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INTRODUCTION

This report is a compilation of abstracts that correspond to oral presentations and posters
presented at the fourth principal investigators workshop of the Southwest Washington
Coastal Erosion Study. The workshop was held November 17 - 20, 1999 at the
Department of Ecology headquarters building in Olympia, WA. For the third consecutive
year in November, the workshop convened the entire multi-disciplinary group of scientists
and engineers working on the study or on related projects within the Columbia River
littoral cell (CRLC). The workshop participants are listed in the List of Attendees section
towards the end of this report.

The purpose of this workshop was to bring all study investigators and associated engineers
and scientists together to discuss recent work, ongoing tasks, and future research plans in
the CRLC. Investigators were asked to present recent data, preliminary interpretations,
and research results to invoke discussion and correlation with parallel scientific efforts.
The abstracts compiled in this report represent work in progress, and the reader is
advised that the information provided herein is preliminary and subject to change.

The workshop presentations were generally arranged from large-scale processes to small-
scale processes. The initial talks discussed results of study tasks that document the
geological framework and the evolution of the coast over the past several thousand years.
These studies provide the basis for understanding how the inherited substrate and shelf
configuration influence the way the coast responds to changes due to other factors such as
sediment budget, sea level, and regional tectonics. The next set of presentations discussed
research results related to the historical coastal evolution of the CRLC. These talks
reviewed work that has quantified century-scale changes in coastal barrier volumes,
shoreline position, sea floor elevation, ebb-tidal delta morphology, and sediment
distribution patterns, including human-induced changes since the late 1800s. A few talks
also reviewed the potential influences of climate change trends and fluctuations on
regional shoreline change, especially as related to Columbia River sediment supply and
events such as El Nifio. Finally, a group of talks focused on contemporary projects and
processes that affect the morphologic character of the coast on a seasonal to interannual
scale. These presentations included a review of recent and ongoing coastal engineering
projects at the entrances to Grays Harbor, Willapa Bay, and the Columbia River. In
addition to construction and dredging activities, a number of presentations on data
collection and modeling efforts, process studies, and monitoring programs provided
insights to the particular sensitivities of the coast to driving terms such as wave direction,
tidal currents, antecedent beach topography and nearshore bar geometry.

During the final day of the workshop, the presentations addressed more integrated topics,
including the sediment budget, data sharing and documentation, and the development of
decision-support products for coastal managers. Presentations by Dr. Robert Morton of
the U.S. Geological Survey and Dr. Marcel Stive of Delft Hydraulics and Delft University
of Technology, offered independent evaluations of the progress of the study. The
workshop concluded with a group discussion regarding the present state of understanding



of the coast, including fundamental questions to resolve, and possible tasks to prioritize
for future research.

BACKGROUND

The Southwest Washington Coastal Erosion Study was initially conceived in 1994 by the
recognition of a lack of basic understanding of coastal processes and shoreline changes
along the southwest Washington coast. The study began in the spring of 1996 and is now
in the fourth year of a five-year plan. The study is a multi-disciplinary investigation of the
165-km long coastal region between Tillamook Head, Oregon and Point Grenville,
Washington, that is referred to as the CRLC (Figure 1). The study is jointly sponsored and
directed by the U.S. Geological Survey, Coastal and Marine Geology Program and the
Washington Department of Ecology, Coastal Monitoring & Analysis Program, with active
participation by local communities. Kaminsky and Gelfenbaum (1999) provide details
about the development of this federal-state-local partnership. Gelfenbaum et al. (1997) is
a report of the first workshop and provides an inventory of the state of the knowledge at
the beginning of the study. An overview of the study elements and initial results is
provided in Kaminsky et al. (1997). No reports were published for the principal
investigators workshop held in November 1997 or the public workshop held in March
1998. The abstracts of the 1998 principal investigators workshop are compiled in
Gelfenbaum and Kaminsky (1999).

The study has three principal goals:

1) understand regional sediment system dynamics;

2) determine natural and anthropogenic influences on the littoral system; and

3) predict coastal behaviour at management scales (i.e., decades and tens of kilometers).

These goals are pursued through a wide range of investigations into the geology and
coastal processes that span over four orders of magnitude in time and space (days to
millennia and meters to hundreds of kilometers). The study approach is to apply a
hierarchical systems perspective that considers coastal morphodynamics at the scale of
interest in context with the morphodynamics at both smaller and larger scales. At the
smaller scale are the important process-drivers of aggregated-scale coastal change, and at
the larger scale are the boundary conditions that impose constraints on the
morphodynamics at smaller scale.

The array of multi-scale and multi-disciplinary tasks of the study can be grouped into the
following five categories:

1) Coastal Change: these tasks involve the analyses of past and present changes in
geomorphic features that include barrier evolution, shoreline behaviour, beach
morphology monitoring, and bathymetric change. These efforts involve mapping the
evolution of the littoral cell over a continuum of scales in order to understand the system



functioning. The observed coastal changes are being related to environmental forcing,
climatological events, sediment budgets, and other influences, including human
intervention and tectonic activity.

2) Sediment Budget: this research characterizes and quantifies the sources, pathways and
sinks of sediment within the littoral cell. Research is conducted to determine the
volumes, accumulation rates, and transport rates of sediment for each of the major
environments of the CRLC, including the Columbia River, Willapa Bay, Grays Harbor,
the beaches and dunes, and nearshore and shelf sand bodies. This information is critical
for determining the sand supply available for shoreline change.

3) Coastal Processes: these tasks include measuring, monitoring, and/or modeling
currents, waves, sea level, sediment transport and other climatic conditions that drive
coastal responses over a wide range of spatial and temporal scales. The study also uses
historical data, hindcast data, and interpretations of morphologic expression to infer
process-response relationships.

4) Predictive Modeling: modeling efforts are based on integrated input data sets derived
from the analysis of coastal change, sediment budgets, coastal processes, and other
environmental forcing conditions and geological constraints. The initial tasks help
clarify important geologic and oceanographic processes that govern the coastal changes
and refine the conceptual and mathematical models used to make quantitative
predictions. Modeling efforts include shoaling and refraction of waves as they
propagate from deep to shallow water, inner shelf and surf zone sediment transport due
to storms, changing shoreline position, and shoreface change due to episodic coastal
subsidence events.

5) Management Support: these tasks involve the development of information and
products of direct value to coastal management and the land-use planning efforts of
local communities. In addition to basic products such as maps and reports, this work
includes susceptibility analyses, development of geographic informations system (GIS)-
based decision support systems, databases and the application of research results to case
studies.

The study approach and research topics described above were developed in recognition of
the need to predict shoreline change at a temporal scale relevant to developing viable long-
term management alternatives. Because quantitatively accurate prediction of coastal
change is inherently difficult at any scale, the study tasks are directed toward obtaining the
most fundamental information needed to develop a sufficient understanding of the natural
and human-induced complexity of the littoral system so that a predictive capability may be
developed.

SCIENTIFIC FINDINGS
Below is a short synopsis of important preliminary findings and progress of the study as of
the 1999 workshop.



The study is actively integrating geologic data sets from the shelf, bays, and
barriers to reconstruct the Holocene evolution of the coastal system. Dated
material from cores and the occurrence of tephra (volcanic glass) layers are
enabling the calculation of sedimentation rates and the development of a time
history of sediment accumulation along the mid-shelf and within the littoral cell.

Dune ridges are common features along the coastal plains of all four CRLC sub-
cells. The study has correlated the dune ridges along each sub-cell and across the
sub-cell boundaries. The locations of dune ridges are being interpreted to
correspond to prehistoric shoreline positions. Tentatively, shoreline positions from
4.0, 2.5, 1.7, 1.2, and 0.3 thousand years ago have been identified. These times
correspond to co-seismic subsidence events associated with Cascadia Subduction
Zone earthquakes and they allow for the calculation of shoreline change rates prior
to human intervention.

Simulations of the shoreface and shoreline response to subsidence events are being
conducted using a geometrical-based coastal evolution model. Preliminary
simulations for Long Beach Peninsula suggest significant shoreline retreat
(erosion) associated with a subsidence event similar to those documented to have
occurred over the last few thousand years on the Washington coast. Initial model
results suggest shoreline recession varying from 100-900 m depending on whether
or not the inner shelf is considered as a source of sand to the beaches.

Grays Harbor and Willapa Bay are predominately filled with sediment that
originated from the Columbia River. Are the bays still filling with sediment from
the coast or has the filling ceased? Whether the bays are either sinks or sources of
sediment to the coast is important to the sediment budgets and thus to shoreline
change predictions. Bay sediments are being examined to assess their late
Holocene to historical sedimentation history.

The historical evolution of the CRLC barriers is now well documented. Through
systematic, detailed analysis of historical topographic surveys (NOS T-Sheets back
to 1868) and aerial photographs (through 1995) the study has determined the
spatial patterns and temporal trends of shoreline change between Tillamook Head,
OR and Point Grenville, WA. In addition, sediment accumulation rates over three
periods since the late 1800s have been derived for each of the sub-cells.

A multibeam survey of the region off Grays Harbor and Grayland Plains was
conducted to provide accurate and detailed bathymetry and backscatter data. The
survey reveals several distinct depressions along both the north and south sides of
the Grays Harbor entrance. A series of obliquely-angled depressions south of the
south jetty in water depths from 10-16 m, are up to 2 m deep, 200 m wide, and 1
km long. A wider and longer shore-perpendicular depression exists north of the
Grays Harbor entrance. The bottoms of the depressions contain well-rounded
gravel-size sediment probably of glacial origin. The depressions are surrounded
by fine to medium-sized sand that originated from the Columbia River.
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* Climate changes associated with El Nifio cycles and the Pacific Decadal
Oscillation affect precipitation and thus river flow and sediment discharge. There
is also a correlation with shifting storm tracts, frequency, and severity and thus
wave height and direction, and sea level. These factors may have a measurable
effect on both the sediment discharge from the Columbia River and on the
magnitude and direction of longshore sediment transport along the coast. The
degree to which these climate change factors effect coastal morphology is of great
interest and they are currently being studied.

