
0 

~ 
20 z 

c 
0 

15 ~ 
Q) 

[j 

10 

5 

0 

Oregon Department of Geology and Mineral Indust ries Special Paper 47 268 



fm_neh 13 

10 

8 

:§: 
<X) 6 
<X) 

0 

~ z 
c 
.Q 4 
(ij 
> 
Q) 

iii 

2 

0 

fm_neh 14 

9 

8 

7 

:§: 6 

l8 
0 5 
~ z 
c 4 
0 

~ 
> 3 Q) 

iii 

2 

0 

-1 

1500 1000 

--- s97 
--w98 
--- s02 

• •••••••• s09 
··· ·----· Sep1 1 
-----·-·· Mar12 
-mlwp 

• Dhigh 

• Dlow 

Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 278 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

500 

Nehalem Spit 13/TILL 170 

30 

25 

s 
20 <X) 

<X) 
0 

~ 
15 z 

c 
~~~.~~~~ ()_~~~r:'~?-~~d_e_ ••.•.•.•.•.•.• , ••.•• , •• , •• , •• ,. 

0 

~ 
10 Q) 

iii 

5 

.................................................. 0 

450 400 350 300 250 200 150 100 50 0 

Horizontal distance (m) 

1500 1000 500 0 

--- s97 Nehalem Spit 14/TILL 171 30 
--w98 
--- s02 

••••••••• s09 25 
••••••••• Sep11 
-· ---·-·· Mar12 
-mlwp '"""'" """' ""'"""' '"""'"'"''"'"""""'"' ""!"""'""'"""'" • 1% TWL '""'" 

20 • Dhigh 
§: 
<X) • Dlow <X) 

0 

15 ~ z 

~~~~~~~ ~~~e_r:':?_ ~~~~ •·•·•·• •.•..•.• •·•·•·•···•·•·•·•·•·•·•· 
c 
.Q 
(ij 

10 > 
Q) 

iii 

5 

450 400 350 300 250 200 150 100 50 0 
Horizontal distance (m) 

Oregon Department of Geology and Mineral Industries Specia l Paper 47 269 



fm_neh 15 

16 

14 

12 

:§: 
co 10 
co 
0 

~ 8 z 
c 
.Q 
1U 
> 
Q) 

6 

w 
4 

2 

0 

fm_neh 16 

35 

30 

:§: 25 

~ 
0 

~ 20 z 
c 
.Q 
1U 
> 15 
Q) 

w 
10 

5 

0 

Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 279 of 283 

Coasta l Flood Hazard Study, Tillamook County, Oregon 

1400 1200 1000 800 600 400 200 0 

-- s97 Nehalem Spit 15fTILL 172 
--w98 50 
--s02 

••••••••• s09 45 
••••••••• Sep1 1 40 -------·- Mar12 
-mlwp 

35 §: • Dhigh co • Dlow co 
30 0 

~ 
25 z 

c 
· 1%TWL '" 

0 
O<!l111 1111• >11111ll >lo1011> .. U!III IIIOIIIHIIIIIIUUIInllllll lllll l!>l lll<11< 1 1tl l lllllll lilll lllll!llllillll tt• l ll1110lll11 

~ 20 > 
Q) 

15 
w 

Highest Observed Tide .~ •.•.•.• 
10 

5 

...... -.-. ................ -. ......... 0 

450 400 350 300 250 200 150 100 50 0 
Horizontal distance (m) 

1600 1400 1200 1000 800 600 400 200 0 

- - s97 Nehalem Spit 16fTILL 173 120 
--w98 
-- s02 

••••••••• s09 
••••••••• Sep11 100 
••• •••••• Mar1 2 
- mlwp §: • Dhigh 80 co • Dlow co 

0 

~ 
60 

z 
c 
.Q 
1U > 
Q) 

40 w 

""" '" 1>1111 1111 111 """ llll '" "'"'" uu ol oiumwuu u 1 • I• Nil '"'• " II)• 1111 111 111 '"'I• 20 
.• .-. .. MHHW 

................................................ 0 
450 400 350 300 250 200 150 100 50 0 

Horizontal distance (m) 

Oregon Department of Geology and Mineral Industries Specia l Paper 47 270 



fm_neh 17 

fm_neh 18 

Applicants' July 27, 2021 Submittal 
Exhibit 2 - Page 280 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

1n4o=o====1~2o=o==~1~oo~o--~oo~o--~6~o~o ____ 4~oo~--~2~oo~ __ 71o120 
35 --- s97 Nehalem Spit 17fTILL 174 
--w98 
--- s02 

30 ••••••••• s09 100 
••••••••• Sep11 
••••••••• Mar12 

~ 25 -mlwp 80 .s 
<Xl 
<Xl 
0 

~ z 
c: 
.Q 
1ii 
> 
Q) 

ijj 

g 
~ 
0 

~ z 
c: 
.Q 
1ii 
> 
Q) 

ijj 

• Dhigh 

• Dlow 
20 

g 
<Xl 
<Xl 
0 

60 ~ 
z 
c:" 

15 0 

~ 
> 

40 
Q) 

ijj 

10 

20 

0 MLLW 

400 

..................................................... 0 

350 300 250 200 150 100 50 0 
Horizontal distance (m) 

1600 1400 1200 1000 000 600 400 200 0 
12 

10 

8 

6 

4 

2 

--- s97 Nehalem Spit 18fTILL 175 
--w98 
--- s02 

••••••••• s09 
••••••••• Sep1 1 
••••••••• Mar12 
-mlwp 

• Dhigh 

• Dlow 

Highest Observed Tide ... , •.•.•.• , 

450 400 350 300 250 200 150 1 00 50 0 
Horizontal distance (m) 

40 

35 

30 

25 g 
<Xl 
<Xl 
0 

20 ~ 
z 
c: 

15 ~ 
> 
Q) 
ijj 

10 

5 

Oregon Department of Geology and Mineral Industries Special Paper 47 271 



fm_neh 19 

fm_neh20 

c: 
0 

~ 

Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 281 of 283 

Coasta l Flood Hazard Study, Tillamook County, Oregon 

1200 1 000 800 600 400 200 
10~.===~==~~--~----.-----.---~~.-! 

8 

2 

0 

--- s97 
--- w98 
--- s02 
••••••••· s09 
••••••••• Sep11 
•••·••·•· Mar12 
-mlwp 

400 

e Dhigh 
e Dlow 

350 

1200 

15 -- s97 
--w98 
--- s02 
••••••••· s09 
••••••••• Sep11 
••••••••· Mar1 2 
-mlwp 

e Dhigh 
e Dlow 

300 

1000 

Nehalem Spit 19rr1LL 176 
30 

25 

20 g 
~ 
0 
> 

15 ~ 
c: 
0 

~ 
10 ~ 

UJ 

5 

···•···················"·················· 0 

250 200 150 100 50 0 
Horizontal distance (m) 

800 600 400 200 0 

Nehalem Spit 20m LL 177 50 

45 

40 

35 
g 

30 ~ 
0 
> 

tllllll til un l illl<ll 1WUI 1 IIIII 10111 lltllo<IIII UIIIIWUIIIUI lll!lllllt01miiii0.111>.1UA•IIIII111li1111111UIIIIIol Ill .. 1%1WL "'"" 25 ~ 
c: 

20 g 
~ 
Q) 

15 w m 5 

10 

5 

0 0 

400 350 300 250 200 150 100 50 0 
Horizontal distance (m) 

Oregon Department of Geology and Mineral Industries Special Paper 47 272 



fm_neh 21 

800 700 

--- s97 
25 --w98 

--- s02 
--------- s09 
--------- Sep11 

20 --------· Mar12 
-mlwp 

e Dhigh 
~0 e Dlow 

600 500 400 300 

Appl icants' July 27, 2021 Submittal 
Exhibit 2- Page 282 of 283 

Coastal Flood Hazard Study, Tillamook County, Oregon 

200 100 

Nehalem Spit 21fTILL 178 

80 

70 

60 g 
co co 

50 ° ?( 
z 

15 ~'--------' 
~ HII 1111 '"'11 tll•tt u u '"'~~' IIU•inu 111 ouo •IIIII I IHI Ull llnnnm!•IUIIIIIIIIIIIIII! tllllfllllll lll' 1 Ofo TWL ''" lllllillw ''"'" 11111 11111 

z 
c 
0 

-~ 10 
Q) 

iJ.j 

I 
5 .~ lJ 

Highest Observed Tide •.•.•.•.•.•.•.•.•.• ····· ··l•••l•••·•••••••••• ~"-

250 200 150 100 
Horizontal distance (m) 

40 c 
.Q 
(ij 
> 

30 ~ 

20 

10 

0 
50 0 

Oregon Department of Geology and Mineral Industries Special Paper 47 273 



Applicants' July 27, 2021 Submittal 
Exhibit 2- Page 283 of 283 

Coastal Flood Hazard Study, Ti llamook County, Oregon 

11.5 Appendix D: Supplemental Transect Overtopping Table 

Dist_2 

Dist_3 (>0.61 Dist_1 hV2 > 5.7 
Profiles Transect (:!:0.91m) <0.91 m) (:!>0.31 m) m3/s2 (m) Comment 

Neskowin TILL 2_3524 Mapped t o Dhlgh 
TILL 2_3521 Mapped t o splashdown 

distance 
TILL 2_3517 Mapped t o splashdown 

distance 
TILL 3_3514 Mapped t o Dhigh 
TILL 3_3508 Mapped t o Dhigh 
TILL 3_3506 Mapped t o Dhigh 
TILL 3_3504 Mapped to Dh;gh 
TILL 3_3502 24.98 47.03 Mapped overtopping 

Netarts TILL 79_2035 6.08 45.44 96.74 151.89 Mapped overtopping 
TILL 79_2033 Forced transition from 

overtopping at TILL 

79_2035 to meet t he PFD 
TILL 135_857 Mapped t o Dhish 
TILL 135_856 Mapped t o Dhigh 
TILL 147 _783 Mapped t o Dhigh 
TILL 147 778 Mapped t o Dh; h 
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DISCLAIMER 

This product is for informational purposes and may not have been prepared for o r be su itable fo r legal, 
engineering, or surveying purposes. Users of this information should review or consult t he primary data 
and information sources to ascertain the usability of the information. This publ ication cannot substitute 

for site-specific investigations by qualified practitioners. Site-specific data may give results that differ 
from the results shown in the publication. 

Cover photograph: Contemporary and historical dune development at Pacific City, Tillamook County. 
Photo taken by E. Harris, August 12, 2011. 

WHAT'S IN THIS REPORT? 

New lidar based mapping along the Tillamook County coast provides updated spatial extents of beaches and dunes 
that may be subject to existing and future storm-induced wave erosion, run up, overtopping, and coastal flooding. 

Side-by-side maps of the spatial extent of beaches and dunes in 1975 and now show changes that have taken 
place. These data will help communities implement Oregon Statewide Planning Goal18: Beaches and Dunes. 

Oregon Department of Geology and Mineral Industries Open-Fi le Report 0-20-04 

Published in conformance with ORS 516.030 

For additional information: 
Administrative Offices 

800 NE Oregon Street, Suite 965 
Portland, OR 97232 

Telephone (971) 673-1555 
https://www .oregongeology.org 

https:/ /oregon.gov /DOGAM 1/ 
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ABSTRACT 

The objective of this study was to produce updated information on the spatial extent of beaches and dunes 
in Tillamook County that may be subject to existing and future storm-induced wave erosion, runup, 
overtopping, and coastal flooding. These data are of importance to the Department of Land Conservation 
and Development and the seven coastal counties of Oregon in order to implement Statewide Planning Goal 
18: Beaches and Dunes. 

Oregon Statewide Planning Goal18 requires local jurisdictions adopt a beach and dune overlay zone 
in their comprehensive plan, which may be used to manage development on or near beaches and dunes. 
Regional mapping of the coastal geomorphology of the Oregon coast to define the extent of its beaches 
and dunes was originally undertaken between 1972 and 1975 by the U.S. Department of Agriculture Soil 
Conservation Service (USDA, 1975). However, in the intervening 45 years, much has changed on the coast. 
Of particular importance has been the proliferation of European beach grasses that have helped stabilize 

many coastal dune systems, while many areas of the Tillamook County coastline have experienced 
significant erosion, especially since the late 1970s. In addition, new technologies such as lidar are now 

providing unprecedented levels of detail, enabling scientists to more accurately map the spatial extents 
of both the contemporary and historical foredune systems. These three factors combined necessitate that 

the USDA (1975) overlay zone be updated to reflect contemporary conditions. As a result of the updated 
mapping, our analyses indicate the following broad-scale changes: 

• Overall, areas defined as open sand (OS) have decreased by about -67% since the 1970s, from 
2,335 acres to 767 acres. Most of this change can be directly attributed to anthropogenic effects, 
particularly the introduction of European beach grass (Ammophila arenaria) as well as 

stabilization from shore pine (Pinus contorta) and other native plant species. 

• Areas subject to existing coastal hazards, which include active foredunes (FDA) and, new in 2020, 
reactivated foredunes (FOR), indicate an overall slight increase in their spatial extent. However, 
within discrete sections of the littoral cells, some areas have experienced significant loss of active 
foredunes, including the Rockaway Beach area, followed by Nestucca Spit and Nehalem Spit. 

• Areas classified as recently stabilized foredune (FD) have seen a significant expansion ( -45% 
increase) in spatial coverage, increasing from -287 acres in the 1970s to -522 acres in 2020. 
Consistent with the changes seen on active foredunes, the increase in stabilized foredunes can be 
attributed to the proliferation of dune grasses and other native trees and shrubs. 

Oregon Department of Geology and Mineral Industries Open-File Report 0 -20-04 1 
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1.0 INTRODUCTION 

The Oregon Department of Land Conservation and Development (DLCD) and Tillamook County 
Department of Community Development commissioned the Oregon Depar tment of Geology and Mineral 
Industries (DOGAMI) to under take detailed mapping of beach and dune features in Tillamook County. The 
purpose for such mapping is to produce updated information on the extent of the contemporary beach 
and foredune system that may be subject to future s torm-induced erosion, runup, overtopping, and 
coastal flooding. These data are of importance to DLCD and the county in order to improve 
implementation of Statewide Planning Goal 18: Beaches and Dunes (https: //www.oregon.gov /lcd /OP I 
Pages/Goal-18.aspx). Specifically, Oregon Statewide Planning Goal 18 requires that local jurisdictions 
adopt a beach and dune overlay zone in their comprehensive plan, which may be used to manage 

development on or near such features. 
Regional mapping of the beaches and dunes of the Oregon coast was originally undertaken between 

1972 and 1975 by the U.S. Department of Agriculture Soil Conservation Service (U.S. Department of 
Agriculture Soil Conservation Service [U SDA], 1975). However, much has changed along the Oregon coast 
over the past 45 years, so the original maps are both inaccurate and importantly lack sufficient resolution 
to support current land use planning efforts. Some of the largest changes to have taken place along the 

coast include: 
• The rapid expansion of European beach grass (Ammophila arena ria), which has helped to stabilize 

many dune systems; 

• Encroachment of human development into foredune areas; 

• Dune management activities such as foredune grading and planting; 

• Changes in beach and dune morphology due to either coastal erosion or accretion; 

• Construction of coastal engineering used to mitigate erosion hazards; and, 

• Shoreline changes at the mouths of estuaries controlled by jetties. 
Accordingly, the purpose of this proj ect is to produce modern maps of beach and dune features along the 
Tillamook County coastline, defined in a geographical information system (GIS) and informed by historical 
and contemporary aerial photographs, airborne lidar, coastal erosion and FEMA flood modeling (Allan 
and others, 2015), and recent coastal change analyses and monitoring undertaken along the beaches of 
the county (Allan and Priest, 2001; Allan and Hart, 2007, 2008; Allan and others, 2009; Allan and Harris, 
2012). Although the geospatial data used today to define the various mapping units are much improved, 
the original USDA (1975) nomenclature consisting of 12 core mapping units is retained, and in some cases 
is modified or refined. Finally, it is recognized that the six other Oregon coastal counties face similar 
challenges with beach and dune overlays that are presently outdated. Accordingly, the mapping and 
accompanying report undertaken for Tillamook County may be used as a framework for similar mapping 
of beaches and dunes in these coastal counties. 

2.0 COASTAL GEOLOGY AND GEOMORPHOLOGY 

Tillamook County is located on the northwest Oregon coast, between latitudes 45° 45' 49.49" N (Cape 
Falcon) and 45° 3' 54.88" N (Cascade Head), and longitudes 124° 1' 15.57" W and 123° 17' 59.88" W 
(Figure 1 ). The terrain varies from low-elevation sandy beaches and dunes on the coast to elevations over 
1,000 m (e.g., Rogers Peak reaches 3,706 ft [1,130 m]) farther inland. The coastal strip is approximately 
65 miles (104 km) in length and varies in its geomorphology from broad, low-sloping sandy beaches 

backed by dunes, to beaches backed by engineered structures, cobble and boulder beaches adjacent to the 
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headlands, and cliff shorelines (Allan and others, 2015). In these areas sand entrained by wind is carried 
up into the dunes where the sand becomes trapped by plants (primarily beach grass). Where vegetation 

is absent or sparsely present, the dunes are able to drift in response to the prevailing wind direction. In 

some areas, the drifting dune sand can become a nuisance as the sand accumulates in and around coastal 

properties, while in other areas the migrating dune may engulf buildings, contributing to their eventual 

destruction (Komar, 1997). 
The formation of dunes is dependent on three simple requirements: 

• A sufficient supply of sediment; 

• A prevailing wind. Wind speed is especially important as strong winds entrain and mobilize 

sediments across the beach and carry sand up into the developing dunes. Wind direction is also 

impor tant as it governs the types of dunes that could develop; and, 

• Obstacles to trap the sand such as woody debris, vegetation, and micro-topography. 
Where sediment supply is sufficient, dunes provide effective coastal protection and at a significantly lower 

cost when compared with coastal engineering structures (Woodhouse, 1978). Along the Tillamook County 

shoreline, the bulk of the coastline is dominated by barrier spits, backed by dunes of varying ages. In 

recent decades, however, parts of the coast have experienced significant coastal erosion, requiring the 

construction of coastal engineering in order to mitigate the erosion hazards (e.g., Neskowin, Pacific City, 

and Rockaway Beach). 
Prominent headlands formed of resistant basalt (e.g., Cascade Head, Cape Meares, Cape Lookout, and 

Neahkahnie Mountain) provide natural barriers to alongshore sediment transport (Komar, 1997), 
effectively dividing the Tillamook County coastline into four littoral cells (Figure 1). These are: 

• Neskowin (- 8.9 miles [14.3 km]), extends from Cascade Head to Cape Kiwanda; 

• Sand Lake (- 8.2 miles [13.2 km]), extends from Cape Kiwanda north to Cape Lookout; 

• Netarts (- 9.9 miles [15.9 km]), extends from Cape Lookout to Cape Meares; and, 

• Rockaway (- 17.5 miles [28.2 km ]), extends from Cape Meares to Neahkahnie Mountain in the 
north. 

Each of these cells is further divided into a series of subcells due to the presence of five estuaries (from 
south to north: Nestucca, Sand Lake, Netarts, Tillamook, Nehalem), two of which (Tillamook and Nehalem) 

are stabilized by prominent jetties (Figure 1). The county also is characterized by several major rivers 
(Nestucca, Nehalem, Miami, Tillamook, Trask, Kilchis, and Wilson Rivers) that terminate in the estuaries. 

Due to their generally low flows and the terrain they are eroding, these rivers carry little beach sediment 
out to the open coast but instead deposit most of their sediment in the estuaries (Clemens and Komar, 

1988). Hence, the beaches of Tillamook County receive very li ttle sediment along the coast today other 

than from erosion of the backshore. 

2.1 local Geology 

The predominant geologic unit along coastal Tillamook County consists of latest Holocene beach sand 

present along the full length of the coastline (Cooper, 1958). Interspersed between the sand are invasive 

basalt bodies of the Miocene Columbia River basalt, such as Neahkahnie Mountain at the northern end of 

the county coastline, and flows of Columbia River Basalt that form the prominent headlands such as at 

Cape Meares and Cape Lookout (Schlicker and others 1972; Wells and others, 1994, 1995; Smith and Roe, 

2015). These latter rocks are described as fine grained. In all cases, rockfalls and landslides in these latter 

units are actively providing new material (gravel and cobbles) to the beaches, albeit at relatively slow 

rates. These failures contribute to the formation of extensive cobble and boulder berms, which accumulate 
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along their northern/southern flanks, where beaches have merged up against the headlands (Allan and 
others, 2006). 

Figure 1. Location map of the Tillamook County coastline, including key place names. 
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South of Cape Lookout and north of the Sand Lake estuary, part of the beach is backed by bluffs, which 

have an average height of 24m (Allan and Harris, 201 2) and consist of medium-grained sandstone and 
interbedded silts tone of the Astoria Formation. Adjacent to the bluffs, sand dune sheets have accreted and 

ramped up against the marine terraces, before spilling over and inundating large areas in landward of the 

bluffs. Astoria Formation sandstone and siltstone also characterize the geology of Cape Kiwanda, adjacent 
to Pacific City. Eocene-Oligocene basaltic sandstone of the Alsea Formation is also prominent along a small 

section of the coast adjacent to Porter Point, located just south of the Nestucca estuary mouth. These 

sediments are massive basaltic sandstone that is predominantly fine to medium grained (Schlicker and 

others, 1972; Wells and others, 1994, 1995; Smith and Roe, 2015). 

The contemporary beach and dune system characteristic of Tillamook County is, in geologic terms, 
young, having begun to form around 5,000-7,000 years ago, as the rate of post-glacial sea level r ise slowed 

as it approached its current level (Komar, 1997). At this s tage the prominent headlands would have begun 
to interrupt sediment transport, leading to the formation of barrier spits and beaches within the headland­

bounded li ttoral cells. 
Much of the beach sand present on the beaches of Oregon consists of grains of quartz and feldspar. The 

beaches also contain small amounts of heavier minerals (e.g., garnet, hypersthene, augite, and 

hornblende), which can be traced to various sediment sources along the Pacific Northwest coast (Clemens 
and Komar, 1988). Concentrations of augite, a product of erosion of the volcanic rocks present throughout 

the county, are especially abundant along the Tillamook County coast. This suggests that at the time, rivers 

and streams were carrying these sediments out to the coast where they mixed with other sediments. It is 
possible that concentra tions of augite likely increased during the past 150 years as human settlement 
accelerated, leading to increased deforestation (Peterson and others, 1984; Komar and others, 2004), 
which correspondingly contributed to increased sediment loads in the various rivers. However, although 

some of these sediments reached the open coast, the bulk of the sediments are retained in the estuaries 

due to generally low discharge levels characteristic of the r ivers (Komar and others, 2004 ). 

Prior to the 1940s, many of the barrier spits were devoid of significant vegetation. With the 
introduction of European beach grass (Ammophila arenaria) in the early 1900s and its subsequent 

proliferation along the Oregon coast, the dunes and barrier spits eventually s tabilized. The product today 
is an extensive foredune system, which consists of large "stable" dunes containing significant volumes of 

sand. Accompanying the stabilization of the dunes, humans have settled on them, building in the most 

desirable locations, typically on the most seaward foredune. 

3.0 METHODOLOGY 

An initial meeting was held with DLCD staffto discuss the overall s tudy approach. This included evaluating 

the existing Beach and Dune Overlay Zone in a geographical information system (GIS), developed by DLCD 

from the original 1975 mapping. These data were used to establish the baseline on which the updated GIS 

layer was developed. Table 1 identifies the key beach and dune classifications that are used in the revised 
mapping, including their accompanying DLCD classification where applicable, and derived originally from 

USDA (1975). In addition, we define six new classifications in Table 1, including: 

• Artificial Active Foredune (AFDA) -An artificial foredune constructed from geotextile sand bags 

and planted with dune grass. This category is unique to Cape Lookout State Park where such a 

structure was constructed; 

• Reactivated foredune (FDR)- In several areas the existing foredune has been: 
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1. completely removed such that coastal processes are presently eroding into the previously 
stabilized foredune (FD); and, 

2. extreme total water levels are expected to inundate portions of the backshore (e.g., FD or 

DS) landward of the active foredune (FDA). The latter results are based on the work of 

Allan and others (2015). 

• Coastal Landslides (LD)- Derived from coastal landslide mapping undertaken by Allan and Priest 

(2001), as well as more recent landslide fa ilures observed and documented by the author; 

• Fluvial and Estuarine Deposits (FED)- Defined from geologic mapping undertaken by Wells and 

others (1994) and compiled in the Oregon Geologic Database Compilation (OGDC-6; Smith and 

Roe, 2015). The OGDC is a digital geologic map and database covering the entire state and 

depicting the best available geologic mapping in any location; 

• Coastal Lakes (LK) from e.g., ; and, 

• Wetland (WL)- These data stem from the National Wetlands Inventory (https://www.fws.gov/ 

wetlands/) compiled by the U.S. Fish and Wildlife Service (USFWS). 

These latter classifications simply help to better define additional geographic and geologic features 

evident along the Tillamook County coastline but not explicitly addressed by USDA (1975). Definitions of 

the original mapping nomenclature are described by USDA (1975) and are not repeated here. 

Table 1. Beach and dune overlay zone nomenclature (after USDA, 1975). 

Associated Dune Category 

Active Beach and Foredune 

Recently Stabilized Dunes 

Older Stabilized Dunes 

Inland Dunes 

Interdune Forms 

Estuary 

Other 

Inventory Classification 

beach 

active foredune 

active dune hummocks 

recently stabilized foredune 

inland foredune 

dune complex 

younger stabilized dunes 

older stabilized dunes 

open dune sand 

open dune sand conditiona lly stable 

active inland dune 

wet interdune 

wet deflation plain 

wet mountain front 

wet surge plain 

wet flood plain 

coastal terrace 

New: 

artificial active foredune 

reactivated foredune (subject to 

erosion/flooding) 

coastal landslide 

fluvial and estuarine deposits 

lake 

wetland 

DLCD Classification 

Beach 

Foredune, Active 

Hummocks, Active 

Foredune, Conditionally Stable 

Dune Complex 

Dune, Younger Stabilized 

Dune, Older Stabil ized 

Dune, Active/Dune, Parabolic 

Dune, Conditional Stable 

Dune, Active 

Interdune 

Deflation Plain 
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FDA 
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FD 

IFD 

DC 

DS 
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OS 
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WOP 
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CT 

AFDA 

FOR 

LD 

FED 

LK 

WL 
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3.1 Previous Coastal Hazard Studies 

Because the foundation of the Beach and Dune Overlay Zone reflects those areas subject to active coastal 
change (either erosion or accretion), and/or may be impacted by storm wave run up, overtopping, and 
flooding, the revised mapping undertaken here was strongly guided by existing information available 
from a number of recent coastal investigations. These include coastal erosion hazard studies (Allan and 
Priest, 2001; Stimely and Allan, 2014), beach and shoreline monitoring efforts undertaken along the 
Tillamook County coastline (Allan and Hart, 2007, 2008) and continuing (e.g., http: 1/nvs.nanoos.org/ 
BeachMapping), analyses of lidar data (Allan and Harris, 2012), and recently completed geomorphic, 
erosion analyses, coastal flood modeling, and mapping (Allan and others, 2015). 

3.2 lidar 

Beach and dune morphology was mapped for this study largely from light radar (lidar) data collected by 
DO GAM! in 2009. Lidar is a remote sensing technique consisting of x, y, and z values of land topography 
that are derived using a laser ranging system and geo-located using an on board Real-Time Kinematic 
Differential Global Positioning System (RTK-DGPS). The lidar data have a vertical accuracy of ~0.1 m (0.3 
ft), while the horizontal accuracy is ~1m (3ft). Because li dar collected by DOGAMI consisted of multiple 
laser returns, processing of these data enabled the production of bare-earth rasters of the ground surface; 
i.e., the vegetation was able to be stripped off, leaving just the ground elevation. 

Analyses of these data were previously undertaken by Allan and Harris (2012) in order to define 
various beach, dune, and bluff morphological characteristics (e.g., tidal-datum based shorelines, cross­
sections, and a variety of geomorphic features including the beach-dune toe, foredune toe, dune crest, 
dune heal, bluff toe, and bluff crest). These data were subsequently refined and updated by Allan and 
others (2015). Additional information concerning post-2009 beach and shoreline changes were 
determined from lidar collected in 2016 on behalf of the USGS, from recent observations of beach profile 
and shoreline changes measured using RTK-DGPS by DOGAMI staff (e.g., http://nvs.nanoos.org/ 
BeachMapping), and from modern aerial images of the coastline. 

3.3 Aeriallmagery 

Although lidar is the foundation on which the geomorphic mapping is based, valuable geomorphic 
information may also be gleaned from analyses of repeat aerial photographic imagery of the coast 
collected over the last century. 

The earliest compilation of aerial photographs of Oregon coast was undertaken in 1939 by the U.S. 
Army Corps of Engineers. Unfortunately, the images are simply stereo (pairs) images that have never been 

rubber-sheeted or ortho-rectified. Orthorectification is an approach used to process imagery in order to 
account for optical distortions (e.g., tilt or relief) with the goal of yielding an image that is planimetrically 
correct that is fixed to a geospatial coordinate system, enabling the data to be viewed and analyzed in GIS. 

In order to rubber-sheet the images, the 1939 aerial photographs were added to ArcGIS and processed 
using the Georeferencing suite of tools. This is accomplished by identifying common ground control points 
(e.g., road junctions, bridges, buildings, rock outcrops) that can be identified in the 1939 images and in 
contemporary (1994, 2000, 2004, 2009, 2014, 2016) orthorectified images (or lidar) collected for the 
State of Oregon. Using this approach, twenty-six 1939 photos were able to be georeferenced for Tillamook 
County, enabling comparisons to be made against modern images of the coastline and from lidar. These 
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data were extremely useful for understanding early histor ical changes in the morphology of the barrier 

spits, including the proliferation of dune grasses on the dunes and their subsequent s tabilization of the 

dunes. 
Imagery acquired by the Oregon Department of Transportation (ODOT) in 1967 (Ruggiero and others, 

2013) was also examined. These aerial photographs extend along the entire coast of Oregon and reflect a 

collection of 1,611 photographs along roughly 50 to 60 fl ight paths for the open ocean beaches (no bays). 

The photographs were taken at 1:6,000 scale, such that 1 inch on the photograph is 500 ft (152m) on the 

ground. The images were or iginally processed and orthorectified for DOGAMI by the Washington 

Department of Ecology using Leica Photogrammetry Suite, controlled by a digital elevation model 

developed from 2002 lidar data. 

3.4 Wet lnterdunes 

The USDA (1975) beach and dune mapping identified many areas among the dunes as either Wet Deflation 

Plain, Wet Mountain Front, or Wet Interdune. These sites reflect areas characterized by high water tables 

such that the areas are either underwater or are seasonally covered in water. In the large majority of cases, 

these classifications are analogous to areas delineated as "wetland." To that end, the USFWS National 
Wetland lnventoryt was downloaded for Oregon and examined in a GIS. Identified wetlands were added 

to the revised beach and dune overlay. 

3.5 Estuary Shoreline and Storm Flood Water Level 

The USDA (1975) beach and dune mapping include two additional geospatial attributes defined as the 

Wet Surge Plain and Wet Flood Plain. The Wet Surge Plain was defined by USDA (1975) as the area between 
the lowest and highest tides within an estuary and delineated as the drift line; no additional explanation 

is provided as to how the drift line was identified, such as from aerial imagery or early National Ocean 

Service (NOS) topographic "T" Sheets. The Wet Flood Plain is essentially that area that can be reasonably 
expected to be inundated under a flood condition. Again, no specific information is provided that describes 

how it was mapped. 
For the purposes of the revised mapping, a more refined approach involved adopting a tidal datum­

based shoreline and then extrapolating the defined tidal shorelines from lidar. For the Wet Surge Plain, 

we used an elevation of7.9 ft (2.4 m, relative to NAVD88), which equates to the Mean Higher High Water 

(MHHW) tidal datum defined for the Garibaldi tide gauge station by NOAA NOS. The NOS defines MHHW 

as "the average of the higher high water height of each tidal day observed over the National Tidal Datum 
Epoch"Z and is a reasonable approximation for the Wet Surge Plain. For the Wet Flood Plain, we used an 

elevation of 11.5 ft (3.5 m, relative to NAVD88), which equates to the highest observed tidal elevation at 

the same gauge. This latter elevation reflects a storm flood, whereby the elevated water levels are a 

function of the combined effects of high tide, plus a storm surge component, plus r iverine flood ing. In both 

cases, contours for the predefined elevations were extracted from 2009 DOGAMI lidar data. 

In a number of areas, changes in the configuration of the estuary have occurred since the lidar data 

were collected in 2009, necessitating a need to adjust the boundary of the Wet Surge Plain. This was 

achieved by using recently collected digital ortho imagery (e.g., 2016) to evaluate any spatial changes that 

may have ensued in the estuary shoreline between 2009 and 2016. 

1 https: //www.fws.goy/wetlands/Data/State-Downloads.html 
2 https: 1/tidesandcurrents.noaa.goy/datum options.html 
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4.0 RESULTS 

The primary results associated with this latest mapping effort is contained in an Esri geodatabase 
"tillamook_dune_geodb.gdb". The feature dataset file "BeachesandDunes_revised_tillamook_2020" 
con tains the updated geospatial information and includes the following key attributes: "Codes", "Feature", 
"Feature_2", "Notes", "Coastal_hazard", and "Cell". This contrasts with the original geospatial overlay, 
which only included information specific to the codes and feature class. In the updated overlay, 'Codes' 
and 'Features' are ident ical to information included in the original mapping. "Feature_2" includes 
secondary information relating to the feature class (e.g., younger/older deposits, wet (due to ocean 
flooding) etc.). The "Notes" attribute includes additional information about the respective feature (e.g., 
pre or post-jetty foredunes) or source information (e.g., landslide data from Allan and Priest (2001) or 
from field observations). The "Coastal_hazard" attribute includes specific hazard information unique to 
that feature, including whether it is subject to current wave erosion, runup, overwash and inundation 
processes, or may be impacted in the near future. Finally, the "Cell" attribute categorizes the geomorphic 
units by littoral cell or subcell. 

Here we will br iefly describe and summarize some of the key changes that have taken place along the 
Tillamook County ocean shore. The approach taken is to focus initially on broad scale changes that can be 
observed in the landscape, followed by a series of brief qualitative descriptions of changes identified 
within each littoral cell identified in Figure 1. 

4.1 Countywide Beach and Dune Changes 

Figure 2 presents pie charts depicting changes in the coastal geomorphology of Tillamook County from 
the 1970s to the present. Data inputs used to generate the pie charts are derived from the change in 
surface area of the respective geomorphic uni t over time; note that USDA (1975) defined "Beach" for only 
Nehalem and Bayocean Spit and ignored the other areas. The overall focus of Figure 2 is a subset of the 
suite of USDA classifications identified in Table 1, with emphasis on those geomorphic units closest to the 
beach and as such directly dependent on coastal and aeolian processes for their formation and evolution. 
These units include the active foredune (FDA), reactivated foredune (FOR, new in 2020), recently 
stabilized foredune (FD), dune complexes (DC), hummocks (H), and areas characterized as having open 
sand (OS). The reason for focusing on these specific uni ts is that they are of greatest significance under 
Goal 18. The values listed for each pie in Figure 2 reflect the acreage associated with the six units used 
here, while the proportions of each pie graphic are based on the sum of the combined acreage of the six 
units. Thus, Figure 2's significance is less about the actual proportions (which may be of interest), and 

more about the degree of change that has taken place from one time period to the next. Table 2 includes 
cell specific information of the actual change in acreage over the time period for each unit, and expressed 
as a summary total for the entire county; results shown in Table 2 reflect a smaller subset of the suite of 
units defined in Table 1. 

As can be seen in Figure 2 (left), a significant portion of the county coas tline in the 1970s was classified 
as open sand (totaling ~2,335 acres [9.5 km2]), while the amount of active and stabilized foredune were 
~685 and 287 acres respectively. Hummocky terrain and dune complex (essentially a complex mix of 
different units) made up comparably smaller portions of the county coastline. As a result of anthropogenic 
effects associated with dune planting (especially Ammo phi/a arena ria) and the proliferation of shore pine 
(Pinus contorta) and other coastal shrubs and trees since the 1970s, there has been a significant decrease 
in the amount of open sand present throughout the county. Overall, Figure 2 (right) indicates the open 
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sand class has decreased by 67% to -767 acres in 2020. The bulk of this reflects a shift toward these areas 
now being reclassified as younger stabilized dunes (DS). Of interest, although the total area of active 
foredune (FDA) remains essentially unchanged for the entire county (Figure 2), changes within individual 
subcells indicate some loss (Table 2). For example, Rockaway Beach is characterized by the largest 
decrease in active foredunes ( -61 acres), followed by Nestucca Spit and Nehalem Spit Losses in the 

Rockaway Beach area are compounded by the fact that previously stabilized dune areas are now being 
actively eroded into reactivated foredune (FDR), or are subject to wave runup, overtopping, and 
inundation during extreme storms. Conversely, the proliferation of beach grass (and other anthropogenic 
effects) throughout the county has resulted in an expansion in recently stabilized foredune (FD), which 
have seen an increase of -82%. Similarly, the expansion of dune hummocks (H) and dune complex (DC) 
throughout the county can be attributed to anthropogenic effects associated with jetty construction (e.g., 
Bayocean Spit tip) or rehabilitation (e.g., both sides of Nehalem Bay mouth), which resulted in rapid 
seaward progradation of the shoreline, limiting foredune development in those areas, until such time as 
the rate of advance slowed and approached equilibrium. In other areas, hummock terrain can be linked 
with spit breaching such as on Nestucca Spit and mid-way along Bayocean Spit. 

Figure 2. Pie charts depicting Tillamook County countywide changes over time for select coastal geomorphic 
units. Values shown for each pie reflect the acreage of that unit. Note: totals for the 1970s (3,588 acres) and for 
2020 (2,656 acres) differ by -930 acres. 
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Table 2. Change in acreage of various coastal geomorphic units identified in Tillamook County from the 1970s 

to 2020. 

North South 
Nehalem Bayocean Netarts Sand Sand Nestucca 

Code Description Spit Rockaway Spit Spit Lake Lake Spit Neskowin Total 

B Beach 161.1 367.7 214.0 370.0 253.7 280.2 199.6 268.3 2,114.6 

FDA Active -24.3 -61.1 -11.6 77.8 26.1 21.1 -27.3 -1. 1 -0.4 

Foredune 

FOR Reactivated 0 26.4 9.1 6.4 3.3 0 0 0 45.2 

Foredune 

FD Recently 95.4 35.8 139.1 - 127.5 16.2 -7.8 40.9 42.5 234.6 

Stabilized 

Foredune 

DC Dune -42.2 102.7 113.5 -9.9 -38.1 0 0 121.7 247.6 

Complex 

H Hummocks 17.1 8.1 52.5 0 0 3.5 28.5 0 109.6 

DS Younger 275.3 625.2 -141.7 126.4 237.7 -20.9 -18.2 1.4 1,085.0 

Stabilized 

Dunes 

OS Open Sand -185.5 -232.3 -217.6 -232.7 -183.7 -77.4 -313.1 -125.6 -1,567.9 

w Interdune - 193.8 0 3.8 -54.1 -521.9 0 0 0 -766.0 

WDF Wet 0 -73.2 -48.1 38.5 0 18.0 - 179.3 0 -244.3 

Deflation 

Plain 

WMF Wet -29.6 -129.3 0 -59.3 -195.7 -82.0 -69.9 - 147.9 - 713.7 

Mountain 

Front 

WL Wetland 123.2 339.7 164.1 157.7 690.3 93.9 219.8 272.7 2,061.4 

4.2 Nehalem Spit 

Figure 3 presents summary pie charts of the same six geomorphic units identified in Figure 2, but now 
broken down according to each subcell; values provided are the actual unit acres, while summary changes 
are provided in Table 2. Figure 4 presents a map showing the complete suite of geomorphic units based 
on the original mapping (left) compared with present-day conditions (right). Overall, the area designated 
as active foredune has decreased by 18% ( -24 acres) since the 1970s. Much of this change reflects 
improvements in base map accuracy due to the use of lidar data, coupled with improved geomorphic 
designation of the primary frontal dune and modeling of the erosion, wave run up, and inundation extents 
(Allan and others 2015). The jetties at the mouth of Nehalem Bay were originally constructed between 
1916 and 1918 and later rehabilitated in the early 1980s (Lizarraga-Arciniega and Komar, 1975). 
Following construction of the jetties, Nehalem Spit advanced seaward. However, the shoreline did not 
straighten and tended to recurve landward near the jetties; the latter is evident in the curvilinear nature 
of the dunes near the spit tip (Figure 4). The reason for this was because the jetties were constructed low 
and quite porous, allowing sand to migrate across the jetty and into the estuary. 
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Figure 3. Pie charts depicting coastal geomorphic unit changes defined for each Tillamook County subcell. Values 
shown for each pie reflect acres of land, drawn from Table 2. Pie proportions are a function of the combined value 
of the six units presented in the figure, and their sums are not necessarily the same from 1970 to 2020. 
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With rehabilitation of the jetties in the 1980s, the beach stabilized and advanced seaward, leading to 
the formation of an entirely new active foredune system, while resul ting in stabilization of the previously 
active foredune. Hence, evident from both Figure 3 and 4 is the appearance of the stabilized foredune 
designation (FD), which is now present along two thirds of the spi t. Lidar mapping has also helped refine 
the number of foredunes present on the spit, which now reflect at least four sequences of development, 
with the most landward extent (OS) probably reflecting the pre-jetty position of the beach and dune. 

Other notable features along Nehalem Spit include the reduction in areas designated as open dune 
sand (OS), and the presence of hummock terrain near the estuary mouth and between the present-day 
active foredune and an inland foredune. Refinements in both the wet surge plain and wet flood plain better 
characterize those areas impacted by daily tides as well as high water events. 