» The construction of jetties at the entrances to the Columbia River and Grays
Harbor have had a profound effect on the local sea floor morphology and the
positions of the adjacent shorelines. Detailed sediment budgets at both estuary
entrances accounting for these changes are providing critical data necessary to
calibrate and predict future shoreline change.

* The magnitude and direction of longshore sediment transport along the beaches of
the CRLC, and ultimately the shoreline change that results from gradients in
transport, are sensitive to the magnitude and direction of incoming waves.
Sensitivity analyses are improving the ability to accurately numerically simulate
the shoaling and refraction of incoming waves. Extensive field experiments in
which waves, currents, sea level, and suspended-sediment concentration are
measured will be used to test and calibrate wave and sediment transport models.

* The beaches of the CRLC undergo morphological change, including net accretion
and erosion, at several space and time scales. A variety of highly accurate GPS
techniques are used to conduct extensive and detailed mapping of the beach from
the dune fields to -10 m elevation (MSL) along each of the four sub-cells. Results
are used to document short-term changes in beach elevation and shoreline position,
as input to shoreline change models, and in assessments of susceptibility to coastal
flooding and beach erosion.

Geological data from the study show that the beaches in the CRLC have grown seaward
nearly uniformly over the last few thousand years at rates on the order of 0.5-1.0 m per
year (Peterson et al., 1999). In contrast, shoreline progradation of tens of meters per year
occurred following jetty construction at the Columbia River and Grays Harbor during the
early 1900s (Kaminsky et al, 1999). The highest rates of beach accretion occurred
adjacent to the jetties during the first few decades following their construction. Over
several decades, the shorelines at distances of up to 20 km from the jetties also advanced
seaward, while accretion rates next to the jetties tended to decrease.

Combined bathymetric change and shoreline change analysis has revealed that much of
the historical accretion patterns and rates are primarily due to sediment redistribution from
the ebb-tidal deltas of the Columbia River and Grays Harbor to the adjacent coasts. After
an initial flux of onshore sediment movement, the ebb-tidal deltas have diminished as a
sediment source, corresponding to slowing accretion rates and/or the onset of shoreline
erosion adjacent to the jetties in more recent decades. In addition to the decrease in
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sediment supply to the beaches from the ebb-tidal deltas, river flow regulation via dam and
reservoir construction has diminished the sediment load of the Columbia River by
approximately two-thirds over the historical period (Gelfenbaum et al., 1999). The
decrease in peak flood flows, which reduces the amount of sand carried by the Columbia
River, may also reduce the discharge of sand from the estuary entrance to feed the adjacent
coast.

These recent research findings have important management implications. As the sediment
supply to the beaches from both ebb-tidal deltas and the Columbia River continues to
decline, it is apparent that there is increased potential for shoreline retreat. It is anticipated
that the shoreline will continue to evolve over several decades in response to the declining
sediment budget, and shoreline sections that advance will tend to do so as a result of
shoreline retreat elsewhere in the littoral system. Therefore, the coastal management
community will need to consider both short-term and long-term responses to deal with
these anticipated changes.

The strategic use of dredged material from the estuary entrances will be increasingly
important in mitigating erosion trends. In fact, the U.S. Army Corps of Engineers, in
cooperation with many state and federal agencies and local groups, are actively engaged in
developing ways to enhance the beneficial use of dredged material at the mouth of the
Columbia River. The Corps of Engineers moves an average of 3.4 x 10% m> per year of
sand from the navigation channel in the lower estuary. Investigations suggest a
relationship between the offshore steepening of the beach profile and shoreline change at
Fort Canby, just north of the Columbia River entrance. These findings may help optimize
innovative placement of dredged materials to reduce coastal erosion.

In consideration of the relatively low-elevation barrier plains that have grown seaward
since the early 1900s, it is apparent that these accreted lands are susceptible to flooding
and severe erosion from the next Cascadia Subduction Zone earthquake. However,
information from this study, such as the location of previous earthquake scarps (e.g.,
Peterson et al., 1999), land elevation data, and modeling results could be factored into
maps that outline areas of greater and lesser susceptibility to these events.

SUMMARY

Study results to date have enabled the formulation of conceptual models of littoral cell
behaviour that will continue to be tested and refined with additional data as part of the
scientific research process. However, these conceptual models are already useful tools for
assisting managers to address relevant and important questions in the decision-making
process.

Improved prediction of coastal change will require continued monitoring to provide an
accurate record of local shoreline conditions and promote a better understanding of the
cause and effect relationships behind coastal change scenarios. Combined monitoring and
modeling programs are important for validating shoreline change predictions and
enhancing predictive capabilities, to facilitate long-term planning. In addition, the
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collection of new data sets (e.g., LIDAR, high resolution bathymetric surveys, and bottom
currents) may be necessary to address specific science or management questions. For
example, new data could be used to reveal the transfer of sand between the inner-shelf and
the beach, which would have implications for assessments of future coastal change, the
use of dredged material, and the influence of man-made structures on sediment
entrainment or deposition.
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subsidence events
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INTEGRATING SHELF AND COASTAL STRATIGRAPHY TO DERIVE A
HOLOCENE RECORD OF COASTAL EVOLUTION

Dave C. Twichell, U.S. Geological Survey

VeeAnn A. Cross, U.S. Geological Survey

April Herb, Portland State University

Sandy Vanderburgh, University College of the Fraser Valley
Curt D. Peterson, Portland State University

Jim B. Phipps, Grays Harbor College

ABSTRACT

Integration of seismic-reflection data collected on the southwest Washington shelf with
drill hole results collected from the beaches and barriers and seismic and drill hole data
from the bays in concert with a sea-level curve from Grays Harbor (Peterson and Phipps,
1992) are used to reconstruct the Holocene evolution of this coastal system. Two
erosional surfaces were identified in these data sets: a lowstand surface cut during the last
lowstand of sea level and a ravinement/flooding surface formed by the transgression of the
shoreline across this shelf during the Holocene rise of sea level. A map of the lowstand
surface shows a deep valley extending across the shelf from the Columbia River to Astoria
Canyon, a smaller, shallower valley extending across the study area from Grays Harbor,
and no valley seaward of Willapa Bay. A subdued ridge seaward of Willapa Bay separates
the deeper Willapa Bay from the shelf. The map of the ravinement/flooding surface shows
a smooth shelf surface indicating that the river valleys cut during the lowstand were
completely filled prior to the shoreline transgressing across them. The presence of
Missoula flood deposits in the Columbia River valley (Gates, 1994) indicate significant
filling of this valley by fluvial deposits prior to 12,000 yr BP, and age dates from the
Warrenton hole indicate that valley filling continued to keep pace with the rise in sea level
through the remainder of the Holocene as well. The valley extending out of Grays Harbor
also is largely filled by sandy sediments, however, the mineralogy of these sediments
(Peterson and Phipps, 1972) and the shoreward-dipping reflectors in the valley fill suggest
that it was infilled by the shoreward transport of sand from the shelf rather than fluvially
derived sand from local rivers that drain into Grays Harbor. Based on the depth of this
valley at the seaward edge of the study area (-71 m) it started filling about 11,000 yr BP.
The shallow sill across the mouth of Willapa Bay (about - 35 m) kept this bay from filling
until 7,000-8,000 yr BP.

Sediment overlying the ravinement surface is distributed in Willapa Bay, under the
beaches, and on the shelf. North of Grays Harbor, consolidated Tertiary strata are exposed
on parts of the middle and inner shelf, younger Holocene sediment provides a thin and
discontinuous cover on the innermost shelf and this unit thickens to approximately 3 m
under the beaches. The shelf off Grayland is covered by a discontinuous veneer of
Holocene sediment that is less than 1-m thick. Shoreward of this part of the shelf the
Holocene sediment is 20-30 m thick under the beaches. The Holocene shelf deposits
increase in thickness south of the mouth of Willapa Bay and reach 50 m off the mouth of
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the Columbia River. This deposit thins shoreward, and under Long Beach the shelf and
beach deposits are 17-40 m thick. Holocene deposits on the shelf south of the Columbia
River reach 25 m thickness on the inner shelf, thicken shoreward, and reach 30-40 m under
the dune ridges of the Clatsop Plains.

The coring and seismic data indicate that the initial sediment sinks were the Columbia
River valley followed by the Grays Harbor valley. Once these valleys were filled,
sediments started accumulating on the shelf. The shelf was the principal sediment sink
until 7,000-8,000 yr BP when Willapa Bay flooded. The shelf and Willapa Bay were the
primary sinks until about 4,000 yr BP when the beaches started to accrete and became a
significant sink (Woxell, 1998). The data have been incorporated into a GIS and presently
volumes are being computed on 1,000 yr intervals to determine how the distribution of
sediment between bays and the shelf varied during the Holocene. Initial calculations show
that, within the area that has been mapped so far, roughly half the sediment was deposited
in the bays (below the ravinement surface) and the other half is shelf, beach, and Willapa
Bay deposits that accumulated above the ravinement surface.
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SEDIMENTATION RATES AND OCCURRENCES OF TEPHRA IN CORES
FROM THE SOUTHWEST WASHINGTON SHELF

R. Lawrence Phillips, U.S. Geological Survey
Gita Dunhill, U.S. Geological Survey

ABSTRACT

Eight of ten gravity cores obtained on the Washington-Oregon shelf (Figure 1) contain rare
to abundant glass shards, shell lags, and scattered pelecypods in intensely bioturbated
sediment. The sand fraction in cores lacking gravel ranges from 78 to 82 percent in the
south changing to 79 percent to the north. The deepest core, core 4 at 132 m depth, is
remarkably uniform in sand composition ranging from 71 to 80 percent.