Figure 4. Beach and dune geomorphic mapping classifications for Nehalem Spit. (left) original USDA (1975), 
(right) updated version. 
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4.3 Rockaway Beach 

Figure 5 and Figure 6 present maps showing the suite of coastal geomorphic units based on the original 
mapping (left) compared with present-day conditions (r ight) for the Rockaway Beach and the Twin Rocks 
areas. Beginning with Rockaway, the most obvious changes have occurred in the north adjacent to the 
mouth of Nehalem Bay where previous areas of open sand (Figure 5, left) have since been stabil ized 
(Figure 5, right). As noted in section 4.2 for Nehalem Spit, these changes reflect improvements to the jetty 
undertaken in the early 1980s, which caused the shoreline to build seaward. As can be seen in Figure 4 
and Figure 5, associated with this advance was stabilization of the previous foredune and the formation 
of a new active foredune seaward of it. In fact, our analyses reveal a more contiguous foredune system 
today compared with the 1970s. Of interest a lso is the inclusion of a new geomorphic unit (FDR) that 
reflects erosion into the former stabilized foredune. This new class is especially prevalent along the 
Rockaway Beach and Twin Rocks shoreline and is reflective of the fact that this area has been undergoing 
significant erosion since a t least 1997. The erosion is especially acute at Manhattan Beach wayside near 
the north central area of Figure 5, such that it has all but eliminated portions of the previous active 
foredune. To the south, development has encroached onto the dune, and much of the Rockaway Beach 
area today is now engineered (i.e., rip rap) as a result of erosion effects that have occurred since 1997 
(Allan and Hart, 2008; Allan and others, 2009). Other notable changes include the proliferation of 
wetland-designated areas throughout the area, which are fou nd concentrated in areas defined previously 
as wet mountain front or wet interdunes (i.e., areas subject to high water tables and periodic standing 
water). 
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Figure 5. Beach and dune geomorphic mapping classifications f or Rockaway Beach. (left) original USDA (1975), 
(righ t) updated version. 

Oregon Department of Geology and Mineral Industries Open-File Report 0-20-04 

Beaches & Dunes 2020 
B -Beach 

FDA· Act1ve loredune 

~FOR- Reactivo1ed, erosion/flooding 

AFDA · Artificial dune 

WOP - Wet deflation plain 

~WL-Wetland 
WSP -Wet surge pta1n 

- WFP- Wet flood plain 

- U< - Lake or pond 
CT -Coastal terrace 

FED - Fluviol, estuary deposij 

15 



Applicants' July 27, 2021 Submittal 
Exhibit 3- Page 20 of 31 

Temporal and Spatial Changes in Coastal Morphology, Tillamook County, Oregon 

Between Twin Rocks and the mouth of Tillamook Bay, areas designa ted as open sand have now been 
virtua lly eliminated, the exception being a small designated area of high dune by Smith Lake, near Barview 
(Figure 6). Erosion hazards have also increased along most of the shore to the point where it is now 
considered to be chronic, such that the previous active foredune has been eliminated in a number of areas 
(FDR). As a resul t, erosion is continuing and is now cutting landward into older dune features t hat formed 
both prior to and immediately following jetty construction (completed in 1917) at the mouth of Tillamook 
Bay. Finally, a large area defined previously as a wet defla tion plain (Figure 6, left) has been redefin ed as 
dune complex (Figure 6, right) since this feature can be attributed entirely to coastal nearshore processes 
that resulted in rapid beach and shoreline advance following construction of the north Tillamook jetty 
(Komar, 1997), as opposed to wind-dominated processes. 

Figure 6. Beach and dune geomorphic mapping classificat ions for Twin Rocks. (left) original USDA (1975), (right) 
updated version. 
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4.4 Bayocean Spit 

Figure 7 shows changes in the suite of coastal geomorphic units based on the original mapping (left) 
compared with present-day conditions (right) for Bayocean Spit. Several interesting features are apparent 
from the updated mapping. For context, the original mapping would have occurred prior to completion of 

the south Tillamook Jetty, which was finished in 1974. Hence, along the spit tip one can see evidence of 
varying stages of foredune development that occurred as the jetty was being built, with the shoreline 

transitioning from a curvilinear shape at the tip, to a more linear feature as sand aggraded against the 
jetty as it was being built. As can be seen from Figure 7, there is evidence of at least two stabilized 

foredunes (FD) that run parallel to the existing active foredune (FDA). Between these dunes is an area of 
hummock terrain, indicative of the rapid pace in which the shoreline advanced, followed by a period of 
slower growth, enabling the foredune to begin developing. 

Figure 7. Beach and dune geomorphic mapping classifications for Bayocean Spit. (/eft) original USDA {1975), 
(right ) updated version. 
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Immediately south of the pre-jetty spit tip is a large area of open sand conditional (OSC, Fig ure 7, left) 

that has since been stabilized by dune grasses, shore pine, and other coastal shrubs. This section has been 

redefined as a dune complex because it is s till evolving toward a stabilized younger dune state. A section 

of parabolic dunes in the north central portion of the spit previously classified as younger stabilized dune 
(DS) has been redefined as older stabilized dune (ODS); the original distinction between the two units is 

largely based on soil development. However, this section is almost certainly much older than originally 
identified by the USDA (1975) with extensive forest and soil development (evident in early 1939 photos 

of the area) and observed by Cooper (1958), such that calling it a younger stabilized dune (DS) would be 

inconsistent with other ODS designations used by the USDA (1975) elsewhere. Moreover, (Cooper, 1958) 

speculated on the longevity of these dune features noting that they have almost certainly been around for 

a long time given the size of the dune features and their persistence in having survived any potential shifts 

in the location of the estuary mouth, which likely has remained in the north. Evident also in Figure 7 (left), 

is that at the time of mapping USDA (1975) did not identify an active foredune in front of the older dunes, 

suggesting that this site was probably experiencing intense erosion, essentially truncating the dunes. 

The erosion of Bayocean Spit is especially well documented, culminating with the spit breaching in the 

late 1940s (Komar, 1997; Allan and Priest, 2001). The cause of the erosion was entirely due to 

construction of the north Tillamook jetty (completed in October 1917), which interrupted the natural 

supply of sediment. During the construction phase, changes in the inlet channel and the adjacent 
shorelines soon became evident. North of Tillamook Bay, sand accumulated rapidly and the shoreline 

advanced seaward at a rate almost equal to the speed at which the jetty was being constructed (Komar 
1997). Between 1914 and 1927, the coastli ne just north of the jetty advanced seaward some 975 m (3,200 

ft) . However, by 1920 the rate of sand accumulation on the north side of the jetty had slowed, so that the 
position of the shoreline was much the same as it is today. In the south, the shoreline near Cape Meares 

retreated some 200m (650ft). The erosion was particularly severe between 1927 and 1953, with the 

mean shoreline retreating at a rate of- 2.4 to 3 mfyr ( -8 to 10 ft/yr), culminating with the cutting away 
of a 1,220 m ( 4,000 ft) section of the spit on November 13, 1952, breaching the spit. The geomorphic 

evidence of the breach is clear in our updated geomorphic mapping (Figure 7, right) . As can be seen in 

the south-central portion of the spit, curved stabilized foredunes (FD) are evident in the landscape, while 

the bulk of the area between the relict foredunes is characterized by hummock terrain and/or wetlands. 
In the far south, adjacent to Cape Meares, portions of this area are subject to wave overtopping and 

inundation of the backshore (FDR), while much of the terrain above the community is characterized by 

active landsliding. 

Finally, it is worth noting that the degree of the post-jetty changes identified in Figure 7 (right) is 

indicative of the speed at which the entire spit adjusted and eventually stabilized. This process began to 

occur almost immediately after construction on the south Tillamook Bay jetty started. As a result, 

conditions today now reflect an extensive active foredune system that effectively developed over a very 
short period. Ongoing beach monitoring by the author indicates that the southern half of the spit is largely 

stable (neither eroding nor accreting), while the northern half of the spit is presently accreting at rates of 

-0.6 to-1m (2-3ft) per year3. 

3 http://nvs.nanoos org/BeachMapping?actjon=oiw:beach mapping pojnt:bay06:plots:trends (after Allan and Hart, 2008) 
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4.5 Netarts Spit 

Updated mapping of the beaches and dunes along Netar ts Spit is presented in Figure 8 . Consistent with 
other areas, the most notable change refl ects the stabilization of open sand areas and their conversion to 
younger stabilized dunes. This change reflects a decrease in the total acreage of open sand areas by 232.7 

acres (Table 2 and Figure 3). Apparent also are changes in the large areas defined as stabilized foredune 
(FD), evident in Figure 8 (left), much of which has been redefined as active foredu ne (FDA, Figure 8 
[right]). While we don't disagree with the original interpretation, it is puzzling that the USDA (1975) did 
not map any active foredune along the spit other than a small area near the spit tip. Finally, it is worth 
mentioning that prior to the 1980s, Netarts Spit may have been stable. However, since the 1980s the spit 
has experienced some of the fastest rates of erosion in the county, which has continued to the present 
(Komar, 1986, 1998; Allan and others, 2006). The culmination of the erosion occurred at the south end of 
the cell at Cape Lookout State Park, where Oregon State Parks constructed an artificial foredune to 
mitigate the erosion. 
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Figure 8. Beach and dune geomorphic mapping classifications for Netarts Spit. (/eft) original USDA (197S), (right) 
updated version. 
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4.6 Northern Sand lake 

Updated mapping of the beaches and dunes along the northern half of the Sand Lake littoral cell is 
presented in Figure 9. The main refinements to the latest mapping include designations of the active 
foredune (where applicable), improvements to the wet flood zone and wet surge plain, and updates to the 

extent of open sand in the area. Of the four li ttoral cells in Tillamook County, the Sand Lake cell has the 
largest area of open sand remaining, the bulk of which is located in the northern half of the cell (Figure 

9). However, since the 1970s, open sand in this area has decreased by about 22%, from a high of 839 acres 
to ~655 acres today (Table 2 and Figure 3). Much of this reflects the stabilization of areas in the south, 

adjacent to the estuary, and to a lesser extent in the northeast. A small area in the south adjacent to the 
estuary has been mapped as reactivated foredu ne (FOR) and is presently being eroded into by ocean 
waves from the southwest. Areas of older stabilized dunes (ODS) in the north have expanded significantly 
based on the mapping of Wells and others (1994). 

Figure 9. Beach and dune geomorphic mapping classifications for northern Sand Lake. (left) original USDA (1975}, 
(right) updated version. 
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4.7 South Sand l ake 

Figure 10 shows changes in the suite of coastal geomorphic units based on the original mapping (left) 
compared with present-day conditions (right) for the southern half of the Sand Lake littoral cell. Our 
updated mapping indicates that areas designated as open sand (OS) have been reduced by -63% since 
the 1970s (Figure 3). The bulk of these changes occurred north of Tierra De Mar out on the spit, and in 
the south, just north of Pacific City. Stabilized foredu nes (FD) have contracted slightly, while active 
foredunes have expanded by -64%. Other notable changes include the inclusion of fluvial/estuarine 
deposits (mapped by Wells and others [1994]) located adjacent to the estuary, and the reclassification of 
areas designated as younger stabilized dunes (OS) to older stabilized dunes (ODS) based on an evaluation 
of 1939 aerial photos of the area. Finally, refinements to the wet surge plain and wet flood plain indicate 

more rea listic tidal effects, along with flood potential (Figure 10). 

Figu re 10. Beach and dune geomorphic mapping classifications for southern Sand Lake. (/eft) original USDA (1975), 
(right) updated version. 

Oregon Department of Geology and Mineral Industries Open-File Report 0-20-04 

legend 
--20t6 shorofine 

Beaches & Dunes 2020 
B- Beach 

FDA - Acllve loredune 

~FOR- Reactivated, erosion/flooding 

AFDA- ArtifiCial dune 

CT -Coastal terrace 

~FED- Fluvial, ostuary deposit 

22 



Applicants' July 27, 2021 Submittal 
Exhibit 3- Page 27 of 31 

Temporal and Spatial Changes in Coastal Morphology, Tillamook County, Oregon 

4.8 Nestucca Spit 

Updated mapping of the beaches and dunes along Nestucca Spit is presented in Figure 11. As can be seen 
from the figure, the largest change since the 1970s is the dramatic reduction in areas defined as having 
open sand, the bulk of which was concentrated in the north, near Cape Kiwanda. Thus, while the area of 
open sand has contracted, the updated mapping indicates that much of this has been converted to younger 
stabilized dunes (OS) . Refinements to the active foredune area indicate that it has contracted by about 
29%, while stabilized foredunes (FD) have expanded substantially. Near the spit tip, evidence of spit 
breaching that took place in 1978 remains evident in the landscape today. Finally, the large area defined 
as wet deflation plain has been re-designated as a mixture of wetland (WL, USFWS National Wetland 
Inventory), hummock terrain, and wet deflation plain. 

Figure 11. Beach and dune geomorphic mapping classifications for Nestucca Spit and Pacific City. (left) original 
USDA {1975), (right) updated version. 
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4.9 Neskowin 

Figure 12 shows changes in the suite of coastal geomorphic uni ts based on the original mapping (left) 
compared with present-day conditions (right) for the Neskowin area. Consistent with other areas in 
Tillamook County, the largest change reflects the overall decrease (98%) in areas characterized as open 
sand. The remaining pockets of open sand are largely confined to areas where dune blowouts have 
occurred, due to aeolian andjor wave runup-inundation processes. Consistent with the decrease in open 
sand areas has been a shift toward stabilized foredunes, which are now spread along the length of the 
Neskowin shoreline. Because the area landward of the foredune exhibits a complex history with many 
factors contributing to its overall development, it is designated dune complex (DC). Finally, with 
refinements in the wet flood plain toward using a tidal datum-based shoreline, the wet flood plain in 2020 
is significantly smaller when compared with the area mapped in the 1970s. 

Figure 12. Beach and dune geomorphic mapping classifications for Neskowin. (/eft) original USDA {1975), (right) 
updated version. 
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5.0 CONCLUSION 

The objective of this pilot beach and dune mapping study has been to produce updated information on 
the spatial extent of the beach and foredune system in Tillamook County that may be subject to existing 
and future s torm-induced wave erosion, runup, overtopping, and coastal flooding. These data are of 
importance to DLCD and the coastal counties of Oregon in order to improve implementation of Statewide 
Planning Goal18: Beaches and Dunes. Specifically, Oregon Statewide Planning Goal18 requires that local 
jurisdictions adopt a beach and dune overlay zone in their comprehensive plan, which may be used to 
manage development on or near such features. Regional mapping of the original beaches and dunes 
overlay zone of the Oregon coast was undertaken between 1972 and 1975 by the U.S. Department of 
Agriculture Soil Conservation Service (USDA, 1975). However, much has changed on the Oregon coast, 

requiring that the USDA (1975) overlay zone be updated to reflect current conditions. As noted 
throughout this report, some of the la rgest changes to have taken place along the coast include: 

• The rapid expansion of European beach grass (A. arena ria), which has helped to stabilize many 

dune systems; 

• Encroachment of human development into foredune a reas; 

• Dune management activities such as foredune grading and planting; 

• Changes in beach and dune morphology due to either coastal erosion or accretion; 

• Construction of coastal engineering used to mitigate erosion hazards; and, 

• Shoreline changes at the mouths of estuaries controlled by jetties. 

Although the updated beaches and dune overlay zone maintains the core classification structure 
developed originally by the USDA (1975), it does include several new classes that address changes in the 
coastal geomorphology of Tillamook County. Importantly, the geospatial attributes associated with the 
GIS are now much refined, so that they account for comments and notes made by the author and include 
specific references to their susceptibility to coastal hazards. 

Analyses presented here clearly demonstra te the transformation of the coast over the past 45 years. 
Of particular note has been the overall reduction in areas defined as open sand (OS), which has decreased 
by -67% since the 1970s. Most of this change can be directly attributed to anthropogenic effects, 
particularly the introduction of European beach grass (Ammophila arenaria) as well as stabilization from 
shore Pine (Pinus contorta) and other native plant species. Although the bulk of this transformation can 
be attributed to a shift toward younger stabilized dunes (OS), the expansion of areas defined as active 
foredune (FDA) and stabilized foredunes (FD) is a testament to the role humans have played in driving 
these changes. 
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Hi Sarah, 

Please find attached DLCD's letter regarding the hearing on applications 851-21-000086-PLNG-01 and 851-21-000086-
PLNG with the Tillamook Board of County Commissioners t omorrow. 

Also, I would like t o sign up t o give public comment virtually at the hea ring tomorrow. 

Thank you, 
Meg 

DLCD 

Meg Reed 
Coastal Shores Specialist 1 Oregon Coastal Management Program 
Pronouns: She/her 
Oregon Department of Land Conservation and Development 
Cell: 541-514-0091 I Main: 503-373-0050 
meq.reed@dlcd.oreqon.gov I www.oregon.gov/LCD 

My email address has changed. Please update your records to reflect my new email address: 
meg.reed@dlcd.oregon.gov. Note that your Outlook Cache may need to be cleared. 
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reg on 
Kate IJrown, Co\'crnor 

July 27, 2021 

Mary Faith Bell, Chair 
Tillamook County 
Board of County Commissioners 
201 Laurel A venue 
Tillamook, OR 97141 

Department of Land Conservation and Development 
Oregon Coastal Management Program 

810 SW Alder Street, Suite B 
Newport, OR 97365 

www .oregon.gov /LCD 

(~ 

Re: 851-21-000086-PLNG-01: Goal Exception Request 
851-21-000086-PLNG: Floodplain Development Pennit Request 

Dear Chair Bell and Tillamook County Commissioners, 

Thank you for the opportunity to provide written testimony for the goal exception request, #851-21-
000086-PLNG-01, and for the floodplain development permit request, #851-21-000086-PLNG. 
These requests are seeking approval of an exception to Statewide Planning Goa118, Implementation 
Requirement 5, to place a beachfront protective structure along the westerly lots of the Pine Beach 
Subdivision and five oceanfront lots to the north located within the Barview/Twin Rocks/Watseco 
Unincorporated Community Boundary. Please enter this letter into the record of the hearing on the 
subject requests. 

This testimony will focus on the following topics: beachfront protective structure limitation of Goal 
18 policy; reasons exception pathway to seek a goal exception; comments by the Tillamook County 
Planning Commission; and proposed beachfront protective structure design. 

Date Limitation of Beachfront Protective Structures 
The above referenced properties (15 tax lots) are seeking a pathway to place a beachfront protective 
structure (BPS) along the oceanfront to mitigate ocean flooding and erosion. Goal 18, 
Implementation Requirement (IR) 5 states: 

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 and includes areas where an exception to (2) above has been 
approved. 

After much research, County planning staff have determined that the five lots that are part of the 
George Shand Tracts subdivision, Tax Lots 3000, 3100, 3104,3203 and 3204 of Section 7DA in 
Township 1 North, Range 10 West ofthe Willamette Meridian, Tillamook County, Oregon, do meet 
the definition of development under Goal 18, IR 5, and thus do not need an exception to the goal for 
the placement of a BPS. 



Tillamook County Board of County Commissioners 
July 27, 2021 
Page 2 of 8 

On the other hand, the County has concluded that the ten tax lots that are part of the Pine Beach 
Replat Unit# 1 do not meet the defmition of development because they were developed after 1977. 
These are Tax Lots 114 through 123, of Section 7DD in Township 1 Not1h, Range 10 West of the 
Willamette Metidian, Tillamook County, Oregon. The County's detetmination was made based 
upon the following information: 

• Utilizing the 1977 aerial imagery from the Almy Corps of Engineers, the County determined 
that qualifying development (residential, commercial, or industrial buildings) was not present on 
any of these tax lots. 

• Although the original plat "Pine Beach" was recorded in 1932 containing 121 lots, the County 
has found that the entire plat, with the exception of Second Street between Pacific Highway and 
Ocean Boulevard and the separate ownerships along Second Street, was vacated in 1941 . The 
Pine Beach Replat was then subsequently approved in 1994. Thus, on January 1, 1977, there 
was no eligible development on the oceanfront parcels at this site and it was not part of a 
statutory subdivision. Additionally, the replat in 1994 was processed by the County as a new 
subdivision and the resulting lots are in a significantly different configuration than the Pine 
Beach subdivision plat of 1932. This resulted in a new subdivision. 

Based on the County staff determinations for the above referenced parcels, the George Shand Tracts 
parcels meet the definition of development under Goal 18, IR 5 and therefore do not need a goal 
exception for the placement of a BPS, while the Pine Beach Replat Unit #1 parcels do not meet the 
definition of development under Goal 18, IR 5 and therefore do need a goal exception to the 1977 
development date limitation of Goal 18 for the placement of a BPS, in addition to any local criteria. 

It is unclear from the Planning Commission recommendation to the Board of County 
Commissioners whether the Planning Commissioners decided that all or part of this area needs a 
goal exception. Tillamook County must make the threshold detennination of eligibility for BPS 
very clear for each of the tax lots under this goal exception request. State law authorizes a county to 
take a goal exception for uses not allowed by the goal or to allow a use authorized by a statewide 
planning goal that cannot comply with the approval standards for that type of use. If an area was 
developed on January 1, 1977, then a county need not, and cannot lawfully, take an exception to 
Goal18, IR 5. Previous case law has affirmed that a goal exception cannot be taken for a use that 
the goal allows. DLCD v. Yamhill County, 183 Or App 556, 53 P3d 462 (2002). That makes sense, 
because the statutory definition of an "exception" is that the amendment to the comprehensive plan 
does "not comply with some or all goal regulations applicable to the subject prope11y." ORS 
197.732(1)(b)(B). See also OAR 660-004-0022 (use not allowed by the goal); OAR 660-004-
0020(2)(b) (areas that do not require an exception). Thus, the initial dete1mination before the 
County is whether the applications are for propet1ies that were not developed on January 1, 1977. 

Reasons Exception Pathway 
The applicants suggest multiple pathways for approving their goal exception request. The Planning 
Commission detennined that there is only one avenue for these applicants, which is a general 
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"reasons" exception and that the applicants only need an exception to Goal 18 IR 5, not IR 2. The 
depattment agrees. 

Part II of Statewide Planning Goal 2 provides a process a local government can follow when taking 
an "exception" to one of the land use goals, when unique circumstances justify that the state policy 
should not apply. The rules governing exceptions are provided in OAR chapter 660, division 4. 
There are several goals and goal provisions to which a specific pathway is outlined, but for those 
where no other specific pathway exists or fits, a general "reasons" exception applies. 

The department agrees with the Planning Commission that a general "reasons" exception to Goal 18 
is necessary for the lots that are not eligible for BPS under Goal 18 and that the proper 
administrative rule provisions are those of OAR 660-004-0022(1) and OAR 660-004-0020. 

The homes that exist in the application area were built in confmmance with the other provisions of 
Goal 18, specifically Goal 18, IR 2. The houses were not built in an active foredune or in a dune 
area subject to ocean flooding at the time of development, which means they did not need an 
exception to Goal18, IR2. The other goal exceptions (to Goals 3, 4, 11 , and 14) that allow for the 
Barview/Twin Rocks/Watseco community to be residentially developed, do not specify the exact 
location of development on each parcel in this unincorporated community. Additional zoning 
requirements dictate those limits, and in the case of these ocean-fronting parcels, Tillamook County 
applied the Beach & Dune Overlay Zone of their Land Use Ordinance. The houses were built in the 
easlt:m portions of their respective parcels to comply with the prohibition areas of Goal 18 for 
residential development. The depmtment understands the applicants to argue that the exceptions to 
Goals 3, 4, 11, and 14 allowed the development to be placed, and because those homes are now in a 
foredune subj ect to ocean flooding, they automatically have or should be allowed by right to have 
an exception to Goal 18, IR2. However, the rules provide that an " exception to one goal or goal 
requirement does not ensure compliance with any other applicable goals or goal requirements for 
the proposed uses at the exception site." OAR 660-004-0010(3). The notion of an implied or 
precautionaty exception, as the applicants suggest, is not supported by law. Fmthermore, an 
exception to exclude certain lands from the requirements of Goals 3, 4, 11, and 14 does not exempt 
the County from the requirements of any other goals, including Goal18, for which the County has 
not taken an exception. OAR 660-004-0010(3). A goal exception is an affirmative act that is 
incorporated into a comprehensive plan. Tillamook County has identified and adopted specific 
exception areas for Goal18, IR 2 in the County's Comprehensive Plan (Part 6 of the Beaches and 
Dunes Element). The lands in the application are not part of an existing goal exception under Goal 
18 and are not reflected in the Tillamook County Comprehensive Plan. Nor do these homes need a 
retroactive exception to Goal 18, IR 2, as the applicants suggest. 

The question at hand is not whether these properties need an exception to exist where they are, but 
whether they can install a beachfront protective structure to protect the existing development. The 
applicants are seeking an exception to the date-based limitation on the placement of beachfront 
protective stmctures for Goal 18 because they were developed after January 1, 1977. Therefore, 
only a general "reasons" exception to Goal 18, IR 5 is needed in this case (OAR 660-004-0022(1) ) . 

• 
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Recent LUBA decisions, subsequent to this application, also provide additional guidance on the 
matter: 

• Coos County: https :/ /www. oregon. gov/1 uba/Docs/Opinions/2021 /0 5-21 /20002. pdf 
• City of Coos Bay: https:l/www .oregon.gov/luba/Docs/Opin.ions/2021/05-21/200 12.pdf 

In brief, these LUBA decisions note that taking a reasons exception is a high bar and the applicant 
and jurisdiction must follow the reasons exception process closely and carefully to demonstrate the 
need. 

The department agrees with the County StaffRep01t, dated May 27, 2021, page 5, which states: 
"staff also finds that an exception to one goal or goal requirement (ex. Goals 11 and 14) does not 
ensure compliance with any other applicable goals or goal requirements, in this case for the 
proposed construction of the beachfront protective structure. Staff finds the Applicants must meet 
the burden ofproofto satisfy the applicable exception criteria without the sole basis of argument 
that other exceptions have already been taken". 

OAR 660-004-0022 Reasons Necessary to Justify an Exception Under Goal2, Part Il(c) 
As mentioned above, the provisions of OAR 660-004-0022 specify the pathway for the applicants 
for the ineligible properties. Specifically, OAR 660-004-0022(1) provides: 

( !)For uses not specifically providedfor in this division, or in OAR 660-011-0060, 660-012-0070, 
660-014-0030 or 660-014-0040, the reasons shall justify why the state policy embodied in the 
applicable goals should not apply. Such reasons include but are not limited to the following: 
(a) There is a demonstrated need for the proposed use or activity, based on one or more of the 
requirements of Goals 3 to 19; and either 
(A) A resource upon which the proposed use or activity is dependent can be reasonably obtained 
only at the proposed exception site and the use or activity requires a location near the resource. An 
exception based on this paragraph must include an analysis of the market area to be served by the 
proposed use or activity. That analysis must demonstrate that the proposed exception site is the only 
one within that market area at which the resource depended upon can reasonably be obtained; or 
(B) The proposed use or activity has special features or qualities that necessitate its location on or 
near the proposed exception site. 

An application that does not satisfy these provisions fails and may not be approved. 

OAR 660-004-0020 Goal2, Part II( c), Exception Requirements 
If the provisions of OAR 660-004-0022(1) are found to be satisfied, the review may then turn to the 
provisions of OAR 660-004-0020. In addition to the above, there are four tests to be addressed 
when taking an exception, which are set forth in Statewide Planning Goal 2, Pmt II and more 
specifically in OAR 660-004-0020(2)(a)- (d). Those criteria are: 
1) Reasons that justify why the state policy embodied in the applicable goal should not apply,· 
2) Areas which do not require a new exception cannot reasonably accommodate the use; 
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3) The long-term environmental, economic, social and energy consequences resulting/rom the use 
of the proposed site with measures designed to reduce adverse impacts are not significantly 
more adverse than would typically result from the same proposal being located in areas 
requiring a goal exception other than the proposed site,· and 

4) The proposed uses are compatible with other adjacent uses or will be so rendered through 
measures designed to reduce adverse impacts. 

It is imperative that the County focus on these standards when evaluating the exception application 
for the lots deemed ineligible within the Barview/Twin Rocks/Watseco Unincorporated Community 
Boundary. As already stated, the other exception pathways the applicants argue for are not relevant 
in this case and those arguments cannot be the basis for an exception decision. 

Findings Made by the Tillamook County Planning Commission 
A staff memo dated July 21, 2021, sununarizes the findings made by the Tillamook County 
Planning Conunission to recommend approval of these requests. Of particular concern to the 
department is the following statement: 

" It is not right to deny a property owner the same opportunities to protect their property that others 
are afforded due to grandfathered rights that allow them to take action for protection of their 
property. (Properties where ' development' existed on January 1, 1977.)" 

This finding cannot be used to justifY a goal exception. Goal 18, IR 5 is a 'grandfather clause' to 
allow development already in existence at the time the policy was adopted to use shoreline 
rumoring, while new development must account for shoreline erosion through non-structural 
approaches. As seen in previous case law, " the purpose of a 'grandfather clause' is to prevent 
hardship to individuals who have existing uses. A 'grandfather clause' is enacted to preserve rights, 
not to grant additional rights." Spaght v. Dept. ofTransportation, 29 Or App 681, 686, 564 P2d 
1092 (1977) (citation omitted). 

Here, the Planning Commission seems to asselt that the Goal 18, IR 5 grandfather clause for 
developed properties should grant the same rights to other properties that were not developed. That 
interpretation is contrary to the pmpose ofGoal 18, IR 5, which is in part to preserve the rights to 
protect a developed property with a BPS, while providing that future development occur in a 
manner that does not rely on BPS in order to afford the natural functions of the beach and dunes to 
continue. To consttue otherwise is to defeat a primary purpose ofGoal18. In addition, "the 
exceptions process is not to be used to indicate that a jurisdiction disagrees with a goal." OAR 660-
004-0000(2). Therefore, not agreeing with the policy does not authorize the County to use that 
disagreement as a basis for a valid goal exception decision. 

During the Planning Conunission's deliberation at the July 151h hearing of these applications, there 
was discussion of the County's obligations, particularly under Goal 7, to protect these propert ies 
from ocean flooding and erosion. Goal 7 obligates jurisdictions to plan for natural hazards by 
adopting inventories, policies and implementing measures in their comprehensive plans to reduce 
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risk to people and property from natural hazards. The Goal does not obligate the County to protect 
life and property indefinitely once development has occurred, but to consider natural hazards in the 
course of planning. The County is not compelled by the Goal 7 requirements to grant the exception, 
nor would the County be out of compliance with Goal 7 in the absence of the exception. What the 
applicants are seeking is an exception to allow them to place a beachfront protective structure to 
mitigate the impacts of coastal erosion and flooding. The proposed BPS is their preferred solution, 
which the regulations cunently prohibit. It could be argued that the risk to persons and property 
could be addressed or even eliminated in other ways - such as removal or relocation of the houses 
and infrash·ucture. 

Proposed Beachfront Protective Structure 
The applicants put forth a specific design for a beachfront protective stmcture, referenced 
throughout the applications. The department has some concerns about the design as proyosed. 

BPS are not the ultimate solution to eliminate coastal hazard risks. The applicants claim that the 
proposed beachfront protection will solve all threats to the properties from coastal flooding and 
erosion and not incur further ha1m to either the beach or surrounding prope1ties. It is important to 
note that erosion will continue to occur in this location and the impacts of climate change will 
continue to exacerbate those conditions. Beachfront protective stmctures can provide a level of 
protection for development from erosion and flooding but will need to be continually maintained 
and may fail over time. Additionally, the structures themselves will continue to impact the beach in 
this area by withholding sediment and fixing the shoreline in place, as has been seen in other beach 
systems. While one stmcture may not affect the system very much, the cumulative effects of 
atmoring along the entirety of this system will have an impact over time, limiting north/south beach 
access as sea levels continue to rise. Beachfront protective shuctures do not conserve nor protect the 
beach and dune environment, they protect development from the impacts of coastal erosion. 

The applicants have identified that nearly 90% of the Rockaway Subregion of the Rockaway littoral 
cell is eligible for BPS. While many of those homeowners may choose to armor their properties 
over the coming years and decades, many of those lots are not yet armored and those penn itting 
decisions have not yet been made. Much of this sublittoral cell, and particularly the area of the 
subject prope1ties, is not currently armored. If the County decides to approve this exception request 
and application for a BPS, the County is committing to a high level of shoreline armoring in this 
sublittoral cell. As has been observed in other beach systems, particularly in Lincoln Beach in 
Lincoln County, the proliferation of shoreline armoring has been detrimental to the natural 
functioning of the beach system. By approving additional armoring, the County is committing to a 
preference for private development protection over protection of the beach and dune resource. 

Additionally, applicants claim that because the BPS will initially be erected on private property and 
buried with sand and vegetation that the stm cture will remain that way indefinitely and never 
become exposed. If this is the case, then they are assuming that sand nomi shment, dune 
augmentation, and vegetation methods will work to mitigate the hazards, in which case they do not 
need a stmcture or a goal exception. However, if these non-stmctural methods are not sufficient, as 
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the applicants argue elsewhere, then it is imp01tant to evaluate the structure assuming it will become 
exposed and located on the ocean shore and public beach. Assuming conditions remain similar to 
what the area has experienced over the past two decades, the beach will continue to narrow over 
time resulting in increased wave energy directed on the stmcture. Once located on the ocean shore 
and within the jurisdiction of Oregon Parks and Recreation Department (OPRD), the BPS will be an 
unpermitted shucture that will have to seek a permit through OPRD. The Ocean Shore is defined as 
"the land lying between extreme low tide of the Pacific Ocean and the statutory vegetation line as 
described by ORS 390.770 or the line of established upland shore vegetation, whichever is fatther 
inland." 

The applicants argue that sand will build up over the revetment dwing summer months. However, 
this is an eroding coastline experiencing a net loss of sand; any sand placed on stmctw·es gets 
eroded quickly. El Nino conditions can cause hotspot erosion in the southern ends oflittoral cells • and accretion in the notthern ends of littoral cells. Accretion of sand over beachfront protective 
structmes in other parts of the Rockaway beach littoral cell does not guarantee the same will happen 
at the site of the proposed beachfront protection structure. Supplemental sand placement andre­
vegetation will likely be needed here. Taking sand from the public beach, if that is proposed, will 
need to be permitted by OPRD. Applicants have also cited that the cmrent vegetation is dying due 
to saltwater inundation from flooding. Any vegetation that is planted or replanted in this area will 
need to be tolerant of the saltwater flooding, and continually be maintained. The maintenance for 
this structure as proposed, especially with these additional requirements (buried in sand and 
vegetated), is perpetual and may not be possible over the long term. 

The applicants do include an analysis of potential impacts from this proposed structure in regards to 
n01th/south beach access. However, these calculations are for present water level and wave 
conditions only and do not consider various sea level rise scenarios in the coming decades. As the 
shoreline continues to natmally erode back towards the BPS, the beach will most likely steepen in 
addition to the BPS itself presenting a steeper slope, which will result in different wave runup 
conditions. These processes could set up a feedback in which the wave runup continues to increase, 
resulting in more attack on the BPS and causing less 'safe hours' to walk past the stmcture in the 
north/south direction. 

Independent of the decision regarding the Goal Exception request, if the Board approves the 
structure, DLCD suppotts the Planning Commission' s recommendation to add conditions of 
approval to the permit, particularly to ensure applicants have the responsibility to maintain their 
structure in petpetuity and should the structure be uncovered, that the prope1ty owners obtain any 
new permits from the County and OPRD. Many BPS built along the Oregon coast are initially 
buried with sand and planted with beach grass or other vegetation. However, almost none of them 
retain that state for very long and it can become vety difficult for homeowners to keep up with that 
level of maintenance because of costs and lack of sand supply, especially in highly erosive 
environments. 

~ • • 
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Conclusion 
To summarize, DLCD recommends that the County make a clear determination on the eligibility 
status of each of the 15 tax lots under the application and only evaluate a goal exception for those 
areas that need a goal exception to Goal18, IR 5. As previously stated, a goal exception cannot be 
taken for a use already allowed by the goal. Additionally, the pathway of review for this application 
is a general "reasons" exception as provided in OAR 660-004-0020 and OAR 660-004-0022(1). 
Only the criteria for this pathway should be evaluated for a goal exception decision. The County 
cannot use a disagreement with the grandfather clause of Goal 18, IR 5 as the basis for granting a 
goal exception. Lastly, the department recommends that the County carefully review the proposed 
BPS and attach specific conditions of approval to the permit, if approved, to ensure the stmcture is 
built as designed and maintained in perpetuity by the owners. 

DLCD wants and supports a better outcome for oceanfi-ont development and infrastmcture. w_ e do 
not want to see homes falling into the ocean, but we also do not want to see a proliferation of 
armoring in all cases because it is a sh01t-sighted solution that impacts the public beach. There are 
alternative outcomes to pursue, ones that require envisioning a coastal future that looks different 
from the coastline of the past. One that is more mindful of the hazards that are present in this 
envirorunent and that will continue to get worse with climate change. 

Thank you for this oppo1tunity to comment. Please enter this letter into the record of these 
proceedings. If you have any questions, please contact Meg Reed, Coastal Shores Specialist, at 
(541) 514-0091 or meg.reed@state.or.us. 

Sincerely, 

Patty Snow, Coastal Program Manager 
Oregon Coastal Management Program 
Department of Land Conservation and Development 

cc: Meg Reed, Oregon Department of Land Conservation and Development 
Lisa Phipps, Oregon Department of Land Conservation and Development 
Heather Wade, Oregon Department of Land Conservation and Development 
Steven Shipsey, Oregon Department of Justice 
Jay Sennewald, Oregon Parks and Recreation Depa1tment 
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EXTERNAL: 851 -21-000086-PLNG & 851-21 -000086-PLNG-01 Pine Beach BOCC Hearing 
Packet - Additiona l Evidence 
Exh 4- Tillamook-HNA-Finai-Report - Buildable Lands Inventory BLI.pdf; Exh 5 -Tax 
Statements 2020-21.pdf 

High 

[NOTICE: This message originated outside of Tillamook County-- DO NOT CLICK on l inks or open attachments unless 

you are sure the content is safe.] 

Hi Sarah and Allison, 

Please include the attached exhibits in the record of 85 1-21 -000086-PLNG /851-21-000086-PLNG-01 and in 
the Board of Commissioners' packet for the July 28, 2021 hearing on these matters. Would you please confirm 
your receipt? Thank you. 

Best, 
Sarah 

KELLINGTON 
LAW GROUP 

Sarah C. Mitchell I Associate Attorney 
P.O. Box 159 
Lake Oswego, OR 97034 
(503) 636-0069 office 
(503) 636-0102 fax 
sm@ klgpc.com 
\VV.rw.wkelling:ton.com 

This e-mail transmission is intended only for the use of the individual or entity to which it is addressed, and may contain information that is 
PRIVILEGED, CONFIDENTIAL, and exempt from disclosure by law. Any unauthorized dissemination, distribution or reproduction 
is strictly prohibited. If you have received this transmission in error, p lease in1111ediately notify the sender and permanently delete this 
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INTRODUCTION 

Tillamook County is widely known for its dramatic coastline, misty beaches and award winning dairy 
and seafood products . Tillamook County is located along the breathtaking northern Oregon Coast 
within 50 miles from the Portland and Salem metro regions. 

Like many coastal communities, portions of Tillamook County are experiencing strong housing 
demand by part-time seasonal residents, especially in coastal " resort" communities. Over the past 
decade, new housing production has not nearly kept pace with the demand generated by permanent 
residents and seasonal home owners. With the majority of its housing, now controlled by part-time 
residents, vacancy rates have plunged to near zero and rents/prices have increased to record levels. 
This has led to a severe housing affordability challenge that is exacerbated by: environmental flood 
zone and agricultural land use constraints; limited vacant land area with adequate water, sewer and 
roadway infrastructure; and a growing service economy with limited family wage job opportunities. 

These challenge:; l:Unlinue to mount as employers struggle to fi ll j ob positions since workers are 
faced with very limited housing choices. 

The Tillamook Housing Needs Analysis (HNA) is 
being conducted to ensure that the County can plan 
for coordinated housing growth in line with 
community preferences and market forces. The 
HNA includes the following: 

• A determination of 20-year housing needs 
based upon long-tenn growth forecast of 
demand by permanent and seasonal 
population increases. 

• An analysis of buildable vacant, part­
vacant and re-developable land inventory 
(BLI) for land that's planned to 
accommodate housing. 

• Identification of new housing goals, 
objectives, and policy actions that address 
housing opportunities . 

·:!> FCS G R() UP 
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MARKET TRENDS 

AND FORECASTS 

This section of the HNA includes a forecast of housing needed to accommodate expected year 
round and seasonal population growth for Tillamook County. The housing needs forecast 
represents a 20-year projection from the base year (20 19) through year 2039. These technical 
findings are also consistent with the State of Oregon requirements for determining housing needs per 
Oregon land use planning Goals 10 and 14, OAR Chapter 660, Division 8, and applicable provision 
ofORS 197.295 to 197.314 and 197.475 to 197.490, except where noted. 

I I.A. METHODOLOGY 
The methodology for forecasting housing needs for Tillamook County considers a mix of 
demographic and socio-economic trends, housing market characteristics and long-range population 
growth projections. Population is a primary determinate for household fonnations-which in-turn 
drives housing need. Given the significance of coastal tourism and visitation, the demand for second 
homes and short-term rentals is also an important determinate in understanding future housing needs. 

County-wide population, households, income and housing characteristics are described in this section 
using available data provided by reliable sources, such as the U.S. Census Bureau (Census and 
American Community Survey), the U.S. Deparhnent of Housing and Urban Development (HUD), 
Oregon Department of Housing and Community Services, Portland State University (PSU) and 
Tillamook County's Planning and Community Development deparhnent. Where trends and forecasts 
are provided by an identified data source, FCS GROUP has included extrapolations or interpolations 
of the data to arrive at a base year (2019 estimate) and forecast year (2039 projection). 

The housing need forecast translates population growth into households and households into housing 
need by dwelling type, tenancy (owner vs. renter) and affordability level. 

II.B. DEMOGRAPHICS AND SOCIO-ECONOMICS 

Popula tion 

Since the year 2000, Tillamook County's permanent year-round population (including local cities) 
increased 8.6%, from 24,262 residents in 2000 to 26,348 in 20 19. Population within Tillamook 
County is projected to increase to 29,284 over the next 20 years (0.5% avg. annual growth rate) . 

As population increases, the demand for all types of housing will increase. This HNA supports long­
range planning focused on expanding the local housing inventory to accommodate baseline 
population growth. 

·:!> FCS c;RC)UP 
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Po pulation Growth Forecast in AGR Tillamook County. Oregon. 2019-2039 

0.50% 1.05% 
nty 

The long-range population forecast prepared by PSU' s Population Research Center (PRC) expects 
2,936 additional people to be added to Tillamook County by year 2039. This equates to an annual 
average growth rate (AGR) of 0.5%. Baseline population growth forecasts for Tillamook County and 

its incorporated areas is shown below in Exhibit 2.1. 

Exhibit 2.1 Population Growth Forecast 

Estimate Forecast Proj. Change Proj. 

2019 2039 20 Years AGR (2019·2039) 

Oregon 4,209,177 4,954,640 745,463 0.8% 
Tillamook County 26,348 29,284 2,936 0.5% 

Bay City 1,448 1,796 348 1.1% 
Garibaldi 802 875 73 0.4% 
Manzanita 910 1,209 299 1.4% 
Nehalem 1,272 1,642 370 1.3% 
Rockaway Beach 1,590 1,862 272 0.8% 
Tillamook 5,643 6,439 796 0.7% 
Wheeler 415 486 72 0.8% 
Unincorporated 14,261 14,971 710 0.2% 

Source: Portland State Population Research Center, 2017 estimate; 2017-2040 forecast, interpolated byFCS GROUP. 

Compiled by FCS Group. AGR = a\erage annual growth rate. 

*Populations are based on Urban Growth Boundary 

Tillamook County has a relatively older population in comparison to the Oregon average. In 

Tillamook County, nearly 24% of the population is 65 or older, compared to 16% for Oregon as a 
whole. The median age of residents in Tillamook County was 48 in 2017, compared with the State 

average of 39.2. 

Median Age. Tillamook County, Oregon. 2017 

48.0 39.2 

Tillamook County's average household s ize is 2.41 people per occupied household, which is slightly 

less than the statewide average of 2.5. 
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Average Number of People per Unit, Tillamook County, Oregon, 2017 

2.41 2.5 
Tillamook County Oregon 

Factors Affec ting Housing Demand 

There is a clear linkage between demographic characteristics and housing choice. As shown in the 
fi gure below, housing needs change over a person's lifetime . Other factors that influence housing 
include: 

• Homeownership rates increase as income rises. 

• Single family detached homes are the preferred housing choice as income rises. 

• Renters usually have lower incomes than owners and are much more likely to choose 
multifamily housing options (such as apartments or plexes) over single-family housing. 

• Very low-income households (those earning less than 50% of the median fami ly income) are 
most at-risk for becoming homeless if their economic situation worsens. 

• The housing available to households earning between 50% and 120% of the median family 
income is crucial to middle-income residents, and is often referred to "missing middle" 
housing stock or "workforce housing." 

• Seasonal housing demand by part time residents will continue to occur primari ly in coastal 
communities that provide 
access to recreational 
areas and services. 

Housing Life Cycle 
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"Family" is a group two or more people (one of whom is the householder) related by birth, marriage, 
or adoption and residing together. 

The relationship between demographic changes and housing needs can be used to forecast future 
housing needs. Three main demographic changes affecting housing in Tillamook County include: 

Generational Cohorts 

As people age, their housing requirements change with time. Exhibit 2.2 summarizes the current 
(20 17) distribution of major generational cohorts of people living in Tillamook County. 

Greatest/ Silent Generation (those born before 1925 to 1945) 

This includes retirees better than age 74, who were raised during the Great Depression, Word War I 
or World War II. This cohort currently accounted for 9% of the county' s population in 2017. As they 
reach their 80s some move into assisted living facilities with convenient health care services and 
transit access. Meanwhile, others will leave the county to be closer to family or medical services. 

Baby Boom Generation (those born 1946 to 1964) 

Baby boomers (currently age 55 to 74) accounted for 32% of Tillamook County residents in 2017. 
The boomer population segment has been growing more rapidly than the other cohorts over the past 
I 0 years and many are now entering their retirement years. Boomers usually prefer to "age in place" 
but may downsize or move in with family members, sometimes opting to reside in accessory 
dwellings off the main house. 

Generation X (born early 1965 to 1980) 

Gen X (currently includes people between age 39 to 54) accounted for 17% of Tillamook County 
residents in 2017. GenX households often include families with children, and many prefer to live in 
single family detached dwellings at various price points. 

Millennials (born early 1980s to early 2000s} 

Millennials (currently in their twenties or thirties) accounted for 21% of Tillamook County residents 
in 2017. Younger millennials tend to rent as they establish their careers and/or payback student loans. 
Working millennials often become first-time homebuyers, opting to purchase smaller single-family 
detached homes or townhomes. 

Generation Z (born mid -2000s or later) 

GenZ includes residents age 19 or less, which accounted for 2 1% of Tillamook County residents in 
2017. This segment mostly includes children living with Gen Xers or Millennials. 

·:!> FCS c; Rl) UP 
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This category includes a subset of Baby Boomers, Gen Xers and millennials. Taken as a whole, this 
category constitutes a significant proportion of Tillamook County 's population; and is expected to 
increase moderately over the next two decades. Families prefer to live in a variety of housing types 
(detached homes or townhomes/plexes) at price points commensurate with their family income . 

Exhibit 2.2 

Population Share by Generational Cohort, Tillamook County, 2013-2017 

9% 

• Generatton Z 

• Millenials 

• Generation X 32% 

• Baby Boomers 
21% 

• Stlent G eneratton 

17% 

Income Characteristics 

The median household income in Tillamook County ($45 ,061) is well below incomes observed 
statewide in Oregon ($56, 119). 

As shown in Exhibit 2.3 , Tillamook County in compari son with Oregon, has a higher share of low­
income residents (earning less than $30,000), and a lower share of middle- and upper-income 
residents (those earning more than $50,000). Countywide incomes vary significantly between 
communities, with Hebo, Pacific City, Rockaway and City of Tillamook residents having relatively 
lower incomes compared with Manzanita and Nehalem. 

It should be noted that this analysis focuses on local cities and Census Defined Places, since those 
are the communities for which comparative data are available. There are additional small 
communities in Tillamook county, such as Oceanside, Netarts and Beaver, which do not have readily 
available statistics. While such small communities are vital, they are referenced here within the 
unincorporated county area. 
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Household Income, Tillamook County, Other Comparison Cities, Oregon, 2017 
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II. C . EXISTING HOUSING C HARACTERISTICS 
An analysis of historical development trends and local housing market dynamics provides insight 
regarding how the housing market functions. Findings indicate that changes in demographic and 
socio-economic patterns over the next two decades will result in a shift in housing demand from what 
is now predominantly single-family detached housing to wider mix of housing types. 

Housing Inventory and tenancy 

The existing housing stock in Tillamook County is dominated by single family detached (low density 
development) which accounts for just over three-fourths of the inventory. This is well above the state 
average of 63. 7%. Mobile homes/other housing types comprise the remaining 11.6% of the 
inventory. Townhomes/plexes (medium density development) accounts for 6.5% of the inventory. 
Multifamily apartments and condos (with more than 5 units per structure) currently comprise only 
4.3% of the inventory (see Exhibit 2.4). 
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Households by Housing Type, Tillamook County, 2017 
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The overall housing tenancy in Tillamook County mirrors the Oregon statewide average, with 69% of 
the pennanent residents owning their homes, and the remaining 31% renting. As shown in Exhibit 
2.5, most homeowners reside in single family detached homes or mobile homes (including 
manufactured housing). Renters occupy all types of housing, and constitute the majority of demand 
for townhomes/plexes and mu ltifamily apartments. 

Exhibit 2.5 

Tenancy by Type of Housing. Tillamook County. 2017 
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Seasonal Housing Inventory and Vacancy Rates 

The prior housing study that was prepared for Tillamook County, Creating a Healthy Housing 
Marketfor Tillamook County, March 20 17 (by CZB), noted that the housing market in Till amook 
County has two distinct parts. There is a coastal market with strong demand from upper-income 
households, investors, second home buyers and retirees. And there is an interior market 
concentrated largely around Tillamook and other inland communities, such as Bay City. This market 
has a relatively older and less expensive housing inventory, which is more attainable to local 
residents. The demand for both seasonal housing and year-round non-seasonal demand is rising, as 
indicated in Exhibit 2.6. 

Of Tillamook County's 18,789 total housing units, 44%, were classified as having "seasonal 
ownership" in 2017, up from 38% in 2010, according to the U.S. Census American Community 
Survey. 

Exhibit 2.6 

Non-seasonal and Seasonal Housing Supply (dwelling units) 
Tillamook County, 2000-2017 
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The seasonal housing inventory varies significantly by location, with the City of Tillamook, Bay City 
and Cloverdale having the lowest rates of seasonal homeownership and coastal resort areas such as 
Rockaway Beach and Manzanita having the highest levels at 74% and 87%, respectively. 

As shown below in Exhibit 2.7, the vacancy rates for non-seasonal (year round rental housing) is 
well below 1% in all areas and near zero in Cloverdale, Gribaldi, Hebo, Nehalem, Neskowin and 
Wheeler. In comparison, the statewide average housing vacancy rate was 9.3% in 20 17. 
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Exhibit 2.7 Vacancy Rates by Housing Ty pe 

Seasonal housing share • Rental vacancy rate 
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Housing Construct ion Permitting Activity 

During the past decade new housing construction in Tillamook County has been dominated by single 
family housing. Despite falling sharply following the recession, the county has issued an average of 
117 single family pennits annually for new construction since 2007. Issuance of new penn its has 
picked up since its low of2013 (Exhibit 2.8). 

Housing production has not nearly kept up with the pace of demand. Between 2007 and 20 17, about 
120 new dwellings were added throughout Tillamook County annually with the vast majority as 
second homes. Most new housing construction has occurred in coastal "resort" towns, such as 
Manzanita, Neskowin, Pacific City and Rockaway Beach, where 66%-80% of the total housing stock 
is now owned by part-time residents. During this same time frame , it is estimated that about 80-90 
existing dwelling units were converted to seasonal units or short-tenn vacation rentals each year. As 
such, the permanent year-round housing inventory in Tillamook County has been decreasing at a time 
when nearly 60 households were moving into the county each year. 

·:!> FCS c; RC) UP 
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Bui lding Permits Issued, Tillamook, 2007-2017 
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Housing Affordability 

The median home price in Tillamook County was approximately $323,000 (20 19, P 1 Q), which is 
slightly below the median home price in Oregon as a whole. As shown in Exhibit 2.9, year-over­
year, home prices in Tillamook County increased by 12.2% from $288,000 in 201 8 to $323,000 in 
2019. 

Median Home Sales Price. Tillamook County, Oregon. lanuary 2018 to 2019 

$323,000 $346,100 

In general , home values declined following the Great Recession (2009 to 2014), then began a steady 
ascent. In Tillamook County, it is estimated that median home prices have increased by over 40% 

·:!> FCS G RC) UP 
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between 2014 and 2019. During this same time frame, median household income levels in Tillamook 
County increased only 21 %; thereby creating a major housing affordability challenge. 

Based on active home listings and average sales over the past two years in Tillamook County, there 
is less than a three month supply of homes priced under $300,000; and only a four to five month 
inventory of homes priced $300,000 to $500,000. For comparison, a healthy housing market is 
considered to have a six month housing inventory. 

Exhibit 2.9 

H mes S I s and In ent T"lla kCo t 

Recent Avg. Sales Per Remaining 
Sales (past Month (past 2 Current Inventory 

Sales Price Level 2 years) years) Listings (months) 
Sales Price Le'.€1 

Less than $100,000 175 7.3 4 0.5 
$100,000 to $199,999 384 16.0 27 1.7 
$200,000 to $299,999 556 23.2 61 2.6 
$300,000 to $399,999 421 17.5 70 4.0 
$400,000 to $499,999 270 11 .3 57 5.1 
$500,000 or more 298 12.4 124 10.0 
Total 2,104 88 

Source: Zillow.com; anal~is by FCS 9/3/19. 

Median Home Price Sales Trends in Select Markets 
Aug-18 Aug-19 Change% 

Tillamook County $288,000 $323,000 12.2% 
Bay City $213,000 $244,000 14.6% 
Nehalem $372,000 $415,000 11 .6% 
Neskowin $425,000 $457,000 7.5% 
Pacific City $292,000 $323,000 10.6% 
Rockaway Beach $255,000 $294,000 15.3% 
Tillamook City $251,000 $283,000 12.7% 

Source: Zillow.com; analysis by FCS Group 1/24/18. 

Median rents are also slightly lower in Tillamook County compared with the Oregon statewide 
average. However, in many communities within Tillamook County, rents are now on par with or have 
surpassed the statewide average (Exhibit 2.10). 
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Median Gross Rent, Tillamook, Tillamook County, Oregon, Other 
Comparison Cities. 2013-2017 
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Housing Cost Burdens 

According to the U.S. Housing and Urban Development (HUD) standards, households are considered 
"cost burdened" if they pay over 30% oftheir income on housing. Households are "severely cost 
burdened" if they pay over 50% of their income on housing. 

Despite relatively low housing costs, the fact that there limited numbers of family wage jobs makes 
finding attainably priced housing difficult for many residents. Approximately 23% of the renters and 
17% of the owners in Tillamook County are severely cost burdened (see Exhibit 2.11). 
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Severe Housing Cost Burden by Tenure, Tillamook County, 2013-2017 
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Severe rent burdens vary widely between local areas. For example, Wheeler faces severe rent burden 
rates of just I 0%, while 30% of Bay City renters are severely rent burdened (see Exhibit 2.12). 

Exhibit 2.13 further illustrates the link between lower incomes and housing cost burdens. Over 80% 
of households earning less than $20,000 were cost burdened in Tillamook County. In fact, almost 
60% of households earning less than $50,000 are paying more than 30% of their income in housing 
costs. 
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Severe Rent Cost Burden. Tillamook County. Oregon. Other Comparison Cities. 2013-
2017 
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Exhibit 2.13 

Housing Cost Burden by Income. Tillamook County, 2013-2017 

LesslhCJl 520.000 (1 763 
Hol.lleholdsl 

S20.00Cto534 Y39(1913 
Households! 

$35 000 to $49 .gj9 ( 1. 692 
Hol.lleholdsl 

$50 000 to $74 99£• ( 1 972 
HOI.llehottb) 

4% 
S75 COO rx more 2 655 

Hol.lletord~· 

- 83% 

86% 

96% 

o• .. 1G"o 2C"o 30" .. 4ffo 50" .. 600. 

• Cost Burdened • Not Cost Burde11ed 

70". 80". 100". 

48% 

60% 

70" .. 80". 90" .. 100'. 



Tillamook County 

December 2019 

Workforce Housing Demand 

Applicants' July 27, 2021 Submittal 
Exhibit 4- Page 21 of 47 

Housing Needs Analysis 

page 16 

Representatives from local businesses, school districts, hospitals and emergency service sectors (e.g. , 
police and fire districts) have voiced concern over the lack of attainable housing for their employees. 
Many workers now travel very long distances to jobs in Tillamook County. According to U.S. 
Census stats, almost one in four workers in Tillamook County commute greater than 50 miles 
each way (100 miles per day); which is double the statewide average. Nearly one in three local 
workers now reside outside Tillamook County. 

Note: These findings are based on U.S. Census On-the-Map Longintudinal Employer-Household 
Dynamics (LEHD) data which are based on tabulated and modeled administrative employer suvey 
data, which are subject to error. The Quarterly Workforce Indicators (QWI), LEHD Origin­
Destination Employment Statistics (LODES), Job-to-Job Flows (J2J), and Post-Secondary 
Employment Outcomes (PSEO) are available online for public use. 

Because the estimates are not derived from a probability-based sample, no sampling error measures 
are applicable. While no direct measurement of these joint effects has been obtained, precautionary 
steps are taken in all phases of collection and processing to minimize the impact of nonsampling 
errors. 

As indicated in Exhibit 2.14, FCS GROUP has documented market gaps in Tillamook County' s 
available housing inventory. Conversion of homes to seasonal and vacation rentals, low vacancy 
rates, and inadequate housing construction levels result in market gaps that can only be corrected by 
supply additions. Based on relatively low market capture rates, as of year 20 17, there is a housing 
gap of approximately 406 units for housing units needed for moderate income households at 50% to 
120% of the area median family income (MFI) level. 

In addition, there is also a significant market gap for government assisted housing available to 
households earning less than 50% of the MFI level. This analysis indicates that the market gap for 
rental housing at this price point equates to over 600 dwellings. In light of inadequate levels of state 
and federal housing grants, we have assumed a 33% market capture rate or approximately 200 units 
of low income housing demand is needed at this time. 

Exhibit 2.14 Existing Housing Market Gaps, Tillamook County 

Current Housing Market Gap for Housing at 50% to 120% MFI or higher, Tillamook County 

Total Dwelling 
Units Rental Units 

Existing Workers in Tillamook County 9,476 
Long Distance commuters (over 100 miles per day} 2,030 
Market Demand Sensitivity Analysis 

Low Capture Rate 15% 305 152 
Midpoint Capture Rate 20% 406 203 
High Capture Rate 25% 508 254 

Based on U.S. Census Bureau, On-The-Map data for Tillamook County, 2017. 

·::> FCS G RC) UP • 
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Source: U.S. Census Bureau, American Community Survey, 2017. • Assumes 30% of income towards rent. 

This analysis conservatively assumes that the level of near-term pent up market demand could 
support development of over 400 units of rental housing, with about half needed for households in 
the 50% to 120% of the MFI level for Tillamook County. 

II.D. FUTURE HOUSING NEEDS 
The methodology includes three housing forecast scenarios which were reviewed and discussed by 
the Housing Committee. They include: 

Scenario A Baseline Forecast 

Scenario B Baseline+ Workforce Housing Forecast 

Scenario C Policy Scenario as modified version of Scenario 2 

Scenario D Midpoint of low and high growth forecasts 

Scenario A: Baseline Housing Demand Forecast 

The future (20 year) housing forecast for Tillamook County takes into account the population and 
socioeconomic and housing characteristics described earlier. 

The baseline forecast applies the long term population forecast by Portland State University, and 
assumes that current household size, group quarters demand, vacancy rates and seasonal housing 
rates remain constant. With the baseline forecast, Tillamook County is projected to add 2,936 people 
which will require 2,305 new dwellings over the next 20 years . If the future housing demand is 
distributed within Tillamook County based on the current housing mix, the 20-year housing demand 
in the unincorporated areas would equate to 510 dwellings , and the various incorporated area UGBs 
would need to accommodate the remaining 1,795 housing unit (see Exhibit 2.15). 
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Exhibit 2.15 Scenario A Baseline Forecast 

Baseline Housing Demand Forecast, Tillamook County, 2019·2039 

Total Dwelling 
Group Group Seasonal & Seasonal & Need (excl. 

Net New Quarters Quarters Occupied Vacancy Vacant group 
Population 1 Share Pop. 2 Avg. HH Size2 Dwellings2 Rate2 Dwellings quarters) 

707 2.6% 18.4 2.41 286 44.0% 225 510 

796 0.88% 7.0 2.47 319 8.5% 30 349 

370 0.00% 3.43 108 25.0% 36 144 

348 0.00% 3.43 101 14.6% 17 119 

299 0.00% 3.43 87 86.6% 562 649 

272 0.00% 2.27 120 73.7% 336 456 

73 0.75% 0.5 2.62 28 31.8% 13 41 

72 1.45% 1.0 2.62 27 29.4% 11 38 

2,936 0.9% 27 1,076 53.3% 1,229 2,305 

Notes: 1 population forecast from PSU Population Research Center, interpolated by FCS GROUP; 2 based on 2017 ACS. Numbers may not add due to 
rounding. 

Scenario 8: Baseline + Workforce Housing Forecast 

This scenario includes the baseline housing forecast based on future growth along with a capture of a 
portion of the current market gap for workforce housing. 

As discussed earlier in this report, there is a demonstrated "market gap" for workforce housing in 
Tillamook County. In this scenario, it is assumed that the overall housing demand over the next 20 
years equates to the baseline demand described in Scenario A plus an addi tional 400 units of pent up 
demand for rental housing. This would include approximately 200 units of moderate income rental 
housing attainable to households earning 50% to 120% of the MFI; and another 200 units for 
households earning Jess than 50% of the MFI level. 

This forecast scenario assumes that the majority of the housing production would occur in 
communities that can provide water and sanitary sewer service, with capacity that can be increased as 
needed to accommodate new housing development. As shown in Exhibit 2.16, the housing forecast 
under Scenario B equates to 2,730 dwelling units over 20 years. 

·::> FCS GROUP • 
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Exhibit 2.16 Baseline+ Workforce Housing Forecast Scenario B 

Pent Up Rental 
Workforce Baseline Total Housing 

Demand Dist. Demand Dist. Housing Need Housing Need Need 
(Scenario A) (Scenario B) (units) (Scenario A) (Scenario B) 

Tillamook UGB 15% 25% 106 349 455 
Nehalem UGB 6% 5% 21 144 165 
BayCityUGB 5% 5% 21 119 140 
Manzanita UGB 28% 10% 43 649 691 
Rockaway Beach UGB 20% 10% 43 456 499 
Garibaldi UGB 2% 5% 21 41 62 
WheelerUGB 2% 5% 21 38 59 

Subtotal UGBs 78% 65% 276 1,795 2,071 
Unincorporated areas 22% 35% 149 510 659 
Total Dwelling Units 100% 100% 425 2,305 2,730 

Scenario C: Coordinated Pol icy Forecast 

This scenario assumes that same level of overall Countywide housing demand as with Scenario B, 
but takes into account the fact that many of the coastal communities may have achieved market 
prices for land and housing that is out of reach for most residents . Small cities and resort 
communities in Tillamook County may not be capable of accommodating all of the potential market 
demand. Limiting factors may include inadequate infrastructure (particularly sewer) and 
environmental risks associated with developing housing in floodways, fl oodplains and tsunami 
hazard areas. 

As shown in Exhibit 2.17, with this scenario it is assumed that the share of housing demand that will 
be accommodated within incorporated cities is 59% of total demand, down from about three quarters 
of total demand in the prior scenarios. Hence, the level of demand that would need to be addressed 
within unincorporated portions of Tillamook County would increase to 4 1% of the Countywide 
housing demand, compared with 22% to 24% in Scenarios A and B. 

Exhibit 2.17 Housing Market Share by Scenario 

Total Housing 
Demand Dist. Demand Dist. Demand Dist. Need (Scenario 
(Scenario A} (Scenario B) (Scenario C) C) 

Tillamook UGB 15% 17% 30% 819 
Nehalem UGB 6% 6% 5% 137 
Bay City UGB 5% 5% 5% 137 
Manzanita UGB 28% 25% 5% 137 
Rockaway Beach UGB 20% 18% 10% 273 
Garibaldi UGB 2% 2% 2% 55 
Wheeler UGB 2% 2% 2% 55 

Subtotal UGBs 78% 76% 59% 1,611 
Unincorporated areas 22% 24% 41% 1,119 
Total Dwelling Units 100% 100% 100% 2,730 

·::> FCS G RC) UP • 
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Comparison o f Housing Forecast Scenarios 

These findings indicate that the future housing market in Tillamook County is expected to remain 
strong, barring natural disasters or global or national economic downturns. Population increases due 
largely to second home investors will likely account for just over half of the future housing demand. 
In order for housing prices and rents to be attainable to households at 120% or less of the local 
median income level for the County ($45,060), for sale housing would need to be priced at $299,000 
or less and rentals priced at $1,352 or less (per month for 2 bedroom unit). For additional analysis of 
housing affordability levels, please refer to Appendix A. 

Exhibit 2.18 provides a comparison of the housing demand within local areas for each of the three 
forecast scenarios. The findings indicate a low and high range of housing needs along with a mid­
point demand forecast, which is referred to as Scenario D. 

Exhibit 2.18 

Tillamook County 20-year Housing Forecast Scenarios {dwelling units) 

Scenario A Scenario B Scenario C 
Tillamook UGB 349 455 819 
Nehalem UGB 144 165 137 
Bay City UGB 119 140 137 
Manzanita UGB 649 691 137 
Rockaway Beach UGB 456 499 273 
Garibaldi UGB 41 62 55 
Wheeler UGB 38 59 55 

Subtotal UGBs 1,795 2,071 1,611 
Unincorporated areas 510 659 1,119 
Total Dwelling Units 2,305 2,730 2,730 

- -- ---------Midpoint' 

Low High (Scenario D) 
Tillamook UGB 349 819 584 
Nehalem UGB 137 165 151 
Bay City UGB 137 140 138 
Manzanita UGB 137 691 414 
Rockaway Beach UGB 273 499 386 
Garibaldi UGB 55 62 58 
Wheeler UGB 55 59 57 

Subtotal UGBs 1,141 2,435 1,788 
Unincorporated areas 510 1,119 815 
Total Dwelling Units 1,651 3,554 2,603 

Source: prior exhibits. 
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Projec ted Needs by Housing Type 

In light of the current housing affordability challenges, the future demand for attainably priced 
housing within Tillamook County will need to increase measurably in the future. This would require 
development of affordable "missing middle" housing types, such as market rate and government 
assisted plexes, townhomes and apartments as well as cottage homes, manufactured homes and 
accessory dwelling units (ADUs). As shown in Exhibit 2.19, these housing types can be delivered at 
a lower cost and rent level per square foot than other housing types. 
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The forecasted housing mix that addresses future demand will likely consist of: 1,562 single-family 
detached homes (including cottage homes), 286 townhomes/duplexes/ADUs, 364 multifamily 
housing units and 390 manufactured housing uni ts (see Exhibit 2.20). There will also be some 
"group quarters" hous ing demand for about 30 additional residents that will require shared living 
arrangements (such as congregate care or interim housing). 
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The graph below juxtaposes the housing mix in Tillamook County today compared with the projected 
mix of units to be added in the next twenty years and the overall housing mix observed in the county 
after twenty years. As shown in Exhibit 2.21, the Policy Scenario D would increase the overall share 
of multifamily, townhomes, and plexes in comparison to the current mix. The share of single family 
detached housing would decline and the share of manufactured housing would remain relatively 
constant. 

Exhibit 2.20 

Tillamook County Housing Need: Current and Future dwelling units 

• Current Housing Mix Net New Mix (Scenario D) • Future Housing Mix 

72% 

Swgle Famtly 
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At midpoint of the forecast scenarios (Scenario D), the net new housing need is expected to consist 
of: 1,796 owner-occupied dwellings and 807 renter-occupied dwellings. As shown in Exhibit 2.21, 
the types of housing that is most suited to meet qualifying income levels for home ownership vary by 
family income level. The owner and rental housing forecast that's suited to meet qualifying income 
levels is shown below 
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Exhibit 2.21 Current and Future Housing Mix, Scenario D 

Single Family 

T ownhomes/Piexes 

Multi family 

Mfg. home I other 

Total 

Single Family 

Townhomes/Piexes 

Multifamily 

Mfg. home I other 

Total 

Source: prior exhibits. 

Net New 

Housing Mix 
Current (Policy Future Housing 

Housing Mix Scenario C) Mix 

72% 
7% 
6% 

15% 
100% 

60% 
11% 
14% 
15% 

100% 

Net New 
Housing Mix 

69% 
8% 
8% 

15% 
100% 

Current (Policy Future Housing 

Housing Mix Scenario C) Mix 

7,501 1,562 9,063 
781 286 1,067 
641 364 1,005 

1,531 390 1,921 
10,454 2,603 13,057 

As we consider the demand for housing by affordability level, the vast majority of housing demand 
needs will be from households at 120% or below of the Median Family Income level for Tillamook 
County (see Exhibit 2.22). 

For additional analysis regarding housing affordability price points for owner occupied and renter 
occupied housing please refer to Appendix A. 
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Exhibit 2.22 Forecasted Housing Demand by Affordability (Scenario D) 

Attainable 
Owner- Renter- Housing 

Approximate Attainable Home Price• Occupied Occupied Total Dist.% Products 
Standard 

Upper (1200/o or more of MFI) 700 166 956 36.7% 
Homes, 
Townhomes, 
Condos 
Small Homes, 

Upper Mddle (80% to 120%of MFI) 647 135 782 30.0% Townhomes, 
Apartments 
AD Us, 

Lower Mddle (50% to 80%of MFQ 269 163 433 16.6% Townhomes, 
Mfqd. Homes 

Low (300/o to 50% of M=l) 00 190 279 10.7% 
Govt. Assisted 
Apts. & Plexes 

Very Low (less than 30% of MFI) 0 153 153 5.9% 
Govt. Assisted 
Apts. 

Total 1,796 807 2,603 100.0% 

•Assumes 30% of income is used for rental or mortgage payments. Derived from Appendix A. 

Projected Residentia l Land Needs 

Using the mid-points of the housing demand forecasts, the buildable land that will be needed to 
accommodate planned housing production is shown in Exhibit 2.23. At the midpoint of the growth 
forecast scenarios (Scenario D), the overall amount of r esidential land that will be needed 
within all of Tillamook County over the next 20 years equates to just over 1,340 buildable acres 
of land area. 

It should be noted that actual gross land needs could be much higher given the limited availability of 
sewer infrastructure capacity with in Tillamook County. 

The forecast of residential land that is needed within each local community and incorporated cities is 
provided below by general land use type (low, medium and high density) for discussion and policy 
planning purposes. 
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Very Low 
Total Density Low Density 

Housing (single (single family 
Need family and mfg. 

(r.tdpoint) homes) homes) 

TillamookUGB 584 292 
NehalemUGB 151 75 
BayCityUGB 138 69 
Manzanita UGB 414 207 
Rockaway Beach UGB 386 193 
Garibaldo UGB 58 29 
WheelerUGB 57 28 

Subtotal UGBs 894 
Unincorporated areas" 

Total 

•Assumes mix and density as follows: 

Very Low Density• 

Low Density 
Medium Density 
Higher Density 
Total 

City/Town Unincorp. Dwellings 
Housing 

Mix 

0% 
SO% 
21% 
29% 

100% 

Area 
Mix .. 

50% 
40% 
10% 
0% 

100% 

per acre 
(avg.) 

0.5 
3 

6 

12 

Medium 
Density Higher 

(townhomes, Density 
plexes) (apartments 

124 169 
32 44 
29 40 
88 120 
82 112 
12 17 
12 17 

518 

Very Low 
Density 
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Land Need (Buildable acres) 

Total Land 
Need 

Low Medium Higher (buildable 
Density Density Density acres) 

97 21 14 132 
25 5 4 34 
23 5 3 31 ' 
69 15 10 94 ' 
64 14 9 87 
10 2 1 13 
9 2 1 13 

298 63 43 

Source: compiled by FCS GROUP based on midpoint of hou<ing forecast scenarios and expected market demand. 
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BUILDABLE LAND 

INVENTORY 

This section includes a summary of the residential buildable land inventory (BLI) in Tillamook 
County. The focus of this 2019 BLI analysis is on the following geographic areas: 

• Tillamook County, unincorporated areas outside existing urban growth boundaries (UGBs) 

• Tillamook UGB 

• Manzanita UGB 

• Bay City UGB 

In addition to these locations, this report cites findings from prior adopted plans and BLI studies to 
ascertain buildable lands in the following locations: 

• Garibaldi UGB 

• Nehalem UGB 

• Rockaway Beach UGB 

• Wheeler UGB 

METHODOLOGY 
As part of Tillamook County's Hous ing Needs Analys is process, an estimate of buildable lands was 
completed to assess the supply of available land for housing development in unicorporated areas as 
well as three cities that opted to update their land inventories at this time. The Buildable Lands 
Inventory (BLI) was completed in accordance with OAR 660-008-0005 (2) and guidance provided by 
the Department of Land Conservation and Development (DLCD). ' 

1 While Oregon state regulations pertaining to BLI methods apply only to UGBs of incorporated areas, the same methodology 
was applied to unincorporated portions of Tillamook County with one exception which was reviewed by t he Housing 
Committee: the removal of 100-year flood zones from the vacant land inventory for unincorporated areas only. The Blls for 
incorporated areas assume land within 100-year flood zones is considered to be unconstrained and buildable. 
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The objective of the residential BLI is to determine the amount of developable land available for 
future residential housing development. The steps taken to perform this analysis are as follows: 

1. Create a unified environmental constraints layer. These are areas where land is unsuitable for 
development due to natural hazards 

2. Generate the residential land base by identifying all taxlots that are zoned to allow residential 
development (either permitted outright or as a conditional use) 

3. Subtract all environmentally constrained land from the residential land base 

4. Classify land by development category (vacant, partially vacant, or redevelopable) 

5. Calculate total net buildable acres by netting out land needed for public facilities such as 
roads and utility infrastructure and factoring a redevelopment rate for parcels deemed 
redevelopable 

Please refer to the separate Tillamook County Residential Buildable Land Inventory reports by 
Cascadia Partners for additional details regarding the methodology used for each location. 

ALL AREAS OF THE COUNTY 
An estimate of the total buildable land for residential development is provided in Exhibit 3.1. The 
results indicate that overall there is over 3,700 acres of buildable residential land area throughout the 
county, with the vast majority located in unincorporated areas. 

It should be noted that the term density is used to reflect the average number of housing units per 
buildable acre on a particular site. Density is a relative term that generally reflects the type of 
housing that a land use zone is planned to accommodate. Based on local construction trends and 
market activity in Tillamook County, the density and housing types generally fall into the following 
categories: 

• Very Low Density: 1 dwelling per 2 acres on average. Rural development typically relies on 
septic systems and connections to local water systems. 

• Low Density: average of 3 dwellings per acre. Typically single family detached housing or 
mobile homes. 

• Medium Density: 6-9 dwellings per acre. May include duplexes, townhomes and small lot 
cottage homes. 

• High Density: typically 9-18 dwellings per acre. Includes townhomes and apartments . 

TILLAMOOK COUNTY (UNINCORPORATED AREAS) 
Based on the BLI finding for the unincorporated portions of Tillamook County shown in Exhibit 3.2 
and Map 3.1 , approximately 2,135 acres of land are available in the residential buildable lands 
inventory. Not surprisingly, as most of unincorporated Tillamook County is rural, most of the land 
available falls under low density residential zoning (roughly 54%). Medium density residential and 
high density residential make up 34% and 10% of the residential buildable lands inventory 

·:!> FCS GRC)UP 
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respectively. Only 2% of the residential land base is comprised of land zoned as commercial I mixed­
use. 

Vacant land represents by far the largest opportunity for development, comprising more than 95% of 
the land available in the buildable lands inventory. While less partially vacant and redevelopable land 
is available, the location of specific parcels are important as they may represent geographies where 
development is highly desired (i.e., areas close to commercial cores) or where infrastructure (water 
and sewer) is available. 

Exhibit 3.1: Summary of Residential Buildable Lands Inventory, Unicorp. Tillamook County 
(acres) 

I 

Location (BLI Source) 

County Commercial (Cascadia 2019) 

County Residential Zones (Cascadia 2019) 

Manzanita UGB (Cascadia 2019) 

Neahkahnie (Cascadia 2019) 

Nehalem (2018) 

Nehalem (COG 2007) 

Neskowin (Cascadia 2019) 

Netarts (Cascadia 2019) 

Oceanside (Cascadia 2019) 

Pacific City (Cascadia 2019) 

Tillamook UGB (Cascadia 2019) 

Wheeler (COG 2007) 

Total 

Relative Zoned Housing Density 
Class 

Very Low Medium High 
Low 

30 25 

1,710 286 11 11 

52 69 6 

13 25 76 

207 95 43 

36 94 19 

235 158 2 0 

59 56 18 

82 

30 49 34 83 

17 45 

61 18 

2,004 1,001 446 302 

Total 

54 

2,017 

127 

114 

345 

149 

395 

133 

82 

196 

62 

79 

3,753 

Source: various Tillamook County and local area Buildable Land Inventory studies, as noted. 

·:!> FCS (~ROUP 
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Exhibit 3.2: Residentia l Buildable lands Inventory, Unincorporated Tillamook County, 2019 

Housing Category 

Very low density 
Residential 

Medium Density 
Residential 

High Density Residential 

Commercial / Mixed-use 

Total: 

I 
I 

Vacant 

1,097 

694 

205 

45 

2,042 

Partially Vacant Redevelopable Total Buildable 

27 21 1,145 

29 4 727 

8 214 

2 48 

66 27 2,135 

Source: Tillamook County Buildable Land Inventory by Cascadia Partners et al., September 2019. 

Incorporated Cities 

In addition to the 2019 BLI studies by Cascadia Partners and FCS GROUP, other communities in 
Tillamook County have completed residential buildable land inventories (BLis) within the last 15 
years. The objective of the residential BLI is to detetmine the amount of developable land 

available for future residentia l housing development within the UGB. BLI highlights include 

the following 

• Tillamook: draft findings by FCS GROUP/Cascadia Partners indicate that there is a current 
need for additional low- and medium-density zoned land area within the Tillamook UGB that 
ranges from approximately 48 to 76 acres of net buildable land area. 

• Nehalem: according to the City ofNehalem, no residential land shortages were identified for 
the planning horizon (2007 -2027) with an overall residential buildable land surplus of 121.4 
acres. The City is in the process of approving a new buildable land inventory which indicates 
a supply of 377.15 acres of residential land. That BLI work is still in process. 

• Wheeler: according to the City, no residential land shortages were identified for the planning 
horizon (2007-2027) with an overall residential buildable land surplus of 66.7 acres. 

• Rockaway Beach: according to the City of Rockaway Beach, no residential land shortages 
were identified for the planning horizon (2007 -2027) with an overall residential buildable 
land surplus of 57 acres. 

• Bay City: Buildable Land Inventory is in process ; however Housing Needs Analysis appears 
to be outdated. 

·:!> FCS c;R()UP 
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• Manzanita: FCS/Cascadia identified a total land inventory of 122 net acres (residential 
zones) plus 4 acres of mixed use zoning (BLI adopted by City in Sept. 2019). This level of 
supply appears to be adequate for meeting the 20 year demand identified earlier in this report 
(94 acres at midpoint of low and high forecast scenarios). 

These findings indicate the City of Till amook may be able to justify a UGB expansion or a 
Comprehensive Plan amendment and with changes in zoning to allow for more housing. However, it 
is unlikely that other cities can do so in the near future. 

In light of the significant level of housing demand outside the in corpora ted cities and their urban 
growth boundaries, and the desire to encourage more development in those locations, several local 
and state policy actions are identified in the next Section of this report for additional consideration. 
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Map 3.1 Residential Land Base. Unincorporated Tillamook County 

t::J Tillamook County 

L UGB 
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Section IV. ACTION PLAN 

POLICY RECOMMENDATIONS 

This section summarizes relevant federal and state housing policies and identifies a set of Action 
Plan recommendations. 

RECENT POLICIES 
Several recent policy changes have occurred at the federal, state and regional level that may affect 
the future housing supply and demand in Tillamook County. 

Fed eral Po lic ies 

Tax Cuts and Jobs Act 

Passed in 2017, the Tax Cuts and Jobs Act initiates large scale federal tax refonn. The refonn made 
changes in many ways but most notable was the shift in the federal corporate tax rate, decreasing 
from 35% to 21%. The new tax cuts also lower most individual income tax rates, including the top 
marginal rate from 39.6 percent to 37 percent. The lower tax rates potentially affect Tillamook 
County and its municipalities because it makes tax free municipal bonds and affordable housing tax 
credits less attractive to investors because the relative advantage of lowering taxable income by 
investing in tax exempt bonds would decrease in most cases. However, with the adoption of measure 
I 02 (see below), Oregon voters have expressed the need for investing in affordable housing bonds, 
and these state measures should mitigate the impact of this federal act. 

Low Income Housing Tax Credits 

The Low Income Housing Tax Credits program is a series of tax incentives administered by the IRS 
to encourage developers to construct affordable housing. Cunently the program accounts for the 
largest source of new affordable housing in the U.S. In securing these credits, developers agree to 
rent out housing at an affordable level, often below market price (this is referred to as a use 
restriction). State agencies distribute credits to developers based on a state designed application 
process. These credits come in two forms , 9% (this raises about 70% of total cost) and 4% (this raises 
about 30% of the total cost), where 4% tax credits are often complimented with supp ort from state 
bonds . In Oregon and in Tillamook County's case, Measure I 02 (see below) should enable more 
funding of housing tax credit bonds and strengthen the effect of these tax credits on a for affordable 
housing development in Tillamook County. 

·:!> FCS C R<J UP 
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Oregon's 20 18 Statewide Housing Plan is a long-tenn plan designed to increase housing in Oregon. 
The plan was researched and developed by Oregon Housing Community Services (OHCS) and its 
implementation will rely on OHCS in conjunction with local governments and private businesses. 
OHCS is Oregon's housing finance agency and as such the organization issues grants and loans to 
help faci litate home ownership in the state. OHCS regards housing in Oregon as a statewide crisis. 
Housing production has fai led to keep up with Oregon' s population growth therefore demand has 
outpaced supply, pushing up home prices. From 2000 to 20 15, an additional 155,156 housing units 
would need to have been built throughout Oregon to keep up with demand.2 

The Statewide Housing Plan calls for over 85,000 new units to be constructed for households earning 
below 30% of Median Family Income (MFI). The plan is outlined in six priorities and each promotes 
increased housing supply. Priorities include an increase housing supply that: (I) improves racial 
equity; (2) combats homelessness; (3) increases housing stability for families; ( 4) makes rent 
affordable; (5) proliferates homeownership; and (6) empowers rural communities. With this in mind, 
OHCS will triple the existing pipeline of affordable rental housing - up to 25,000 homes in the 
development pipeline by 2023. 

The plan proposes increased access to housing through partnerships with community organizations, 
loans with low interest rates, better access to OHCS resources, funding grants for housing projects, 
improved technology, and streamlined processes with a foundation of collaboration. Tmplementation 
seems to rely on each area' s ability to utilize and engage with OHCS as the plan clarifies goals and 
does not specify implementation policies. 

Senate Bill 1533 

Enacted by the 2016 Oregon Legislature, this bill aims to promote affordable housing development 
through local regulations and a new source of funding: the Affordable Housing Construction Excise 
Tax (CET). The bill allows municipalities to adopt regulations that impose conditions on 
development for new multifamily structures (20 units or more per project), including: requirements 
for the inclusions of some affordable housing; or the option of paying an in-lieu fee (construction 
excise tax) not to exceed $1 per square foot of floor area for residential, and $0.50 per square foot for 
nonresidential structures (with a maximum cap of $25,000 per building or structure). For new 

2 Up for Growth, "Housing Underproduction in the U.S.: Economic, Fiscal and Environmental Impacts of 
Enabling Transit-Oriented Smart Growth to Address America's Housing Affordability Challenge," Up 
For Growth National Coalition, 2018, 9. 
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affordable housing projects, this legislation supports special incentives including: full or partial 
exemption of ad valorem property taxes, SDC waivers or reductions and other incentives. 