C14 dating of shell lags and scattered bivalves in three cores obtained southwest of Grays
Harbor identifies the age of the strata, allows determination of sedimentation rates, and
identifies possible eruption sources for some of the tephra deposits. The deepest core,
core 4, contains the oldest strata dated at 9240+160 years BP overlying with an irregular
contact glauconite-rich green sand of possible Pleistocene age. Sedimentation rates of 5.4
cm/1000 years confirm low sedimentation rates for the outer shelf relict sands (Figure 2).
Sedimentation rates increase to the east as the depth decreases on the shelf. A date of
67504110 years BP for strata overlying relict green sand in core 6 yields a sedimentation
rate of 9.4 cm/1000 years, whereas, an age of 740+70 years BP from a storm shell lag
deposit in the upper 25 cm of strata yields sedimentation rates of 32.4 cm/1000 years. The
change in sedimentation from low to high rates within core 6 suggests that substantial
erosion followed by increased sedimentation has occurred in the upper core section. Two
dates of 5170+150 and 2420+70 years BP in core 3 at 84 m water depth yields
sedimentation rates of 20.3 and 18.5 ¢cm/1000 years showing increasing sedimentation
with decreasing shelf depth.

Heavy liquid separations of the sand fraction, with floating of the glass component,
identified at least four possible tephra concentrations in the shelf cores. The tephra consist
of rare black and clear bubble wall shards, and white, cream to yellowish tan very
abundant vesicular shards. Intensive bioturbation and sediment mixing has resulted in
vertical displacement of the glass shards from each of the original thin tephra depositional
sequences (Figure 2). The tephra-rich beds identified consist of: 1) a thin surficial
concentration ranging from 4 to 43 percent glass shards apparently related to the 1980 AD
eruption of Mt. St. Helens; 2) a glass shard concentration in core 3 ranging from 22 to 29
percent starting at 50 cm below the sea floor with an age greater than 2420 years BP which
suggests the tephra may be related to the 2900-3900 BP Smith Creek eruption of Mt. St.
Helens; 3) a concentration ranging from 15 to 60 percent glass shards found at 20 cm
depth (core 4), 60 cm depth (core 6), and 120 cm depth (core 3) may be related to the 6760
BP Mt. Mazama eruption (the glass shard peak in core 6 at 60 cm depth corresponds to a
C14 date of 6750 years BP and identifies this tephra occurrence to the Mt. Mazama
eruption); and 4) a glass shard concentration ranging from 24 to 29 percent found at
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depths greater than 70 cm in core 6 and 90 cm in core 4 in the relict “green sand” which in
core 4 is older than 9240 years BP suggesting that the stratigraphically lowest tephra may
be related to either the 11,000-13,000 year BP Swift Creek eruption of Mt. St. Helens or
the 11,200 year BP Glacier Peak eruption.

The tephra occurrences along with dating of the core strata identifies distinct time-
stratigraphic horizons in the shelf deposits that may be correlated to tephra occurrences
identified in strata in bore holes drilled in the onshore deposits. The correlation of these
offshore time stratigraphic horizons with the onshore strata will further refine the shelf and
coastal sand budget for the southwest Washington shelf.
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PRELIMINARY HOLOCENE BEACH SEDIMENT VOLUME CALCULATIONS

April A. Herb, Portland State University

ABSTRACT
Historical erosion in parts of the Columbia River littoral cell has sparked research into the
rates and mechanisms of deposition in the cell. In this study, sand deposition rates since
the pre-historic (~10,000 years ago) have been calculated, and depositional processes have
been inferred.

In order to accomplish this task, 25 drill holes, 42 water wells, 12 geotechnical holes,
numerous GPR traces, and surf zone vibracores were used to establish changes in
lithology, specifically the erosional truncation and lag that occurred as the surf zone
transgressed. This ravinement surface delineates the base of marine sediments deposited
in the last 7000 years. Radiocarbon dating of selected samples associated the
sedimentation with a time scale and allowed for ground truthing of field observations.

Twenty across-shore cross sections were constructed in order to calculate beach and shelf
sediment volumes. The total sediment volume was converted to a long term sedimentation
rate using an average age of 6000 years for the whole cell. A total of 7.8 km? of sediment
has accumulated to form the modern barrier beach plains at an average rate of 1.3 million
cubic meters per year.

Accumulation of sediment occurred in the southern sub-cells first, due to increased

accommodation space caused by the lowstand valley incision and large scale tectonic
uplift in the northern sub-cells.
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SAND DUNES ALONG THE WASHINGTON COAST
Jim Phipps, Grays Harbor College

ABSTRACT
The linear dune ridges carry a history for each of the three coastal segments, Long Beach,
Grayland and North Beach. The dunes show that each of these segments have different

histories. These histories can be linked in time to earthquake events that affect all three
segments at the same time and in the same way.
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DUNE RIDGE CORRELATION BETWEEN THE CLATSOP PLAINS AND THE
NORTHERN SUB-CELLS OF THE COLUMBIA RIVER LITTORAL CELL:
LATE-HOLOCENE PALEO-SHORELINE RECONSTRUCTION OF
SOUTHWEST WASHINGTON AND NORTHWEST OREGON, USA

Curt Peterson, Portland State University

Frank Reckendorf, Reckendorf and Associates

James Phipps, Grays Harbor College

Dave Percy, Portland State University

Sandy Vanderburgh, University College of Fraser Valley
Lorraine Woxell, Portland State University

Harry Jol, University of Wisconsin -Eau Claire

ABSTRACT

Beach-dune ridge mapping in the Clatsop Plains has been performed using high-resolution
topographic maps, oblique aerial photos, and subsurface sand augering. The results
demonstrate a total of 12-14 dune ridges that apparently occur in distinct groups or sets.
The sets are numbered from 1 to 5 with Set 1 containing late-historic beach-dune ridges,
Set 2 containing early historic (pre-Jetty) ridges, and Set 3 containing 3-4 ridges (Big
Dune Complex). The Big Dune Complex includes at least one paleosol dated to about 600
RCYBP by the authors, and is locally overtopped by historic (post-jetty) sand sheets. The
Set 3 ridge group is bounded to the west by a prominent subsurface retreat scarp and/or the
westward truncation of the paleosol (Woxell, 1998). The Set 3 ridge complex is preceded
by a wide gap (Neacoxie Creek-Sunset Lake) which is preceded by a second multi-ridge
complex identified as Set 4. Set 4 contains 3-4 ridges, and corresponds to the 3A-B-C
dune ridges of Rankin (1983). A prominent pair of ridges (Race Track) in the Set 4 group
is recognized along nearly the full length of Clatsop Plains and is dated, from a buried
shell midden, to 2.5 ka by the authors. The Set 4 ridges are preceded by another wide gap
(locally occupied by HW101) which is preceded by 2-3 smaller dune ridges of Set 5. The
Set 5 ridges are non-continuous, being interrupted by sea stacks, paleo-sea-cliff
protrusions, and drainage cutouts near the backedge of the Clatsop Plains. The
easternmost ridge of Set 5 has been dated to 4.0 ka by Rankin (1983).

Dune ridges of the Long Beach sub-cell, mapped by Phipps (this volume) show similar
groupings to those in the Clatsop Plains. Specifically, a cluster of close-spaced ridges
located west of Loomis Lake is dated between 0.3 and 1.7 ka by Meyers et al. (1996). The
Set 3 ridge group in the Long Beach Peninsula is bounded to the west by a prominent
subsurface retreat scarp (Woxell, 1998). East of Loomis Lake a second complex of ridges
has been recently dated to 2.5 ka by the authors. The ridge complex located east of the
Loomis Lake gap is correlated to the Set 4 dune ridges of Clatsop Plains by ridge number,
spatial-gap distribution, and radiocarbon dating. The Set 4 dune ridges of the Long Beach
Peninsula do not extend north of Oysterville, due to limited northward spit extension at the
time of ridge development. The Set 4 dune ridges of Long Beach Peninsula, south of
Oysterville, are preceded by a prominent gap. A third complex of dune ridges occurs
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along the eastern margin of Long Beach Peninsula. These ridges have been dated to 4.2 ka
by Meyers et al. (1993). These ridges are correlated to the Set 5 ridges in the Clatsop
Plains by spatial-gap distribution and radiocarbon dating. This eastern ridge set is not
continuous along the Peninsula due to limited northward extension of the spit at the time
of ridge development, and due to subsequent bay-side erosion. High resolution
topographic control is needed to extend the ridge sets to the southern end of the Long
Beach Peninsula, where dune ridges decrease in average height (Woxell, 1998). The
higher-resolution topographic control is also needed to separate the dune ridges of the Set
3 and Set 4 complexes of the mid-Long Beach Peninsula.