Tillamook County voters soundly defeated a local CET ballot measure in 2017, and there is 
little appetite to pursue another CET at this time. 

Measure 102: Passed by Oregon voters in November 2018 

Measure I 02 is intended to empower the collaborative partnerships described in Oregon' s Statewide 
Housing Plan. Measure 102 amends the state ' s constitution to allow cities and counties to issue 
bonds for the construction of affordable housing construction without retaining 100% public 
ownership of the property. The goal is to allow local governments to pursue private public 
partnerships to better facilitate demand for housing. 

KEY FINDINGS A ND PO LICY RECOMMENDA TIO NS 

Based on the 20-year population growth forecasts for Tillamook County (forecasted increase of 2,936 
year-round residents) and seasonal housing and demographic characteristics, the recommended 
housing needs for Tillamook County requires 2,305 to 2,603 net new dwelling units. The 
Tillamook County Housing Needs Analysis supports a variety of housing is needed over the next 20 
years, including approximately 1,692 owner-occupied dwellings and 911 renter-occupied dwellings. 

Recommended Actions 

Market factors combined with limiting state and local land use policies have led to unprecedented 
housing challenges facing Tillamook County today. Addressing these challenges will require a 
coordinated effort by local and state government officials. 

Vacancy rates for long-term rental units are now near zero in most communities in Tillamook 
County. While there is a strong and stable level of near tenn and long tenn demand for new housing 
construction throughout Tillamook County, there are very few local builders/developers that are 
focused on constructing the missing middle housing types needed for the workforce. To attract 
private investment and development of new workforce housing, a mix of local, state and federal 
policies, incentives and actions need to occur. 

Local Policies and Actions 

Challenge: Relatively high land and development costs in coastal areas hamper financ ia l 
viability of developing attainable workforce housing for permanent residents. As a result, 
Tillamook County has an existing deficit for "missing middle" housing. 

Tillamook County is tied for the second highest rate of economically distressed households in 
Oregon. Cities including Tillamook and Bay City have the highest share of severe rent burdened 
households at 28% and 30% of households, respectively. 

To help encourage or incentivize construction of missing middle housing priced at 120% or below of 
the median family income levels, the County should continue to pursue state OHCS housing 
investment grants and work with local cities to consider the following policies: 
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developed for a mix of housing types . 
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./ Work with cities and sewer districts to update SDCs so that they are lower for smaller 
housing units than larger homes. Encourage SDC deferrals so that payments can be 
deferred for a period of time after building penn it issuance for developments that contain 
deed restricted housing units . 

./ Consider a tax abatement program, such as the multiple-unit limited tax exemption 
program to promote development of affordable housing . 

./ Embark on a program that encourages Accessory Dwelling Units (ADUs) and "Cottage 
Homes" and "Tiny Home Communities" as an allowed use or conditional use within low 
density zones . 

./ Allow " lot size averaging" so that the site of individual lots in a short-plat development 
can vary from the zoned minimum or maximum density, in a manner that the overall 
development still meets average lot size requirements . 

./ Encouraging upper-level redevelopment and conversions in downtown Tillamook and 
other locations through financial assistance programs, such as use of urban renewal funds 
as loans . 

./ Tillamook County and its eligible local communities should leverage CDBG funds, stat<:: 
grants and bonds to help communities expand water, sewer and transportation 
infrastructure within areas planned for workforce housing through establishment of local 
improvement districts or reimbursement district programs. 

·:!> FCS C RCJU P 
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long-term Actions (2-5 years) 

Challenge: locations with available sewer capac ity are limited to areas such as the city of 
Tillamook . 

../ Support Tillamook UGB expansion and potential rezoning efforts that result in addi tional 
housing development opportunities. The current Tillamook UGB contains 98 acres of 
buildable residential land inventory, yet residential land needs are forecasted to be up to 
17 5 acres. In light of this finding the City and County should identify ways to increase 
low and medium density housing development opportunities through a UGB expansion 

../ Work local sewer and water districts to document their current and planned capacity 
levels to address future housing needs and inform the cou nty wide housing strategy. 

Challenge: Tillamook County like many rural locations has a short supply of qualified 
residential construction workers and specialty contractors. This results in higher housing prices 
as construction workers and crews must be obtained from the Willamette Valley region and 
temporari ly housed . 

../ Facilitate development of trade related certification programs for people interested in 
residential construction and trades offered by Tillamook Bay Community College and 
Tillamook High School in partnership with home builders and general contractors . 

State Policies and Potential Actions3 

Challenge: Oregon planning requirements for urban areas hamstring local cities and 
counties ability to create coordinated and creative housing strategies . 

../ Engage DLCD and Oregon Legislature to draft new planning guidelines for rural counties 
(e.g., population under 50,000) to adopt a coordinated county-wide Housing Needs 
Strategy. This would enable jurisdictions to prepare housing strategies that meet PSU's 
baseline forecasts countywide and allows for a localized allocation of housing and 
population (among cities and rural centers). This regional HNA approach would be 
intended to reflect unique market conditions and development opportunities and 
constraints in order to optimize the provision of more attainable housing . 

../ Engage DLCD and Oregon Legislature to include new state rules that allow rural 
development centers (outs ide UGBs) to rezone land for housing as long as there are 
adequate public facilities. 

3 1nput received f rom DLCD staff rega rding current interpretation of state rules applying to local HNAs and 
Economic Opportunity Analysis (EOA) compliance is provided in Appendix B. 
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Challenge: Tillamook County has a large share of vacant lands in areas that are subject to 
frequent flooding and agric ultural use restrictions . This restricts the amount of development that 
is likely to occur in rural residential zones (see Map 3.2). 

v' The County should pursue Oregon Legislature initiated amendments to the Oregon 
Administrative Rules to allow property owners to transfer future development rights 
(TDRs) from environmentally sensitive areas (such as vacant land within floodplains and 
tsunami hazard zones) and agricultural areas onto receiving areas that are located in 
communities that can provide adequate public facilities, such as roads , sewer and water 
services. 

Map 3.2 Constrained Land Areas 

Netarts 

Tillamook County Pacolic City· Woods Neskowon 
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APPENDIX A. HOUSING ATTAINABILITY ANALYSIS 

Appendix A. Housing Attainability Analysis for Tillamook County 

Middle (80% to 120% of MFI) 

Middle (50% to 80% of MFQ 

Low (less than 30% of MFI) 

Approximate Attainable Home Price•• 
High (120% or more of MFI) 

Upper Middle (80% to 120% of MFI) 

Lower Middle (50% to 80% of MFQ 

Low (30% to 50%) 

Very Low (less than 30% of MFI) 

*based on U.S. Census American Community Survey 2013-17. 

Lower-end Upper-End 

$299,000 or more 
$199,000 $299,000 
$104,000 $166,000 
$62,000 $104,000 
$62,000 or less 

** High and upper middle income levels assume 20% down payment on 30-year fixed mortgage at 5% interest. 
** Lower middle and low income levels assume 0% down payment on 30-year fixed mortgage at 5% interest. 
Source: Housing and Urban Development guidelines, and U.S. Census data, analysis by FCS Group 
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Upper Range Upper Range 
of Qualifying of Home 

Family Income Level Income Price* 

Upper (120% or more of MFI) 
Greater than Greater than 

$54,073 $299,000 

Upper Middle (80% to 120% of MFI) $54,073 $299,000 

Lower Middle (50% to 80% of MFI) $36,049 $166,000 

Low (30% to 50% of MFI) $22,531 $104,000 
Very Low (less than 30% of MFI) -- $13,518 
Total Dwelling Units 
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Estimated Projected 
Attainable Distribution of Owner· 
Housing Owner· Occupied 
Products Occupied Units Units Needed 

Standard 
44% 790 

Homes 
Small Homes, 

36% 647 
Townhomes 
Mfgd. Homes, 

15% 269 
Pie xes 
Govt. Assisted 5% 90 

0% 0 
100% 1,796 

*Assumes 30% of income is used for mortgage payment, with 5% interest, 30-year term with 20% 
downpayment for upper middle and high income levels, and 5% downpayment for lower income levels. 

Tillamook County Renter-Occupied Housing Needs, 20-year Forecast* 

Projected 
Upper Range Upper Range Attainable Estimated Renter-
of Qualifying of Monthly Housing Distribution of Occupied 

Family Income Level Income Rent* Products Units Units Needed 
Standard 

Upper (120% or more of MFI) 
Greater than Greater than Homes, 

21% 166 
$54,073 $1,551 Townhomes, 

Condos 
Small Homes, 

Upper Middle (80% to 120% of MFI) $54,073 $1 ,551 Townhomes, 17% 135 
Apartments 
ADUs, 

Lower Middle (50% to 80% of MFI) $36,049 $1 ,034 
Town homes, 

20% 163 
Mfgd. Homes, 
Plexes, Apts. 

Low (30% to 50% of MFI) $22,531 $646 
Govt. Assisted 

23% 190 
Apts. 

Very Low (less than 30% of MFI) $13,518 $388 
Govt. Assisted 

19% 153 
Apts. 

Total Dwelfing Units 100% 807 
*Assumes 30% of income is used for rental payments. 
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APPENDIX B. DLCD STAFF INPUT 

From: "Phipps, Lisa" <lisa.phipps@state.or.us> 
Date: Monday, December 16, 2019 at 10:40 AM 
To: Paul Wyntergreen <pwyntergreen@tillamookor.gov> 
Subject: FW: HNAs and EOAs 

HI, Paul, 
Here are t he answers to t he questions regarding the life span of a document and HNA approach. I met 
with Kevin Young in Salem to address t hese questions: 

1) Do EOAs have a lifespan? The City of Tillamook had an EOA completed around 2013 and are 
now looking at updating their HNA, etc. Is it possible that a review of the EOA could show that 
it is still relevant (or mostly sti ll relevant)? Wou ld a letter just accompany that review showing it 
is still relevant? Or regardless, do they need to go through a full-blown process? 

In 2013 it should have projected a 20-year need for employment lands. Since then, best practice would be 
to track what has developed since that time so they have a current understanding of their inventory of 
employment lands. There's no requirement for periodic updates of EOAs at this time, but what often 
drives a local gov. to do that is running short on land supply. The most recently adopted EOA remains 
valid until it is replaced by an updated EOA. There's no expiration date, but if they run out of land it 
becomes pretty irrelevant. 

2) The City of Tillamook is currently having a BLI completed. I held a Planning Commission 101 
workshop for t he city before Thanksgiving and one of the questions that came up was whether 

it was acceptable to do a regional HNA? I know that 10-13 years ago, three of the cities and 
Tillamook County did a regiona l BLI and HNA with each community getting a HNA t hat was 
unique to them as we ll. So t here was this broad overview of the area and its needs and then the 
community-specific HNAs we re completed. Are you comfortable w ith t his approach? Also, the 
commission asked about Safe Harbor and what pitfalls t here might be in moving in that 

direction. 
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I think a regional HNA makes sense, as we discussed. I would not encourage use of the safe harbor 
methods from Div. 24. Reportedly, those hove not worked that well. They created quite a bit of confusion 
with the recent Dallas HNA.4 

Paul, I talked to Kevin about several different ways to approach the HNA. The first was to do an HNA 
just for the city, but one that included a regional overview given the City's place as the County seat and 
home of most of the industry. He thought that made good sense but wanted to make sure that in terms 
of any decisions that might come out ofthe HNA with this approach, that it was related to the city limits 
on ly- but that the overview cou ld provide good context. 
The second was that the City partner with the county (and other cities), to do a broader and more global 
HNA- however, in order for it to be of value for the City (in terms of UGBs, etc.) it would also need to 
include an HNA specific to the City of Tillamook (and the other cities). 

Does that make sense? I did ask, that as you get closer, if we could hold a workshop for Tillamook and 
he said yes ... if you want one! 
Thanks! 
Lis 

Lisa M. Phipps 

North Coast Regional Representative 1 Ocean/Coastal Services Division 

Cell: 503-812-5448 I Main: 503-842-8222 ext 4004 

lisa.phipps@state.or.us I www.oregon.gov/LCD 

4 Note by T. Chase, FCS GROUP with respect to Safe Harbors. "Safe harbor" means an optional 
course of action that a local government may use to satisfy a requirement of Goal 14 (urbanization) 
based on projected population, and residential zoned density levels; and if the city needs to expand 
their urban growth boundary, a safe harbor analysis lends protections from appeals on certain 
elements which can cost time and money. A safe harbor approach per OAR 660-024-0040(1)-(8) is 
not the only way or necessarily the prefeiTed way to comply with the requirements of a housing 
needs analysis. It was employed for the city of Dallas (along with other approaches) as an alternative 
way of looking at residential land need scenarios for the 20-year forecast. The Dallas City Council 
successfully adopted their HNA in December 2019 without appeal. 
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Sent: Monday, December 16, 2019 2:11 PM 
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Cc: Debbi Reeves <dreeves@tillamookor.gov> 
Subject: Re: HNAs and EOAs 
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Thank you Lisa; this is very helpful and yes let's schedule up a workshop for February or March. 

It is wonderful to see that a regional approach is a possibil ity. I am sti ll a bit confused by your last couple of 
paragraphs; I understand that the City and the County (with other cities) would each do an HNA, but it is 
unclear as to whether the project demand could be allocated. Since High-premium cities at the beach will 
probably not produce sufficient approachable housing at rent levels that its service workers could afford, but 
places like Til lamook City could, is it allowable to assign additional growth allocation to cert ain cit ies if 
agreement is reached between communities? 

Paul Wyntergreen 
City Manager 
City of Tillamook 
210 Laurel Avenue 
Tillamook, OR 97141 

From: "Phipps, Lisa" <lisa.ohipps@state.or.us> 
Date: Friday, December 20,2019 at 1:29PM 
To: Paul Wyntergreen <pwyntergreen@tillamookor.gov> 
Cc: Debbi Reeves <dreeves@tillamookor.gov> 
Subject: RE: HNAs and EOAs 

Hi, Paul, 

That is a great question with a good philosophical fou ndation. But, I am not su re that the laws have 

caught up w ith the rea lit ies of what regions like ours face. I will reach out again with the nuance 

described below, but my initial reaction, that w hile the regional approach will give people a bette r 

understanding of the how and why, the growth will st ill be confined to the PSU estimate for each city. 

But, I w ill follow up. 

Thanks, Lisa 

Lisa M. Phipps 
North Coast Regional Representative 1 Ocean/Coastal Services Division 
Cell : 503-812-5448 1 Main: 503-842-8222 ext 4004 
lisa.phioos@state.or.us 1 www.oregon.gov/LCD 



Tax Statements 2020-21 

Account# Map# 
399441 1N1007DD00114 

399444 lN 1007DD00115 

399447 lN 1007DD00116 
399450 lN 1007DD00117 

399453 lN 1007DD00118 

399456 lN 1007DD00119 
399459 1N1007DD00120 

399462 1N1007DD00121 

399465 l N 1007DD00122 
399468 1N 1007DD00123 
62425 1N1007DA03000 

62611 1N1007DA03100 

355715 1N1007DA03104 
62719 1N 1007DA03203 

322822 1N1007DA03204 

TOTAL: 
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$8,969.35 
$5,075.78 
$5,456.46 

$2,329.53 

$5,566.80 
$2,329.53 

$5,249.30 

$5,451.05 
$5,181.77 

$7,609.27 

$5,787.17 
$5,419.97 
$5,261.53 

$2,647.78 

$2,647.78 
$74,983.07 

* 2020-21 county tax statements do not include taxes for Twin Rocks Sanitary District or 

Watseco-Barview Water District because those payments are made directly to the districts by 

the property owners. 
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JULY 1, 2020 TO JUNE 30,2021 
TILLAMOOK COUNTY, OREGON 

PROPERTY DESCRIPTION 
201 LAUREL AVE 

TILLAMOOK, OREGON 97141 
CODE: 5624 
MAP: 1N1007DD00114 
ACRES: 0.36 
SITUS: 17300 PINE BEACH WAY COUNTY 
LEGAL: PINE BEACH REPLAT UNIT 1 LOT-11 

COGDALL, JOHN WILLIAM IV & LYNDA 
39455 NW MURTAUGH RD 
NORTH PLAJNS OR 97133 

VALUES: 
REAL MARKET (RMV) 
LAND 
STRUCTURES 
TOTALRMV 

TOTAL ASSESSED VALUE 

EXEMPTIONS 
NET TAXABLE: 

TOTAL PROPERTY TAX: 

LAST YEAR 

366,590 
I 169 580 
1,536,170 

932,130 

932,130 

8,718.29 

Payments Online: www.co.tillamook.or .us 

Payments by Phone: 1-844-784-9680 

PAYMENT OPTIONS 

Date Due 3% Option 2% Option Trimester 
11/16/20 8,700.27 5,859.98 2,989.79 
0211 6/21 2,989.78 
05117/21 2,989.78 2,989.78 

Total 8 700.27 8,849.76 8,969.35 

(503) 842-3400 TAX BY DISTRICT 

SCHOOL 56 
NW REGIONAL ESD 
TILLAMOOK BAY CC 
EDUCATION TOTAL: 

TILLAMOOK COUNTY 
COUNTY LIBRARY 
SOLID WASTE 
GARIBALDI RFD 
TWIN ROCKS SANITARY DISTRICT 
WATS-BARVIEW WD 

THIS YEAR PORT OF GARIBALDI 
4H-EXTENSION SO 
EMCD-911 

336,830 TILLA TRANSPORTATION 

1.238.690 TILLA SOIL & WATER CONS 

1,575,520 GENERAL GOVT TOTAL: 

960,090 COUNTY LIBRARY 
TILLA CNTY BONDS AFTER 2001 
SCHOOL 56 BONDS AFTER 2001 
TILLA BAY CC BONDS AFTER 2001 

960,090 BONDS - OTHER TOTAL : 

8,969.35 

2020- 2021 TAX (Before Discount) 

TOTAL D UE (After Discount and Pre-payments) 

4,320 . 60 
147 . 66 
253 . 0 8 

4, 721.34 

1,486 . 79 
624 . 06 

12 . 00 
462.09 

0 . 00 
0 . 0 0 

251 . 54 
66 . 25 

180.78 
192 . 02 

57 . 61 
3 ,333. 14 

46 .4 7 
250 . 68 
502 . 22 
115 . 50 
914 . 87 

8,969.35 

8,700.27 

t Tear Here PLEASE RETURN THIS PORTION WITH YOUR PAYMENT Tear Here t 
2020-2021 PROPERTY TAXES ACCOUNT NO. 399441 

TILLAMOOK COUNTY TAX COLLECTOR 
201 LAUREL AVE 
TILLAMOOK, OREGON 97141 

FORWARDING SERVI CE REQUESTED 

PAYMENT OPTIONS 
Full Payment Enclosed 

or 2/3 Payment Enclosed 

or 1/3 Payment Enclosed 

Discount 
3% 

2% 

0% 

Date Due Amount 
11/1 6/20 8,700.27 

11/ 16/20 5,859.98 

l l/ 16/20 2,989.79 

$ Enter Payment Amount 

0 Mailing address change on back DISCOUNT IS LOST & INTEREST APPLIES AFTER DUE DATE 

COG DALL, JOHN WILLIAM IV & LYNDA 
39455 NW MURTAUGH RD 
NORTH PLAINS OR 97133 

-008776-870027 

MAKE PAYMENT TO: 

TILLAMOOK COUNTY TAX COLLECTOR 

2910000399441000 0298979000058599800008700274 
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PROPERTY DESCRIPTION 

CODE: 5624 
MAP: IN1007DD00115 
ACRES: 0.27 

J ULY 1, 2020 TO JUNE 30, 202 1 
TILLAMOOK COUNTY, OREGON 

201 LAUREL AVE 
TILLAMOOK, OREGON 97141 

(503) 842-3400 

SCHOOL 56 

TAX BY DI STRICT 

NW REGIONAL ESD 
SITUS: 17320 PINE BEACH WAY COUNTY TILLAMOOK BAY CC 

LEGAL: PINEBEACHREPLATUNIT 1 LOT-12 

ROGERS, MICHAEL J & 
ROGERS, CHRISTINE M 
17231 NW DAIRY CREED RD 
NORTH PLAINS OR 97133 

VALUES: LAST YEAR 
REAL MARKET (RMV) 
LAND 
STRUCTURES 
TOTALRMV 

TOTAL ASSE SSED VALUE 

EXEMPTIONS 
NET TAXABLE: 

TOTAL PROPERTY TAX: 

366,590 
303 230 
669,820 

526,960 

526,960 

4,933.93 

Payments Online: www.co. tillamook.or .us 

Payments by Phone: 1-844-784-9680 

PAYMENT OPTIONS 

D ate Due 3% Option 2% Option Trim ester 
11116/20 4,923.51 3,316.1 7 1,691.93 
02/ 16/21 1,691.93 
05/ 17/21 1,691.93 1,691.92 

Total 4923.5 1 5 008.10 5 075.78 

EDUCATION TOTAL : 

TILLAMOOK COUNTY 
COUNTY LIBRARY 
SOLID WASTE 
GARIBALDI RFD 
TWIN ROCKS SANITARY DISTRICT 
~IATS-BARVIEW ~ID 

THI S YEAR PORT OF GARIBALDI 
4H-EXTENSION SD 
EMCD-911 

336,830 TILLA TRANSPORTATION 

321.130 TILLA SOIL & ~lATER CONS 

657,960 GENERAL GOVT TOTAL : 

542,760 COUNTY LIBRARY 
TILLA CNTY BONDS AFTER 2001 
SCHOOL 56 BONDS AFTER 2001 
TILLA BAY CC BONDS AFTER 2001 

542,760 BONDS - OTHER TOTAL: 

5,075.78 

2020- 2021 TAX (Before Discount ) 

TOTAL D UE (After Discount and Pre-payments) 

2 ,44 2 . 53 
83 . 48 

143 . 07 
2 , 669 . 08 

840 . 52 
352 . 79 

12 . 00 
261.23 

0 . 00 
0 . 00 

142 . 20 
37 . 45 

102 . 20 
108 . 55 

32 . 57 
1 , 889 . 51 

26 . 27 
141.71 
283 . 92 

65 . 29 
517 . 19 

5,075.78 

4,923.51 

t Tear Here PLEASE RETURN THIS P ORTION WITH YOUR PAYMENT Tear Here t 
2020-2021 PROPERTY TAXES ACCOUNT NO. 399444 

T ILLAMOOK COUNTY TAX COLLECTOR 
201 LAUREL AVE 
TILLAMOOK, OREGON 97141 

FORWARDING SERVICE REQUESTED 

PAYMENT OPTIONS 
Full Payment Enclosed 

or 2/3 Payment Enclosed 

or I /3 Payment Enclosed 

Discount Date Due 
3% 11/ 16120 

2% 11/ 16/20 

0% 11 / 16/20 

Amount 
4,923.51 

3,316.1 7 

1,69 1.93 

S Enter Payment Amoum 

D Mailing address change on back DISCOUNT IS LOST & INTEREST APPLIES AFTER DUE DATE 

ROGERS, MICHAEL J & 
ROGERS, CHRISTI NE M 
1723 1 NW DAIRY CREED RD 
NORTH PLAINS OR 971 33 

-008807-49235 1 

l 

MAKE PAYMENT TO: 

TILLAMOOK COUNTY TAX COLLECTOR 

29 10000 399 44400001 6919300 00 33 1 6170 00 049235 17 
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JULY 1, 2020 TO JUNE 30, 202 1 
TILLAMOOK COUNTY, OREGON 

PROPERTY DESCRIPTION 
201 LAUREL AVE 

T ILLAMOOK, OREGON 97141 
CODE: 5624 
MAP: INI007DD00116 
ACRES: 0.21 
SITUS: 17340 PJNE BEACH WAY COUNTY 
LEGAL: PINE BEACH REPLAT UNIT 1 LOT-13 

F ARR, DAVID L & FRIEDA F 
17340 PINE BEACH WAY 
ROCKAWAY BEACH OR 97136 

VALUES: LAST YEAR 
REAL MARKET (RMV) 
LAND 
STRUCTURES 
TOTALRMV 

TOTAL ASSESSED VALUE 

EXEMPTIONS 
NET TAXABLE : 

TOTAL PROPERTY TAX: 

364,400 
471 550 
835,950 

593,000 

26 435 
566,565 

5,303.83 

TAX STATEMENT INFORMATION WAS SENT TO: 
WFR Wells Fargo Real Estate Tax Services, LLC 

Payments Online: www.co.t illam ook.or .us 

Paymen ts by Phone: 1-844-784-9680 

PAYMENT OPTIONS 

Date Due 3% Option 2% Option Trimester 
11116/20 5,292.77 3,564.89 1,818.82 
02116/21 1,818.82 
05117/21 1,818.82 1,818.82 

Total 5 292.77 5 383.71 5 456.46 

(503) 842-3400 

TH IS YEAR 

334,830 
499 240 
834,070 

610,790 

27 228 
583,562 

5,456.46 

TOTAL D 

TAX BY DIST RICT 

SCHOOL 56 
NW REGIONAL ESD 
TILLAMOOK BAY CC 
EDUCAT I ON TOTAL : 

TILLAMOOK COUNTY 
COUNTY LIBRARY 
SOLID WASTE 
GARIBALDI RFD 
T~IIN ROCKS SANITARY DI STRICT 
WATS - BARVIEW WD 
PORT OF GARIBALDI 
4H- EXTENSION SO 
EMCD-911 
TILLA TRANSPORTATION 
TILLA SOIL & WATER CONS 
GENERAL GOVT TOTAL : 

COUNTY LI BRARY 
TILLA CNTY BONDS AFTER 2001 
SCHOOL 56 BONDS AFTER 2001 
TILLA BAY CC BONDS AFTER 2001 
BONDS - OTHER TOTAL : 

2020- 2021 T AX ( Bt:fore Discount ) 

UE (After Discount and Pre-payments) 

2 , 626 . 15 
89 . 75 

153 . 83 
2 , 869 . 73 

903 . 71 
379 . 32 

12 . 00 
280 . 87 

0 . 00 
0 . 00 

152 . 89 
40 . 27 

109 . 88 
116 . 71 

35 . 01 
2 , 030 . 66 

28 . 24 
152 . 37 
305 . 26 
70.20 

556 . 07 

5,456.46 

5,292.77 

l Tear Here *COURTESY STATEMENT IF LENDER I S SCHEDULED TO PAY* Tear Here l 
2020 - 2021 PROPERTYTAXES ACCOUNTN0.399447 

TILLAMOOK COUNTY TAX COLLECTOR 
201 L AUREL AVE 
TILLAMOOK, OREGON 97141 

FORWARDING SERVICE REQUESTED 

PAYMENT OPTIONS 
Full Payment Enclosed 
or 2/3 Payment Enclosed 
or 1/3 Payment Enclosed 

Discount 
3% 
2% 
0% 

0 Mailing address change on back DISCOUNT IS LOST & INT EREST AP PLI ES AFT ER DUE DATE 

F ARR, DAVID L & FRIEDA F MAKE PAYMENT TO: 
17340 PINE BEACH WAY 

Date Due Amount 
11/16/20 5,292.77 
11116/20 3,564.89 

11/16/20 1,818.82 

S Enter Pa)1nent Amount 

ROCKAWAYBEACHOR 971 36 TILLAMOOKCOUNTYTAX.COLLECTOR 

-004543-529277 2 91 0 0 0 0 3 9 9 4 4 7 0 0 0 0 1818 8 2 0 0 0 0 3 56 4 8 9 0 0 0 0 52 9 2 7 7 0 
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PROPERTY DESCRIPTION 

CODE: 5624 
MAP: INI007DDOOII7 
ACRES: 0.21 

JULY 1, 2020 TO J UNE 30, 2021 
TILLAMOOK COUNTY, OREGON 

201 LAUREL AVE 
TILLAMOOK, OREGON 97141 

(503) 842-3400 TAX BY DISTRICT 

SCHOOL 56 
NW REGIONAL ESD 
TILLAMOOK BAY CC 

LEGAL: PINE BEACHREPLATUNIT 1 LOT-14 EDUCATION TOTAL: 

CREEDON, JONATHAN C 
7501 SE 17TH ST 
VANCOUVER W A 98664 

VALUES: LAST YEAR 
REAL MARKET (RMV) 
LAND 
STRUCTURES 
TOTALRMV 

TOTAL ASSESSED VALUE 

EXEMPTIONS 
NET TAXABLE: 

TOTAL PROPERTY TAX: 

346,120 
0 

346,120 

242,420 

242,420 

2,264.25 

P ayments Online: www.co.t illamook.or .us 

Payments b y Phone: 1-844-784-9680 

PAYMENT OPTIONS 

Date Due 3% Option 2% Option Trim ester 
11/16/20 2,259.64 1,521.96 776.51 
02/16/21 776.5 1 
05/17/21 776.51 776.5 1 

Tota l 2,259.64 2 298.47 2,329.53 

TILLAMOOK COUNTY 
COUNTY LIBRARY 
GARIBALDI RFD 
TWIN ROCKS SANITARY DISTRICT 
WATS-BARVIEW WD 
PORT OF GARIBALDI 

T HI S YEAR 4H-EXTENSION SD 
EMCD-911 
TILLA TRANSPORTATION 

316,730 TILLA SOIL & WATER CONS 
0 GENERAL GOVT TOTAL : 

316,730 
COUNTY LIBRARY 

249,690 TILLA CNT Y BONDS AFTER 2001 
SCHOOL 56 BONDS AFTER 2001 
TILLA BAY CC BONDS AFTER 2001 
BONDS - OTHER TOTAL : 

249,690 

2,329.53 

2020-2021 TAX (Before Discount) 

TOTALD UE (After Discount and Pre-payments) 

1.123 . 65 
38 .4 0 
65 . 82 

1,227 . 87 

386 . 67 
162 . 30 
120 .18 

0 . 00 
0 . 00 

65 . 42 
17 . 23 
47 . 02 
49 . 94 
14 . 98 

863 . 74 

12 . 08 
65 . 19 

130 . 61 
30 . 04 

237 . 92 

2,329.53 

2,259.64 

t Tear Here PLEASE R E TURN THIS PORTION WITH YOUR PAYMENT Tear Here t 
2020 - 2021 PROPERTY TAXES ACCOUNT NO. 399450 

TILLAMOOK COUNTY TAX COLLECTOR 
201 LAUREL AVE 
TILLAMOOK, OREGON 97141 

FORWARDING SERVICE REQUESTED 

PAYMENT OPTIONS 
Full Payment Enclosed 

or 2/3 Payment Enclosed 

or 1/3 Payment Enclosed 

Discount 
3% 

2% 

0% 

0 Mailing address change on back DISCOUNT IS LOST & INTEREST APPLIES AFTER DUE DATE 

MAKE PAYMENT TO: 

Date Due Amoun t 
11/ 16/20 2,259.64 

11/ 16120 1,521.96 

11/ 16/20 776.51 

S Enter Parment Amount 

CREEDON, JONATHAN C 
7501 SE 17TH ST 
VANCOUVE R WA 98664 TILLAMOOK COUNTY TAX COLLECTOR 

-020934-225964 2910 000399450000007 7651000015219600002 259647 



Applicants' July 27, 2021 Submittal 
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JULY I , 2020 TO JUNE 30, 202 1 
TILLAMOOK COUNTY, OREGON 

PROPERTY DESCRIPTION 
201 LAUREL AVE 

TILLAMOOK, OREGON 97141 
CODE: 5624 
MAP: INI007DD00 11 8 
ACRES: 0.21 
SITUS: 17380 PINE BEACH WAY COUNTY 
LEGAL: PINE BEACI-I REPLAT UNIT 1 LOT-15 

ROBERTS, DONALD W 112 TRUSTEE & 
ROBERTS, BARBARA A TRUSTEE & 
503 RHODODENDRON DR 
VANCOUVER W A 9866 1 

VALUES: LAST YEAR 
REAL MARKET (RMV) 
LAND 
STRUCTURES 
TOTALRMV 

TOTAL ASSESSED VALUE 

EXEMPTIONS 
NET T AXABLE: 

TOTAL PROPERTY TAX: 

364,400 
354 970 
7 19,370 

578,050 

578,050 

5,41 1.10 

Payments Online: www.co.tillamook.or .us 

Payments by Phone: 1-844-784-9680 

PAYMENT OPTIONS 

Date Due 3% Option 2% Option Tr imester 
11116/20 5,399.80 3,636.98 1,855.60 
02/16/21 1,855.60 
05/17/21 1,855.60 1,855.60 

Total 5,399.80 5 492.58 5,566.80 

(503) 842-3400 TAX BY DISTRICT 

SCHOOL 56 
NW REGIONAL ESD 
TILLAMOOK BAY CC 
EDUCATION TOTAL : 

TILLAMOOK COUNTY 
COUNTY LIBRARY 
SOLID WASTE 
GARIBALDI RFD 
TWIN ROCKS SANITARY DISTRICT 
WATS-BARVIEW WD 

TH IS YEAR PORT OF GARIBALDI 
4H-EXTENSION SO 
EMCD- 911 

334,830 TILLA TRANSPORTATION 

375 470 TILLA SOIL & WATER CONS 

710,300 GENERAL GOVT TOTAL: 

595,390 COUNTY LIBRARY 
TILLA CNTY BONDS AFTER 2001 
SCHOOL 56 BONDS AFTER 2001 
TILLA BAY CC BONDS AFTER 2001 

595,390 BONDS - OTHER TOTAL: 

5,566.80 

2020- 2021 TAX (Before Discount) 

TOTAL D UE (After Discount and Pre-payments) 

2 , 679 . 37 
91.57 

156 . 94 
2 , 927 . 88 

922 . 02 
387 . 00 

12 . 00 
286 . 56 

0 . 00 
0 . 00 

155 . 99 
41.08 

112 . 11 
119.08 

35 . 72 
2 ,071. 56 

28 . 82 
155.46 
311.45 

71.63 
567 . 36 

5,566.80 

5,399.80 

t Tear Here PLEASE RETURN THIS PORTION WITH YOUR PAYMENT 
2020-2021 PROPERTY TAXES 

Tear Here t 

TILLAMOOK COUNTY TAX COLLECTOR 
201 LAUREL AVE 
TILLAMOOK, OREGON 97141 

FORWARDING SERVICE REQUESTED 

PAYMENT OPTIONS 
Full Payment Enclosed 

or 2/3 Payment Enclosed 

or 1/3 Payment Enclosed 

Discount 
3% 
2% 
0% 

0 Mailing address change on back DISCOUNT IS LOST & INTEREST APPLIES AFTER DUE DATE 

MAKE PAYMENT TO: 

ACCOUNT NO. 399453 

Date Due Amount 
11/16/20 5,399.80 
11/16/20 3,636.98 

11116/20 1,855.60 

S Enter Payment Amount 

ROBERTS, DONALD W l/2 TRUSTEE & 
ROBERTS, BARBARA A TR USTEE & 
503 RHODODENDRON DR 
VANCOUVER WA 98661 

TILLAMOOK COUNTY TAX COLLECTOR 

-020870-539980 291000039945300001855600000363 6980 000 5399800 



Applicants' July 27, 2021 Submittal 
REAL PROPERTY TAX STATEMENT Exhibit 5 _ Pa e 7 of 16 

PROPERTY DESCRIPTION 

CODE: 
MAP: 
ACRES: 

5624 
INI007DDOOII9 
0.21 

JULY I, 2020 TO J UNE 30, 2021 
TILLAMOOK COUNTY, OREGON 

201 LAUREL AVE 
TILLAMOOK, OREGON 97141 

(503) 842-3400 TAX BY DISTRI CT 

SCHOOL 56 
NW REGIONAL ESD 
TILLAMOOK BAY CC 

LEGAL: PINE BEACH REPLAT UNIT 1 LOT-16 EDUCATION TOTAL : 

MUNCI--1, MICHAEL T TRUSTEE 
5012 DOGWOOD DR 
LAKE OSWEGO OR 97035 

VALUES: LAST YEAR 
REAL MARKET (RMV) 
LAND 
STRUCTURES 
TOTALRMV 

TOTAL ASSESSED VALUE 

EXEMPTIONS 
NET TAXABLE: 

TOTAL PROPERTY TAX: 

346,120 
0 

346,120 

242,420 

242,420 

2,264.25 

Payments Online: www.co.tillamook.or .us 
P ayments by Phone: 1-844-784-9680 

PAYMENT OPTIONS 

Date Due 3% Ootion 2% Option T rimester 
11116/20 2,259.64 1,521.96 776.5 1 
02/16/21 776.51 
05/17/21 776.5 1 776.51 

Total 2 259.64 2 298.47 2 329.53 

TI LLAMOOK COUNTY 
COUNTY LIBRARY 
GARIBALDI RFD 
TWIN ROCKS SANITARY DISTRICT 
~IATS-BARVIEW ~ID 

PORT OF GARIBALDI 

THIS YEAR 4H- EXTENSION SO 
EMCD-911 
TI LLA TRANSPORTATION 

316,730 TILLA SOIL & WATER CONS 

0 GENERAL GOVT TOTAL : 

316,730 
COUNTY LIBRARY 

249,690 TI LLA CNTY BONDS AFTER 2001 
SCHOOL 56 BONDS AFTER 2001 
TI LLA BAY CC BONDS AFTER 2001 
BONDS - OTHER TOTAL : 

249,690 

2,329.53 

2020-2021 TAX(BeforcDiscount ) 

TOTAL D UE (After Discount and Pre-payments) 

1. 123 . 65 
38 . 40 
65 . 82 

1 , 227 . 87 

386 . 67 
162 . 30 
120 .1 8 

0 . 00 
0 . 00 

65 . 42 
17 . 23 
47 . 02 
49 . 94 
14 . 98 

863 . 74 

12 . 08 
65 . 19 

130 . 61 
30 . 04 

237 . 92 

2,329.53 

2,259.64 

f Tear Here PLEASE RETURN THIS PORTION WITH YOUR PAYMENT Tear Here f 
2020-2021 PROP ERTY TAXES ACCOUNT NO. 399456 

TILLAMOOK COUNTY T AX COLLECTOR 
201 L AUREL AVE 
TILLAMOOK, OREGON 97141 

FORWARDING SERVICE REQUESTED 

P AYMENT OPTIONS 
Full Payment Enclosed 
or 2/3 Payment Enclosed 
or 1/3 Payment Enclosed 

D iscou nt 
3% 
2% 
0% 

0 Mailing address change on back DISCOUNT IS LOST & I TEREST APPLIES AFTER DUE DATE 

MUNCH, MICHAEL T TRUSTEE MAKE PAYMENT TO: 
5012 DOGWOOD DR 

Date Due Amount 
11/16/20 2,259.64 
11 /16/20 1,521.96 

11/ 16120 776.51 

S Enter Payment Amount 

LAKE OSWEGO OR 97035 T ILLAMOOK COUNTY TAX COLLECTOR 

-002930-225964 2 91 0 0 0 0 3 9 9 4 56 0 0 0 0 0 7 7 6 51 0 0 0 0 15 219 6 0 0 0 0 2 2 59 6 4 4 
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PROPERTY DESCRIPTION 

CODE: 5624 
MAP: IN1007DDOOI20 
ACRES: 0.21 

JULY 1,2020TO J UNE 30, 2021 
TILLAMOOK COUNTY, OREGON 

201 LAUREL AVE 
TILLAMOOK, OREGON 97141 

(503) 842-3400 

SCHOOL 56 

TAX BY DI STRICT 

NW REGIONAL ESD 
SITUS: 17420 PLNE BEACH WAY COUNTY TILLAMOOK BAY CC 
LEGAL: PINEBEACHREPLATUNIT 1 LOT-17 

17420 PINE BEACH WAY LLC 
%MICHAEL T MUNCH 
5012 DOGWOOD DR 
LAKE OSWEGO OR 97035 

VALUES: LAST YEAR 
REAL MARKET (RMV) 
LAND 
STRUCTURES 
TOTALRMV 

TOTAL ASSESSED VALUE 

EXEMPTIONS 
NET TAXABLE: 

TOTAL PROPERTY TAX: 

364,400 
350 220 
714,620 

545,010 

545,010 

5,102.49 

Payments Online: www.co.tillamook.or .u s 

Payments by Phone: 1-844-784-9680 

PAYMENT OPTIONS 

Date Due 3% Option 2% Option Trimester 
11/16/20 5,091.82 3,429.54 1,749.77 
02/ 16/21 1,749.77 
05117/21 1,749.77 1,749.76 

Total 5 091.82 5,179.31 5 249.30 

EDUCATION TOTAL : 

TILLAMOOK COUNTY 
COUNTY LIBRARY 
SOLID WASTE 
GARIBALDI RFD 
TWIN ROCKS SANITARY DISTRICT 
WATS-BARVIEW WD 

THIS YEAR PORT OF GARI BALDI 
4H- EXTENS I ON SO 
EMCD-911 

334,830 TI LLA TRANSPORTATION 
370 290 TI LLA SOIL & WATER CONS 

705,120 GENERAL GOVT TOTAL: 

561,360 COUNTY LIBRARY 
TILLA CNTY BONDS AFTER 2001 
SCHOOL 5 6 BONDS AFTER 200 1 
TILLA BAY CC BONDS AFTER 2001 

561,360 BONDS - OTHER TOTAL : 

5,249.30 

2020 - 2021 TAX ( Be for c Discount ) 

TOTALD UE (After Discount and Pre-payments) 

2 , 526 . 23 
86 . 34 

14 7 . 97 
2 , 760 . 54 

869 . 32 
364 . 88 

12 . 00 
270 . 18 

0 . 00 
0 . 00 

147 . 08 
38 . 73 

105 . 70 
112 . 27 

33 . 68 
1, 953. 84 

27 . 17 
14 6 . 57 
293 . 65 

67 . 53 
534 . 92 

5,249.30 

5,091.82 

f Tear Here PLEASE RETURN THIS PORTION WITH YOUR PAYMENT 
2020- 2021 PROPERTY TAXES 

Tear Here f 

TILLAMOOK COUNTY TAX COLLECTOR 
201 LAUREL AVE 
TILLAMOOK, OREGON 97141 

FORWARDING SERVICE REQUESTED 

PAYMENT OPTIONS 
Full Payment Enclosed 

or 2/3 Payment Enclosed 

or 1/3 Payment Enclosed 

Discount 
3% 

2% 

0% 

ACCOUNT NO. 399459 

Date Due 
11116/20 

11 /1 6/20 

11/ 16/20 

Amount 
5,091.82 

3,429.54 

1,749.77 

S Erucr Payment Amount 

0 Mailing address change on back DISCOUNT IS LOST & INTEREST AP PLIES AFTER DUE DATE 

17420PINE BEACH WAY LLC 
% MICHAEL T MUNCH 
501 2 DOGWOOD DR 
LAKE OSWEGO OR 97035 

-002859-5091 82 

MAKE PAYMENT TO: 

TILLAMOOK COUNTY TAX COLLECTOR 

29100003994590000174977000034295400005091828 
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PROPERTY DESCRIPTION 

CODE: 
MAP: 
AC RES: 

5624 
IN I007DD00 12 1 
0 .20 

JULY 1, 2020 TO JUNE 30, 2021 
TILLAMOOK COUNTY, OREGON 

201 LAUREL AVE 
TILLAMOOK, OREGON 9714 1 

(503) 842-3400 

SCHOOL 56 

TAX BY DISTRICT 

NW REGIONAL ESD 
SITUS: 17440 PfNE BEACH WAY COUNTY TILLAMOOK BAY CC 
LEGAL: PINE BEACH REPLA T UNIT 1 LOT -18 

KLEIN, JEFFREY S & TERRY 
12230 SW RIVERVIEW LN 
WILSONVILLE OR 97070 

VALUES: LAST YEAR 
REAL MARKET (RMV) 
LAND 
STRUCTURE S 
TO TAL RMV 

TOTAL ASSESSED VALUE 

EXEMPTIONS 
NET TAXABLE: 

TOTAL PROPERTY TAX: 

364,400 
326 640 
691,040 

566,000 

566,000 

5,298.56 

Payments Online: www.co. tillam ook .or .u s 

P ayments by Phone: 1-844-784-9680 

PAYMENT OPTIONS 

Date Due 3% Option 2% Option Tr imester 
11116/20 5,287 .52 3,561.35 1,817.02 
02116/21 1,817.02 
05/17/21 1,817.02 1,817.01 

T otal 5,287.52 5,378 .37 5 451.05 

EDUCATION TOTAL : 

TI LLAMOOK COUNTY 
COUNTY LIBRARY 
SOLID WASTE 
GARIBALDI RFD 
TWIN ROCKS SANITARY DISTRICT 
\qATS-BARVIEW WD 

T H IS YEAR PORT OF GARIBALDI 
4H-EXTENSION SO 
EMCD-911 

334,830 TILLA TRANSPORTATION 
345 810 TILLA SOIL & WATER CONS 

680,640 GENERAL GOVT TOTAL : 

582,980 COUNTY LIBRARY 
TILLA CNTY BONDS AFTER 2001 
SCHOOL 56 BONDS AFTER 2001 
TILLA BAY CC BONDS AFTER 2001 

582,980 BONDS - OTHER TOTAL : 

5,451.05 

2020- 2021 TAX (Defore Discount) 

TOTAL D UE (After Discoun t a nd Pre-payments) 

2 . 623 . 53 
89.66 

153 . 67 
2,8 66 . 86 

902.80 
378.94 

12 . 00 
280 . 59 

0.00 
0 . 00 

152 . 74 
40 . 23 

109.78 
116 . 60 

34 . 98 
2 , 028 . 66 

28 . 22 
152 . 22 
304 . 96 

70.13 
555.53 

5,451.05 

5,287.52 

t Tear Here PLEASE RET URN THIS PORTION W ITH YOUR PAYMENT 
2020 - 202 1 PROPERTY T AXES 

Tear Here t 

TILLAMOOK COUNTY TAX COLLECTOR 
201 LAUREL AVE 
TILLAMOOK, OREGON 97141 

FORWARDING SERVICE RE QUESTED 

PAYMENT OPTIONS 
Full Payment Enclosed 

or 2/3 Payment Enclosed 

or 1/3 Payment Enclosed 

Discount 
3% 

2% 

0% 

0 Mailing address change on back DISCO UNT IS LOST & INT EREST APPLIES AFTER DUE DATE 

MAKE PAYMENT TO: 

ACCOUNT NO. 399462 

Date Due Amount 
11/16/20 5,287.52 

11/16/20 3,561.35 

11/16/20 1,81 7.02 

$ Enter Payment Amount 

KL EIN, JEFFREYS & TERRY 
12230 SW RIVERV IEW LN 
WILSONVILLE OR 97070 TILLAMOOK COUNTY TAX COLLECTOR 

-003822-528752 2 91000 03994620000181 7 0200003561350000528 7 5 21 
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JULY 1, 2020 TO JUNE 30,202 1 
TILLAMOOK COUNTY, OREGON 

PROPERTY DESCRIPTION 
201 LAUREL AVE 

TILLAMOOK, OREGON 97141 
CODE: 
MAP: 
ACRES: 

5624 
IN I 007DDOO 122 
0.24 

SITUS: 17460 PfNE BEACH WAY COUNTY 
LEGAL: PINE BEACHREPLATUNIT 1 LOT-19 

HOLLAND, GLENNA M TRUSTEE & 
HOLLAND, RACHAEL M TRUSTEE 
3136 NE 45TH AVE 
PORTLAND OR 97213 

VALUES: LAST YEAR 
REAL MARKET (RMV) 
LAND 
STRUCTURES 
TOTALRMV 

TOTAL ASSESSED VALUE 

EXEMPTIONS 
NETT AXABLE: 

TOTAL PROPERTY TAX: 

366,590 
343 370 
709,960 

537,990 

537,990 

5,036.91 

Payments Online: www.co.tillamook.or .us 

Paymenls by Phone: 1-844-784-9680 

PAYMENT OPTIONS 

Date Due 3% Option 2% Option Trimester 
11/16/20 5,026.32 3,385.42 1,727.26 
02/16/21 1,727.26 
05/17/21 1,727.26 1,727.25 

Total 5,026.32 5,112.68 5 181.77 

(503) 842-3400 TAX BY DISTRICT 

SCHOOL 56 
NW REGIONAL ESD 
TILLAMOOK BAY CC 
EDUCATION TOTAL : 

TILLAMOOK COUNTY 
COUNTY LIBRARY 
SOLID WASTE 
GARIBALDI RFD 
TIHN ROCKS SANITARY DISTRICT 
WATS-BARVIEW WD 

TH IS YEAR PORT OF GARIBALDI 
4H- EXTENSION SD 
EMCD-911 

336,830 TILLA TRANSPORTATION 

362 100 TILLA SOIL & WATER CONS 

698,930 GENERAL GOVT TOTAL : 

554,120 COUNTY LIBRARY 
TILLA CNTY BONDS AFTER 2001 
SCHOOL 56 BONDS AFTER 2001 
TILLA BAY CC BONDS AFTER 2001 

554,120 BONDS - OTHER TOTAL : 

5,181.77 

2020- 2021 TAX (Before Discount) 

TOTALD UE (After Discount and Pre-payments) 

2 , 493 . 65 
85 . 22 

146 . 07 
2,724.94 

858 . 11 
360 .1 8 

12 . 00 
266.70 

0 . 00 
0 . 00 

1 45 .1 8 
38 . 23 

104 . 34 
110. 82 

33 . 25 
1 ,928. 81 

26 . 82 
1 4 4 . 68 
289 . 86 

66 . 66 
528. 02 

5,181.77 

5,026.32 

t Tear Here PLEASE RETURNTHIS PORTION WITH YOUR PAYMENT Tear Here t 
2020-2021 PROPERTYTAXES 

TILLAMOOK COUNTY TAX COLLECTOR 
201 LAUREL AVE 
TILLAMOOK, OREGON 97141 

FORWARDING SERVICE REQUESTED 

PAYMENT OPTIONS 
Full Payment Enclosed 

or 2/3 Payment Enclosed 

or 1/3 Payment Enclosed 

Discount 
3% 

2% 

0% 

D Mailing address change on back DISCOUNT IS LOST & INTEREST APPLIES AFTER DUE DATE 

MAKE PAYMENT TO: 

ACCOUNT NO. 399465 

Date Due Amount 
11116/20 5,026.32 

11/ 16/20 3,385.42 

11116/20 1,727.26 

S Enter Payment Amoum 

HOLLAND, GLENNA M TRUSTEE & 
HOLLAND, RACHAEL M TRUSTEE 
3136 NE 45TH AVE TILLAMOOK COUNTY TAX COLLECTOR 
PORTLAND OR 97213 

-0 15970-502632 2 910000399465000 0172726000 0 33854200005026328 



Applicants' July 27, 2021 Submittal 
REAL PROPERTY TAX STATEMENT Exhibit 5 _Page 11 of 16 

JULY 1, 2020 TO JUNE 30,2021 
TILLAMOOK COUNTY OREGON I ACCOUNT NO I 

201 LAUREL AVE 399468 
PROPERTY DESCRIPTION 

CODE: 5624 
TILLAMOOK, OREGON 97141 

(503) 842-3400 TAX BY DISTRICT 
MAP: 
ACRES: 

I Nl 007DDOO 123 
0.33 

SITUS: 
LEGAL: 

17480 PfNE BEACH WAY ROCKAWAY BEACH 
PINE BEACH REPLAT UNIT 1 LOT-20 

ELLIS, MICHAEL LEON TRUSTEE 
2614 Q ST 
VANCOUVER W A 98663 

VALUES: 
REAL MARKET (RMV) 
LAND 
STRUCTURES 
TOTAL RMV 

TOTAL ASSESSED VALUE 

EXEMPTIONS 
NET TAXABLE: 

TOTAL PROPERTY TAX: 

LAST YEAR 

366,090 
758 590 

1,124,680 

790,600 

790,600 

7,396.36 

Payments Online: www.co.tillamook.or .us 

Paymt:nls by Phone: 1-844-784-9680 

PAYMENT OPTIONS 

Date Due 3% Option 2% Option Trimester 
11/ 16/20 7,380.99 4,971.39 2,536.43 
02/16/2 1 2,536.42 
05/ 17/2 1 2,536.42 2,536.42 

Total 7 380.99 7 507.81 7 609.27 

SCHOOL 56 
NW REGIONAL ESD 
TILLAMOOK BAY CC 
EDUCATION TOTAL : 

TILLAMOOK COUNTY 
COUNTY LIBRARY 
SOLID ~IASTE 

GARIBALDI RFD 
TWIN ROCKS SANITARY DISTRICT 
WATS-BARVIEW WD 

THIS YEAR PORT OF GARIBALDI 
4H - EXTENSION SO 
EMCD-911 

336,330 TILLA TRAN SPORTATION 

802 560 TILLA SOIL & WATER CONS 

1,138,890 GENERAL GOVT TOTAL : 

814,310 COUNTY LIBRARY 
TILLA CNTY BONDS AFTER 2001 
SCHOOL 56 BONDS AFTER 2001 
TILLA BAY CC BONDS AFTER 2001 

814,310 BONDS - OTHER TOTAL : 

7,609.27 

2020- 2021 TAX ( Before Discoun t ) 

TOTAL D UE (After Discount and Pre-payments) 

3 ,664 . 56 
125 . 24 
214.65 

4,004.45 

1, 261.04 
529 . 30 

12 . 00 
391 . 93 

0 . 00 
0 . 00 

213 . 35 
56 . 19 

153 .3 3 
162.86 

48 . 86 
2 ,8 28.86 

39 . 41 
212 . 62 
425.97 
97.96 

775.96 

7,609.27 

7,380.99 

t Tear Here PLEASE RETURN THIS PORTION WITH YOUR PAYMENT 
2020-2021 PROPERTY TAXES 

Tear Here t 

TILLAMOOK COUNTY TAX COLLECTOR 
201 LAUREL AVE 
TILLAMOOK, OREGON 97141 

FORWARDING SERVICE REQUESTED 

PAYMENT OPTIONS 
Full Payment Enclosed 
or 2/3 Payment Enclosed 
or 1/3 Payment Enclosed 

Discount 
3% 

2% 
0% 

0 Mailing address change on back DISCOUNT IS LOST & INTEREST APPLIES AFTER DUE DATE 

ELLIS, MICHAEL LEON TRUSTEE MAKE PAYMENT TO: 
2614 Q ST 

ACCOUNT NO. 399468 

Date Due Amount 
11/ 16/20 7,380.99 

11/ 16/20 4,971 .39 

11/16/20 2,536.43 

$ Enter Payment Amount 

VANCOUVER W A 98663 TILLAMOOK COUNTY TAX COLLECTOR 

-020912-738099 2 910 0 0 0 3 9 9 4 6 8 0 0 0 0 2 53 6 4 3 0 0 0 0 4 9 713 9 0 0 0 0 7 3 8 0 9 91 
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PROPERTY DESCRIPTION 

CODE: 5624 
MAP: INJ007DA03000 
ACRES: 0.67 
SITUS: 17560 OCEAN BLVD COUNTY 

JULY 1, 2020 TO J UNE 30,2021 
TILLAMOOK COUNTY, OREGON 

201 LAUREL AVE 
TILLAMOOK, OREGON 97141 

(503) 842-3400 TAX BY DISTRICT 

SCHOOL 56 
NW REGIONAL ESD 
TILLAMOOK BAY CC 
EDUCATION TOTAL : 

DOWLING, DAVID A & ANGELA M 
19690 WILDWOOD DR 

TILLAMOOK COUNTY 
COUNTY LIBRARY 
SOLID WASTE 

WEST LINN OR 97068 

VALUES: LAST YEAR 
REAL MARKET (RMV) 
LAND 
STRUCTURES 
TOTALRMV 

TOTAL ASSESSED VALUE 

EXEMPTIONS 
NET TAXABLE: 

TOTAL PROPERTY TAX: 

368,780 
327.820 
696,600 

600,990 

600,990 

5,625.38 

P ayments Online: www.co.t illamook.or .us 

P ayments by Phon~: 1-844-784-9680 

P AYMENT OPTIONS 

Date Due 3% Option 2% Option Trimester 
11/16/20 5,613.55 3,780.95 1,929.06 
02/16/21 1,929.06 
05/17/2 1 1,929.06 1,929.05 

Total 5 61 3.55 5 710.01 5 787.17 

GARIBALDI RFD 
TWIN ROCKS SAN ITARY DISTRICT 
WATS-BARVIEW WD 

THIS YEAR PORT OF GARIBALDI 
4H-EXTENSION SD 
EMC0-911 

338,830 TILLA TRANSPORTATION 
351.300 TILLA SOIL & WATER CONS 

690,130 GENERAL GOVT TOTAL : 

619,010 COUNTY LIBRARY 
TILLA CNTY BONDS AFTER 2001 
SCHOOL 56 BONDS AFTER 2001 
TILLA BAY CC BONDS AFTER 2001 

619,010 BONDS - OTHER TOTAL : 

5,787.17 

2020- 2021 TAX (Before Discoun t) 

TOTAL D UE (After Discount and Pre-payments) 

2 , 785 . 67 
95 . 20 

163 . 17 
3,044 . 04 

958 . 60 
402 . 36 

12 . 00 
297 . 93 

0 . 00 
0 . 00 

162 . 18 
42 . 71 

11 6 . 56 
123 . 80 

37 . 14 
2 , 153 . 28 

29 . 96 
161.62 
323 . 80 

74 .47 
589 . 85 

5,787.17 

5,6 13.55 

t Tear Here PLEASE R E TURN T HI S PORTION WITH YOUR PAYMEN T Tear Here t 
2020 -2021 PROPERTYTAXES 

TILLAMO OK C OUNTY TAX COLLECTOR 
201 LAUREL AVE 
TILLAMOOK, OREGON 97141 

FORWARDING SERVICE REQUESTED 

PAYMENT OPTIONS 
Full Payment Enclosed 
or 2/3 Payment Enclosed 
or 1/3 Payment Enclosed 

Discount 
3% 
2% 
0% 

0 Mailing address change on back DISCOUNT IS LOST & INT EREST APPLI ES AFTER DUE DATE 

DOWLING , DAVID A & ANGELA M MAKE PAYMENT TO: 
19690 WILDWOOD DR 

ACCOUNT NO. 62425 

Date Due Amoun t 
11/16120 5,613.55 
11/16/20 3,780.95 

11116120 1,929.06 

$ Enter Payment Amount 

WEST LINN OR 97068 TILLAMOOK COUNT Y TAX COLLECTOR 

-003645-561355 2 91 0 0 0 0 0 6 2 4 2 50 0 0 0 19 2 9 0 6 0 0 0 0 3 7 8 0 9 50 0 0 0 5 613 55 8 



PROPERTY DESCRIPTION 

CODE: 5624 
MAP: INI007DA03 100 
ACRES: 0.22 
SITUS: 17490 OCEAN BLVD COUNTY 

DANNO, EVAN F TRUSTEE 
144 HIGHLAND RIDGE RD 
KALISPELL MT 59901 

Applicants' July 27, 2021 Submittal 
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JULY 1, 2020 TO JUNE 30,2021 
TILLAMOOK COUNTY OREGON I ACCOUNT NO I 

201 LAUREL AVE . 62611 . 
TILLAMOOK, OREGON 97141 

(503) 842-3400 TAX BY Dl STRI CT 

SCHOOL 56 2 . 608 . 54 
NW REGIONAL ESD 89 . 15 
TILLAMOOK BAY CC 152 . 80 
EDUCATION TOTAL : 2 ,85 0 . 49 

TILLAMOOK COUNTY 897 . 64 
COUNTY LIBRARY 376 . 77 
SOLID WASTE 12 . 00 
GARIBALDI RFD 278 . 99 
TWIN ROCKS SANITARY DISTRICT 0 . 00 
WATS-BARVIEW WD 0 . 00 

T HI S YEAR PORT OF GARIBALDI 151.87 
4H-EXTENSION SD 40 . 00 

VALUES: LAST YEAR 
REAL MARKET (RMV) 
LAND 
STRUCTURES 
TOTALRMV 

TOTAL ASSESSED VALUE 

EXEMPTIONS 
NET T AXABLE: 

TOTAL PROPERTY TAX: 

364,400 
343 880 
708,280 

562,770 

562,770 

5,268.40 

Payments Online: www.co.tillamook.or .us 

Payments by Phont:: 1-844-784-9680 

PAYMENT OPTIONS 

Date Due 3% Option 2% Option Trimester 
11116/20 5,257.37 3,541.04 1,806.66 
02116/2 1 1,806.66 
05/ 17/21 1,806.66 1,806.65 

Total 5,257.37 5,347.70 5,419.97 

EMCD-911 109 . 15 
334,830 TILLA TRANSPORTATION 115. 93 
363 480 TI LLA SOIL & WATER CONS 34 . 78 

698,3 10 GENERAL GOVT TOTAL : 2,017.13 

579,650 COUNTY LIBRARY 28 . 06 
TILLA CNTY BONDS AFTER 2001 151.35 
SCHOOL 56 BONDS AFTER 2001 303.21 
TILLA BAY CC BONDS AFTER 2001 69 . 73 

579,650 BONDS - OTHER TOTAL : 552 . 35 

5,419.97 

2020 - 2021 TAX (Befort: Discount) 5,419.97 

TOTAL D UE (After Discoun t and Pre-payments) 5,257.37 

f Tear Here PLEASE RETURN THIS PORTION WITH YOUR PAYMENT Tear Here f 
2020-202 1 PROPERTYTAXES 

TILLAMOOK COUNTY TAX COLLECTOR 
201 LAUREL AVE 
TILLAMOOK, OREGON 97141 

FORWARDING SERVICE REQUESTED 

PAYMENT OPTIONS 
Full Payment Enclosed 

or 2/3 Payment Enclosed 

or 1/3 Payment Enclosed 

Discount 
3% 

2% 

0% 

0 Mailing address change on back DISCOUNT IS LOST & INTEREST APPLIES AFTER DUE DATE 

MAKE PAYMENT TO: 

ACCOUNT NO. 62611 

Date Due Amount 
11/16/20 5,257.37 

11/ 16/20 3,54 1.04 

11116/20 1,806.66 

$ Enter Payment Amount 

DANNO, EVAN F TRUSTEE 
144 HIGHLAND RIDGE RD 
KALISPELL MT 59901 TILLAMOOK COUNTY TAX COLLECTOR 

-000343-525737 2910000062611000018066600003541 0400 005257379 
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PROPERTY DESCRIPTION 

CODE: 
MAP: 
AC RES: 
SITUS: 

5624 
IN I 007DA03 1 04 
0. 17 
17488 OCEAN BLVD COUNTY 

JULY 1, 2020 TO JUNE 30, 202 1 
TILLAMOOK COUNTY, OREGON 

201 LAUREL AVE 
TILLAMOOK, OREGON 9714 1 

(503) 842-3400 TAX BY DISTRICT 

SCHOOL 5 6 
NW REGIONAL ESD 
TILLAMOOK BAY CC 
EDUCATI ON TOTAL : 

LOCKWOOD, MARY ANN CO-TRUSTEE & 
KEMBALL, T. MARK CO-TRUSTEE 

TILLAMOOK COUNTY 
COUNTY LIBRARY 

2355 SW SCENIC DR 
PORTLAND OR 97225 

VALUES : LAST YEAR 
REAL MARKET (RMV) 
LAND 
STRUCTURES 
TOTALRMV 

TOTAL ASSESSED VALUE 

EXEMPTIONS 
NET TAXABLE: 

TOTAL PROPERTY TAX: 

364,400 
284 490 
648,890 

546,290 

546,290 

5,114.45 

Payments Online: www.co.tillamook.or .us 

Payments by Phone: 1-844-784-9680 

PAYMENT OPTIONS 

Date Due 3% Option 2% Option Trimester 
11/16/20 5,103.68 3,437.54 1,753.85 
02/16/21 1,753.84 
05/17/21 1,753.84 1,753.84 

Total 5 103.68 5,191.38 5,261.53 

SOLID WASTE 
GARIBALDI RFD 
TWIN ROCKS SANITARY DISTRICT 
WATS- BARVIEW WD 

THIS YEAR PORT OF GARIBALDI 
4H-EXTENSI ON SD 
EMCD-911 

334,830 TI LLA TRANSPORTATION 

30 1 390 TILLA SOIL & WATER CONS 

636,220 GENERAL GOVT TOTAL : 

562,670 COUNTY LIBRARY 
TILLA CNTY BONDS AFTER 2001 
SCHOOL 56 BONDS AFTER 2001 
TILLA BAY CC BONDS AFTER 2001 

562,670 BONDS - OTHER TOTAL : 

5,261.53 

2020-202 1 TAX (Before Discount) 

TOTAL D UE (After Discount and Pre-payments) 

2 , 532 . 13 
86 . 5 4 

148.32 
2,766.99 

871 . 35 
365 . 74 

12.00 
270.81 

0 . 00 
0 . 00 

147 .4 2 
38 . 8 2 

105 . 95 
112 . 53 

33 . 76 
1,958 . 38 

27 . 23 
146 .91 
294 . 33 

67 . 69 
536 . 16 

5,261.53 

5, 103.68 

t Tear Here PLEASE RETURN THIS PORTION WITH YOUR PAYMENT Tear Here t 
2020-202 1 PROPERTY TAXES ACCOUNT NO. 355715 

TILLAMOOK COUNTY TAX COLLECTOR 
201 LAUREL AVE 
TILLAMOOK, OREGON 97141 

FORWARDING SERVICE REQUESTED 

PAYMENT OPTIONS 
Full Payment Enclosed 

or 213 Payment Enclosed 

or 1/3 Payment Enclosed 

Discount 
3% 

2% 

0% 

D Mailing address change on back DI SCOUNT IS LOST & INTEREST APPLIES AFTER DUE DATE 

LOCKWOOD, MARY ANN CO-TRUSTEE & MAKE PAYMENT TO: 
KEMBALL, T. MARK CO-TRUSTEE 

Date Du e Amount 
11/ 16/20 5,103.68 

11/ 16/20 3,437.54 

11/1 6/20 1,753.85 

S Enter Payment Amoun1 

2355 SW SC ENIC DR TILLAMOOK COUNTY TAX COLLECTOR 
PORTLAND OR 97225 

-017297-510368 2 91 DO 0 0 3557150 0 0 01 7 53850 0 0 0 3 4 37 54 0 0 0 0 510 36 8 5 
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PROPERTY DESCRIPTION 

CODE: 5624 
MAP: 
ACRES: 

IN I 007DA03203 
0.15 

BERG, MEGAN 
1734 W YAMPA ST 
COLORADO SPRINGS CO 80904 

JULY I , 2020 TO JUNE 30, 2021 
TILLAMOOK COUNTY, OREGON 

201 LAUREL AVE 
TILLAMOOK, OREGON 97141 

(503) 842-3400 TAX BY 01 STRICT 

SCHOOL 56 
NW REGIONAL ESD 
TILLAMOOK BAY CC 
EDUCATION TOTAL: 

TILLAMOOK COUNTY 
COUNTY LIBRARY 
GARIBALDI RFD 
TWIN ROCKS SANITARY DISTRICT 
I'IATS-BARVIEW I'ID 

VALUES: LAST YEAR THIS YEAR 
PORT OF GARIBALDI 
4H-EXTENSION SD 
EMCD-911 

REAL MARKET (RMV) 
LAND 
STRUCTURES 
TOTALRMV 

TOTAL ASSESSED VALUE 

EXEMPTIONS 
NET TAXABLE: 

TOTAL PROPERTY TAX: 

341,740 
0 

341,740 

275,540 

275,540 

2,573.60 

TAX STATEMENT INFORMATION WAS SENT TO: 
FTC First Tech Credit Union 

Payments Online: www.co.tillamook.or .us 
Payments by Phone: 1-844-784-9680 

PAYMENT OPTIONS 

Date Due 3% Option 2% Option Trimester 
11116/20 2,568.35 1,729.89 882.60 
02116/21 882.59 
05117/21 882.59 882.59 

Total 2,568.35 2612.48 2 647.78 

312,720 
0 

312,720 

283,800 

283,800 

2,647.78 

TOTAL D 

TILLA TRANSPORTATION 
TILLA SOIL & WATER CONS 
GENERAL GOVT TOTAL : 

COUNTY LIBRARY 
TILLA CNTY BONDS AFTER 2001 
SCHOOL 56 BONDS AFTER 2001 
TILLA BAY CC BONDS AFTER 2001 
BONDS - OTHER TOTAL: 

2020- 2021 TAX (Before Discount) 

UE (After Discount and Pre-payments) 

1, 277 . 16 
43.65 
74.81 

1,395 . 62 

439 . 49 
184 . 47 
136 . 59 

0 . 00 
0.00 

74.36 
19.58 
53 . 44 
56.76 
17 .03 

981.72 

13.74 
74.10 

148.46 
34.14 

270 .44 

2,647.78 

2,568.35 

t Tear Here *COURTESY STATEMENT IF LENDER IS SCHEDULED TO PAY* Tear Here t 
2020-202 1 PROPERTY TAXES ACCOUNT NO. 62719 

TILLAMOOK COUNTY TAX COLLECTOR 
201 LAUREL AVE 
TILLAMOOK, OREGON 97141 

FORWARDING SERVICE REQUESTED 

PAYMENT OPTIONS 
Full Payment Enclosed 
or 2/3 Payment Enclosed 
or 1/3 Payment Enclosed 

Discount 
3% 
2% 
0% 

0 Mailing address change on back DI SCOUNT IS LOST & INTEREST AP PLIES AFTER DUE DATE 

BERG,MEGAN MAKEPAYMENTTO: 
1734 W YAMPA ST 

Date Due Amount 
11116/20 2,568.35 
11/16120 1,729.89 

11 /16120 882.60 

S Encer Payment Amount 

COLORADO SPRI NGS CO 80904 TILLAMOOK COUNTY TAX COLLECTOR 

-000873-256835 2 9 1 0 0 0 0 0 6 2 71 9 0 0 0 0 0 8 8 2 6 0 0 0 0 0 1 7 2 9 8 9 0 0 0 0 2 56 8 3 5 6 
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PROPERTY DESCRIPTION 

C ODE : 
MAP: 
ACRES: 

5624 
IN I 007DA03204 
0.1 2 

J ULY 1, 2020 TO J UNE 30,2021 
TILLAMOOK COUNTY, OREGON 

201 L AUREL AVE 
TILLAMOOK, OREGON 97141 

(503) 842-3400 TAX BY DI STRICT 

SCHOOL 56 
NW REGIONAL ESD 
TILLAMOOK BAY CC 
EDUCATI ON TOTAL : 

VONSEGGERN, HEATHER STECK 
337 SOMERSET AVE 

TILLAMOOK COUNTY 
COUNTY LIBRARY 
GARI BALDI RFD 

SARASOTA FL 34243 

VALUES: LAST YEAR 
REAL MARKET (RMV) 
LAND 
STRUCTURES 
TOTALRMV 

TOTAL ASSESSED VALUE 

EXEMPTIONS 
NETT AXABLE: 

TOTAL PROPERTY TAX: 

341,740 
0 

341,740 

275,540 

275,540 

2,573.60 

Payments Onlin e : www.co.tillamook.or .us 

Payments b y Phone: 1-844-784-9680 

PAYMENT OPTIONS 

Date Due 3% Option 2% Option Trimester 
11/16/20 2,568.35 1,729.89 882.60 
02/16/21 882.59 
05/ 17/21 882.59 882.59 

Total 2 568.35 2,612.48 2 647.78 

TWIN ROCKS SAN ITARY DISTRICT 
~IATS-BARVIEW WD 
PORT OF GARI BALDI 

THIS YEAR 4H-EXTENSION SD 
EMCD-911 
TILLA TRANSPORTATION 

3 12,720 TILLA SOIL & WATER CONS 
0 GENERAL GOVT TOTAL: 

312,720 
COUNTY LIBRARY 

283,800 TILLA CNTY BON DS AFTER 20 01 
SCHOOL 56 BONDS AFTER 2001 
TI LLA BAY CC BONDS AFTER 2001 
BONDS - OTHER TOTAL : 

283,800 

2,647.78 

2020- 2021 TAX (Before Discount ) 

TOTAL D UE (After Discount and Pre-payments) 

L 277 . 16 
43 . 65 
74 . 81 

1 ,395.62 

439 . 49 
184 . 47 
136 . 59 

0 . 00 
0 . 00 

74 . 36 
19 . 58 
53 . 44 
56 . 76 
17 . 03 

981. 72 

13 . 74 
74 . 10 

148 . 46 
34 . 14 

270 .44 

2,647.78 

2,568.35 

t Tear Here PLEASE RETURN THIS PORTION WITH YOUR PAYMENT Tear Here t 
2020- 2021 PROPERTY TAXES ACCOUNT NO. 322822 

TILLAMOOK COUNTY TAX COLLECTOR 
201 LAUREL AVE 
TILLAMOOK, OREGON 97141 

FORWARDING SERVICE REQUESTED 

PAYMENT OPTIONS 
Full Payment Enclosed 
or 2/3 Payment Enclosed 
or I /3 Payment Enclosed 

Discount Date Due Amount 
3% 11/16120 2,568.35 
2% 11/16/20 1,729.89 
0% 11/16/20 882.60 

$ Enter Payment Amount 

D Maili ng address change on back DISCOUNT IS LOST & INTEREST APPLIES AFTER DUE DATE 

VONSEGGE RN, HEATHER STECK 
337 SOMERSET AVE 
SARASOTA FL 34243 

-000218-256835 

MAKE PAYMENT TO: 

TILLAMOOK COUNTY TAX COLLECTOR 

291 0000 322 8220000 088 26 0000 0172 9890000 2568 354 



Allison Hinderer 

From: 
Sent: 
To: 
Cc: 

Subject: 

Attachments: 

Importance: 

Sarah Mitchell <sm@klgpc.com> 
Tuesday, July 27, 2021 4:20PM 
Sarah Absher; Allison Hinderer 

Wend ie Kellington; Bill and Lynda Cogdall Uwcogdall@gmail.com); Bill and Lynda 
Cogdall (lcogdall@aol.com); Brett Butcher (brett@passion4people.org); Dave and Frieda 
Farr (dfarrwestproperties@gmail.com); David Dowling; David Hayes (tdavidh1 
@comcast.net); Don and Barbara Roberts (donrobertsemail@gmai l.com); Don and 
Barbara Roberts (robertsfm6@gmai l.com); evandanno@hotmai l.com; 

heather.vonseggern@img.education; Jeff and Terry Klein Ueffklein@wvmeat.com); Jon 
Creedon Ucc@pacifier.com); kemball@easystreet.net; meganberglaw@aol.com; Michael 
Munch (michaelmunch@comcast.net); Mike and Chris Rogers (mjr2153@aol.com); Mike 
Ellis (mikeellispdx@gmail.com); Rachael Holland (rachael@pacificopportunities.com); 
teriklein59@aol.com 

EXTERNAL: 851-21-000086-PLNG & 851-21 -000086-PLNG-01 Pine Beach BOCC Hearing 
Packet - Additional Evidence 
Exh 6 - West Consu ltants Fourth Supp Technical Memo 7.27.2021.pdf 

High 

[NOTICE: This message originated outside of Tillamook County-- DO NOT CliCK on links or open attachments unless 

you are sure the content is safe.] 

Hi Sarah and Allison, 

Please include the additional attached exhibit in the record of851-21-000086-PLNG /851-21-000086-PLNG-01 
and in the Board of Commissioners' packet for the July 28, 2021 hearing on these matters. Would you please 
confirm your receipt? Thank you. 

Best, 
Sarah 

-~j KELLINC;TQN 
EA L1\W GROUP \fi1 

Sarah C. Mitchell! Associate Attorney 
P.O. Box 159 
Lake Oswego, OR 97034 
(503) 636-0069 office 
(503) 636-0102 fax 
sm@klgpc.com 
\vww.wkellingtOn.com 

1his e-mail transmission is intended only for the use of the individual or entity to which it is addressed, and may contain information that is 
PRIVILEGED, CONFIDENTIAL, and exempt from disclosure by law. Any unauthorized dissemination, distribution or reproduction 
is strictly prohibited. If you have received this transmission in error, please immediately notify the sender and permanently delete this 
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Technical Memorandum 

WEST Consultants, Inc. 
2601 25th St. SE 
Suite 450 
Salem, OR 97302-1286 
(503) 485 5490 
(503) 485-5491 Fax 
www. westconsu ltants.com 

To: Wendie Kellington, Kellington Law Group 

From: Chris Bahner, P.E., D. WRE 

Date: July 27, 2021 

Subject: Fourth Supplemental Technical Memorandum 

1. Introduction 

Applicants' July 27, 2021 Submittal 
Exhibit 6- Page 1 of 7 

C o n s u I t a n t s, I n c . 

This memorandum summarizes the changes to the dune classifications at the location of a proposed 
shoreline protection revetment for the oceanfront properties ofthe Pine Beach subdivision and all but 
one of the oceanfront lots in the George Shand Tracts (Ocean Boulevard Properties), together referred 
to as the "Subject Properties", in response to comments made at the July 15, 2021 Planning 
Commission hearing that the dune classifications of the Subject Properties have not changed. This is 
the fourth supplement to the design technical memorandum completed by WEST in March 2021 
(WEST, 2021a). 

The Subject Properties are located on the Oregon coast about 2 miles south of Rockaway Beach along 
the northwest coast of Oregon (Figure 1 ). These oceanfront landowners have been losing portions of 
their propet1y due to coastal erosion and are experiencing coastal flooding as a result of high tides 
and wave run-up. Most recently, coastal flooding occurred during the King Tides in January of2021, 
as well as in February of 2020. During these events, the maximum sti llwater level reached the 
oceanfront homes, and went past the southernmost home for a d istance of about 45 feet. There is a 
high level of risk for future damage to the Subject Properties' land, structures, and infrastructure 
without the proposed revetment. It is not accurate to state, as some commentors have, that the Subject 
Properties are not subject to wave overtopping or undercutting. They are subject to both. 

WEST Consultants, Inc. (WEST) was contracted by Kellington Law Group to study and if appropriate 
to develop a rock rip rap revetment design, which if constructed, is expected to prevent further erosion 
of the landowners' propet1ies and to reduce the risk of coastal flooding. The revetment structure 
design and information required by Tillamook County was documented in a technical memorandum 
completed by WEST in March 2021 (WEST, 2021a). WEST also completed a three supplemental 
technical memorandum: (I) in May 2021 (WEST, 202 1b); (2) in June 2021 (WEST, 202 l c); and (3) 
on 2 1 July 202 1 (WEST, 202ld). 



* l_ Project Site 

Figure 1. Location map 

2. Dune Classifications 

Applicants' July 27, 2021 Submittal 
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0 200 400 

The extents of beaches and dunes geomorphic classification and mapping was originally 
undertaken between 1972 and 1975 by the U.S. Department of Agriculture Soil Conservation 
Service and pub lished in Beaches and Dunes of the Oregon Coast (USDA, 1975). Figure 2 shows 
the USDA 1975 beaches and dunes geomorphic classification at the proposed site. This figure 
shows that the oceanfront properties were located in the "younger stabilized dunes" with some 
inclusions of "open dune sand cond itionally stable" . 

Changes to the beaches and dunes geomorphic characterization was noted in the dune hazard report 
of the Pine Beach Development completed by Handforth Larson & Barrett, Inc in 1994. T his report 
indicates that coastal vegetation had grown within the area classified as "open dune sand 
cond itionally stable" which tended to show that there was little to no ocean overtopp ing or 
undercutting, there were no "active foredunes" at the site, and development would be located on 
an area classified as "younger stabilized dune" which was not expected to be in danger of ocean 
flooding. 

2 



Applicants' July 27, 2021 Submittal 
Exhibit 6 - Page 3 of 7 

Legend 

active foredunes 

open dune sand conditionally stable 

wet mountain front 

younger stabilized dunes 

0 400 ---======-----•Feet 100 200 

Figure 2. Beach and dune geomorphic mapping classifications at Subject Project (USDA, 
1975) 
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Due to changes in coastal morphology from the significant erosion along the coastline, the 
Department of Geology and Mineral Industries (DOGAMI) completed a study in 2020 (DOGAMI, 
2020). The 2020 DOGAMI study's updated dune classifications are consistent with the county 
plan's process for updated dune classifications where greater accuracy and detail are needed, given 
the dramatic changes that have occurred to the Tillamook coastline in the 45 years since USDA 
first mapped the county's dunes. Figure 3 shows the beaches and dunes geomorphic classification 
at the proposed site defined by the DOGAMI 2020 study. This figure shows that the residential 
deve lopment and residentially developable areas on the Subject Propetiies is near the interface of 
the "active foredune" and " recently stabilized foredune". Figure 4 shows the nomenclature used 
by the Oregon Department of Land Conservation and Deve lopment's (DLCD's) for beaches and 
dunes, and it shows that "recently stabilized foredune" is classified as "foredune, conditionally 
stable", which is subject to ocean undercutting and wave ovetiopping. The proposed beachfront 
protective structure (BPS) will be located within the "active foredune" classification area. 

The fo llowing items summarizes the changes to the beaches and dunes class ifications at the 
Subject Properties: 

• Younger stabilized dune, with some inclusions of open dune sand conditionally stable 
defined from the USDA 1975 original class ification. The area where residential 
development was established or authorized was not subject to ocean flooding 
(overtopping/undercutting). 

• Coastal vegetation had filled in portions of property that were open dune sand conditionally 
stable (i.e. the Pine Beach subdivision 's "common area") where no residential development 
was contemplated, and there was no active foredune on the Subject Properties. The 
residential development was on younger stabilized dune which was not expected to be 
subject to ocean flooding, as documented in the 1994 dune hazard report of the Pine Beach 
Development (Handforth Larson & Barrett, Inc, 1994). 

• DOGAMI 2020 coastal morphology study indicates residential development on the Subject 
Properties- both existing and authorized - is now on a recently stabilized foredune, which 
DLCD refers to as a "conditionally stable foredune" that is now subject to ocean 
undercutting and wave overtopping. The proposed BPS in on an active foredune. 
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Legend 
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Figure 3. Beach and dune geomorphic mapping classifications at Subject Project (DOG AMI, 
2020) 
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Dt.CO Classification Mapping Unit 

Beach 8 

Foredune, Active f.OA 

Hummocks, Acti\'e H 

Foredune, concitionally stable FD 

IFD 

Dune COmplex oc 

Dune, Younger stabilized OS 

Dune, Older Stabilized ODS 

Dune, Active/Dune, Parabolic OS 

Dune, concitional Stable O!iC 

Dune, Active AID 

Figure 4. Beach and dune overlay zone nomenclature (after USDA, 1975) (DOGAMI, 2020) 

3. Conclusion 

When mapped by USDA in 1975, the Subject Propetties were on a "younger stabilized dune" with 
some inclusions of "open dune sand conditionally stable" and were not subject to ocean flood ing 
(overtopping and undercutting). The dune hazard report performed in 1994 for the Pine Beach 
Subdivision found that since the properties were mapped in 1975, coastal vegetation had grown 
within the area classified as "open dune sand conditionally stable" which tended to show that ocean 
erosion was not occurring. That report noted that there were no "active foredunes" at the Subject 
Properties, and that res idential development would be located on area class ified as "younger 
stabilized dune". Further changes in the subject area are described in DOGAMI's 2020 report, 
which fo llows the county plan's Beaches and Dunes Element process for updated dune 
classification and now describes the area in which residential development exists or is 
contemplated as a conditionally stable foredune and the area in which the BPS is proposed as an 
active foredune. There is no dispute that the conditionally stable foredune is now subject to ocean 
undercutting and wave overtopping. Accordingly, the coastal morphology of the dunes upon which 
the Subject Properties are located have changed since they were originally mapped in 1975. The 
county's plan for beaches and dunes describes that the County will consu lt w ith the USDA SCS 
Soi ls Survey for coastal Tillamook County and will perform field inspections using criteria 
described in 1975 USDA repott and in A System of Classifying and Identifying Oregon 's Beaches 
and Dunes' (Oregon Coastal Zone Management Association, Inc, 1979). Notwithstanding that old 
County dune c lass ifications of the area on which the Subject Properties are sited may not have 
been updated since 1975, the fact is that the dunes and their classifications have changed, and the 
dune classification should be adopted for the site since there are changes and classification system 
is cons istent w ith the county's process for dune classification. 