Shoreline-parallel dune ridges of the Grayland Plains occur in two groups as previously
noted by Cooper (1958) and others (anonymous, 1970s). A western group of 2-3 dune
ridges forms the Big Dune Complex, dated between 0.3 ka and 1.0 ka by the authors. This
group of dunes is correlated to the Set 3 ridges of the Clatsop Plains by the distinctive
buried paleosol and by radiocarbon dating. The Set 3 ridge group in the northern
Grayland Plains is bounded to the west by a prominent subsurface retreat scarp (Woxell,
1998). The Set 3 ridges are preceded by a prominent wetland gap. This gap extends to the
paleo-sea cliff in southern Grayland Plains and has been recently dated to 1.2 ka by the
authors. At the northern end of Grayland Plains, the gap is preceded by a group of 3-4
dune ridges (Phipps, this volume). This dune-ridge complex has been optically dated at
2.5 ka by the authors. This dune-ridge complex is correlated to the Set 4 dune ridges of
Clatsop Plains by ridge number, spatial-gap distribution, and dating. Oblique dune ridges
are formed at the southernmost end of the Grayland Plains but are not addressed in this
regional age correlation. Higher-resolution topographic control is needed to separate the
dune ridges of the Set 4 group in the Grayland Plains.

Dune ridges of the North Beach sub-cell occur in one group of up to three ridges, dated
between 0.6 and 1.2 ka at Ocean Shores. The ridges decrease to only one in number with
distance northward to the Copalis River. No continuous dune ridges extend north of the
Copalis River, although a minor ridge is present at the south end of the Moclips
embayment. The landward-most paleo-dune ridge at Ocean Shores is characterized by a
distinct paleosol, and is correlated to the Set 3 ridges of the Clatsop Plains by both the
paleosol and radiocarbon dating. The Set 3 ridge group at Ocean Shores is bounded to the
west by a prominent subsurface retreat scarp (Woxell, 1998). Higher resolution
topographic control is needed to trace the terminations of the Set 3 dune ridges northward
of the Ocean Shores barrier-spit.

CONCLUSIONS

The apparent correlation of beach-dune ridge Sets 5, 4, and 3, between the four sub-cells
yields approximate barrier-plains shoreline positions at 4.0, 2.5, 1.7, 1.2 and 0.3 ka
throughout the Columbia River littoral cell.
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MODELING SHOREFACE AND BARRIER RESPONSE TO SUBSIDENCE
EVENTS

Peter Cowell, Coastal Studies Unit, Institute of Marine Science, University of
Sydney

ABSTRACT

Simulated evolution of the Long Beach barrier-strand-plain was undertaken using the
Shoreface Translation Model (Cowell et al., 1995) to assess the effects and likelihood of
shoreface rotation (steepening and deepening of the shoreface), including sequestering by
the prograding barrier of sand from the inner shelf (in supplementing sand supplied from
the Columbia River via littoral transport); the effects of episodic earthquake-induced
subsidence on barrier evolution; and recession estimates for the present coast due to a
future seismic event, calibrated against past responses to such events.

Preliminary results suggest that shoreface rotation is a necessary behaviour to obtain
observed inner-shelf morphology, and that this makes the time interval between
subsidence events more important than event magnitude in governing coastal recession in
response to events. Initial, predictive implications are that a) a future subsidence event
may cause almost twice as much recession as predicted on the basis of classic Bruun
concepts and b) inner-shelf sand source contributed much less that 50 percent toward the
strand-plain progradational volume.

A tendency toward deepening of the shoreface over time can be expected where the
general depth of the inner-continental shelf is less than a long-term equilibrium (Roy and
Cowell, 1998). Although little is known theoretically about shelf equilibrium, new
interpretations of shoreface sediment patterns in the context of shoreface evolution,
together with evidence from radiometric dating and computer modeling, suggests that the
presence of a shoreface ravinement is the result of long-term lowering of the shoreface
(Cowell et al., in press). Time-dependent geometric parameters in the Shoreface
Translation Model (STM) can simulate rotational deepening and steepening of the
shoreface. Such simulation involves increasing the parameter that specifies the seaward
depth of the “upper shoreface” in the STM.

Estimates of progradation rates were used to derive inputs concerning sediment supply
based on the work of Woxell (1998). The prehistoric rate of sediment supply was assumed
constant (statistically stationary). Based on the geometry of the progradational wedge, the
volume rate of deposition in the strand plain before 1200 BP is 13.57 m’ a’! per meter of
shoreline, decreasing to about 7 m> a”' m™! after 1200 BP. Simulated sand supply was
assumed to derive from two sources: a) the Columbia River via littoral transport; and b)
the inner-continental shelf through the effects of shoreface rotation. Under conditions of
invariant shoreface dimensions (classic Bruun assumption), all the sand must be sourced
from littoral transport. With shoreface rotation, sand comes from both sources.
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Without additional information, we cannot know in advance the proportions supplied from
each source since shoreface rotation is controlled in part by the evolution of the strand
plain itself (a non-linear problem). Thus, the appropriate littoral sand input can be
estimated only through successive iterations of the simulated evolution. The criteria for
convergence toward a correct solution for littoral sand supply include replication of a) the
progradation width of the strand plain and b) the topographic and stratigraphic geometry
measured in the field.

STM simulations of sea-level fluctuations involved sudden subsidence events, followed by
full rebound during the next time step (with these successive steps assumed to entail Af =0
and At = 100 years, respectively). Quake magnitude-frequency was based on Atwater and
Hemphill-Haley (1997): subsidence magnitudes were assumed proportional to the period
of time since the previous event, with a maximum subsidence of 2 m. Stable sea levels
were applied in subsequent time steps until the next event. Figure 1 compares simulated
strand plains for a) an invariant shoreface with constant shoreface parameters (4« = 15,
L+«= 3000, L, = 2000, being upper-shoreface depth and width and active width of the
lower shoreface, respectively), and b) shoreface rotation with a shoreface deepening
during inter-quake periods at a rate of A« =1 m per 100 years until the occurrence of the
next quake. The invariant-shoreface simulation follows classic Bruun assumptions
whereas the rotational-shoreface simulation assumes that the general elevation of the
inner-continental shelf surface is shallower than the long-term (order many millennia)
equilibrium surface. During each quake for the rotational case, the depth of the upper
shoreface was reduced to 4« = 15 m to simulate the effects of longer response time, and
the infinitesimal time available, for shoreface adjustment in deeper water during a
subsidence event.

For the invariant-shoreface simulation, sediment supply was set at 1358 m? per 100-year
time step (per meter of shoreline) from 4500 BP to 1200 BP, then reducing to 700 m’ per
100 years from 1200 to 0 BP. These sediment inputs were based on volumetric analysis of
the present-day strand plain, and assume that the only source is from the Columbia River
(via littoral transport). The imposed sediment input was reduced by 50 percent (as a first
guess) for the rotational-shoreface simulation on the assumption that the inner-continental
shelf provided an additional sediment source.

The results show that the simulated sediment input was reduced too much for the
rotational-shoreface since the strand plain prograded to only 78 percent of its present
width (Figure 1b). Thus, further iterations are required with increased sediment input (but
these are yet to be undertaken). Animation of the full evolution however shows that the
inner-shelf becomes a net source of sediments only well into an inter-event period since,
during and immediately after a seismic event, displacement of sand seaward from sub-
aerial strangulating goes toward backfilling the sea-floor depression created by earlier
shoreface deepening.

The invariant-shoreface simulation produced inner-shelf topography that is inconsistent

with the present-day morphology: an unrealistic bulge (clinoform) formed in the
prograding shoreface (Figure la). Alternative trials with invariant shoreface dimensions
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of different magnitudes failed to reduce the morphological discrepancy to any significant
degree. Nevertheless, since this simulation prograded 8 percent too far, markedly larger
shoreface dimensions than any tested may reduce the clinoform and redistribute some of
the depositional volume further offshore, thus reducing the sub-aerial volume and extent
of the barrier.

Dramatic differences between responses of invariant and rotational shorefaces emerge
from the simulations of subsidence events. Subsidence-induced shoreline recession with
invariant shorefaces (classic Bruun response) is proportional to the magnitude of the
subsidence (i.e., sea-level rise); this response parameter is insensitive to earthquake timing
(Figure 2). The opposite is the case with rotational shoreface behaviour, indicating the
strongly non-linear effect of event sequencing and sensitivity to antecedent morphology
(Figure 3).

The comparative severity of a future seismic-event (2-m subsidence within the next 100
years) for invariant and rotational shorefaces differ significantly (Figure 4). The
conventional analysis (classic Bruun) predicts a much smaller recession than if shoreface
rotation is a reality. Unfortunately for the local community, model calibration against the
long-term coastal evolution suggests that shoreface rotation is more likely to be the
governing behaviour. Thus the larger impact prediction should be anticipated.

REFERENCES

Atwater, B. F., and Hemphill-Haley, E. 1997. Recurrence intervals for great earthquakes
of the past 3,500 years at northeastern Willipa Bay, Washington, U.S. Geological
Survey Professional Paper 1576, 108 p.

Cowell, P.J., Roy, P.S., and Jones, R.A. 1995. Simulation of large-scale coastal change
using a morphological behaviour model, Marine Geology, 126, pp. 45-61.

Cowell, PJ., Roy, P.S., Cleveringa, J. and de Boer, P.L. 1999. Simulating coastal systems
tracts using the Shoreface-Translation Model, [nternational Association of
Sedimentologists Special Publication, Oxford, Blackwell Scientific Pub. (in press).

Woxell, L. K. 1998. Prehistoric beach accretion rates and long-term response to sediment

depletion in the Columbia River littoral system, USA, M.S. Thesis, Portland State
University, Portland, Oregon, 206 p.

38



Figure 1. STM simulation of the Long Beach strand plain with a) constant shoreface
dimensions (h. =15, L. = 3000, L, = 2000) and littoral sediment input of 1358 m3 m" per 100-
year time step (reducing to 700 m3 m! after 1200 BP); and b) time-varying shoreface
dimensions, causing shoreface rotation, and a littoral sediment input of 676 m3> m™ per 100-
year time step (reducing to 300 m3 m™! after 1200 BP).
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Figure 4. Simulated recession due to a future earthquake event for a) an invariant
shoreface, and b) a rotational shoreface. Subsidence =2 m for both cases.
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HISTORY OF SAND SEQUESTERING IN A HOLOCENE BAY-MARGIN SPIT
COMPLEX, WILLAPA BAY, WASHINGTON

Robert Morton, U.S. Geological Survey

Curt Peterson, Portland State University

Oscar Sorenson, Portland State University

David Qualman, Portland State University

Sandy Vanderburgh, University College of the Fraser Valley

ABSTRACT

The former spits of Cape Shoalwater and three parallel spits surrounded by tidal flats and
marshes on the north shore of Willapa Bay (Kindred Island, Tokeland Spit, and Empire
Spit, Figure 1) reflect two episodes of entrance channel migration, sediment influx and
redistribution, and sand storage during the late (?) Holocene. These events document the
pre-historic and historic evolution of the estuary and subsequent reorganization at both
millenial and decadal time scales. Swales separating the North Cove spits are partly
controlled by topographic lows and discharge associated with the network of local streams
draining the nearby Pleistocene uplands.

The oldest exposed beach ridge, Kindred Island, is low (< 2 m msl), uninhabited, and
serves as an anchor point for dikes that transform the surrounding marsh into grazing
pasture. Tokeland Spit, the relatively large intermediate ridge, is as much as 4 m high,
densely forested, and supports a small community of residences and businesses. Although
the southeastern third of Tokeland is exposed to waves and is experiencing erosion, both
Tokeland Spit and Kindred Island are stable landforms. Empire Spit is a low (< 2 m),
relatively-young, unstable feature that is covered with grasses and low shrubs. Its recent
formation is related to the rapid northward migration of the entrance channel and attendant
3.8 km historical beach retreat at Cape Shoalwater (Terich and Levesellar, 1986; Dingler
and Clifton, 1994; Kaminsky ef al., 1999). The northwestern segment of Empire Spit is
migrating landward as the beach retreats and sand washes over into the adjacent marsh. In
contrast, the southeastern spit segment is receiving sand recently eroded from around the
North Cove channel-diversion structure. Wrack lines of large trees and other debris
demonstrate that all three spits and the intervening tidal flats and marshes are flooded
periodically by winter storms and spring high tides during El Nifio events. A recent
residential development constructed in the swale between Empire and Tokeland spits was
flooded in 1999.

Morphological evidence indicates that Tokeland Spit formed either before or at the same
time that the deep entrance channel to Willapa Bay was pinned on the north shore and
occupied what is now the North Cove marsh (Figure 1). Elevations and width of the spit
suggest that it was exposed to deep-water ocean waves and overwash flooding during
storms at spring high tides. Subsequent seaward and southward migration of the entrance
channel, in a direction opposite to that of net longshore drift, resulted in the construction
of Cape Shoalwater and a series of terminal spits recurved to the southeast. During this
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period of maximum southerly channel migration, Tokeland Spit was protected from direct
wave attack. Large volumes of sand were deposited at Cape Shoalwater when
oceanographic conditions favored southerly sand transport. This required changes in the
physical processes (net longshore currents and wave directions), not just changes in sand
supply. The large-scale lateral channel migration and spit construction probably were
concurrent with regional beach-ridge progradation on Long Beach Peninsula and the
Grayland Plains.

A field reconnaissance of Kindred Island (Figure 1) shows that the surface is characterized
by low (< 1 m) hummocky sand mounds that appear to be eolian deposits. Shallow
trenches reveal that the modern soil and associated sediments overlie a paleosol at depths
ranging from 30 to 70 cm below the irregular surface. A radiocarbon date for charcoal
collected at a depth of 52 cm from the central part of the island (560 +30 yr BP) seems
exceptionally young, and it may represent the timing of plant growth on a much older
surface that predates eolian deposition. A sand sample from the same trench at 90 cm,
which was intended to determine when the spit core was deposited, was dated at 17.8+4 ka
using thermoluminescence dating techniques. This date may be too old for a beach
deposit considering that global sea level was at a maximum lowstand (-100 m) at that time.
It 1s possible that sediment composing the core of Kindred Island was derived from the
nearby Pleistocene outcrops, and the short transport distance and exposure time may have
prevented the quartz from being reset to zero. Also the quartz content in the sample was
diluted by the high concentration of heavy minerals, which could also make the date
unreliable.

Stratigraphic sections (vibracores) and additional dates from all three spits will be
necessary: (1) to determine the periods of optimum sediment transport and storage, (2) to
differentiate the sediment contributions from local upland (Pleistocene) sea-cliff erosion
and beach or offshore sources, (3) to reconstruct the late Holocene paleogeography of
Willapa Bay, and (4) to correlate events of shoreline progradation and eolian deposition
around the bay. Key questions to be answered relate to the timing and conditions that
cause large-scale lateral migration of the entrance channel, sediment redistribution at the
mouth of the bay, and transfer of sand to tidal flats within the bay. Some unanswered
questions are: (1) What are the conditions that favor net southerly transport and deposition
of sand at the entrance to Willapa Bay, and (2) have threshold conditions been surpassed
so that the previous northerly limit of erosion at North Cove will be exceeded?
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PRELIMINARY RESULTS AND INTERPRETATIONS OF THE LATE-
HOLOCENE SEDIMENT FILL OF WILLAPA BAY AND GRAYS HARBOR,
WASHINGTON

Sandy Vanderburgh, University College of the Fraser Valley
Curt Peterson, Portland State University
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Oscar Sorsenson, Portland State University

ABSTRACT

Late-Holocene sediments in the tidally-dominated Pacific Northwest bays of Willapa Bay
and Grays Harbor are preserved as tidal flat sand and mud, interbedded accretionary bank
sand/mud couplets, and shallow channel bottom sand. To fully understand net-
sedimentation rates and the complex processes in these bays, vibracores were collected
from representative tidal flats, accretionary banks, and shallow tidal channels. During the
summer of 1999 a total of 56 vibracores were collected, 35 in Willapa Bay and 21 in Grays
Harbor. Penetration depths generally ranged from 3 - 5 m. Coring was accomplished
using local oyster dredges in the open bays, a zodiac for open bay mud flats and
accretionary banks, and a quad with trailer for shoreline sand and mud flats. All cores
were logged in the field (now stored at PSU) and samples were taken for grain size
analysis, mineralogy, and age dating.

Three depositional environments were sampled, and they all exhibited fining upward
cycles that tended to become thinner-bedded upsection. Specifically, the 25-75 cm thick
tidal flat sequences show a gradation from fine sand or muddy sand to bioturbated, organic
rich mud. Accretionary bank sequences range from 50-100 cm thick and fine upwards
from cross-bedded sand or sand-mud couplets to bioturbated mud. Numerous cores
exhibited fining upward sequences that often terminated in organic rich, oxidized marsh
sediments. In Willapa Bay, at least 10 gradational sequences were observed in one 4 m
deep core (below MLLW). These repetitive gradational sequences may be indicative of
coseismic subsidence events.

Some unanticipated findings of active bay-fill processes included the observation of: 1) the
tectonic signatures of 1-2 m coseismic subsidence events associated with Cascadia mega-
thrust earthquakes, 2) sand transport from channel axes to tidal flats along point bar
surfaces, (3) active erosion-transport of subaerial sand shoals in recent historic time in
Grays Harbor, (4) bayward transport and deposition of sand removed from the 1998
channel stabilization project at Washaway Beach, and (5) extensive bioturbation of tidal
flat mud by gray whales (Grays Harbor) and ghost shrimp (Willapa Bay).

Early conclusions arising from this study suggest that: (1) modern sand dominated tidal-
flats along bay shorelines are anomalous in the geologic record and (2) episodic tidal flat
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subsidence is recorded in buried root horizons, as up-core reductions in sand laminae of
sand/mud couplets, or as fining upward trends. Additional coseismic features include
possible tsunami pebble layers, fluidized dike and sill intrusions, and debris flow deposits.
These lower-intertidal and subtidal sedimentary cycles created by coseismic subsidence
events leave a distinctive signature in the sedimentary record and are a process unique to
these Pacific Northwest bays.
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PRESENTING GEOLOGIC DATA IN AWEB-BASED GIS

David Percy, Portland State University

ABSTRACT

Very diverse sets of geologic data have been collected by the investigators responsible for
the geologic “framework” components of the Southwest Washington Coastal Erosion
Study. The need to integrate these data sets has led to a web-based approach for
disseminating the data among the investigators. Offshore seismic profiles, ground-
penetrating radar records, auger core logs, sediment sample analyses, sea-level curves and
interpretive geologic cross-sections are being made available to the investigators via a
common web server and individual desktop web-browsers. We use an interactive WWW
(world wide web, or web) GIS (geographical information system) program, linked to the
data sets, to allow the user to access the map and relational data. This provides a similar
functionality to that which they would have in a GIS program such as ArcView. However,
the user does not require software and experience with ArcView. Furthermore, any
operating system platform can be used so long as a modern (4+) browser is available to the
operating system. The web-based approach to sharing the data sets removes the need for
an “on-call” GIS manager at each institution to process the data requested by the different
investigators. The data requests are handled automatically by a common server (USGS
computer) currently located in the Geodata Clearinghouse at Portland State University.
However, the location of the server or servers is not limited to any specific site. The web-
GIS application is written in Visual Basic linked via the ESRI ActiveX component
MapObjects to shapefiles and JPEG graphics files stored on the server. A dynamic link
library (DLL) on the web server sends requests to the application. The application
processes requests from the user such as zoom, identify or hyperlink and sends back the
data requested. This keeps the CPU load balanced toward the server, and minimizes
bandwidth across the Internet.