4. References 

Handfotth Larson & Barrett, Inc, 1994 (June). Dune Hazard Report and Modified Dune Hazard 
Report, Tax Lot 100. 101 & 102, IN 10 7DD, Pine Beach Rep/at, Watseco, Oregon, 
prepared for Mr. Dave Farrand Mr. Don Nessmeier 
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State of Oregon Depat1ment of Geology and Mineral Industries, 2020. Temporal and Spatial 
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Allison Hinderer 

From: 
Sent: 
To: 
Cc: 

Subject: 

Attachments: 

Importance: 

Sarah Mitchell <sm@klgpc.com > 
Tuesday, July 27, 2021 5:22 PM 
Sarah Absher; All ison Hinderer 

Wendie Kell ington; Bill and Lynda Cogdall Uwcogdall@gmail.com); Bill and Lynda 
Cogdall (lcogdall@aol.com); Brett Butcher (brett@passion4people.org); Dave and Frieda 
Farr (dfarrwestproperties@gmail.com); David Dowling; David Hayes (tdavidh1 
@comcast.net); Don and Barbara Roberts (donrobertsemail@gmail.com); Don and 
Barbara Roberts (robertsfm6@gmail.com); evandanno@hotmail.com; 

heather.vonseggern@img.education; Jeff and Terry Klein Qeffklein@wvmeat.com); Jon 
Creedon Ucc@pacifier.com); kemball@easystreet.net; meganberglaw@aol.com; Michael 
Munch (michaelmunch@comcast.net); Mike and Chris Rogers (mjr2153@aol.com); Mike 
Ell is (mikeellispdx@gmail.com); Rachael Holland (rachael@pacificopportunit ies.com); 
teriklein59@aol.com 

EXTERNAL: 851-2 1-000086-PLNG & 851 -21 -000086-PLNG-01 Pine Beach BOCC Hearing 
Packet - Powerpoint Presentati on to BOCC Part 1 

July 28 BOC Hearing PPT.pdf 

High 

[NOTICE: This message originated outside of Tillamook County-- DO NOT CLICK on links or open attachments unless 
you are sure the content is safe.] 

Hi Sarah and Allison, 

Please include the attached powerpoint presentation in the record of851-21-000086-PLNG /85 1-21-000086-
PLNG-01 and in the Board of Commissioners' packet for the July 28,2021 hearing on these matters. Would 
you please confirm your receipt? Thank you. 

Best, 
Sarah 

·· fi KELLINGTON 
=.- /EA LAW GROUP 

~~¥' 

Sarah C. Mitchell! Associate Attorney 
P.O. Box 159 
Lake Oswego, O R 97034 
(503) 636-0069 office 
(503) 636-0102 fax 
sm@ klgpc.com 
\Vww.wkellington.com 

1his e-mail transmission is intended only for the use of the individual or entity to which it is addressed, and may contain information that is 
PRIVILEGED, CONFIDENTIAL, and exempt from disclosure bylaw. Any unauthorized dissemination, distribution or reproduction 
is strictly prohibited. If you have received this transmission in error, please immediately notify the sender and permanently delete this 
transmission including any attachments in their entirety. 
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Owners- personal responsibility 
Tillamook County is sole Decision maker 

• The beachfront protective structure ("BPS") is not on beach. 

• The BPS is entirely in the backyards of the properties it will protect. 

• All other BPS proposals including Shorewood RV Park's was on the dry sand 
beach and County and OPRD had to approve. 

• BPS here is entirely east of OPRD jurisdiction- east of established 
vegetation/SVL and east of the dry sand beach; 

• Neither OPRD nor DLCD approval required- the Subject Properties are in an 
acknowledged urban unincorporated community that is part of an 
acknowledged and appropriate residential development program. 

• L. Tillamook County is only the approval authority- local control. 
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Properties and infrastructure are now in 
imminent peril 
• More than $10 million in property value at risk of being lost. 

• In addition to 
Real Market Value Based on 2020 County Tax Assessment Reports 

Account# Map# RMV 

399441 1N10070000114 $1,575,520 
399444 1Nl007000011' $657,960 

399447 1N10070000116 $834,070 

399450 1N10070000117 $316,730 

399453 1N10070000118 $710,300 

399456 1N10070000119 $316,730 
399459 1N10070000120 $705,120 

399462 1N10070000121 $680,640 

399465 1N100700 00122 $698,930 

399468 1N10070000123 $1,138,890 

62425 1N10070A03000 $690,130 

62611 1N10070A03100 $698,310 

355715 1N10070A03104 $636,220 

62719 1N10070A03203 $312,720 

322822 1N10070A03204 $312,720 
TOTAL: $10,284,990 



Property Owners Contribute $75,000/year to 
County in Taxes 

- - - I I 

Account # Ma # Tax202G-21 
399441 1N10070000114 $8,969.35 
399444 1N1007DD00115 $5,075.78 
399447 1N10070000116 $5.456.46 
399450 1N10070000117 $2,329.53 
399453 1N10070000118 $5,566.80 
399456 1N1007DD00119 $2,329.53 
399459 1N10070000120 $5,249.30 
399462 1N10070000121 $5,451.05 
399465 1N10070000122 $5,181.77 
399468 1Nl 0070000123 $7,609.27 
62425 1N1007DA03000 $5,787.17 
62611 1N1007DA03100 $5.419.97 
355715 1N1007DA03104 $5,261.53 
62719 1N1007DA03203 $2,647.78 

322822 1N1007DA03204 $2,647.78 
TOTAL: 74,983.07 
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Proposed 1 2 Sand Fill 



__ .....,.__...,_ ---·--· ---
2.1 Status Quo : Goal exceptions are completed on a project-by-project basis, w ith the decision 

made by the local government as a plan amendment . These decisions go to a hearing in 

front of the planning commission and then f inal hearing by the governing body. Decisions 

can be appealed to LUBA (Land Use Board of Appeals). The focus group talked at length 
abou~ exist ing approaches that have been underutilized.J ODOT has used exceptions for 

ot her goals. 

Benefits: This approach already exists and w ould require no changes to rules or the goal. 

Goal exceptions process m ight work best for local public infrastructure protection due to 
the localized nature of the process (project-by-project approach). y e I opt ion now. I L._ ________ _ 

. -......-_.._ ... _.,._.....__, . ..,.. __ 
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Claims that there is no severe, imminent 
flooding risk, are mistaken 

• Between 1994-2021, the shoreline has receded 142 feet. 

Year 

1994 
2000 
2005 
2011 
20~1 

EXHIBIT F 
Page 3 of 26 

Table 1. Summary of Loss of Property from 1994 to 2021 

Distance from Western Edge of Oceanfront Homes along Loss of Property 
Pine Beach Development and Ocean Boulevard Prope1·ties (ft) since 1994 (ft) 

221 0 
138 -83 
138 -83 
86 -135 
79 -142 



- Aug1994 

-July2000 

-- Dec2005 

July 2012 

- Feb2021 

-- Shoreline Reference 

0 50 100 200 
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Figurt' 2. Top of short>lint' for tht' pt>riod bt'hVt't'D 1994 and 2021 
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Buch Erosion Histo•·y - Goo&l~! Earth 

1994 
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Figure 2. Beach and dune geomorphic mapping classifications at Subject Project (USDA, 
1975) 
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Figure 3. Beach and dune geomorphic mapping classifications at Subject Project (DOGA .. \fl, 
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Requested Board of Commissioners Decision: 

1. The Subject Properties meet standards for a "committed" and a "built" exception to 
Goal18, Implementation Measure 2 that otherwise prohibits residential 
development on a dune subject to wave overtopping/undercutting. 

2. The Subject Properties meet standards for a "committed" and a "built" exception to 
Goal18, Implementation Measure 5 that otherwise prohibits beachfront protection 
for property not "developed" on January 1, 1977. 

3. The Subject Properties meet the standards for a Goal 18 specific "reasons" 
exception to Goal18, Implementation Measure 2. 

~ 4. The Subject Properties qualify for the "catch all" reasons exception to Goal 18, 
Implementation Measure 2 and 5. (DLCD prefers}. 

_ _ __ , the existing exceptions that cover the Subject Properties 
allow residential development on a dune that is now eroding and so they are in fact an 
exception to Goal18, Implementation Measure 2. Which means Goal18 allows the 
proposed BPS. 
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Goal1 8 Eligibility hlventory and BPS - Rock~m·ay Subregion: Nedonna Beach 
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Goal 18 Eligibility Inventoty and BPS- Rockaway Subregion: Manhattan Beach 
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Allison Hinderer 

From: 
Sent: 
To: 
Cc: 
Subject: 

Attachments: 

Teryn Yazdani <teryn@crag.org > 
Tuesday, July 27, 2021 8:48 PM 
Public Comments; Sarah Absher; Allison Hinderer; Melissa Jenck 
Anuradha Sawkar; phillip@oregonshores.org; orshores@teleport.com 
EXTERNAL: Or. Shores Comment for BOCC Pub. Hearing, Tillamook County File No(s) 
851-21-000086-PLNG-01/851 -21-000086-PLNG 
2021.07.27 _FINAL Or. Shores Tillamook G 18 BOCC Comment.pdf 

[NOTICE: This message originated outside of Tillamook County-- DO NOT CliCK on links or open attachments unless 
you are sure t he content is safe.] 

Dear Sarah, 

As you know, this office represents the Oregon Shores Conservation Coalition. Please find attached Oregon Shores' 

written testimony and materials for the aforement ioned files. Please confirm receipt of this email and attached 
documents. 

Sincerely, 

Teryn Yazdani 

Teryn Yazdani 
Legal Fe llow 

Crag Law Center 
3141 E Burnside Street 
Portland, OR 97214 
Tel: (503) 234-0788 
Email: tervn@crag.org 

She/Her/Hers 

Protecting and Sustaining the Pacific Northwest's Natural Legacy 
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OREGON SHORES 
CONSERVATION COALITIO!\, 

July 28, 2021 

Tillamook Board of County Commissioners 
c/o Sarah Absher, Director 
Tillamook County Courthouse 
20 1 Laurel A venue 
Tillamook, OR 97141 

Via Email to: publiccomments@co. tillamook. or. us, sabsher@co. tillamook. or. us. 
ahindere@co. tillamook. or. us, mjenck@co.tillamook. or. us 

Re: Tillamook County File No(s) 851-21-000086-PLNG-011851-21-000086-PLNG 
Land Use Applications for Goal Exception, Flood Plain Development Permit 
Comments of Oregon Shores Conservation Coalition. 

Dear Chair Bell, Vice-Chair Yamamoto, and Commissioner Skaar, 

Please accept these comments from the Oregon Shores Conservation Coalition and its 
members (collectively, "Oregon Shores") to be included in the evidentiary record for the Board 
of County Commissioner's ("BOCC" or "Board") hearing on 851-21-000086-PLNG-011851-21-
000086-PLNG Land Use Applications for Goal Exception, Flood Plain Development Permit. 
Oregon Shores is a non-profit organization dedicated to protecting the Oregon coast's natural 
communities, ecosystems, and landscapes while preserving the public 's access to these priceless 
treasures in an ecologically responsible manner. Our mission includes assisting local residents in 
land use matters and other regulatory processes affecting their coastal communities, as well as 
engaging Oregonians and visitors alike in a wide range of advocacy efforts and stewardship 
activities that serve to protect our state's celebrated public coastal heritage. For nearly half a 
century, Oregon Shores has been a public interest participant in legal processes and policy 
decisions related to land use, shoreline, and estuarine management in the State of Oregon. 

Oregon Shores previously submitted comments and supplementary evidence materials for 
inclusion within the record for this matter before the Planning Commission on May 27, 2021, 
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June 3, 2021 Comment, and June 10,2021. In addition, we submitted a letter on June 24, 2021 
objecting to certain materials submitted by the Applicants in contravention of Planning 
Commission requirements originally provided at the May 27, 2021 public hearing. We hereby 
adopt in full and incorporate by reference our previous comments and materials in the record. 

Please continue to notify us of any further decisions, reports, or notices issued as well as 
meetings or hearings held in relation to these Land Use Applications ("Applications"). Pursuant 
to ORS 197.763(4) and (6), Oregon Shores respectfully requests that the BOCC continue the 
hearing in order to allow for an opportunity to present additional evidence, arguments, and 
testimony regarding these Applications. Additionally, Oregon Shores requests that the BOCC 
leave the record open following the public hearing to allow for submission of additional 
information and rebuttal of information presented for at least seven days. 1 Oregon Shores will 
provide further comments as appropri ate and allowed. 

At its July 15, 202 1 public hearing, the Planning Commission passed a motion to 
recommend approval of Development Permit request #85 1-2 1-000086-PLNG to the Board of 
County Commissioners.2 Additionally, the Planning Commission recommended that the Board 
"work with staff on development of Conditions of Approva l [incorporated into Development 
Permit #85 1-2 1-000086-PLNG] for construction of the BPS with requ ired inspections during the 
construction phase to ensure the BPS is constructed as proposed and in accordance with the 
development standards outlined in the Beach and Dune Overlay Zone."3 

Our comment supports the v iew that the Planning Commission erred in its application of 
the requisite criteria, and misconstrued or otherw ise fa iled to make adequate and substantiated 
findings regarding its recommendation to approve the Applicants' requests. Oregon Shores 
argues that the Applications have not demonstrated compliance with the applicable approval 
criteria set forth in the Statewide Planning Goals ("Goals"), the requisite criteria for a Goal 
Exception within the Oregon Administrative Rules ("OAR"), the Oregon Revised Statutes 
("ORS"), the Tillamook County Comprehensive Plan ("TCCP"), and the Tillamook County 
Land Use Ordinance ("TCLUO"). On the basis of the present record, a recommendation for 
denial is the most supported conclusion. Oregon Shores respectfully requests that this Board 
reject the recommendation of the Planning Commission and deny approval of the Applications 
for the following reasons. 

A. The Applications Do Not Meet the Mandatory Requirements for Granting a 
Reasons Exception under OAR 660-004-0020 and OAR 660-004-0022. 

In DLCD's May 19, 2021 Letter, the Depattment determined that "the proper 
adm inistrative rul e provisions are those of OAR 660-004-0022(1) ... because the houses that 
exist in this area were lawfully developed under the County's regulations at the time of 

1 ORS §§ 197.763(4), (6); TCLUO SECTION 10.080(5). 
" Board of County Commissioners Hearing Packet at l. At the time of writing this comment, Oregon Shores was 
unable to locate an official draft of the Planning Commissions' findings and recommendation to the Board on the 
County websi te. Thus, Oregon Shores references the Planning Commission decision as stated in the Board of 
County Commissioners Hearing Packet. 
3 l d. at 2. 
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development."4 DLCD also stated that it was the Department's "position that a ' reasons' 
exception to Goal 18 is necessary in this case[]" and that because the Appl ications do not 
establ ish that adjacent uses are the basis for this exception request-a requirement for a 
"committed" exception under OAR 660-004-0028-they do not qualify for or need a 
"committed" exception.5 The Depattment found " [o]nly a general ' reasons' exception to Goal 
18, Implementation Requirement #5 is needed in this case."6 DLCD ultimately recommended 
" that the County deny [this] goal exception request" due to the Applications' " problematic and 
missing analysis . "7 

Oregon Shores agrees with DLCD's assessment that the "demonstrated need" pathway or 
a reasons exception is the on ly avai lable avenue for a goal exception in th is instance. As noted 
previously and within this comment, the Applicants and Applications do not demonstrate that the 
proposal is consistent with the criteria for a reasons exception under OAR 660-004-0022( l)'s 
catch-all provision. Oregon Shores also agrees with DLCD that the County should deny the 
Applicants this goal exception request due to missing, problematic analysis and failure to meet 
the mandatory criteria. Oregon Shores incorporates by reference our previous analysis regarding 
OAR 660-004-0022 and OAR 660-004-0020 in our May 27, 2021 Comment, our June 3, 2021 
Comment, and our June I 0, 2021 Comment on this matter. FUither, Oregon Shores incorporates 
by reference our previous analysis regarding ORS 197.732 in our May 27. 2021 Comment and 
our June 3, 2021 Comment. 

As previously stated in detail in our June 10, 2021 Comment, which Oregon Shores 
incorporates by reference, the Applications also fail to meet the necessary, mandatory criteria for 
"built" and "committed" exceptions under Goal2, Part II, ORS 197.732(2)(a)-{b), OAR 660-
004-0025, and OAR 660-004-0028. However, even if the Applications met the mandatory 
criteria for these two exception pathways-which they do not-"built" and "committed" 
exceptions are neither necessary nor applicable in the current circumstance. As highlighted in 
DLCD's June 10, 2021 Letter: 

[T]he application does not warrant either a "built" exception or a "committed" 
exception .. . There is no [beachfront protective structure or BPS] at the proposed 
location yet, so it is not "built." Likewise, there is only one BPS in the immediate 
area (the Shorewood RV Resort) which the applicants argue has not impacted the 
properties. Therefore, other BPS in the adjacent area have not "committed" this 
beach and dunes resource area to a non-resource use necessitating BPS here as 
well. 8 

4 May 19,2021 DLCD Letter to the Tillamook County Planning Department at 2. 
s Td. 
6 I d.; see also June I 0, 202 1 DLCD Letter to the Tillamook County Planning Department at 3 ("'Since there is not a 
specific section in OAR 660-004-0022 pe1taining to reasons for an exception to allow [beachfront protective 
structures] for an ineligible development, a general ' reasons' exception is the appropriate pathway for the 
applicants."). 
7 Jd. at 5. 
8 June 10, 20:21 DLCD Letter to the Tillamook County Planning Department at 3. 
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The Applications have still fai led to demonstrate otherwise that the current c ircumstances 
necessitate "bui lt" or "committed" exceptions. Because they fail to meet the re levant goal 
exception requ irements of ORS and OAR, the Board of County Commiss ioners should deny the 
Applications. 

B. The Applications Do Not Meet the Mandatory Local Criteria Under the Tillamook 
County Land Use Ordinances ("TCLUO") and the Tillamook County 
Comprehensive Plan ("TCCP"). 

i. Applicable TCLUO Provisions 

The Applications fail to meaningfully address the local criteria as required in the TCLUO 
regarding the Flood Hazard Overlay Zone, the Beach and Dune Overlay Zone, the TCLUO's 
Comprehensive Plan Text Amendment Criteria under Article 9, and the TCLUO's At1icle 10 
Administrative Provisions. Each local land use ordinance and the Applications' noncompliance 
will be discussed in further deta il below. 

a. TCLUO Section 3.510: Flood Hazard Overlay ("FH") Zone 
i. 3.510( 1):Purpose 

The stated purpose of the FH zone is to: 
[P]romote the public health , safety and general welfare and to minimize 
public and private losses or damages due to flood conditions in specific 
areas of unincorporated Ti llamook County by provisions designed to: 

(a) Protect human life and health; 
(b) Minimize expenditure of public money for costly flood control 
projects; 
(c) minimize the need for rescue and relief efforts associated with 
flooding and generally undettaken at the expense of the public; 
* * * 
(e) Minimize damage to public facilities and utilities such as water 
and gas mains, electric, telephone and sewer li nes, streets and 
bridges located in areas of special flood hazards; " 
(f) Help maintain a stab le tax base by providing fo r the sound use 
and development of areas of special fl ood hazard so as to minimize 
future flood blight areas; 
* * * 
(h) Ensure that those who occupy the areas of spec ial flood hazard 
assume responsibility for their actions. 

The proposed project area is with in an active eroding foredune east of the line of 
established vegetation in the Coasta l High Hazard (VE) zone as well as within an Area of Specia l 
Flood Hazard within the Flood Hazard Overlay Zone (TCLUO Section 3.5 1 0) . The subject 
fifteen tax lots are Lots 11-20 of the Pine Beach Replat Unit # 1, designated as Tax Lots 114 
through 123,9 of Section 700, between 17300 to 17480 Pine Beach Loop in Rockaway Beach 
[Pine Beach Propetties]. Additi onally, the subject properties also include Tax Lots 3000, 3100, 
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3 104, 3203, and 320410 (north to south) of Section 7DA [Ocean Boulevard Properties]. All 
properties are in Township I North , Range I 0 West of the Willamette Meridian, Till amook 
County, Oregon. 

The Applications' analysis entirely overlooks the negative impacts that the proli feration 
of BSP will have on the shore line and how adding riprap to a mostly untouched portion of the 
beach 11 wi ll im pact the publi c's safety and access. Additionally, as our colleague Surfrider noted 
in its June 3, 2021 comment, this proposal would likely have detrimental impacts on adjacent 
properties based on the we ll-known impacts of riprap on adjacent structures. " Property owners 
have ... commented on the detrimental effect they witness on rip rap adjacent properties. Water 
gets refracted off of the hard structure and creates more erosion to the adjacent properties than if 
the structure was not there. It can funne l and focus wave energy to create destruction."12 The 
Applications lack any analys is regardi ng the potential harms that this proposal wi ll have on 
adjacent properties and infrastructure in relation to protecting human life and health and impacts 
to adjacent public facilities and utilities. Because thi s proposal w ill likely have many sign ificant 
impacts on more than just the Applicants' privately owned homes and properties, more is needed 
in order for this proposal to accomplish the FZ zone's stated purpose. 

11. 3.5 1 0(1 0): Specific Standards for Coastal H igh Hazard Areas 
(V, VE, or V I- V30 Zones) 

TCLUO Section 3.5 1 0(1 0) states that " [l]ocated within areas of special flood hazard 
estab lished in Section 3.51 0(2) arc Coastal High Hazard Areas. These areas have special flood 
hazards associated with high velocity waters from tidal surges" and must meet a number of 
mandatory standards. Because the Applicants' proposed site is located within aVE flood zone, 
the standards in this section apply. TCLUO Section 3.51 0(1 O)(h) requires that development in 
Coastal High Hazard Areas " [p ]rohibit man-made alteration of sand dunes, includ ing vegetation 
removal, which would increase potential flood damage." The Applications, in response to this 
requirement, state that the purpose of the beach front protection structure is to "decrease potential 
flood damage and " in order to accomplish this purpose, the man-made alteration of sand dunes, 
including vegetation removal ... is required[.]"13 Although the Applications attempt to explain 
away removal of vegetation and area d isturbance as " temporary," "min imal," and necessary for 
the long-term protection of the dune and its vegetation, their analysis is inconsistent and contrary 
to the p lain language of the TCLUO. The Applications cannot justify TCLUO Section 3.5 1 0(1 0) 
by acting in cont1ict with TCLUO Section 3.5 1 0( I 0)--especially given the harmful, long-term 
impacts that increased pro liferation of riprap and alteration of sand dunes will have on the 
public 's beach and surrounding properties. 

iii. 3.5 1 0(14)(b): Development Permit Review Criteria 

Although much of the development review criteria apply to fill and is thus not applicable 
to this proposal, the Applications have not adeq uately analyzed 3.5 1 0(14)(b)(5)' s deve lopment 

11 See Attachment A (showing the pristine nature of the Pine Beach Area). 
12 Surfrider Foundation's June 3, 202 1 Comment at 2. 
13 Combined Application at 84. 

5 



Tillamook County File No(s) 85 1-21 -000086-PLNG-0 1/851-21-000086-PLNG 
BOCC Public Hearing- Comments of Oregon Shores Conservation Coalition 

permit review criteria requiring that "no feasible alternative upland locations exist on the 
property." While the proposal states the BPS " is placed at the most landward point possib le on 
the subject propetties," it is wotth noting that in general, the Appl ications fa iled to look into 
adequate a lternatives for preventing beach-front erosion outside of installing BSP. The 
App lications have provided no analysis regarding realistic, non-structural so lutions to the issues 
the properties face . To satisfy this criterion, Oregon Shores argues that more complete 
examination of non-structural a lternatives to BPS is needed. 

b. TCLUO Section 3.530: Beach and Dune Overlay Zone 

The stated purpose of the Beach and Dune Overlay Zone is to " regulate development and 
other activ ities in a manner that conserves, protects and, where appropriate, restores the natural 
resources, benefits, and va lues of coastal beach and dune areas, and reduces the hazard to hu man 
life and property from natural events or human-induced actions associated with these areas." 
This zone app lies "to dune areas identified in the Goal 18 ... Element of the Comprehensive 
Plan and indicated on the Tillamook County Zoning Map." TCLUO Section 3.530(4)(A) lays out 
specific permitted uses, including strict requirements under Section 3.530(4)(A)(4)(b) requiring 
beachfront protective structures on propetties developed after January 1, 1977 to receive an 
exception to Statewide Planning Goal 18, IR 5. 

The App lications fail to meaningfully address a number of requ ired criteria under Section 
3.530(4)(A)(4). For example, Section 3.530(4)(A)(2) requires a showing that "[n]on-structural 
solutions cannot provide adequate protection" to j ustify the placement of beachfront protective 
structures on the propetties. The Applications mere ly state that "the instillation of the proposed 
beachfront protective structure is the only viable so lution to stop rapid eros ion, the loss of 
shoreline vegetation, and the threat of damage to property, dwellings and infrastructure" 14 in the 
proposal area. As stated above and in the record, this assertion is overly conclusory and fai ls to 
address how shoreline hardening wi ll impact and increase future eros ion rates on the site. The 
Applications have not explored other options to address the issues the properties face, includ ing 
actions that would only impact the homeowners such as implementing better setbacks of 
structural changes to the homes themselves rather than to the public's beach. 

Another example of failure to meet the mandatory criteria re lates to Section 
3.530(4)(A)(6). This prov ision requires that "existing public access is preserved" when plac ing 
beachfront protective structures. In addressing this criterion, the Applications conclusively state 
that "[t]he proposed beach front protective [structure] is designed such that these [existing public] 
accesses wi ll be maintained," therefore asserting that the proposal is consistent with this 
requirement. The Applications fai l to meaningfully address the impacts to public access that the 
proliferation of riprap will have on this site and on the public 's beach, fa ll ing short of ensuring 
that public access is preserved. Thus, the Applications fail to meet vital criteria under TCLUO 
Section 3.530 and their proposal should be deni ed by the Board of County Commissioners. 
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c. TCLUO Section 9.030(3)- Text Amendment Criteria 

The applicable cri teria for amendments to the Tillamook County Comprehensive Plan under 
TCLUO Section 9.030(3) are: 

(a) If the proposal invo lves an amendment to the Comprehensive Plan, the 
amendment must be consistent with the Statewide Plann ing Goals and relevant 
Oregon Administrative Ru les; 
(b) The proposal must be consistent with the Comprehensive Plan. (The 
Comprehensive Plan may be amended concurrently with proposed changes in 
zoning); 
(c) The Board must find the proposal to be in the public interest with regard to 
community conditions; the proposal either responds to changes in the community, 
or it corrects a mistake or inconsistency in the subject plan or ordinance; and 
(d) The amendment must conform to Section 9.040 Transpottations Planning Rule 
Compliance. 

As explained elsewhere in this and related comments, the Appl ications fa il to 
demonstrate consistency with Goals and OARs. Therefore, the Appl ications fail to meet the 
requirement ofTCLUO Section 9.030(3)(a). The Applications ' consistency with the Ti llamook 
County Comprehensive Plan as required by Section 9.030(3)(b)15 and the proposed amendment's 
conformity with Section 9.030(3)(d) will be di scussed in more detail below. 

The Applications state the proposal is consistent with subsection (c) of this criterion 
because "[i]t is in the public interest to protect this subdivision [at issue], which is part of a 
larger urban res idential area .. . as well as to protect the water and sewer public facilities that 
serve[) that greater community and suppotting street system." 16 The Applications also state that 
this criterion is satisfied because the "proposal responds to natural changes in the community that 
were contrary to the 70-year trend of shoreline prograding that existed at the time of residential 
development." 17 The Applications fail to meaningfully address this criterion and fai l to show that 
this proposal is truly within the "public interest" regarding community conditions. As previously 
noted in Oregon Shores' prior comments and throughout the record, approval of this proposal 
will impose more coastal harm and negatively impact the public interest-particularly with 
impeding future and sustained public access to the beach. While the proposal's purpose is to 
prevent damage to private properties, the beachfront protection structures are going on land that 
belongs to Oregonians as a whole. The Applications fail to satisfy this criterion and thus are not 
in compliance with TCLUO Section 9.030(c)'s mandatory text amendment criteria. 

The Applications also conclusively state that the proposed construction of the beachfront 
protective structure complies with TCLUO Section 9.040 because it "will not generate any 
additional traffic other than during construction, ·when traffic will be minimal." Whi le 
compliance with this criterion is only relevant to the proposal within the context of meeting the 
text amendment requirements in TCLUO Section 9.030(3)(d), the Applications sti ll fa il to 

15 Infra Section B(ii). 
16 Pine Beach & Ocean Boulevard Combined Application for Shoreline Protection ("Combined Application") at 95. 
17 Jd. 
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meaningfu lly address it. Further, the Applications fa iled to meaningfull y analyze or consider the 
temporary impacts of the construction. 

Even if the Board find s that the Applications have meaningfully addressed compliance 
with TCL UO 9.040, that ul timately is inconsequential because the App lications fail to satisfy or 
address the mandatory criteria ofTCLUO 9.030(3)(a)-(c) and thus fai l to show that the proposal 
meets the text amendment criteria. 

d. TCLUO Article 10 Administrative Provisions 

Whi le TCLUO Artic le 10 contains pure ly procedural steps, the most relevant portion of 
that mandatory criteria states, under TCLUO Section 10.01 0(3), that "[t]he processing of 
applications ... under this Ordinance shall be consistent with the Oregon Revised Statutes 
(ORS)" As noted in Oregon Shores' Prior Comments, throughout the record, and above, the 
Applications fail to show that this proposal is consistent w ith the Oregon Revised Statutes­
namely, they fail to show that this proposal is compliant with and reasons exception under ORS 
197.732. For that reason, the Applications fa il to meet the mandatory criteria under TCLUO 
Article 10. 

ii. The Applications Do Not Comply with the Applicable Statewide Planning 
Goals, the Applicable Tillamook County Comprehensive Plan Provisions. 

The Applicants assert in both their Combined Application and Final Argument that the 
proposal satisfies a number of Statewide Plann ing Goals, and TCCP Goals, or Elements. 
However, the Applications fai l to provide the necessary and adeq uate reasoning for such 
conclusory assertions and fa il to demonstrate the proposal's compl iance with the relevant 
Statewide Planning Goals or the TCCP Goals. As previously noted by DLCD, an exception to 
one goal or goal requirement does not ensure compliance with any other applicable goals or goal 
requ irements for the proposed uses at the exception site. Post-acknowledgement plan 
amendments ("PAPAs"), such as the proposal at issue, must comply with Oregon's Statewide 
Planning Goals under ORS 197.175(2)(a). The Applicant bears the burden of proof in showing 
that its proposal complies w ith a ll applicable criteria and standards. Tillamook County's decision 
to approve the proposed PAPA must either explain why the rezon ing is consistent with the Goals 
or adopt findings explaining why the Goal is not applicable. Each relevant Goal and its parallel 
(i.e. , imp lementing) TCCP Goal Element is discussed in further detai l below. 

a. Goal 5 Natural Resources, Scenic and Historic Areas, and Open Spaces; TCCP 
Goal 5, TCCP Goal 17 

The Applications fail to demonstrate compliance with Goal 5. The purpose of Goal 5 is to 
"protect natural resources and conserve scenic and historic areas and open spaces." To be 
consistent with Goal 5, Ti llamook County is required to inventory and adopt a program to protect 
and/or conserve several types of resources, findings, and re lated policies. The Combined 
Application asse11s that because " [t]here are no iden tified Goal 5 resources on the subject 
property or on immediate ly surrounding properties," the proposal "does not implicate and is 
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consistent with Goal 5." 18 The Final Argument concludes that because "there are no Goal 5 
resources on the Subject Propetties . .. the proposal cannot be inconsistent with Goal 5."19 

However, the Applicants fail to provide sufficient information or ana lysis to support these 
assertions. In fact, publicly available evidence suggests the oppos ite conclusion may be true. 
There are known inventoried Goal 5 resources, including significant wi ld life habitat areas 
(Hidden Lake, Smith Lake, and Camp Magruder) which could be impacted by the Appl icants' 
proposa1.20 As noted previously, the Applications fa il to meaningfu lly address impacts of the 
proposed BPS to Camp Magruder or other adjacent properties and therefore fail to meaningfu lly 
address the proposal's consistency with Goal 5. Absent further analysis, the Applications fail to 
establish consistency with Goal 5. 

b. Goa/6 Air, Water, and Land Resources Quality; TCCP Goa/6 

The Applications fail to demonstrate compliance with Goal 6. The purpose of Goal 6 is to 
"maintain and improve the quality of the air, water[,] and land resources of the state." Here, the 
Applications claim that the proposal's approval "maintains ocean and sand resources so that they 
may be enjoyed by the publ ic rather than ri sking the serious damage that would occur if the 
proposed BPS is not approved."21 There is no evidence to meaningfully support this conclusion, 
and as noted previously, publicly available scientific evidence suggests the oppos ite to be true. 
Namely, the proposed riprap structure will deplete sand resources, drown the public 's beach, and 
take the public's beach in order to protect private property. As noted by DLCD "[t]he impacts of 
additional shoreline armoring on the beach, beach access, and surrounding properties are not 
adequately addressed in the [Applications]." 

The Appl ications also state that the "proposed BPS protects water delivery systems" 
relied upon by the public and that the public "would suffer catastrophic damage if the proposal is 
not approved and the ocean rips out the homes and the water infrastructures serving them." 
Again, there is no meaningful evidence to support the claim that the BPS would protect water 
delivery systems, or that it is a preferred way to do so in the case that such water systems are in 
fact threatened. Further, the Applications fail to explain how this is re levant to address 
compliance with Goal 6 (i.e., whether the proposal does in fact "maintain and improve the 
quality of air, water, and land resources of the state"). 

Finally, in the TCCP, Goal 6 only specifically addresses requirements, findings, and 
policies on air quality, water qual ity, solid waste disposal, and noise control-none of which are 
spec ifically addressed by the Applications. The Applications focus only on the damages to the 
private properties and fail to meaningfully analyze the harmful impacts that the BPS would have 
on the land resources and the overall long-term health and safety of the beach. Absent such 
analys is, the Board of County Commissioners cannot conclude that this proposal is consistent 
with Goal6. 

18 Combined Application at 52. 
19 Applicants' Final Argument ("Final Argument") at 28-29; Combined Appl ications at 52. 
20 TCCP Goal 17, Sec. 3.2b; TCCP Goal 5 Sec. 1.3c. 
21 Combined Application at 53. 
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c. Goal 7 Areas Subject to Natural Hazards,· TCCP Goal 7 

The Applications fail to demonstrate com pi iance with Goal 7. The purpose of Goal 7 is 
" [t]o protect people and property from natural hazards." Under Goal 7(A)(2), "coastal erosion" is 
one of the hazards the County should protect against. The Applicants correctly state that Goal 7 
requires that appropriate safeguards be applied when p lanning for development in areas 
identified as a natural hazard. However, the Applications' assertion that " approv ing the proposed 
BPS is the only way to ensure that the county can reasonably comply w ith Goal 7 at this 
location"22 is not meaningfully supported by the record and provided analys is. Whi le the beach 
at the proposed site has changed since the time of the subdivis ion's approval and since 
construction of the residentia l dwe llings, the current threats endangering the Applicants wil l only 
worsen with increased shoreline hardening. The Applicants ask for a solution to what are 
asserted as " immediate threats"23 to the properties; however, the addition of riprap to the 
coastline will, in the long run, only exacerbate and esca late the coastal erosion and natural 
hazards the properties face. The Applications provide no meaningfu l discussion of the long-term 
hazard impacts to the beach and public safety w ithin the context of Goal 7. Absent such analysis, 
the Board of County Commissioners cannot conclude that the proposed plan amendment and 
Goal 18 IR 5 exception is consistent with Goal 7 based on the current record. 

Under Section l.l(b)(4) ofthe TCCP Goal 7, implementation guidelines specify that 
" possible creation of new natural hazards by proposed developments shou ld be considered, 
evaluated, and provided for." The Applications have yet to mean ingful ly evaluate or provide 
solutions for the increase harm and hazards that the proliferation of riprap will have on the 
natural environment, neighboring properties, overall safety of the beach. They only focus their 
analysis on the hazards and impacts to the private property owners will face if harden ing is 
denied. As stated throughout the record, increased shoreline hardening--especially riprap--on 
the coast increases the rate and amount of eros ion, degrades the long-tetm stability of and access 
to the beaches, and results in the need for more shoreline to compensate for damage . The 
Applications failure to meaningfully address this aspect demonstrates noncompliance with TCCP 
Goal 7. 

d. Goal 8 Recreational Needs; TCCP Goal 8 

The Applications a lso fail to establish compliance with Goal 8. The p urpose of Goal 8 is 
" [t]o satisfy the recreational needs of the citizens of the state and visitors, and where appropriate, 
to provide for the siting of necessary recreational faci lities including destination resotts." In their 
Combined Application, the Applicants highlight that there are two beach accesses in the 
exception area that connect Pine Beach Loop and Ocean Boulevard to a long stretc h of dry sandy 
beach.24 The Applications then conclusively state that " [t]he proposed structure wi ll improve the 

22 Combined Application at 53 . 
23 Oregon Shores agrees with DLCD that there does not appear to be a clear "specificity of a unique need" in this 
case, and strongly argues that the Applicants should address less impactful alternatives to their preferred method of 
mitigation of shoreline erosion. It should also be noted that four of the subject properties are currently undeveloped. 
Per Oregon Shores' review, the Applications omit a discussion of need for the proposal for these properties, and fai l 
to address compliance with Goal 7. 
~4 See Combined Application at 54 ("There are two beach accesses in the exception area. One beach access 
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northern beach access[,]" "a llows improved access to the beach[,]" and does not interfere w ith 
the southern beach access."25 The Applications further state that approval of the proposed rip rap 
wou ld "protect[] those public recreation interests from the harm that would occur to the ocean 
and beaches[.]"26 These assettions are not only unsupported but also inaccurate. The 
Applications fa il to address the harms and negative impacts to recreation that increased riprap 
will have on the public 's access to the beach. As stated in Oregon Shores' prior comments and 
throughout the record, the addition of shoreline harden ing to these sites-particularly the 
addition of riprap-would destroy recreational opportunities and greatly d isturb the public 's 
access. Riprap not only reduces the walkabil ity of a beach by making public walking and 
recreation spaces narrower and Jess safe but a lso continues beach e rosion and causes beaches to 
disappear entirely over time.27 The Applications provide no meaningful di scuss ion of how the 
purpose of Goal 8 will be fulfilled. Absent such analysis, the Planning Commission cannot on 
the basis of the current record conclude that the proposed p lan amendment is consistent with 
Goal 8. 

e. Goal 9 Economic Development; TCCP Goal 9 

The Applications a lso fa il to demonstrate compliance w ith Goal 9. The purpose of Goal 9 
is "[t]o provide adequate opportunities throughout the state for a variety of economic activities 
v ital to the health, welfare, and prosperity of Oregon's citizens." The Applications conclusively 
state that the proposal "does not implicate" yet is sti ll "consistent with Goal 9."28 This assertion 
is overly conclusive and if the Applicants claim compliance with Goal 9, they must assert a more 
robust analysis. Absent such analysis, the Board of Commissioners cannot on the basis of the 
current record conclude that the proposal is consistent with Goal 9. 

j Goal 10 Housing; TCCP Goal 10 

The Applications also fail demonstrate compliance with Goal 10. The purpose of Goal 10 
is "to provide for the housing needs of the c itizens of the state." It imposes an affirmative duty 
on local governments to ensure opportunities for the provision of adequate numbers of needed 
housing units at prices and rents that are affordable to Oregonians. See OAR 660-008-0000(1) 
(describing the purpose ofGoallO) . 

As noted in our prior June 10,2021 Comment, the TCCP Goal 10 element satisfies the 
County's planning obl igation under Goal 10. The Applications conclusively assert that the 
"County's acknowledged Goal I 0 Buildable Lands Inventory relies greatly upon its urban 
unincorporated communities, to include the Twin Rocks-Watseco-Barview urban unincorporated 
community that includes the subject properties, to provide medium density residential uses to the 

runs between Tax Lots 123 and 3204 to the beach. See Exhibit Q, p. 2. The other access runs from Pine Beach Loop 
between Tax Lots II 3 and 114, and then along the southern boundary ofTax Lot 114 to the beach. Those beach 
accesses connect Pine Beach Loop and Ocean Boulevard to a tong stretch of dry sandy beach. See Exhibit Q, p. 2; 
Exhibit F, Attachment I, field photos."). 
zs Id, 
26 /d. 
27 The True Cost of Annoring the Beach, SURFRIDER (July 6, 2020) https://sandiego.surfrider.org/the-true-cost-of­
armoring-the-beach/ (last v is ited June 7, 2020). 
28 Combined Appl ication at 54. 
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County." However, even assuming this to be true, the Appl ications' materials themselves 
acknowledge that this "need has largely been met, with a few more vacant lots available in the 
identified area." The Applications fa il to demonstrate that the existing structures are needed 
housing within the meaning of Goal 10, or that said existing upland structures and vacant lots are 
somehow necessary to meet the County's identified need under Goal I 0. The Applicants ' 
materials also fai l to establish that there are any requirements or obligations on the County under 
Goal 10 that would necessitate the proposed exception to Goal 18 to allow the App lications' 
preferred shore line erosion mitigation use (i.e. , hardened SPS). The Applications' assertion that 
" [p]rotecting the existing lots planned, zoned and mostly developed with residences complies 
w ith the County's bui ldable lands inventory and meets the County's demonstrated housing needs 
under Goal 1 0" does not constitute an express obligati on under Goal 10 that would require the 
County to take the proposed exception to Goal 18 allowing hardened SPS for otherwise 
ineligible properties. Because the Applicants' materials fail to establi sh requirements or 
obligations on the County related to Goal 10, the Board of County Commissioners cannot 
conclude that the proposal is cons istent with the demonstrated need rule on the basis of Goal 10 
itself suffici ent to justify an exception to Goal 18. 

g. Goa! II Public Facilities; TCCP Goal II 

The Applications also fail to demonstrate compliance with Goal 11 . The purpose of Goal 
11 is to "plan and develop a timely, orderly and efficient arrangement of public faci lities and 
services to serve as a framework for urban and rural development." The Applications assert that 
the proposal is consistent with Goa l II without providing any reasoning other than the asserlion 
that " [ o ]ne purpose of the proposed revetment is to protect . .. public facility investments from 
potential future beachfront erosion."29 The Applications fa il to provide meaningful evidence to 
support this claim and fai l to demonstrate how the preferred method of shoreline erosion 
mitigation (i.e., a hardened SPS) is consistent with Goal II. Absent further analysis and 
evidence, the Board of Commiss ioners cannot on the basis of the current record conclude that the 
proposal is consistent with Goal 11. 