Other approaches, such as ArcView IMS, or ArcExplorer, are easier to implement from a
programming standpoint but, they were rejected either because of stability, speed,
flexibility or cross-platform considerations. Some tend to be considerably less responsive,
i.e., slower, and GIS manager dependent. This is because these send entire data sets to the
off-site computer, rather than selecting the appropriate data subsets. These “canned”
approaches are also less flexible or “customizable” than the web-GIS program now under
use. We have found that whereas there is more programming overhead associated with the
current approach, the payoff in responsiveness and customization to the user is well worth
the extra effort. Of future importance, the web approach allows for the capability to tie
into other “non-GIS” databases. Such links will permit queries to be submitted by off-site
users and responses to be returned in real time, i.e., search engine development. A reach
beyond our own data sets will also be possible with our forthcoming status as a node on
the NSDI Clearinghouse Network.
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Future work should include development of a project-wide database, corresponding search
engines, and access level permissions. Eventually, GIS-products from the project can be
developed and distributed directly to the public via off-site web-browsers, as part of the
public outreach and education component of the study. Other products to derive from this
effort could be decision support tools for public policy makers. This would include a
raster-based analysis tool, where the user would assign relative weights to different
coverages, and then get visual feedback on the results. In this way the user could play
with different scenarios to begin to understand the complexity of the system.
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MORPHOSTRATIGRAPHIC AND CHRONOLOGIC SIMILARITIES OF LATE
HOLOCENE DEPOSITION ON THREE US COASTS, RESOLVING TECTONIC,
EUSTATIC, AND CLIMATIC INFLUENCES

Robert A. Morton, U.S. Geological Survey

ABSTRACT

Middle to late Holocene styles of deposition on the Southeast Atlantic, northern Gulf of
Mexico, and Pacific Northwest coasts are remarkably similar. However, the similar
patterns and timing of deposition are attributed to fundamentally different processes. Thin
depositional cycles of rapid flooding and gradual shoaling, and sets of progradational
beach ridges with intervening scarps have been interpreted as products of: (1) abundant
sediment supply under rapidly decelerating and stable sea-level conditions, (2) fluctuating
sea levels that were higher than present and then progressively fell, and (3) co-seismic
subsidence and interseismic uplift.

In South Carolina (Stapor and Mathews, 1983; Colquhoun and Brooks, 1986) and Georgia
(DePratter and Howard, 1981), the middle to late Holocene sea-level history was
characterized by high-frequency oscillations superimposed on submergence. Major
events included transgressive flooding and barrier initiation about 4 ka that was followed
by minor sea-level fluctuations and attendant beach-ridge progradation (Hayes, 1994).
The south coast of Florida is assumed to be tectonically stable because the underlying
carbonates are thick and consolidated. However, even tectonic stability does not eliminate
conflicting histories. Sea-level curves constructed from ages of subtidal basal peats
(Scholl, 1964; Parkinson, 1989) indicate a continuous gradual rise in sea level
(submergence) with progressively diminishing rates. In contrast, curves constructed using
ages of shells from beach ridges indicate that sea level was both higher and lower than
present during the past 3 ka (Stapor et al., 1991). C14 dates of peats and shells from the
chenier plain of the Mississippi delta (Frazier, 1974; McFarlan, 1961), provide a basis for
constraining relative sea-level changes in the northern Gulf of Mexico. Variable rates of
subsidence are calculated if sea level is kept constant for the past 4 ky. Alternatively, by
holding subsidence rates constant, a reconstructed curve shows that sea level may have
been slightly higher than present about 3-5 ka. Dates and elevations of open-ocean and
interior-bay features in the western Gulf support the interpretation that sea levels were
higher than present and they oscillated during the past 3-5 ka (Morton ef al., in press). In
southwest Washington, subtidal flooding and shoaling events, and beach-ridge scarps are
attributed to earthquake induced subsidence and subsequent tectonic uplift (Atwater,
1987; Darienzo and Peterson, 1990; Meyers et al., 1996).

Stratigraphic studies from all three coasts indicate that (1) mainland scarp and sea-cliff
erosion predates about 4 ka, and (2) about 3.5 ka coastal depositional responses reversed
from transgressive to regressive conditions that resulted in widespread beach-ridge
progradation. Within most of the beach-ridge sets are low scarps and unconformities,
attesting to shoreline realignment caused by water-level fluctuations. The origin of the
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erosional events is controversial. Hydro-isostatic adjustments to glacial melting and
crustal unloading make the relative sea-level histories unique at different near-field and
far-field sites. Except for glaciated coasts, the eustatic changes during the Holocene
should be recorded in the coastal stratigraphic sequences. Late Holocene
paleotemperatures reconstructed from ice cores in Greenland (Dahl-Jensen et al., 1998),
and estimates of ice-sheet volumes in the Antarctic (Goodwin, 1998) provide evidence that
atmospheric temperatures cooled, ocean volume decreased, and sea level fell about 1 m
between 4 and 2.5 ka.
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HISTORICAL EVOLUTION OF THE COLUMBIA RIVER LITTORAL CELL
BARRIERS

George Kaminsky, Washington Department of Ecology

INTRODUCTION

This abstract is based on Kaminsky et al., 1999. It summarizes a synthesis of geological
observations, morphodynamic changes, and processes modeling to explain the historical
coastal evolution of the Columbia River littoral cell. The synthesis draws from analyses of
historical shoreline and bathymetric changes, and subsurface stratigraphy. The spatial and
temporal scales of change caused by both natural and human influences are quantified and
compared. The results indicate that the Columbia River littoral cell is a highly dynamic
coastal system that naturally evolves in response to large magnitude episodic events as
well as frequent high energy forcing conditions. Human impacts, and particularly the
installation of jetties at the entrances to the Columbia River and Grays Harbor during the
early 1900s, have dramatically influenced the evolution of the littoral cell. The integration
of diverse data sets and the synthesis of their analyses enable the development of
conceptual models and predictive capabilities of the coastal evolution of the Columbia
River littoral cell.

HISTORICAL EVOLUTION OF THE CRLC

The U.S. Coast & Geodetic Survey topographic surveys (NOS T-Sheets) of 1868 mark the
beginning of the historical period for reliable data in the Columbia River littoral cell.
Previous maps and topographic surveys since the late 1700s lack adequate control for use
in quantitative change analysis. However, through geological investigations, a well-
constrained 1700 shoreline position (erosion scarp) from an earthquake-induced
subsidence event has been mapped (Woxell, 1998; Peterson et al., 1999). This time line
allows for the comparison of change over the historical period with the recent prehistoric
period to obtain a quantitative assessment of coastal evolution. Over the historical period,
shoreline progradation rates are typically an order of magnitude greater, and are up to two
orders of magnitude greater along reaches adjacent to the estuary entrances. In addition,
the historical shoreline change rates have much larger alongshore gradients over the length
of the sub-cells.

In each of the sub-cells, the coastal plains accreted rapidly within a few decades of jetty
construction at the entrances to the Columbia River and Grays Harbor in the early 1900s.
Clatsop Spit accreted over 7 km? of land within 5 km of the Columbia River South J etty,
and shoreline progradation rates typically jumped from 0.5 m/yr to Sm/yr or more along
the Clatsop Plains sub-cell. North of the Columbia River, a pocket beach quickly
developed, accreting nearly 4 km? of land between the Columbia River North Jetty and
North Head, 3.5 km to the north. In stark contrast to the shoreline progradation rates of
0.1 m/yr or less between 1700 and the 1870s, the southern half of Long Beach Peninsula
experienced a major accretionary period, prograding at rates of 4-6 m/yr. Along the
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Grayland Plains, shoreline progradation rates jumped from 1.2 m/yr to 5 m/yr. The North
Beach sub-cell prograded rapidly along its southern end, accreting approximately 8 km?
of land within 6 km of the Grays Harbor North Jetty, with decreasing rates of accretion
over tens of kilometers toward Point Grenville.

The sediment accumulation rates over the historical period along the littoral cell reveal
higher accumulation rates during the early historical period compared to the period since
the 1950s. The largest differences in accumulation rates between the periods are generally
closest to the estuary entrances. Prior to the jetty installation, ebb-tidal currents are
assumed to have been in equilibrium with existing wave forcing and sediment budget,
resulting in broad, shallow ebb-tidal deltas extending on the order of 5 km seaward from
the shoreline of the estuary entrances. The jetties at both the Columbia River and Grays
Harbor were built on these shallow delta plains to constrict the inlet flow and scour the
entrance channel for navigation purposes. Over the course of several decades, the
increased ebb-tidal flows pushed the center of the deltas farther offshore, and waves forced
large volumes of sediment onshore from the flanks of the ebb-tidal deltas, where tidal inlet
currents were no longer present.

The post-jetty historical shoreline change rates show a highly dynamic shoreline with
kilometer scale variability, nonlinear long-term trends, and trend reversals as shown in
Figures 1 and 2. It is evident that the jetties have influenced accretion and possibly
erosion patterns on the beaches over distances of tens of kilometers. It is also apparent
that accretion rates along the entire littoral cell have generally slowed since the 1926 -
1950s period. During the most recent period, high erosion rates occur adjacent to the
jetties, where the beaches had previously accreted most rapidly. Through time, all of these
erosion sites have either increasing erosion rates or an expanding spatial scale of erosion
along the shoreline or both.

These large scale coastal change patterns and the accumulation of sediment can not be
explained by a simple model of longshore sediment transport accumulating against an
imposed boundary. For example, along the southern Long Beach Peninsula, both geologic
data and wave refraction modeling suggest a dominant net northward flux of sediment.
The sediment accumulation adjacent to the jetties over the historical period does not
merely represent the trapping of sediment by the jetties, but rather sediment transport from
its ebb-tidal delta source. Preliminary modeling results in each sub-cell indicate that the
areas near the jetties tend to have the highest sediment-transport rates.