As noted in Oregon Shores' June 6, 202 I Comment, the Goal II element of the TCCP 
fulfill s the County 's planning obligations with respect to and directs development in accordance 
w ith Goal 11 (includ ing the Watseco-Barview Water District and the Twin Rocks Water 
District). The Applicants' materials do not establish that there are requirements or obligations on 
the County related to Goal II that necessitate either the proposed SPS or the proposed exception 
to Goal 18 to allow the SPS at the Pine Beach or Ocean Shore Boulevard properties. 

h. Goal I-I Urbanization; TCCP Goal 14 

The Applications a lso fa il show compliance with Goal14. The purpose of Goal 14 is to 
"provide for an orderly and efficient transition from rural to urban land use to accommodate 
urban population and urban employment inside urban growth boundaries, to ensure efficient use 
of land , and to provide for livable communities." The Applications state that the subject 
properties are "subject to an acknowledged goal exception that designates them to provide urban 

29 ld at 56. 
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levels of residential use and are served with urban public fac ilities and serv ices[,]"30 thus making 
them consistent w ith Goal 14. The Applications also state that the "proposed structure is 
consistent with the level of that development and wi ll protect that development."31 However, the 
Applications fa il to explain how the fact that the existing structures on the subject properties may 
have been subject to a previous Goal exception for residential development is re levant to the 
inquiry of whether the proposed SPS is compliant w ith Goal 14 for the purposes of taking an 
exception to Goal 18. As noted by DLCD: 

[T]he homes that exist in the application area were built in conformance with the 
provisions of Goal 18, Implementation Requirement (JR) 2. The houses were not 
bui lt in an active foredune or in a dune area subj ect to ocean flooding, which means 
they did not need an exception to Goal 18, 1R2. The other goal exceptions (to Goals 
3, 4, II , and 14) that allow for the Barview/Twin Rocks/Watseco community to be 
residentially developed, do not specify the exact location of development on each 
parcel in this unincorporated community ... T he houses were bui lt in the eastern 
portions of their respective parcels to comply with the prohibition areas of Goal 18 
for residential development. [DLCD] understands the applicants to argue that the 
other goal exceptions allowed the development to be placed in a foredune and 
therefore, they have an exception to Goal 18, 1R2. That is not reflected in the 
Tillamook County Comprehensive P lan. To reiterate, a goal exception is an 
affirmative act that is required to be incorporated into a comprehensive plan. 

In other words, the proposed BPS requires an exception to Goal 18, and is not simply 
consistent with Goal 14 because the upland structures may be subject to an exception to said 
Goal. 

Further, Goal 14 focuses mostly on managing urban growth us ing the urban growth 
boundary; this Goal-and its implementation in the TCCP-are about criteria to manage and 
control the phasing of development within an urban growth boundary.32 The addition of riprap 
and BPS on the coast is not consistent w ith the overall purpose and requirements of Goal 14 
which dictate urbanization. The fact that the BPS may "protect" the development that has taken 
place on the subject properties is not enough to make this specific proposa l consistent w ith Goa l 
14. The App licants re liance on this Goal and the prior Goal exception is misplaced. Even if the 
Board determines that this proposal is consistent with Goal 14 and takes the Applications' 
assertions as truth, the proposal's consistency with this Statewide Planning Goa l should not be 
determinative ofthe proposal 's compliance with the applicable Goals criteria as a whole. 

i. Goal 17 Coastal Shorelands; TCCP Goal 17 

The Applications also fai l to sati sfy obligations under Goal 17. The purpose of Goa l 17 is 
to "conserve, protect, where appropriate, develop and where appropriate restore the resou rces 
and benefits of all coastal shore lands, recognizing their value for protection and maintenance 
of water quality, fish and wildlife habitat, water-dependent uses, economic resources and 

30 !d. at 56. 
31 id. 
31 See TCCP Goal I , 2.5: Purpose of the Urbanization Goal, Goal 14. 
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recreation and aesthetics.'>33 In other words, local governments must first conserve and protect 
"the resources and benefits of a ll coastal shorelands, recognizing their value fo r protection and 
maintenance of water quality, fi sh and wildlife habitat, water-dependent uses, economic 
resources and recreation and aesthetics." If development is consistent with Goal 17's mandate to 
conserve and protect (i.e., "where appropriate"), only then can it be al lowed to proceed. The 
Goal 's objective is also "[t]o reduce the hazard to human life and property, and the adverse 
effects upon water quality and fish and wild life habitat, resulting/rom the use and enj oyment of 
Oregon's coastal shorelands."34 

In their Combined Appl ication, the Applicants state that Goal 17 does not apply to the 
subject properties because the properties were "planned for residential use and the findings for 
the Pine Beach Subdiv ision approval in 1994 noted that an exception to Goal 17 was taken for 
the area."35 As noted above, the fact that the subject properties may have an exception for the 
development ofthe subdivision or structures on the eastern portions of their relevant parce ls 
(consistent w ith Goal 18's prohibitions) does not automatically mean that the subject properties 
have an exception for the proposed BPS. DLCD has previously noted that the subj ect properties 
are, in fact, subject to both Goal 17 and Goal 18 as resource lands; therefore, the Applications err 
by claiming Goa l 17 does not apply to this proposal. The Applicants shou ld address compl iance 
with Goa l 17. 

The Applications also state that the proposed BPS wi ll not interfere with recreational uses 
in violation of Goal 17 because "the BPS is located on vegetative property, not on the beach" and 
therefo re there is "no way" the BPS nor the location of the BPS wi ll interfere with publi c access 
or recreationaluses.36 This assertion is overly conclusive and fails to recognize the erosive nature 
of riprap and the impacts BPS has on beaches. The Appl ications fai l to meaningfully address the 
harmful impacts this proposal will have on the public's beach and long-term beach access by 
limiting the scope of this proposa l's impact to private property interests. Without a more in-depth 
analysis of how this proposal will impact this coasta l shore lands area, the Board should not 
determine the Applications are in compliance with Goal 17. 

j. Goal 18 Beaches and Dunes; TCCP Goal 18 

The purpose of Goal 18 is to "conserve, protect, where appropriate develop, and where 
appropriate restore the resources and benefits of coastal beach and dune area[]" and to "To 
reduce the hazard to human life and prope1ty from natural or man-induced actions assoc iated 
with these areas." As discussed previously, because the properties were not deve loped as of 
January 1, 1977, Goall 8 prohibits the Applicants' from constructing their preferred method of 
shoreline erosion mitigation (i.e., hardened SPS) in order to protect the public's beach. Hence, to 
lawfu lly develop the proposed SPS, the Applicants bear the burden of demonstrating that an 
exception to Goa l 18 is justified. 

33 Goal 17, (emphasis added) . 
H Goal 17, (emphasis added). 
35 Combined Application at 57. 
36 See Final Argument at 30. 
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As stated in Oregon Shores' prior comments and throughout the record, the Applicants' 
proposal for riprap proliferation is antitheti cal to beach conservation, and increases eros ion to 
adjacent properties as well as creating a public safety hazard (through narrowing ofthe beach). 
For these reasons, the legis lative declaration in ORS 390 and policy underlying Goal 18 
effective ly placed a cap on the amount of ocean shore in Oregon that may be armored to limit the 
cumulative impacts of such hardening. Spec ifically, Goal 18 prohib its permits for SPS where 
development exists after January I , 1977. Oregon Shores incorporates by reference our previous 
robust analysis regarding the proposal's inconsistency with Statewide Planning Goal 18 in our 
June 3, 202 1 Comment and our June l 0, 2021 Comment on thi s matter. Oregon Shores strongly 
argues that the Applications fa ll we ll short of the high bar required by the general reason set 
f01th at OAR 660-004-0022(1 ). As such, the Board of County Commissioners should 
recommend denial of the Applications. 

Finally, as noted by DLCD, future uses of the four vacant oceanfro nt lots within the 
proposed goal exception location "would have to comply w ith the provisions of Goal 18, 
inc luding to reduce hazards to human life and propetty.'' As discussed above, the Applications 
fa il to provide specific analysis regarding these vacant lots, including addressing compliance 
with Goal 18. The Applicants should address compliance with Goal 18 with respect to these lots 
prior to any final decision in this matter. 

As highlighted in our June 3, 2021 Comment, incorporated by reference, Ti llamook 
County has identified and adopted specific exception areas for Goa l 18, Implementation 
Requirement #2 in the County's Comprehensive Plan (Part 6 of the Beaches ami Dunes Element). 
As noted in the Staff Report: 

Section 6 of the Goal 18 element of the [TCCP] inventories those built and 
committed areas where a Goal 18 exception has been taken. These are areas within 
unincorporated Ti llamook County identified as built and committed areas located 
on foredunes which are conditionally stable and that are subject to ocean 
undercutting or wave overtopping, and on interdune areas (deflation plains) that are 
subject to ocean flooding. These bui lt and committed areas are Cape Meares, Tierra 
Del Mar, Pacific C ity and Neskowin. 

The areas specified in the Applications are not within these three adopted Goal 18, 1R 2 
exception areas, as set forth in the TCCP (TCCP Goal 18, §§6.1 a-d). 

k. Catch-all Analysis for Goals 1, 3, 4, 12, and 13 

For the sake of issue preservation, Oregon Shores notes that the Applications conclusively 
state compliance with Goal s I, 3, 4, 12, and 13. While it is true that Goals 3 and 4 are not 
implicated in this matter, the Applications cannot simply state that the project is consistent with 
the Goals w ithout a more analysis. The Applications also state that the proposal is consistent 
with Goa l I because the application is processed in accordance with the county's acknowledged 
land use regulations and procedures. Because the local criteria, as detai led above, are not 
satisfied , the proposal is not consistent w ith Goal I or Goa l 2. 
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The purpose of Goal 12 is to "provide and encourage a safe, convenient and econom ic 
transportation system." The Appl ications conclusively state that the proposa l is consistent with 
Goal 12 without providing any reasoning other than the assertion that the traffic generated from 
structure construction will not have any significant impacts necessary to address under Goal 12. 
Absent such analysis, the Board of Commissioners cannot on the basis of the current record 
conclude that the proposal is consistent with Goa l 12. Even the Board determines that this overly 
conc lusive assertion means that the proposal is consistent w ith Goal 12, the proposal's 
consistency with this Statewide Planning Goal should not be determ inative of the proposa l's 
compliance w ith the applicable Goals criteria as a who le. The purpose of Goal 13 is to "conserve 
energy." The Applications conclusively state that the proposal "does not directly impl icate" yet 
is still "consistent w ith Goal 13.'>37 This assertion is overly conclusive and if the Applicati ons 
claim compliance with Goal 13, they must assert a more robust analysis. Absent such analysis, 
the Board of Commissioners cannot on the basis of the current record conclude that the proposal 
is consistent with Goal 13. 

iii. The Applications Do Not Comply with the Applicable Tillamook County 
Comprehensive Plan Policies Contained in TCCP Goal7, TCCP Goal16, 
TCCP Goal17, and TCCP Goal18. 

a. TCCP Goal 7, Policy 2.4(a) 

In addressing erosion Policy 2.4(a) in their Combined Application, the Applications only 
focused on the riprap 's immediate stab ilization of the shoreline and fai led to address how Lhis 
beachfront protection structure impacts the stability of its surrounding area over time, the 
implications that this structure w ill have on public safety, and how this proposal may ultimately 
result in the proliferation of more shoreline hardening.38 TCCP Goal 7, Section 2.4(a) does not 
require the County to use hardened SPS to prevent erosion much less approve an exception to 
Goal 7 and the TCCP's Goal 7 e lement to allow private entities to do so, and the Applicants' 
materials fai l to argue otherwise. The Applications' assertion that fa ilure to approve the proposed 
exception for the Applicants' preferred shore line mitigation measure (i.e., hardened riprap) 
measure would mean the County would fa il to comply with the TCCP implementation measure 
to fulfill its p lanning obligation under Goal 7, is unsupported and contrary to the case law 
governing OAR 660-004-0022(1)(a) . Further, given that the proposed SPS will increase erosion 
and the need for remedial measures, the suggestion that it is needed is contrary to sound 
management of natural hazards on the shoreline. The Applications assert, absent any meaningfu l 
evidence and analysis, that "critical public infrastructure is at risk." Even assuming this is true, 
again, there is no obligation identified by the Applications that require the County to uses riprap 
as a preventative or remedial measure in this case. 

b. TCCP Goal 7, Policy 2.5(d) 

The Applications fai led to specifically discuss compliance with TCCP Goal 7 Policy 
2.5(d) for F looding, which states that " permanent structures shall not be placed in channels 

37 Combined Appl ication at 55-56. 
38 Combined Appl ication at 63. 
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subject to fla sh fl ood ing." The BPS the Applicants are proposing is a permanent shorel ine 
hardening structure in an area that is subject to tida l fl ooding. The Applications fail to 
acknowledge this po licy that seemingly opposes this proposa l and fail to offer an analysis of ow 
this proposal is still in compliance with this policy. 

c. TCCP Goal16, Policy 7.5(2) 

The Applications state that that the "shoreline stabi lization proposed here is the highest 
option left" as vegetated riprap. Goal 16 Policy 7.5(2) does state that the general priories for 
shoreline stabilization w ithin estuarine waters, intertidal areas, tidal wetlands, and along WDD 
shoreland zones and other shoreland areas are, from highest to lowest, proper maintenance of 
existing riparian vegetation; planting of riparian vegetation; vegetated riprap; non-vegetated 
riprap; gro ins, bulkheads and other structura l methods. However, the Applications fa il to discuss 
any other preferred alternatives to shoreline stabilization and insist that "vegetated riprap" is the 
on ly means of addressing the private homeowners' issues. The App lications' conclusive analysis 
fails to demonstrate compl iance with this TCCP policy. 

d. TCCP Goal 16, Policy 7.5(-1) 

Goal 16. Po licy 7 .5( 4) states that structural shoreline stabi lization methods shall be 
permitted only if: 

a. flooding or erosion is threatening a structure or an established use or there 
is a demonstrated need (i.e., a substantial publ ic benefit) and the use or 
alteration does not unreasonably interfere w ith public trust rights; and 

b. land use management practices or non-structural solutions are inappropriate 
because of high erosion rates or the use of the site; and 

c. adverse impacts on water currents, erosion and accretion patterns and 
aquatic life and habitat are avoided or minimized. 

The Applications conclusively state that each of the above-mentioned Policy 7.5(4) 
subsections are met; however, the Applications fail to meaningfully discuss each in detail . Even 
if the Board finds that the Applications are consistent w ith this TCCP Po licy, that consistency 
should not be determinative of the Applications overall consistency w ith the TCCP. 

e. TCCP Goal16, Policy 7.5(5)- (6) 

While these policies only apply to Estuary Natural/Estuary Conservation Aquaculture 
zones and Estuary Conservation l!Estuary Conservation 2 zones respectively and may not 
specifica lly apply to these App lications, the Applicants state in their Combined Appl icatio n that 
the proposa l is consistent w ith both po licies because the BOS will "protect existing dwellings 
and publics water and sewer facilities" as well as "not adversely affect long term use of the 
beach resource and not cause alteration of the beach front other than at the protected location. "39 

As stated throughout this record and in Oregon Shore's previous comments, the Appl ications 
have only conclusively stated that the proposed BPS wil l ''not adverse ly" impact the surround ing 

39 Combined Application at 67. 
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and adjacent beaches and not impact public beach access. The proposal fails to offer any 
discussion addressing the harmful nature of riprap and thus, the Applications fa il to meaningfully 
demonstrate compliance w ith these TCCP Policies. 

f TCCP Goal17, Policy 4.2 

To the extent that Goal 17, Policy 4.2 applies, the Applications have fa iled to 
meaningfu lly address compliance. This policy for shore line development states: 

New shoreland development, expansion, maintenance or restoration of existing 
development; or restoration of historic waterfront areas shall be sited, designed, 
constructed and ma intained to minimize adverse impacts on riparian vegetation, 
water quality and aquatic life and habitat in adjacent aquatic areas, and to be 
cons istent w ith existing hazards to life and property posed by eroding areas and flood 
hazard areas. 

To accomplish this: 
a. The requirements of the National Flood Insurance Program shall be used to 
regulate development in flood hazard areas w ithin coastal shorelands: 
b. Shoreland setbacks shall be established to protect riparian vegetation and to 
recognize erod ing areas (See Section 9, of this element): 
c. Priority shall be given to nonstructural rather than structural solution to problems 
of erosion or fl ooding: 
d. Existi ng state and federal authorities referenced in the Water Quality policies shall 
be uti lized for maintaining water quality and minimizing Goal 17 Coastal 
Shorelands Complete 62 man-induced sed imentation in aquatic areas. 

The Appl ications have failed to meaningfully discuss how the proposed riprap will 
minimize adverse impacts and how it is consistent w ith existing hazards to li fe and 
property in these areas-espec ially related to safety of beach access and the hazardous 
impacts of riprap. As stated above, this policy g ives priority to "nonstructural" solutions 
rather than structural solutions to address the problems of shore line erosion or flooding. 
The Applications fai l to offer solutions more in line w ith the TCCP's shoreline 
development policy and thus fa il to demonstrate compliance. 

g. TCCP Goa/1 7, Policy 4.3 

The Applications fa il to meaningfully discuss compliance with Goa l 17, Po licy 4.3 
related to scenic views and public access. The policy states: 

New shoreland deve lopment, expansion, maintenance or restoration of existing 
deve lopment and restoration of historic waterfront areas sha ll be designed to 
promote visual attractiveness and scenic views and provide, where appropriate, 
visitor facil ities, public v iewpoints and public access to the water. Existing pub lic 
access to publicly owned shorelands sha ll be maintained. Existing pub lic 
ownerships, right-of-way and similar public easements in coastal shorelands which 
prov ide access to, or along coastal waters shall be retained or replaced if sold, 
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exchanged or transferred. Rights-of-way may be vacated to permit redevelopment 
or shoreland areas provided public access across the affected site is retained. 

This TCCP policy highlights the impottance of the public's access to the County's 
shorelands-something implementation of this proposal threatens. The Appli cations fail 
to mention this policy and how the proposed BPS will comply with the County's policy 
to maintain existing public ownersh ip and access to the coastal shorelands. 

h. TCCP Goa/18, Policy 2.4a and 4.4e 

The Appl ications fai led to discuss compliance with Goal 18, Pol icy 2.4a which states, in 
relevant pat1: 

A ll dec isions on land use actions in beach and dune areas other than o lder stabilized 
dunes sha ll be based on the fo llowing specific findings unless they have been made 
in the comprehensive plan: 
(a) The type of use proposed and the adverse effects it might have on the site and 

adjacent areas; 

* * * 
(c) Methods for protecting the surrounding area from any adverse effects of the 
development; and 
(d) Hazards to life, publ ic and private property, and the natural environment which 
may be caused by the proposed use. 

Goa l 18, Po licy 4.4e confirms that th is policy "shall apply to beachfront protecti ve 
structures" 

As noted throughout the record and this comment, the App lications fail to fully 
address the hazardous impacts of BPS on access to the public 's beach and on the long­
term negative effects of riprap on erosion on the site and surrounding beach as a whole. 

i. TCCP Goal 18, Policy 2. 4b 

As noted above in Section B(i)(a) analyzing Flood Hazard Overlay Zone 
compliance, the App lications have not demonstrated total compliance with certain FH 
zone criteria. Because of this, the Applications fa il to demonstrate compliance with Goal 
18, Policy 2.4b which requires that " [ d]evelopment in beach and dune areas shall comply 
with the requirements ofthe Flood Hazard Overlay zone." 

j. TCCP Goa/1 8, Policy -1.4c 

This policy implements Goal 18, IR 5, stating that " [b]eachfront protective structures ... 
are permitted only where deve lopment existed on January I, 1977 or where bu ild ings are 
authorized by Section 5." This is the main crux of the Applicants ' request and because the 
Appl ications fa iled to justify an exception under Goal 18, IR 5, they cannot show compliance 
with this TCCP pol icy. 
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k. TCCP Goa/18, Policy 4.4f 

T his policy states that " [s]horeline protection measures shall not restrict existing pub lic 
access." The Applications conclusive ly argue throughout the record that there will be no issues 
with existing public access because "[t]he proposed structure will improve the northern beach 
access with a gravel path and ramp that foes over the rock revetment and a llows improved 
[beach] access" and because "the proposal does not interfere with the southern beach access." 
However, this argument fails to analyze the known impacts of riprap on the publ ic's beach and 
the susta ined impacts that the proliferation of shoreline hardening wil l have on the beach and 
future adjacent sites. The Applications fail to meaningfully analyze address this in and fail to 
show compl iance with this TCCP policy. As a who le, this proposal is not consistent with the 
TCCP and thus the Board should deny the App lications. 

C. Conclusion 

Allowing installation of hardened structures along the shore, which can deprive the beach of 
a sand source that may help to mitigate the progressive loss of sand from Oregon's bluff-backed 
shorelines due to increasing erosion, does not protect the public 's interest in the beach as the 
County is required to do. Given the increases in storm surge and wave height we are already 
experiencing on the Oregon coast, and g iven what we know of further predicted changes 
resulting from long-term climate change and cyclical climatic events such as El N ino, these 
requests for protective structures permits are likely to increase. Further, allowing the installation 
of protective structures exacerbates the risks to public health and safety as well as to shorcfront 
propetties by encouraging investment in shorefront protection rather than incentivizing 
movement away from shoreline areas and coastal hazards. The result is prioritiz ing the protection 
of private property in the short-term to the detriment of the public's long-term interest in 
preserving the beach, incons istent with the Oregon Beach Bill and Goa l 18. In the long run, 
armoring the ocean shore will prove futile against sea level rise and erosion. In the meantime, 
s ignificant practical and policy questions arise in light ofthe effects of ris ing sea level on the 
ocean shore. 

Oregon Shores strongly be lieves that the Board of County Commissioners needs to get in 
fro nt ofthis c risis and make decisions on the basis of present and increasing risks, cons istent 
with the principles of Goal 18 and O RS 390.610. The Applications fa il to demonstrate reasons 
justifying an exception to Goal 18 and fails to satisfy the mandatory local criteria . On the basis of 
the present record and Oregon Shores' prev ious comments, incorporated by reference, the Board 
of County Commiss ioners shou ld deny these applications. 

Sincerely, 
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Tillamook County File No(s) 851-21-000086-PLNG-011851-21-000086-PLNG 
BOCC Public Hearing - Comments of Oregon Shores Conservation Coalition 

Phillip Johnson 
Executive Director 
Oregon Shores Conservation Coalition 
P.O. Box 33 
Seal Rock, OR 97376 
(503) 754-9303 
phi llip@oregonshores.org 
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Attachment A 

Aerial Photos of the Pine Beach Area 







Allison Hinderer 

From: 
Sent: 
To: 
Subject: 
Attachments: 

Sarah Absher 
Wednesday, July 28, 2021 9:18AM 
Allison Hinderer 
ORCA Testimony, Pine Beach Goal 18 Exception (#851-21-000086) 
ORCA to Ti llamook BOC rePine Beach Goal18 Exception July 2021.pdf; 1915, C-0129-
Watseco Plat.pdf; 1932, C-0071 - Plat of Pine Beach.PDF; 1950, A-0444- George Shand 
Tracts.pdf; 1986, B-1218, Patten Survey (Shows Lots W. of Ocean Blvd. in Pine 
Beach).pdf; 1996, C-0466- Pine Beach Replat, Unit 1.pdf; Pine Beach Area Survey 
Chronology May 2021.pdf 

From: Cameron La Follette <cameron@oregoncoastalliance.org> 
Sent: Wednesday, July 28, 2021 8:55AM 
To: Mel issa Jenck <mjenck@co.tillamook.or.us>; Sarah Absher <sabsher@co.tillamook.or.us> 
Cc: Sean Malone <seanmalone8@hotmail.com> 
Subject: EXTERNAL: ORCA Testimony, Pine Beach Goal 18 Exception (#851-21-000086) 

[NOTICE: This message originated outside of Tillamook County -- DO NOT CLICK on links or open attachments unless 
you are sure the content is safe.] 

Dear Ms. Absher and Ms. Jenck, 

Attached please find the testimony of Oregon Coast Alliance before the Tillamook County Board of Commissioners on 
the matter of the Pine Beach Goa l18 Exception request. There are also six additiona l attachments, for a total of seven 
documents attached to this emai l. Please respond that you have received this email, and opened and placed all seven 
documents in the record for this matter. 

Thank you, 

Cameron 

Cameron La Follette 
Executive Director 
Oregon Coast Alliance 
P.O. Box 857 
Asto ria, OR 97103 
(503) 391-0210 
ca meron@oregoncoasta Ilia nee .org 
www.oregoncoastalliance.org 
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259 E. Fifth Ave., 
Suite 200-C 
Eugene, OR 97401 

July 28, 2021 

Via Email 

Sean T. Malone 
Attorney at Law 

Tillamook County Board of Commissioners 
c/o Melissa Jenck 
Tillamook County Department of Community Development 
151 0-B Third Street 
Tillamook, OR 97 141 
mjenck@co.tillamook.or.us 

Tel. (303) 859-0403 
Fax (650) 471-7366 

seanmalone8@hotmail.com 

Re: Oregon Coast Alliance testimony for a request for an Exception to Goal 18, and 
Development Permit Request for Construction of a Beachfront Protective Structure, 
#85 1-21-000086 

Dear Board of Commissioners, 

On behalf of Oregon Coast Alliance, please accept this testimony for the requested goal 
exception to Goal 18 for the installation of a beach front protective structure (riprap revetment 

along roughly 880 feet) within an active eroding foredune east of the line of established 
vegetation in the Coastal High Hazard (VE) zone, an Area of Special Flood Hazard within the 

Flood Hazard Overlay Zone. The subject properties are Lots 11-20 of the Pine Beach Replat 

Unit #1, designated as Tax Lots 114 through 123, of Section 7DD, and Tax Lots 3000,31 00, 
3104,3203, and 3204 of Section 7DA all in Township 1 North, Range 10 West of the Willamette 
Meridian, Tillamook County, Oregon. The applicant has presented a moving target, with 

alternative requests. In essence, the applicant requests exceptions to Goal 18, implementation 

measure 2 and to Goal 18, implementation measure 5. Moreover, as the applicants do not 
already hold a Goal18 exception, and no alternative request should be approved. 

Goal 18 intends "to conserve, protect, where appropriate develop, and appropriate restore 
the resources and benefits of the coastal beach and dune areas." Goal 18 places a limitation on 
permits for beachfront protective structures when the development exists after a date-certain: 

"Permits for beachfront protective stmctures 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 
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Implementation Requirement 7 'development ' means houses, commercial and industrial 

buildings, and vacant subdivision lots which are physically improved through 

constmction of streets and provision of utilities to the lot and includes areas where an 
exception to (2) above has been approved." 

Goal 18, Implementation Requirement 5. The subdivision at issue was first platted after 1977 

and no development occurred prior to 1977, with the exception of an undisputedly vacated 
subdivision that did not include any development, as the tetm is defined in the mle. 

The history of the platted area in and around Pine Beach is complex. Attached to th is 
testimony is a chronological timeline of the platted areas, as well as copies of the original plats 
and surveys. To briefly recap, there was a 1915 survey of Watseco plat, but a subsequent plat 

vacation in 1931. Neither of these created or concerned any platting activity west of Ocean 
Boulevard. The 1932 plat of Pine Beach, to the south ofWatseco Plat, also shows Ocean 
Boulevard as the westernmost platted land. Survey A-0444 of 1950, the George Shand Tracts, 

was the first time lots were platted west of Ocean Boulevard; a resurvey took place in 1967, and 

a partial resurvey in 1980. No houses were built on the George Shand tracts. It was not until 
1986 that land was even platted west of Ocean Boulevard to the west of the Pine Beach plat. 
Partition plats of 1994, 1995, 1996 and 1999 divided land west of Ocean Boulevard in Pine 

Beach and George Shand tracts. The first houses on the Pine Beach lots were built in 1997 and 
1998, with others added later. The first house on the Shand Tract lots was built in 1989. This 
history makes it clear that no development, as defined by the mles, took place in the Pine Beach 

area where a Goal 18 is now requested until 1997 in Pine Beach. Merely surveying and platting 
is not "development." 

ORCA agrees that "development did not exist[] ... on January 1, 1977[.]" Planning 
Commission Staff Report at 4. 1 Furthermore, the definition of"development" has not been 
satisfied. Because of this, an exception is necessary to place any beachfront protective 

stmctures, and, as demonstrated below, the applicants do not already possess an exception. As 
the area at issue in this application is not part of an exception area to Goal 18, a goal exception is 

necessary. Because a "committed" exception is focused on adjacent uses, and the applicant docs 
not rely on adjacent uses, a "committed" exception is not applicable. Therefore, a reasons 

exception process is the applicant's only path forward, even though an approval is foreclosed on 
that basis as well. 

1 No development was in existence on January 1, 1977. Evidence from the agencies and records 
identified above confi1ms development as defined above and which requires more than simply 
the creation of the lots/parce ls occurred after January 1, 1977." Staff Report, Page 4. 
2 "The four standards in Goal 2 Part II( c) required to be addressed when taking an exception to a 
goal are described in subsections (a) through (d) of this section, including general requirements 
applicable to each of the factors: 

(a) "Reasons justify why the state policy embodied in the applicable goals should not 
2 



Any request for an exception faces a high bar. The criteria for a "reasons" exception are 
found at OAR 660-004-0020(2).2 

2 "The four standards in Goal 2 Pati II( c) required to be addressed when taking an exception to a 
goal are described in subsections (a) through (d) of this section, including general requirements 
applicable to each of the factors: 

(a) "Reasons justify why the state policy embodied in the applicab le goals should not 
apply." The exception shall set forth the facts and assumptions used as the basis for 
determining that a state policy embodied in a goal should not apply to specific properties 
or situations, including the amount of land for the use being planned and why the use 
requires a location on resource land; 

(b) "Areas that do not require a new exception cannot reasonably accommodate the use". 
The exception must meet the following requirements: 

(A) The exception shall indicate on a map or otherwise describe the location of 
possible alternative areas considered for the use that do not require a new 
exception. The area for which the exception is taken shall be identified; 

(B) To show why the particular site is justified, it is necessary to discuss why 
other areas that do not require a new exception cannot reasonably accommodate 
the proposed use. Economic factors may be considered along with other relevant 
factors in determining that the use cannot reasonably be accommodated in other 
areas. Under this test the fo llowing questions shall be addressed: 

(i) Can the proposed use be reasonably accommodated on nonresource 
land that would not require an exception, including increasing the density 
of uses on nonresource land? If not, why not? 

(ii) Can the proposed use be reasonably accommodated on resource land 
that is already irrevocably committed to nonresource uses not allowed by 
the applicable Goal, including resource land in existing unincorporated 
communities, or by increasing the density of uses on committed lands? If 
not, why not? 

(iii) Can the proposed use be reasonably accommodated inside an urban 
growth boundary? If not, why not? 

(iv) Can the proposed usc be reasonably accommodated without the 
provision of a proposed public facility or service? If not, why not? 

(C) The "alternative areas" standard in paragraph B may be met by a broad review 
of similar types of areas rather than a review of specific alternative sites. Initially, 
a local govenm1ent adopting an exception need assess only whether those similar 

3 



The applicant alleges that the public water and sewer systems that provide serve to the 
properties would be threatened, as well as the integri ty of the systems themselves. This 

obviously proves too much. If ever these were threatened, they could be shut off or even 
removed. There is no evidence that the beach would be contaminated prior to some remedial 
action. This is a basic failure to provide substantial evidence. The application can be denied on 

this issue alone. 

types of areas in the vicinity could not reasonably accommodate the proposed use. 
Site specific comparisons are not required of a local government taking an 
exception unless another party to the local proceeding describes specific sites that 
can more reasonably accommodate the proposed use. A detailed evaluation of 
specific alternative sites is thus not required unless such sites are specifically 
described, with facts to support the assertion that the sites are more reasonable, by 
another party during the local exceptions proceeding. 

(c) "The long-term environmental, economic, social and energy consequences resulting 
from the use at the proposed site with measures designed to reduce adverse impacts are 
not significantly more adverse than would typically result from the same proposal being 
located in areas requiring a goal exception other than the proposed site." The exception 
shall describe: the characteristics of each alternative area considered by the jurisdiction in 
which an exception might be taken, the typical advantages and disadvantages of using the 
area for a use not allowed by the Goal, and the typical positive and negative 
consequences resulting from the use at the proposed site with measures designed to 
reduce adverse impacts. A detailed evaluation of specific alternative sites is not required 
unless such sites are specifically described with facts to support the assertion that the sites 
have significantly fewer adverse impacts during the local exceptions proceeding. The 
exception shall include the reasons why the consequences of the use at the chosen site are 
not significantly more adverse than would typically result from the same proposal being 
located in areas requiring a goal exception other than the proposed site. Such reasons 
shall include but are not limited to a description of: the facts used to determine which 
resource land is least productive, the ability to sustain resource uses near the proposed 
use, and the long-tern1 economic impact on the general area caused by irreversible 
removal of the land from the resource base. Other possible impacts to be addressed 
include the effects of the proposed use on the water table, on the costs of improving roads 
and on the costs to special service districts; 

(d) "The proposed uses are compatible with other adjacent uses or will be so rendered 
through measmes designed to reduce adverse impacts." The exception shall describe how 
the proposed use will be rendered compatible with adjacent land uses. The exception 
shall demonstrate that the proposed use is situated in such a manner as to be compatible 
with surrounding natural resources and resource management or production practices. 
"Compatible" is not intended as an absolute term meaning no interference or adverse 
impacts of any type with adjacent uses. 
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The applicants' focus on the particular design at issue here is inelevant. Rather, it is the 

broader issue- whether a protective structure is allowed at all. The siting and design of the 
protective structure is another matter entirely that does not come into play at this stage. 

The applicant has not sufficiently presented alternatives that would not require a goal 

exception. Only through an analysis of alternatives can the applicant demonstrate that a goal 
exception is necessary. This is principle is well established in caselaw. The applicant has also 
not demonstrated a particularly unique need for the proposed exception. Eroding shores are 

common throughout Oregon and the general area; that the Pine Beach houses were built on what 
was at the time a stabilized dune is likewise irrelevant. This is a high hazard area on the coast, 
and fluctuations in sand movement in such areas are recognized, common and continuous 

coastwide. If all eroding shorelands are eligible for a protective structure, then Goal 18 has 

simply become superfluous and nothing about this property is unique. This is not a situation 
where, as in Lincoln County at Gleneden Beach, the area is dominated by riprap. The applicant 
must demonstrate that this area is somehow different than other areas where shoreline armoring 

is not permitted. Moreover, the applicants must demonstrate alternatives to the use of a 
protective structure, which has not occurred. 

Consistent with the purpose of Goal 18 the applicant must address the impacts of 
additional shoreline armoring on the beach, access to the beach, and adjacent or nearby 
properties. These are "relevant factors," and the application obviously fails to address these 

impacts. For example, the use of riprap would affect other, non-armored areas of the cell. The 
applicant has not presented an analysis of these impacts, and, instead, presents a narrow view, 

one where "[t]he only ' relevant factors' to consider in this ' reasons' exception are the specific 
exception area as defined, and the above-cited specific characteristics of a beachfront protective 

structure that require its shoreline location on the subject properties." The applicants have failed 
to consider the effect of the exception on surrounding properties. 

The applicant is wrong to allege that no resource land is being used for the proposed 
shoreline protection. The properties are subject to Goal 17 and 18, and, therefore, the proposed 
protective structure is resource land. The applicant must consider other alternatives that would 
not require an exception on the subject property i.e., on resource land. 

The proposed ESEE analys is remains deficient. For the environmental considerations, 
the applicants allege that the structure was "designed to reduce adverse impacts" but never 

explains the expected impacts. Even if it is assumed that the allegation is correct, some degree 
of impacts is conceded, yet unexplained and unanalyzed. It is incumbent upon the applicant and 

local government to address those impacts. The applicant essentially threatens the possibili ty of 
loss of homes and detritus after years of erosion with the certainty of riprap. The ESEE analysis 
must present a straightforward analysis of the impacts, not a skewed version. 
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The economic analysis continues to be deficient. It fails to acknowledge the economic 
impacts to other properties as a result of placing riprap. The applicant focuses almost 
exclusively on the value of the existing homes and the possibility of damage to water and sewer 
faci lities. Moreover, the notion that remedial action would not occur for such faci lities is far­
fetched. The applicant has not provided a serious attempt at an economic analysis. 

The applicant also includes four vacant oceanfront lots within the proposed exception 

area. The applicant has not demonstrated adequate reasons for the inclusion of these properties, 

as the alleged threats are not present on vacant land. As with other issues, the applicant has not 
presented a rational reason or even substantial evidence to include these properties 

Finally, there is no alternative basis to approve an exception based on the allegation that 

an exception already exists. The applicants are simply wrong and the argument is half-hearted. 

The applicant would not have originally requested an exception if an exception already existed. 
Moreover, there is no dispute that no exception to what the applicant seeks here has ever been 

allowed. Exceptions are specific, not general. The applicants simply fail to present a cogent 
argument on this issue. 

Tillamook County does not have a responsibility to protect private properties with 
residences built in high hazard zones; but it does have a responsibility to ensure that applications 
for a Goall8 exception meet the requirements of state law, and to uphold state policies on 
protection of beach resources, both for public enjoyment and to limit rather than exacerbate the 
coastal erosion that follows placement of riprap and other shoreline armoring. 

For the above reasons, ORCA respectfully requests that the Board of Commissioners 
deny the application for a Goal 18 exception. 

Sincerely, 

Sean T. Malone 

Attorney for Oregon Coast Alliance 

Cc: 
Client 
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851-21-000086-PLNG-Application, Tillamook County 
Plat & Survey Chronology May 2021 

1914 Tillamook, N. Jetty Constructed 
1915 Survey C-0129, Watseco Plat, Ocean Blvd. is western most platted land 
1916 Nehalem, S. Jetty Constructed 
1918 Nehalem, N. Jetty Constructed 
1931 Tillamook N. Jetty Reconstructed and Extended to fu ll length 
1931 Survey C-0111, Vacation Plat of a Portion ofWatseco Plat, Ocean Blvd. western most platted 

land. 

1932 Survey C-0071, Plat ofPine Beach (land to the south ofWatseco Plat), Ocean Blvd. is western 
most platted land. Note reference to Watseco Blks. to the north. 

1950 Survey A-0444, George Shand Tracts, first time Lots are platted west of Ocean Blvd., west of 
Watseco Plat 

1967 Survey A-1502, Resurvey/Monument of George Shand Tracts 
1969 Tillamook S. Jetty Construction Began and final segment completed in 1979 
1980 Survey B-1 033, Resurvey of a portion of George Shand Tracts 
1986 Survey B-1218, George Patten Bdy. Survey, first time land is platted west of Ocean Blvd., 

west of Pine Beach Plat 

1994 Partition Plat 1994-3, divided land west of Ocean Blvd. in B-1218 into three parcels. 
1995 Partition Plat 1995-33, partition in George Shand Tracts. 
1996 Survey C-0466, Pine Beach Replat, Un it 1- Kote location of Ocean Blvd. relative to Pine Beach 

Subdivision Lots 11-20 where revetment is proposed. 
1999 Survey C- 0494, Pine Beach Replat, Unit 2 

South to North 
1N10WS7DD, Pine Beach Lots: 
TL114-House Built 2004 
TL 115-House Built 1997 
TL116-House Built 1998 
TL117-No House 
TL118- House Built 1997 
TL 11 9- No House 
TL 120- House Built 1997 
TL121- House Built 1999 
TL122- House Built 1997 
TL123- House Built 2016 

1NlOWS7DA, Shand Tract Lots: 
TL3204-No House 
TL3203-No House 
TL3l04-Housc Built 1997 
TL31 00-House Built 1997 
TL3000- House Built 1989 

Rockaway Littoral Cell; Cape Meares to Cape Falcon. 
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NARRATIVE ~ 

THE PURPOSE OF THIS SURVEY lS TO LOCATE IN Tl!E FIELD 'l'liE f'OIJ R PARCELS OF 
LAND WHICH CO!-tPRISE THE PLAT OF PINE BEACH UNDER ONE OWNERSHIP. THE VACATED 
STREETS OF THE SOUTH 1/2 OF F I RST AVE: THIRD AVE.: FOURTH AVE. AND LAKE SIDE 
DRIVE HAVE BEEN INCORPORATED INTO TUESE PARCELS AND ARE NOT SHOWN SPECIFICALLY. 

POR THE BASIS OF BEARINGS SEE THE NOTE AT THE LOWER RIGHT HAND CORNER Ot' 
THIS ORA~'ING . 

THE ONLY MONUMENT SET ON THE PINE BEACH PLAT IS THE INITIM. POINT AND 

l e DENOTES NONJtAENT FOJNO. 

2. 0 DENOTES 518" 1RON ROO SET WITH A YELLDW PLASTIC CAl> STAMPED .. 2AR0$1NSI<I ­
TATONE LS 1349 ". 

THE SOUTH LINE OF THE "GEORGE SHAND TRACTS" AS !iUR VEYEO BY SURVEY A·444 HAS 
PROJECTED THE 9::JUTH BOUNDARY OF '"WATSECO " WES1ERLY ACROSS AN ACCRETE D 
OCEAN FRONT AREA APPROX IM4TELY 500 FEET. THS PROCEDURE DOES t«:>T AGREE 
WITH THE COMMON LAW PRACT ICE OF ESTAB LI SHING PHOPERTY UN£5 ACOOSS ACCR£fEO 
LANDS AT RIGHT ANGLES TO THE SHORELINE. 