Summary of Historical Observations

The changes in shoreline progradation rates that have occurred throughout the littoral cell
are coupled with equally striking reversals in shoreline change trends. The installation of
jetties resulted in sediment accumulation on the coastal plains supplied in part by erosion
of the extensive tidal inlet shoals. Within the past few decades, the areas adjacent to the
jetties have experienced chronic erosion conditions. Presently the ebb-tidal deltas of
Grays Harbor and the Columbia River appear to be essentially decoupled from the littoral
zone. The overall changes in shoreline orientation and inlet morphology, and the
deepening of the adjacent shorefaces appears to have significantly affected the distribution
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of Columbia River sediment throughout the littoral cell. The modern sediment pathways,
fluxes, and compartment volumes that comprise the littoral cell sediment budget may in
fact be quite different from that of the late Holocene.

SHORELINE CHANGE MODELING

Among the most challenging tasks in the study is the development of a predictive
capability of coastal change. It remains difficult to determine whether the estuary
entrances, ebb-tidal deltas, and adjacent shorelines of Grays Harbor and the Columbia
River are approaching an equilibrium condition from the jetty-induced perturbations of the
early 1900s. In addition, the ongoing changes in Columbia River sediment supply and
other factors such as climate change or relative sea-level change, may be independently
influencing the behaviour of the shoreline. Since both the late prehistoric and early
historical periods show shoreline behaviour patterns that differ significantly from the
present trends, it is especially important to have an understanding of the mechanisms and
influences driving coastal change. A simple extrapolation of historical shoreline change
trends in this region could potentially be wrong in both magnitude and direction. A more
detailed investigation of historical shoreline change and more sophisticated techniques for
predicting future shoreline position are therefore warranted.

A major question to evaluate is whether recent regional-scale shoreline change rates
indicate a long-term trend of slowing shoreline progradation that may manifest as a future
erosion trend or if the shoreline is adjusting to a dynamically stable position. Various
modeling tools are being applied to simulate the long-term morphologic change and
quantitatively evaluate conceptual models. The initial efforts are derived from the model
formulation and implementation process that allows testing of hypotheses and diagnosing
trends, patterns and variability in the system response to different input conditions. The
optimized output results may be preliminary, but they can be refined as additional data and
knowledge are obtained and other approaches are applied.

SUMMARY

The Columbia River littoral cell functions as a large-scale morphodynamic system with
controlling variables such as sediment supply, regional tectonics, climatic forcing, and
especially human intervention. There are a number of significant results and observations
that can be synthesized to present a coherent understanding of the behaviour of the
Columbia River littoral cell. The diversity of data sets and the multi-scale systems
approach taken in the study has enabled the development of a conceptual working model
to be refined through continued data collection, analyses, integration, and modeling
applications. The application and integration of modeling approaches including both top
down geological-based models and bottom up process-based models should advance
capabilities for predicting management scale coastal evolution.
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Figure 1. Historical shoreline change rates in the Clatsop Plains and Long Beach sub-cells.
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INTERPRETATION OF THE AVERAGE HIGH WATER LINE FROM AERIAL
PHOTOGRAPHY: VARIABILITY AND REPEATABILITY

Richard C. Daniels, Washington Department of Ecology
Peter Ruggiero, Washington Department of Ecology
Diana McCandless, Washington Department of Ecology

INTRODUCTION

Detailed shoreline change analyses are being conducted in support of the Southwest
Washington Coastal Erosion Study. These analyses are dependent on shorelines derived
from historical maps, orthophotography, GPS ground survey, and airborne Light Detection
and Ranging (LIDAR) data. Each of these methods may be used to estimate the location
of the Average High Water Line (AHWL). The AHWL is a horizontal reference line that
represents the mean landward excursion of wave run-up resulting from the most recent
high tides.

The AHWL may be mapped in several different ways. For example, the National Ocean
Service (NOS) used ground surveys to derive a Mean High Water Line (MHWL) for their
1880-era and 1926-era topographic sheets (T-Sheet) and aerial photography for their
1950-era T-sheets. The Department of Ecology digitized shorelines from orthophotos
using visual queues that are equivalent to those used by NOS (Shalowitz, 1964). To con-
firm this assertion, tests were conducted in 1998 in which four aerial photos used for a
1950-era NOS T-Sheet were obtained, scanned, and orthorectified by Ecology. The
AHWL was digitized from these orthophotos and compared to the 1950-era NOS MHWL.
The digitized AHWL was found to coincide with the NOS MHWL. The two lines were,
on average, within £10 m of each other.

This initial attempt at determining the homogeneity of the AHWLs used in this study
highlighted the need for a detailed shoreline extraction, a shoreline repeatability, and a
shoreline variability experiment. This paper describes the results from these three
analyses. Results from this work provide the basic information required to develop
detailed error budgets for the shorelines derived by the Study.

Shoreline Extraction

NOS T-Sheets are the only readily available data source to obtain information on shoreline
position prior to 1950 (i.e., the advent of organized regional aerial photo missions by state
and federal government agencies). T-sheets are detailed records of surveys that were
conducted to provide shorelines for use on navigation charts issued by NOS (formerly the
U.S. Coast and Geodetic Survey, CGS). The National Oceanic and Atmospheric
Administration (NOAA) has recently undertaken a data rescue project to convert the
historical T-sheets from paper to a digital format. NOAA has partnered with several state
agencies across the nation to assist in extracting the line work and assigning attribute
information from the raster images into vector data sets (NOS, 1999).
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As the coastal zone management agency for the state of Washington, the Department of
Ecology has undertaken the task of digitizing shorelines for Washington and the northwest
coast of Oregon from the raster images and saving them into digital vector files. To allow
for the quantitative analysis of shoreline change, it is essential that the accuracy of the
processes used to extract the shorelines from the historical T-sheets be determined.

A detailed accuracy assessment was conducted on the methods used to extract the NOS
MHWL from the T-Sheets. The results of this analysis are described in detail in Daniels
and Huxford (1999). In summary, the analysis determined:

1) the original T-sheets are accurate in their depiction of the shoreline that existed at the
time of the surveys (Shalowitz, 1964). The average accuracy for the 1:20,000 scale T-
sheets is twice as accurate as current USGS 1:24,000 scale topographic maps.

2) the methods used by NOS to scan the T-sheets are sound and induced no identifiable
error into the raster images.

3) shrinkage or warping of the original paper T-sheets was corrected by the registration
and rectification process;

4) the vectorization process used is accurate to within half the width of a line, 0.79 m with
a 1/32 inch line on a 1:20,000 scale map (Huxford and Daniels, 1998); and

5) the NOS survey marks can be effectively used to verify the accuracy of the digital data
produced by the data rescue project.

The vector data obtained from the 1950-era T-sheets meets published NOS accuracy
standards for the original data source [+3 m for 1:10,000 T-sheet and =6 m for 1:20,000 T-
sheets]. The 1926/27-era T-sheets are slightly less accurate, yet on average still meet the
1950-era accuracy standards. A majority of the error in the 1926/27 T-sheets may be
associated with the datum transformation process (i.e., between the North American
Datum, the North American Datum of 1927, and the North American Datum of 1983).

Examination of the reconnaissance surveys and charts produced by NOS prior to the North
American Datum found that the older maps (1880 era) have rotational errors ranging from
-0.84° (skewed counter clockwise) to +0.25° (clockwise). These errors are not uniform
over time or space. It is believed these deflections in magnetic north may be due to
magnetic anomalies within the region that were not corrected for during these initial
reconnaissance surveys. Other possibilities include the “less stringent” astronomical
observation methods used to calculate magnetic variation for reconnaissance surveys
(Shalowitz, 1964), or distortion caused by the conversion from the Bessel 1841 to Clark
1866 spheroid model.

The spheroid problem can only be resolved if the central meridian and standard parallels

used on the chart are known. The only place this information may exist is in the
descriptive reports that accompanied each survey when it was submitted to the
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superintendent of CGS or NOS for review and acceptance. At the present time these
reports are not available from NOAA, NOS, or the national archives.

Perhaps the greatest barrier to evaluating the overall accuracy of these surveys is the lack
of survey stations with known coordinates. Only five to ten percent of the survey stations
shown on the Washington and northwest Oregon charts had documented coordinates.
These charts were registered by the Department of Ecology using survey stations (when
available) and coordinates for locations which had not moved significantly over the last
century (e.g., offshore rocks, stream meander bends). This registration process has
achieved linear distances accurate to within £15 m between known points that were over
five kilometers apart. Due to the limitations described above, no attempt was made to
apply the detailed error assessment used for the 1920 and 1950 era T-sheets. However,
conservative estimates are that the MHWL digitized from the charts are within £20 m of
their “true” position at the time of survey.

Shoreline Repeatability

The strength of orthorectified aerial photography is that it provides context and visual
queues that assist in identifying the AHWL. However, a potential source of error is that
the interpreted location of the AHWL may vary significantly based on the skill level of the
staff member doing the digitizing and due to changing interpretations of the contextual
information in the photo. These two error sources have been addressed. First, a single
individual was tasked with digitizing shorelines from all orthophotography. Second, a
detailed description of the visual queues that would be used to identify the erosion
reference feature (ERF) (i.e., vegetation or scarp line) and the shoreline change reference
feature (SCRF) (i.e., AHWL) were developed and are as follows:

The erosion reference feature (ERF) will be located at the transition zone where vegetation
no longer covers more than 50 percent of the ground. In areas where the vegetation line is
not visible (e.g., cliffed coast, large sand islands), the ERF will be the top edge of the cliff,
bluft/scarp, or top center of the seaward most dune, in that order. In cases where sandy
islands have no visible vegetation, only the SCRF will be digitized.