SINCE "PINE BEACH'S . NORTH BOUNDAR'i IS EQUAL TO THE SOUTH BOUNOI!.RY OF •wATSEco•, 

=~!T~gO:R~~~~:~D ~~S~~i~~H E~i :~~I~~S ~~ ~~~f.A~N O~H~I~~~E~~H. 
WHEN THE PLAT ANGLE OF 81031 '26• IS TURNED FROM THE EAST BOUNDARY OF OCEAN 

BJ.VD. TO THE NORTH BOUNDAR'i OF FIRST AVE., THE INITIAL POI NT OF PINE BEACH 
IS FOUND TO BE 20 . 00 FEET SOUTH OF THE NORTH BOUNDARY OF FIRST STREET AS PER THE 
PLAT. THEREFORE THE INITIAL POINT ALONG WITH THE PLAT BEARINGS AND DISTANCES 
WERE HELD TO ESTABLISH THE BOUNDARIES OF THE FOUR PARCELS AS SHOWN. 

TO LOCATE THE SOtn'HF.RN PACIFIC RIALROAD RIGHT-oF - WAY THE CENTERLINE OF 
THE EXISTING TRACX WAS HELD. 
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DE CLARA TJON: §JE 

ACK. NOWLED~E.Mt!.NT: 
5T"-Tl Of'~ > 

> 5.5. 
COUHTY~~ > 

n-t:5 IH5TRUHtHT WA!I AD:.~ .&(.I"'Ot! t'ft: ON ~I ~D ""t!:.. • 19915, 
BY OCINo4LO 1:. ~U!It AHD OA\om L.. I'Nlll. A!l ~ 01' PrHt! &GIOI OC\IUOPI'ff!Nr LLC., 
ON &tJW.f 01'" THe a:Jt1PAHY AHO Jurrr~N P. TNHI!R. A!1 ~TN(( YICt.-Pft~ 01' 
CUl'ft}N4L I:J,AIIt:., 0t1 &dWJ" or CVI1'r.HIIJ,A.L tY.J<~c. 

MONIJMENT NOTI!.S: 

(0 ~~~r~~ds'fr'Jx.~~~9~::·C:/1%nc~~-
AHD HJG.H',IAY 101. (IS(/) I'OIIt NQ TJC. ~T 8Y ~ A!1 &eACH ZONe UH! COHJ1l'OL 

fOUHO OSHel N . ..tJHJHIJH CAP OH A ,/1 lflOH ROO -'TNiPW •AQU J973", JW f"ll'--H )rmH GROUND. 
Ur ""'T 01' DINJC~ H!T.A.L ~ 5TA£e, IO.J' !A.ST Of' !A.ST UlCt Of' PAIICNUff Of' 
~y 101. ~ roR HCS ~ .SCT BY ~ A5 OUCH ZONI:. UN! COtiTil:Ol_ 

f"()(JNN 5 /tl' ~ tmH 'rZ:L.LOW Pt.,AS1JC CAP 5TN1PW ·~ TATON'C ~ I.Jf'T, TOP 
0.1' A.!!o0\1: .StiUNZ. Z.5' 50(JT11 Of' CVIJVt1JHC 01' A f'OOT PAnt HCJilTU 0.04' AfK) J.'l.ST 
O.fll' 01" CW:.ut.A.Tl.O PO!mOH fOil THt. ~T ~ 01' PARal.. I, Plti(T11)()H PUT HO. 
1994-DO.). 5U MAP &-JZIA 

fOOHO 5/tl' flOWl tmH YEL.LOW PLA:5Tx: CAP 5TN1PlD • HU) ttK:", TOP n.~ wr1H 5t.IIUAO: 
A/10 61 COfTrRJJHt! Of' A 1'001 PAM .) "9 ' 55'"' Y ~Jf' »>D N OO'O.f'l'T W 0.00' 
Of' -SeT~ fOR 1h't: liO:ST HOimteRLY ~T o:JilHU!. 01' 7Ht ~ ~ f'Oil 
P/Ht! 8tA.CH IUPU.T. SU HAP D-1760. 

rouHO '/tf' lt1!IWl tmH \1:LLOW f'l.A.1;1JC CAl' 5TN1PtD ·~ ~- rop 0.,. &UDW !JVRI'N:r. 
:scurtl 0.06' NW WOT O.OJ" Ot' CAl..CtJI..An:D ~- PUC.J..tD 1>d5 /'1()NIA101f. .$U PAKTmOH 
PI.A.T HO. 1994-00.S.. 

rouHO 5/tl' RU.AR tmH 'r'W..OW PlA:Sl'x:' CAP $TN1PtD -~ !HC", rOP 0.6' &CL.OW .StiRI"ACe. 
SOUTH O.or N«J CAST 0.19' 01' CALCtll.A.JlD PO!JI'l'K)H. PULUD 1)CS l'tOHV111!HT. X£: 
P~ Pt.AT HO. 199---00J. 

rouH0 ctXJHrY 5~"$ MA6S CAP ~ Ill COHCRat!. NT1AL POitiT rOll PtNt! SitACH, TOP 
~ ~ 5UIUACL. MeLD fOil MSI$ OF~- 5U ~ Mf t~JO 

fOUHO '/tr ~ W'17H 'rZ:LLOloi ~TJC CAP 5TNfPtD "L41l051ti$rJ TATOHC L.5 JJ4'1'". TOP 
!tUSH tmJ-1 SVIUN:t.. l'{fiD !'Oil~ Of"~ .5a HN' &-IZJA 

fOUHO '/tf' flu.Nl. lo.1'TH \1:LL.OW Pf.A'JlC' C» STN1PtD .. ~1 TAroNC L.5 l.Wr. TOP 
fT..lJSI1 ~ 5/JIUN:.t.. 8t.A.r:5 N IH"34't,. W A74' flt0'1 !J()(JTH(ASf CiJitNOl OfT UJT 9. ~ 
HAP li- JZJA 

FOOHI) IJ/~ ~ ~ ~ PWOC C'.AP 5TNIPtlJ ·A ~ L.5 79Y, rop f'UJ'-H 1wiD1 
5Uil.f'AO!. SOUTH O.H' NIO ~T 0.06· Of' c..L.CULA.TW P«JtT10H ~ THe. ~T COilHt!R 
« LOT 10, &L.OC.I:: 4, PlAT U PIHe &AC:H. :SU t1AP A-S11t'-

1/4 §IB.C'1[']I0N 7. ~. lRlOW". W.M 
COUN1nr 
JIJNE 2~. 1996 

APPROVALS: 
$TAn Ot' ouc:;oN > 

> "" COUHrY Of' nt..l.A."fiiOC > 

txAifl';uJ NIO APP11:CM!JJ BY 7Ht. I'Ct.U~I"«;: 

MONIJMI!.NT NOTt!.S: 

@) I'OUHO 1/Z' l1tOH PIP~ ldJ'H PUJCf AHO TA.7, TC'JP o.:r ~ 5UIUAC:t.. ~ O.Jtl' N10 
~T 1.4'' Of' CAL.a.ltA.Tl:O ~ f'Oil J'WI!: 50l/7HioCT CXJilHeJl or WT 10, 8LOCX 4, PlAT 
Of' P1XC &eAOI. HO ~ 

f'OUHD '/If' lli:6AII. lrmH ~ Pf..A'JJC r"JP 5TAI1Pd) ·A OUHC:.AH "' n:r. TOP o.z· ~ 
5VIUN2 !'10</rH O.De' AHD tA.ST 0.06' 01' CALCU..A.TlO f'06IriOH l'tllll 7HC ~T CDttH:!R 
OF I..OT 7, 8UXX 4, PLAT Of' PWC ~ .5U I'W' A-,11!1. 

I"'UHH '/If' llt:AAil. lmH ~ Pi.A$l'JC' CAP 5TN1n.D ·~ JHC". roP ~ t.ml ~ACI:. $ 
-"'i ""'J,.. lo' 190.41' AHD H OO"O.f'Z'F W 0.14" Of' XT /'fCitM'feHT f'Oit THe /'105T 
~y ~T CXJfllla. Of' THe ~ ~ 1"01/ P1Ht! tJUCH llrPI.AT. !!« "SAA' &-
1160. 

SHE.E.T INDEX: 

SHI!l!T l ~H~T Z 
~n:::w 8CJUHlJti«Y~YJ1,1.P 
ACt~ M51!5fY~ 
TAXSTAru.!Hr ~ 
~ _._,.,.,.. 
~ 
>H<O /HO<X 
~'$CUTI1'X:A.J'l 
ut:m:> 
CCHDtTIOt<O """ 1U5TJDCnOH!j 

LE~t!.ND: 

~Ht!t!T 3 

"""'""' ~TlfYCt.>UHrYQ.J:Ja: 
COPY 5TA.Tti1CHr 
DtT""'-' A.S.C.O 
~ T.A.aL.t~TA 
I.1Hl. TA&U tl4TA 

~~ '/tr X flT ~ XT loofTH ~ PU.STJIC CAP I>Wtrt.D " Htl) ~ IHC. .. 

• ~~ HOHI.JHEHTI'OUHO.A.!i HaT'tJ) ~~!'Oil COHT'IlOt.. 

tHC:IK'Arl.:S HOHIJHU(T I"'UHH "" NOTr!D HtJttOtt 

( J
1 IHOICA.~ lll!.r:::o6J V.ALU~ PrR P~ PU.T HO. 1994- 00J. 

H0 ( ) IHDICATe5 H~ VALUe. 

S.f'. fNCICA~ ~ I"UT. 

(<; • H) IHOICA~ ce::t55 AHD t«T A.tt1. 

(t;) INQCA.Tr:l Qi!O:S:S AIW. 

(1'1) /Ml!CI.n.:l H~T ..w:A 

t!.ASEME.NTS OF RECORD: 

a:xr!5 A.S Ct>HTNHe.O IN PAT'tHT nlOI1 tJHtTW .STAn.:! Of" NfeRIC\ TO Ll.O'I'[) C. ~. H5 H~ 
MD~ • .A!! ~ BY MTJttR'fr.l'ff ftCCDIWclJ ~ ZZ. 16«1. IH 800C J, P~ .SZJ, 
1Jl.L.,.t,t'ff COUHTY OUD ~-

~St!.Mt!.NTS: 

~-r: A. Z'-OC' ~ HGW-ua.~ t.A50teHT I'Oil :st~ 5't'5TUf lHP«N''!HtHT5. IHCin55 .A.HO 
~TO JMN ROCJ:.!5 ~Nrr Dr.JTJ!JCr. 

~-t: A. HON-t!X~ ~ f'OI!. 50t'I:R -'~Wf 11'1~. ~ AHO ~!! TO 
Tk'W laX%!5 5AHTAR'Y DtS1RIC'T. 

~-J: A. IUXT ~ NOH- C(CJ..f.1.5M. tJ6tJttHT 1"'0l lll"1tlnl.!S TO 'T1U..»ffO( Pt:Df'l,t-, lfm.lrY 
OI>JlOCT. 

~- 4: A. AOC' ~ NCW-!Xa.~ ~ roll. .et..eC1R1CA.L urn..J77t:5 TO T7t.L).MOOC 
PtbPU'!S unurt a572JCT. 

CONDITIONS & RESTRICTIONS: 

OU 110()( ~. PN;< J.!]g. 11UioMOO< COUtlrJ' DUD R:!COIW> """ ~ll0t<5. ~ 
ed~ AHO Rde1l'VA~. 

SIJRVEYOR·s Ct!.RTIF7CA Tt!.: 
5TA.1l0f'~ > 

>!5.5. 
CJ:XJHTY 01' nt.L..IJ10(I(' > 

l.ll:OHIJ.L)C.I.Nl:!!OH. ClRTif'Y~T: 

I J.M.\o!: ~'I' -'VIIM:'f'W NIO l'tAU.f!O '1tlfTH Pll:OPtJl MOHtJt1UIT:j 7H~ T2IC1 01' LA/10 
~ Ori TNe NHt:JUD lii.P, 1Ht! ~ liO<JHllAilY 01" - plNr, '6t.JCH ftVLAT 
UI#Tr ~ DeSOrJeeO A.S ~: 

~ A T A POIIfT Ot1 1He ~T i(JQ(r~OI'"-Io'AY UHc 01" PN:.JriC ~y lo'HJCH PCIHT 
1!5 ~ M""''~ ~T 10.0'5 I'UT AHO ~ ()IJ•Z,'J'J" ~T ,7.1J l'1%T f'7tOM 

7HC HTW. PQHT « PTHc &C~£H. ~·.A.!! f'W# e-n rv..T Itt:~ « ~ 
CtXJHTY. t..OC.-.rtD w sccrr::w ;, TOioM.WP z HIIXTH. UHGt zo ~r 01" ~ ~ 
l1tJ/:1DIAN, 1Zl.LN10CliC CCUHTY, ~. ~ POtHT &a~e; 7H~ N1W. PCtHr or 7H:5 
~ PI.A.T NIO tiUCt.D &Y A '/tf' X 40' ea.NZ lofTH 'rU.L£)t{ Pu.51JC CAP !5TN1PUJ 
•;.ft.JJA.S50C,INC.·: 

7HeHCZ HOilT'H ... ,4'%,- ~T 231J.oo rer:r ro A '/If' x .w' ~ 'rriTTH )1:U.OW PI..A.!Inc 
CAP -'T»fPtD ·~ AS50C INC • ; 

THt!HO! HOilTH ~·z''''" u.sT 40.00 I'UT ro 7HC ~r COtlHf.R Of' wr 1. &DCr. 
4, PfH£ !IUCH: 

THVet. HOil'TN ~·.34'2'1" ~T AL..CWC; 1H~ !50U7H UHC 01' ~ ],tJ NIO 10, &u:ICl: 4, 
PfHC 8GAOI AHO JHt. ~TeltLY tXTlH:SDN 7HeiU:Dt' UO.OO IUT TO THe )IIE5T ~-01'­
WAY I..JHt! Of' octAH tAJUl.&~ 

THtHCe HOft'T)I 0'5·t''""' e.A.!IT AL..CWCf SArlO ~r u;HT- «-tJAY L1l«. tzo.oo nLT ro 
me ~ MTH l?4( \oo'dmiLY ~ 01" rne HOit1H t.l'le 01" LOT l/J, eu:xx 
z. ~ &l!ACH; 

THeHCc. ~ e-f"J4"Z,- ~T AL.0NG S.U0 .lo'd~Y ~ '-00 l"eZr ro A ' / 11' X 
40' lldNI. ~ 'i'!!LL.OW PV.$7lC CAP 5TA.I'fPd) ·~ A:S:SOC. JHC. •; 

rHcHCc. HOilTH 01•t,.J,. ~T ,4.Ze I'U!.T TO JHt: fA.S~Y tx1'lJt5ICJH Of' THe HOfll'1'H 
UHe 01' PNtCl.L I, PNmT'ION PU.T NO. 1994-00J. IU.Ct>ltD6 Of' 17l.J..AI100C COtMfY; 

l'HeHCt HOilTH 119 .,.,,. ~T ~0 f"CD, l'fOIU 01/t c..d$, 10 'Dit: MeA/4 HOI tJA1tt I..JHe 
Of' THe. PN:l1'1C OCUli; 

1'htloiCc ~y AU)tliC ~ ~ HIQi ~Tel( UHC ~ nD, HOftl! 01/t 1.05, TO XJUTH 
UHC 01' PJ/le4 3, PAKr'ITICN Pt.A.T HO. 1994-00J, 1H4T l.ld W'OT 01' Ot.D P!Dne 
~~ 

THtHCt! -'lXIrN IU"34't,- CAST -'l.I'.JHC 5ool,l;l ""-lrH UHf. 1~ f'rLT, H01tt 011. ~ 70 
THe ~T fl:1Q(f-Of'-WA.Y UHc Of' PN:JI7C ~Y: 

THU1Ct. HOilTH 0!5"Z''~ eAST~ Ml) ~T tJQ((-Of'-ttiAY t.JNt: 6Ja09 recT TO 
JHt 50CIDi llX"J-fr-01"-WAY lH. Of' ~T A"=HUe: 

1HeHCZ 50VrH M . , • .,,. lo"e5T N..I:>HC !W:> XJ<ITH ftJQfr-Of'-WAY IJNI! 10.0'5 1'tD ro A. 
POIHT .......cH l5 JO.OO f'UT lwE.51l;tt.Y M HG45UIWJ PaPtHOK::UI.Nt ro THr! ~T fiUQfT'­
OI"'-WA.YLJHt.OI'PN:111C~Y; 

THUK::I! 50(fTH ~·z~'J'J" he5T PNtALJ.Zi. ..ml .sAID ~T RJQn'-Of"-ttiAY l.JHt! J17.JJ nt.T 
1'0 nt!: H7W. POIHT. 

J 277 J 60 I.OM; 

HLB A .A.SS0C.. IN'C.. 
HANDFORTH LARSON 4: BARREn 

SURVEYING • ENGINEERING • PLANNING 
II'' •WOQK C:QIIND' 
1 • o LANEDA AVE. 

WANZAHITA, 0~ .7130 
(~l) .3U- S.38-4 

F'A)(: (503) 318- S8A7 

C! AI5Qt C OUN TY 
42&3 A HW"'' 1 01 N. 

G[AfUU,Jn', OR 87138 
(S03) 73a-3A2S 

F'A)(: ( 503) 738-7c':a 
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SJECTION 7. 'lr!N'. nuow-. 
'1In.JLA.MOOIK. COUN11Y 

JUNt! 2+. 1995 

10 

H 11-f•Jf'" If 

W.M 

NARRA TIVI!: 

~ 5UIIie\I'I:Y WoCi C0HrXJCTrD AS A OtPrHOO('( ~y or 'fN' 51JeJC:CT P«<PeiT'Y 
OdOtecD A$ P~ I, t NK> J, PNl"/T'f101'1 .Pt.AT HO. 1994-00, lttcotloaJ ~ 
Z. 1994. ~ PUT CA61HCT &, 5UDC t• nu.A/'1001[ c::ovHTY Rt~ U.~ 
THeRU1tOt'f 1>MT ~ ~ ~ I'Metl.. J 7N4T UL5 I:A.ST 01' OI.D PIDnC HQ.YAY N«J 
~T tY lHC :x>VTHUlH PltDrJC ~ ll1C;(r 01' lo(of.Y, THe P~ 01' 1h1:S ~y ~ 
TO ~ 7HC ~ fl't1:0f'tll:rY JHr0 THfi(T't-T)oO L.O~ AHO A CCJI1f'10H MtA THt! 
JoltXrn NIO ~ '-00 fU.'f fY ~ Ct:Jftt1()H AlttA NU. P'm.A.Tl::' loo'AL.(Ir'A'I"::5 r'Clle ~ 70 
I>'< OCACH. 

HaD 7Jo£ W1JAL POIHT Of' PINt! II!AOi NKJ 110HVNUIT @ f'Oit ~ 01' ~ 
HeLD 2eC01r0 ~ nK»1 P~ PLAT HO. 1994-00J TO ~T~ THt: HOil1H AHO 
~~OI'PU.T~ 

~ 01' ocr.NI aour..t\IAft) Aft a&«: VACAn:D lomf THe f2I.JNC; « n«5 PI.A.T J.HO 
!'JUt) A5 e:lo\0 ~JDrt Pf!TmOH ... ,. 7HC W'e5T a;tr-01'- ioi'AY ~ 01' f',JQnC 
~y .!:5 .ea«; HOHf.IHV(rU) 1'>1!5 $UltVEY 70 IHO.CJOt. THe 10.00 f'OOT lome PtJDUC 
OCIJ«:ATIOH. 

CURVI! TASLI! DATA 

Ct ZtuXr ~I • J().JZ' H 

"" OIT 17.7 H 
CJ O.IXJ' ..,. 
Cf 0 I ITT' 
c 70.IX1' JO.tO' r , .. .,. .... 

10.00' 
N t!J.4•Jf"Z:r It' 

C7 o. .,. H 

"" 10.1XJ' ,()IT H 

u:n: Zl II a Sf 
~ 

" N 
~ 

:: 
u:n: 2J ~ il 

>: 

~ 
NO SCALI! 

'-E."" • • 
@~ 

a 
~ 

u:n: 25 

~ 
u:n: :M 

!l 
!: 
~ 

Ot!TAIL ·o· 
HOr"'..,.... 

UNI! TABLI! DATA 

ll 

LO 
Lit 
LIZ 

T. 
o.w 

""" ..... ...... H 
CtO 0./KI' 00. 1/' 

I ... • u; .ZJ' 
CIZ zo 
CtJ 0./KI' .. zt.r . Z6..1.J' H <U•OC'47" I! 
Ct O.OIT .. ,. HI •JJ"It? I! 
Clf .... 16. 7' .. 

CI!RTIFICATt! OF' COUNTY CLt!RJ::.: 

Jt17IIOJ,()I,(; 

HLB A .ASS0C:::.. IN'C. 
HANDFORTH LARSON .t BARRm 

SURVEYING • ENGINEERING • Pl..AHHIHG 
TIJI A.WOOK COUHry 
1e0 LAHI:OA AVE. 

.,_-'Ht,~'i..t:ie~~Ds:!130 rAJ: (503) see-sa-.7 

C-466 



1 

2 

#851-21-000086-PLNG-0 I: GOAL 18 EXCEPTION REQUEST 
#851-21-000086-PLNG: FLOODPLAIN DEVELOPMENT 
PERMIT 
SARAH ABSHER, CFM, DIRECTOR 

TILlAMOOK COUNTY DEPARTMENT OF COMMUNITY DEVELOPMENT 
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•nn•·"u"'" Annoring and Eligibility 

6 

Beachiront Protective structures, OPRD, 21 
Goal 18 Eligibility Inventory, OCMP. 2015 

Elig1 bte for Protection 

c:J Ehg1bte due to ExceptiOn 

c:J Not Ehg1ble for Protection 

D Rockaway Beilch Only · See C.tv Planner. 
(\'/estern extent o• Goill 18 Exception is 
the ocean setbilck l ine .1 
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DUNE LEGEND 

AID Active inland dJne 
8 Beach 
CT Coo~to l leuoce 
DC Dvne complex of OS, OSC, 
DS Younger ~tobilizcd dvncs 
FD Recently stabilized foredcne 
FDA Active fcredune 
H Active dune hiJmnoc.ks 
M Moun~air scarp 
ODS Older stobi I ized dunes 
OS Open dune sana 
(OS, Oesignc:t!s i·e11s of sccondor 
esc Open dune sane conditionoll 
W Wet interdune 
NDI Wet deflation plo in 
11F? Wet food plain 
tiN Wet movnro in front 
'hSP Wet surge ploin 

APPLICATIONS UNDER REVIEW 

• Goal Exception request for approval of an exception 
to Statewide Planning Goal 18, Implementation 
Measure (IM) 5; approval of a comprehensive plan 
amendment for a .. committed'. exception and/or a 
.. reasons .. exception to Goal 18, Implementation 
Measure 5 for the construction of shoreline 
stabilization along the westerly lots of the Pine Beach 
Subdivision and tive oceanfront lots to the north 
located with in the Barview/Twin Rocks/Watseco 
Unincorporated Community Boundary. 

• Development Penn it Request for the installation of a 
beach front protective structure (rip rap revetment) 
within an active eroding foredune cast of the line of 
established vegetation in the Coastal High Hazard 
(VE) zone, an Area of Special Flood Hazard within 
the Flood Hazard Overlay Zone. 

Beach & Dune Hazard Overlay Zone provisions ar~ also 
made part of this penn it review process. 

7/28/2021 
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CONSIDERATION FOR ACTION 
2 SEPARATE APPLICATIONS & DECISIONS 

#85 1-2 1-000086-PLNG-0 I 

• EXCEPTION TO GOAL 18 
IMPLEMENTATION MEASURE 5 
TO ALLOW THE 
CONSTRUCTION OF A 
BEACHFRONT PROTECTIVE 
STRUCTURE (BPS) 

#851-21-000086-PLNG 

• DEVELOPMENT PERMIT FOR 
CONSTRUCTION OF BPS 
(BEACH & DUNE OVERLAY 
ZONE) & DEVELOPMENT 
WITHIN AREA OF SPECIAL 
FLOOD HAZARD 

GOAL 18 IMPLEMENTATION MEASURES # 2 & # 5 

• Statewide Planning Goal 18 Implementation Measure #2 
requires prohibition of residential , commercial and 
industrial development on beaches, active foredunes and 
other foredunes which are conditionally stable and that 
are subject to ocean undercutting or wave overtopping. 
and on interdune areas (deflation plains) that are subject 
to ocean flooding. 

• These are areas within unincorporated Tillamook County 
identified as built and committed areas located on 
foredunes which are conditionally stable and that are 
subject to ocean undercutting or wave overtopping, and 
on mterdune areas (deflation plains) that are subject to 
ocean flooding. These built and committed areas arc 
Cape Meares, Tierra Del i\ Iar, Pacific City and 

cskowin. 

• Implementation Measure #5 of Statewide Planning Goal 
18 only allows beach front protective structures where 
development existed on January I, 1977. De1·elopme111 
is defined as houses. commercial and industrial 
buildings. and 1•acant subdivision lots which are 
physical(r impro1·ed through construction of streets and 
pro1•ision of utilities to the lot and includes areas 11·here 
an exception to (2) abo1•e has been appro1·ed. 

• Criteria that must be met for the construction of 
beachfront protective structures is included in 
lmplememation Measure #5 and require evidence that 
'isual impacts are minimized, access to the beach is 
maintained, negative impacts to adjacelll properties are 
minimized, and long-term or recurri ng costs to the 
publ ic are avoided. 

7/28/2021 
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APPLICABLE 
PROVISIONS 

DEFINITION OF "DEVELOPMENT" 
STATEWIDE PLANNING GOAL 18 

• 1977 
• Develop 

• To make a physical change in the use or 
appearance of land, to divide land into 
parcels, or to create or terminate rights of 
access. 

• Development 

• The act, process, or result of developing. 

• 1984 

• Houses and vacant subdivision lots 
which are physically improved through 
construction of streets and provision of 
utilities to the lot. 

7/28/2021 

6 

• 



13 

14 

DEFINITION OF DEVELOPMENT 

1977- IS EXCEPTION REQUIRED IF DEVELOPMENT 
MET DEFINITION? 

• 1941 SUBDIVISION PLATVACATION OF PINE 
BEACH 

1984- EXCEPTION WOULD BE REQURIED IF 
DEVELOPMENT DOES NOT MEET 1984 DEFINITION OF 
DEVELOPMENT 

• WHATTYPE OF EXCEPTION IS APPROPRIATE FOR 
CONSIDERATION? APPLICANT EXPLORES ALL THREE. 
TESTIMONY RECEIVED BY DLCD & OTHERSARGUETHAT 
A REASONS EXCEPTION IS THE ONLY PATH FORWARD 
FORA GOAL 181MS EXCEPTION 

DEVELOPMENT LAWFULLY PERMITTED. GOAL 18 
IM2/IMS EXCEPTIONS WERE NOT REQUIREDTO BE 
TAKEN ONTHEYOUNGER STABILIZED DUNE. THREAT 
OF EROSION & OCEAN FLOODING WAS NOT PRESENT 
ATTHETIME OF DEVELOPMENT BUT ARE PRESENT NOW. 

THE BEACH IS THE RESOURCE- PURPOSE OF GOAL 18 IS TO PRESERVE & PROTECT THE BEACH RESOURCE 
• PROTECTION PRIORITY: DEVELOPMENT OR THE BEACH! 

• POLICIES OF GOAL 18 ITSELF- PROTECT BEACH RESOURCE-WHAT IMPACT, IF ANY, DOES THE BPS HAVE ON THE RESOURCE NOW 
AND IN THE FUTURE,AND ULTIMATELY WILL THE BPS RESULT IN FURTHER DEGREDATION OF THE RESOURCE! 

• WHILE SITE CONDITIONS MAY CHANGE DUE TO CONTINUED EROSION, THE CONSTRUCTION OF THE PROPOSED BPS IS LOCATED 
WHOLLY WITHIN PRIVATE PROPERTY BOUNDARIES OF THE SUBJECT PROPERTIES 
• FUNCTION OF BPS- ONLY WHEN THREAT OF EROSION EXISTS AT THE LOCATION OF THE BPS. UNTIL THEN,WHAT IS THE 

PURPOSE AND FUNCTION OFTHE BPS! 
• ENSURING PUBLIC ACCESSA!.Q.!i!;i THE BEACH, NOT NECESSARILY ACCESS TO THE BEACH FROM THE PRIVATE/PUBLIC ROAD 

SYSTEM 
• LINCOLN COUNTY APPLICATIONVSTILLAMOOK COUNTY FROM DLCD STANDPOINT- SITE CONDITION CONSIDERATION 

RELATIONSHIP WITH OTHER POLICIES & GOALS 
• GOAL 7, NATURAL HAZARDS- COUNTY'S OBLIGATION TO UPHOLD OTHER POLICIES OF STWP & COMPREHENSIVE PLAN- BPS 

PROPOSAL AND GOAL EXCEPTION REQUEST IS CONSISTENT WITH GOAL 7 POLICIES! 
• GOAL I 0 HOUSING ELEMENT- POLICY TO PROMOTE DIVERSE HOUSING STOCK & HOUSING CRISIS! 
• SHORE LAND GOAL 17 ELEMENT- HAS EXCEPTION BEEN TAKEN! PRIORITY OF NON-STRUCTURALVS STRUCTURAL SOLUTIONS! 

SHOULD AN ALTERNATIVE ANALYSIS BE DONE TO PROVE WHY NON-STRUCTURAL SOLUTIONS CANNOT BE CONSIDERED! 

DISCUSSION & CONSIDERATION CONTINUED 

7/28/2021 
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RELEVANT GOALS & GOAL ELEMENTS 

Goal 1- Planning 
Process & Citizen 

Involvement 

Goal 2- Land Use Plan 
& Exception Process 
(Reasons/Committed 
Exception Request) 

Goal 14- Urbanization Goal 17- Shore lands 

CRITERIA 
DISCUSSION 

REQUEST: 
4 EXCEPTIONS 

Goal II- Public 
Facilities 

Goal 18- Beaches & 
Dunes 

• Goal 181M #2 
• Goal 181M #5 

7/28/2021 
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SUMMARY OF FINDINGS MADE BY APPLICANTTO JUSTIFY WHY 
EXCEPTIONS SHOULD BE GRANTED 

DEVELOPMENT was lawfully permitted by Tillamook County 

• Some if not all properties meet definition of"DEVELOPMENT" as originally defined in Goal 18 

• Determination and identification of properties that meet definition of"development" 

Subject area is an irrevocably committed area intended for urban residential use 

REQUEST IS CONSISTENTWITH GOAL 18 (AND GOAL 7) POLICIES TO REDUCE HAZARD TO HUMAN LIFE & 
PROPERTY FROM NATURALACTIONSASSOCIATEDWITH COASTAL BEACH & DUNE AREAS 

Visual impacts are minimized and existing beach access is maintained. 

BPS IS DESIGNED TO MINIMIZE IMPACTS ON ADJACENT PROPERTIES AND WILL NOT INCREASE RISK OF HAZARDS 
(WAVE RUN-UP. INCREASED WAVE HEIGHT. INCREASED FLOOD RISK OR DIVERSION OF FLOOD WATER) 

BPS IS DESIGNED TO MEET GOAL 18 REQUIREMENTS & BEACH & DUNE HAZARD OVERLAY ZONE STANDARDS 

(a) The use will be adequately protected from any geologic hazards. wind erosion, undercutting ocean flooding and storm 
waves. or the use is of minimal value; 

(b) The use is designed to minimize adverse environmental effects; and 

(c) The exceptions requirements of OAR 660-004-0020 are met. 

SUMMARY CONTINUED 

The project design protects surrounding properties from the adverse impacts of development, including protection from direction of 
additional water to surrounding properties, increase in wave heights or wave runup. or impact to the natural littoral drift of sediment 
along the coast. 
As stated in the Technical Memorandum provided by West Consultants, the proposed revetment structure will reduce the risk of 
damage to life, property and the natural environment from beach erosion and coastal flooding resulting from large waves occurring 
during high tides. 
West Consultants Technical Memorandum explains that the structure is designed to address ocean flooding and storm waves and that 
its design will not cause an increase to FEMA total water levels near the structure. 
The proposed beachfront protective structure will protect the natural environment from beach erosion and adverse impacts from 
coastal flooding. 
Applicants state the design of the proposed beachfront protective structure is consistent with Goal 18, IM 3 and will provide protective 
measures where natural protective measures have failed including protection (not the destruction) of desirable vegetation. 
Applicants state the proposed beachfront protective structure does not use or affect groundwater as the structure does not reach 
down to the water table and will not lead to loss of water quality or the intrusion of salt water into water supplies. 
Foredune breaching is not part of the proposed development. 
Applicants state that while grading and sand movement will occur for the development of the proposed beachfront protective structure, 
these construction activities are not for the purposes of maintaining views or preventing sand inundation (Exhibit B). The proposal to 
construct a beachfront protective structure will protect the foredune. 
BPS will be constructed and maintained (including vegetation maintenance requirements) by the property owners. 

7/28/2021 

9 



19 

20 

ENVIRONMENTAL, ECONOMIC, SOCIAL & ENERGY CONSEQUENCE 
ANALYSIS SUMMARY 

• Applicants state the ESEE demonstrates consequences that would result from the construction of a 
beachfront protective structure at the subject location are not significantly more adverse than what 
would typically result from the same proposal being located in a different area that would or would not 
require a Goal 18, IM 5 exception. Applicants add that there are only two differences between the 
proposed exception area and the other sites: 

• The proposed exception area is much larger than individual property elsewhere and while the 
adverse environmental impact of building a beachfront protective structure at the subject location 
is greater than for a single property, the impact will be temporary given the impact area will be re­
covered with sand, replanted and monitored. 

• An environmental benefit will result from this proposal for a larger area as a greater area of the 
foredune (not just an area within a single lot) will be restored and protected with beach grasses, 
shrubs and trees. 

• Locating the beachfront protective structure at any other location would not protect the subject 
properties and related public infrastructure, hence the reason for the exception request. 

TCLUO SECTION 9.030(CRITERIA) 

• (a) If the proposal involves an amendment to the Comprehensive Plan, the 
amendment must be consistent with the Statewide Planning Goals and relevant 
Oregon Administrative Rules; 

• (b) The proposal must be consistent with the Comprehensive Plan. (The 
Comprehensive Plan may be amended concurrently with proposed changes in 
zoning); 

• (c) The Board must find the proposal to be in the public interest with regard to 
community conditions; the proposal either responds to changes in the community, or 
it corrects a mistake or inconsistency in the subject plan or ordinance; and 

• (d) The amendment must conform to Section 9.040 Transportations Planning Rule 
Compliance. 

7/28/2021 
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PUBLIC & AGENCY COMMENTS 

• LACK OF EVIDENCE THAT EXCEPTION SHOULD BE GRANTED 

• ALTERNATIVES ANALYSIS DOES NOT MEET JUSTIFICATION FOR EXCPETION 

• THREAT OF EROSION TO ADJACENT PROPERTIES 

• INCREASED THREAT OF FLOOD RISK TO ADJACENT PROPERTIES 

• PROTECTION OF EXISTING DEVELOPMENT DOES NOT JUSTIFY NEED TO GRANT EXCEPTION 

• EXCEPTION SHOULD NOT BE GRANTED SIMPLY BECAUSE EXCEPTIONS IN THIS AREA HAVE ALREADY 
BEEN TAKEN 

• THREAT OF BEACH ACCESSIBILITY ON STRETCH OF BEACH ADJACENT TO THE SUBJECT PROPERTIES 

DEVELOPMENT PERMIT DISCUSSION 
BEACH & DUNE OVERLAY ZONE,TCLUO SECTION 3.530 

PERMITTED CONSTRUCTION OF A BPS REQUIRES GOAL EXCEPTION 

For tlte purposes of this requirement, ''derelopmeut" menus houses, commercial mtd industrial buildings, nnd t•ncnnt subdh•isiou lots .,·hiclt are 
physical!r impr01wlthrough the construction o_(srreets and pro•·ision o_(wilities to the lot. Lots or parcels where de•·e/opmelll existed as ofJmuttlly 
I. /<);?,are ideurijied 011 the 19 -,~ Orego11 State Highway Ocea11 Shores aerial photographs on/ile i11 Tillamook Cou11t)'. 

SITE DEVELOPMENT REQUIREMENTS & DETAILED SITE INYESIIGATION REQUIRED 

The report o_(a Derailed Site Jm·estigarioll shall recommend de•·elopment standards to assure that proposed alterations a11d struc111res are properly 
designed so as to m·oid or recogni:e lta:ards described in the preliminm:•· report or as a res11lt of separate im·esrigations. 111e report shall include 
standards .for: 

a. Derelopment deus if) mul design; 
b. Local ion aud desig11 of roads and dril·eways: 
c. Special foundatiOII desig11 (for example spr~ad Jooti11gs ll'ith post am/ piers). i!'required; 
d. Manageme111 of storm water nmoj)'during aud a.Ji~r constmction. 

Summmy Findiugs nnd Conclusio11s. The Prrliminm:'L-· nud De/ailed Site Reports shall include tlte.fOIIoH·ing SIIIIIIIWIJ tiudiugs nud conclusion: 
I. The proposed use and the hazards it might cause to lije. propetl)', and the nruural em·iromneut; 
1. The proposed use is renso11ably protected ji'om the described lm:ards )or the liletime oft he stmc/1/re. 
3. Measures necessary to protect the surrou11di11g ar~aji·om m11· ha:ards rhm are a result of the proposed dere/opmem: 
../. Periodic moniwring necessary ro ensure recommended de1·elopmem standards are implememeti or tluu nre necessary fOr 1/te long·term 
success oft he de~·e/opmem. 

BPS WILL NOT EXCEED J.fQOT HEIGHT MAXIMUM 

7/28/2021 
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DEVELOPMENT PERMIT DISCUSSION 
FLOOD HAZARD OVERLAY ZONE,TCLUO SECTION 3.510 

• GENERAL STANDARDS 

• ANCHORING 

• CONSTRUCTION MATERIALS & METHODS 

• UTILITIES 

• SPECIFIC STANDARDS FOR COASTAL HIGH HAZARD AREAS 

• ELEVATION & PILING CONSTRUCTION (NOT APPLICABLE) 

• MUST BE ENGINEERED DESIGN 

• MUST BE LOCATED LANDWARD OFTHE REACH OF MEAN HIGH TIDE 

• PROHIBIT MAN-MADE ALTERATION OF SAND DUNES, INCLUDING VEGETATION REMOVAL,WHICHWOULD 
INCREASE POTENTIAL FLOOD DAMAGE 

DEVELOPMENT PERMIT DISCUSSION 
FLOOD HAZARD OVERLAY ZONE CRITERIA,TCLUO SECTION 3.150 

Development Permit Review Criteria 
• ( I) The fill is not within a ~oodway, Coastal High Hazard Area, wetland, riparian area 

or other sensitive area regulated by the Tillamook County Land Use Ordinance. 
• (2) The fill is necessary for an approved use on the property. 
• (3) The fill is the minimum amount necessary to achieve the approved use. 
• (4) No feasible alternative upland locations exist on the property. 
• (5) The fill does not impede or alter drainage or the ~ow of~oodwaters. 

• BPS is not a new or modified Flood Refuge Platform 

7/28/2021 
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ARE THE 
CIRCUMSTANCES 

UNI UEAND 
EXCEPTIONAL TO 

JUSTIFY GRANTING 
AN EXCEPTION? 

CONCLUSIONS 

GOAL 18 CRITEIRA 
FOR 

BPS MET? 

FLOOD HAZARD 
OVELRAY ZONE 

STANDARDS FOR 
DEVELOPMENT ., 

.·WITHINTHE SFHA­
.. ~- x (:RITERI~.M~:f?.- .,~ 

BEACH AND DUNE 
DEVELOPENT 

STANDARDS FOR 
BPS MET? 

FINDINGS IN SUPPORT OF APPROVING THE GOAL 18 EXCEPTION 
REQUEST BYTHE PLANNING COMMISSION 

Unique and exceptional circumstances apply to these properties. The subdivision and subsequent development of the 
lots was done through appropriate land use and permitting processes and were done in good faith. 
Zoning allows for residential development of these properties within the Unincorporated Community of Barview!Twin 
Rocks/Watseco. an urbanized area committed to urban development through previously taken Goal Exceptions (3.4, II 
and 14). 
Because this area has historically been categorized as a stabilized dune, no Goal 18 Exceptions were needed to be 
considered or taken for this area at the time of adoption of the Tillamook County Comprehensive Plan. 
Request for Goal 18 Exception is not a self-created issue. At the time of permitting and land use review, development 
was sited on a stabilized dune. Site conditions that exist today did not exist at the time of development- specifically 
erosion and ocean flooding. 
In relation to adjacent lots not part of this exception request. granting a Goal 18 Exception does not prevent those who 
already have a right to rip rap or develop from pursuing same option in the future. It is not right to deny a property 
owner the same opportunities to protect their property that others are afforded due to grandfathered rights that allow 
them to take action for protection of their property. (Properties where "development" existed on january I, 1977.) 
The development standards and criteria of the Flood Hazard Overlay Zone have been met through design and location 
of the proposed BPS. 
The development standards and criteria of the Beach and Dune Overlay Zone have been met through design and 
location of the proposed BPS. 
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ADDITIONAL FINDINGS BYTHE PLANNING COMMISSION: 
• Site conditions and environmental factors that impact development are beyond the County's 

control. At what point does the County's responsibility to protect private properties 
developed in coastal high hazard areas end? 

• Is it the County's responsibility to protect private property? 
• Goal 18 recognizes importance of natural function of the beach. Actions should not 

contribute to loss of a natural resource. 
• Goal 18 protects public access to the beach and citizen rights to enjoy the beach. 

Construction of a BPS will ultimately restrict access to the beach. 
• The beach is the natural resource and protecting the resource is greater than the right to 

protect private property from erosion and ocean flooding. 
• Concern of negative impacts to neighboring properties if BPS is constructed. Shorewood 

RV Park and other properties in the County were identified to support these concerns. 
• Lack of demonstration and justification to grant exception through Reasons criteria. 
• Blanket exceptions should not be granted. The taking of one exception does not alone 

constitute or satisfy criteria for granting additional exceptions. 
• This decision is precedent setting, as DOGAMI projections indicate conditions are going to 

get worse, what obligation will the County be under in the future shou ld this exception 
request be approved? 

.. 

7/28/2021 

14 