The shoreline change reference feature (SCRF) will be the average high water line
(AHWL). This line is estimated based on the dewatering line and drift line. In general,
this line is about 5 to 10 m landward of the darker beach sand, which was wetted by wave
run-up within hours of the photo being taken. In a few cases this line will not be visible
because:

1) the photo was taken just prior to, or after, high tide;

2) the angle from the ground to the camera was such that high reflectance values mask the
difference in shading; or

3) the SCREF is located at a bluff, cliff, or scarp.
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In case 1, the SCRF will be estimated by following the seaward-most dewatering line. In
case 2 the location of the SCRF will be estimated based on the location of the drift line
(associated with higher high water). The SCRF will be located on the seaward side of the
drift line. If waves are breaking at a cliff, bluff, jetty, or scarp (situation three), the SCRF
will be collocated with the ERF.

Even with these protocols, the need to quantify the variability in the AHWL delineation
process remained. A shoreline repeatability study was designed to look at two different
factors that influence this variability:

1) the impact of the source media (prints or diapositives) on the ability of the analyst to
identify and digitize the AHWL and the vegetation line; and

2) the ability of the analyst to reproduce the AHWL and vegetation line on identical photos
(with and without a constant media).

The experiment design utilized photos from four locations within the Columbia River
littoral cell (CRLC) covering 18 kilometers of shoreline. Black and white diapositives and
prints were obtained for each site. These photos were scanned at 600 dpi and
orthorectified using the same control points for each media type to obtain orthorectified
photos with cell sizes of 0.5 m by 0.5 m. Locational differences between each version of
the images were =1 pixel (0.5 m).

The print/diapositive pairs were presented in random order at three different sittings to the
data analyst who was required to digitize the AHWL and vegetation line on each image.
To reduce the ability of the analyst to “remember” what they had digitized in the past, the
analyst was required to wait 24 hours before digitizing the next set. The difference
between the digitized shorelines was calculated using one of the change rate programs
used by the Southwest Washington Coastal Erosion Study (Daniels and Huxford, 1998)
and are shown in Figure 1.

The diapositive to print analysis obtained a mean difference in the location of the AHWL
of 0.22 m with a standard deviation of 5.22 m over the 18 kilometers of coast sampled.
The print to print analysis, which was conducted for a single photo for 3.5 km of shoreline,
obtained a mean difference of 0.22 m and a standard deviation of 1.11 m. In contrast, the
diapositive to print analysis for this same photo obtained a mean of 0.9 m and a standard
deviation of 1.2 m. Thus, the between sample standard deviation is similar to the between
media type variation. This result indicates that the less expensive prints (~$2 vs. $12 for
diapositives) are suitable for delineating the AHWL.

To look at the potential impact of a different analyst digitizing the photos, a second analyst
digitized the shoreline and vegetation line for each image. The results of this analysis are
shown in Figure 2. The interpretation of the vegetation line had a mean difference of 2.83
m and a standard deviation of 9.11 m. The interpretation of the AHWL varied by a larger
amount, in this case the mean difference was 12.44 m with a standard deviation of 8.76 m.
The second analyst consistently digitized the AHWL further seaward than the first, which
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implies that slightly different visual queues were being used. This indicates that new staff
members could be trained to identify the same visual queues used as were used by the
original analyst.

Shoreline Variability

A limitation of the photographic method is that the digitized AHWL is estimated for a
single point in time based on evidence visible in the photo from at least the last two high
tides. Thus, the digitized AHWL is not based on a long-term record of tide levels as would
be implied if we referred to it as the MHWL as is done by NOS. The term MHWL may be
taken to refer to a fixed elevation that has been calculated based on a long-term tide gauge
record. Thus, the digitized AHWL does not represent the line that would be calculated if
the contour line for the MHW elevation were extracted from an elevation model of the
beach. However, it is impossible to quantify the difference between the interpreted
AHWL and a calculated MHW elevation unless a topographic survey is conducted during,
or directly following, the aerial photo mission from which the AHWL was digitized.

There are limitations with the use of context-free topographic surveys as well. On the
ocean coast the MHW elevation as seen on the beach is influenced by several factors other
than the tide level. These factors include wave height and wave run-up; both of which
serve to place the interpreted AHWL further landward than if the MHW elevation were
surveyed using traditional spirit levels or GPS technology.

To quantify the variability associated with using an AHWL from a single photo as a
surrogate for the mean high water line for an entire season or year several tests were

conducted. These tests required the following data collection and creation activities:

1) contracting with the Washington State Department of Natural Resources to fly 1:12,000
scale photography of Klipsan Beach in Long Beach, Washington on May 26, 1999;

2) contracting with WAC, Inc., Eugene, Oregon to fly the same area of Long Beach on
September 21,1999;

3) orthorectification and digitization of the AHWL from the May and September photos;

4) collection of near-simultaneous topographic maps (with the aerial photo missions) of a
4-km section of Klipsan Beach with ground based GPS systems; and

5) collection of the AHWL and average higher high water line (AHHWL) using ground-
based GPS systems for a 10 to 18 km section of Long Beach centered on Klipsan Beach.

Based on this data the following analyses were conducted:
1) comparing the digitized AHWL from orthophotos with the 2 and 3 m contours derived

from a topographic survey obtained using RTK-GPS methods (the tide gauge- based
MHW in Long Beach is 2.11 m NAVD 8§8;
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2) overlaying the digitized AHWLs obtained from each flight on their respective
topographic surveys to obtain elevation statistics for each line; compare these statistics
with those obtained from the GPS-derived AHWL and AHHWL and determine if they
are statistically different; and

3) determining the horizontal variation in AHWL line positioning as influenced by the
different time and season of the photos.

Figure 3 provides a flow diagram of how the two-dimensional (GPS vs. photo derived
AHWL) and the three-dimensional (elevations) parts of this analysis relate.

Results from this experiment are shown in Figures 4 to 7. In Figures 4 and 5 the ground
interpreted AHWL and AHHWL closely coincide with the AHWL digitized from
orthophotography. In both May and September the AHWL interpreted on the ground
during the GPS surveys were on average within £12.5 m of the digitized AHWL. Figures
6 and 7 show the relationship between true elevations (in this case NAVD 88, meters) and
the digitized AHWL. The digitized AHWL was overlaid on the topographic surface and
the mean elevation was extracted every 10 m along the line. The May overlay obtained a
mean NAVD 88 elevation for the line of 2.68 m with a standard deviation of 0.14 m. The
September overlay obtained a mean NAVDS88 elevation for the line of 2.98 m with a
standard deviation of 0.08 m.

The change rate program utilized in the shoreline repeatability analysis (Daniels and
Huxford, 1989) was used here. This analysis found that the digitized AHWL receded on
average 10 m from May to September (Standard Deviation 7.31 m), during a period in
which seaward movement of the shoreline would be expected.

RESULTS

This three-part analysis was designed to obtain a detailed error budget for all components
that enter into the calculation of shoreline change rates for the Southwest Washington
Coastal Erosion Study. Initial findings are as follows:

1) MHWLs derived from the 1870-era NOS T-sheets are estimated to be within £20 m of
their “true” position at the time of survey;

2) MHWLs derived from the 1920 and 1950-era NOS T-sheets are registered to better than
+6 m; with the addition of the £6 m uncertainty associated with interpreting the
MHWL on the ground we obtain a mean uncertainty of =12 m for the 1920 and 1950-
era shorelines;

3) AHWLs derived from orthophotos are repeatable to +2 m; when the known error

budget of the orthophotos is considered (i.e., +£1.5 to 6 m) we obtain a mean uncertainty
of £5.9 m (for 1:24,000 scale or larger photos) for the photo-derived shorelines;

63



4) comparison of the May 1999 to September 1999 AHWL position showed that the
photo-interpreted AHWL had moved inland an average of 10 m;

5) the mean vertical elevation of the May 1999 and September 1999 AHWL were 2.68 m
and 2.98 m NAVD 88, respectively, a difference of 0.30 m; and

6) the mean beach slope was 2.3 percent in May and 1.7 percent in September.

We can calculate a horizontal distance for all potential AHWL positions for a given month
if we assume that the elevation of the AHWL may vary 0.30 m due to differences in wave
and tide conditions at the time of survey and that the slope of the beach flattens in a linear
fashion between May and September. For example, based on a 2.3 percent beach slope in
May and an elevation difference of 0.3 m we obtain a conservative estimate of the
potential variability of the horizontal location of the AHWL on any day in the month of
May of £13 m (see Table 1). This value indicates that within the month of May the
horizontal position of the AHWL may vary by as much as 13 m seaward or landward of
the digitized AHWL.

Table 2 summarizes the results of the shoreline extraction, repeatability, and variability
experiments. The approximate errors and uncertainties associated with deriving an
estimate for the AHWL are given, including the shoreline derivation error, the shoreline
interpretation uncertainty, the seasonal variability and the total error and uncertainty
budget.

CONCLUSIONS

The AHWLs from orthophotos and the digitized MHWLs from NOS T-Sheets provide
shorelines that are accurate to within £12 m or better in most cases. However, seasonal
variability in the size and location of nearshore sand bars and changes in the beach slope
from spring to early fall results in a change in the wave run-up characteristics on a beach.
These changes manifest themselves by changing the elevation of the AHWL. Thus, the
AHWL was not a fixed value in the experiments but varied between 2.7 m to 3.0 m under
the “average” weather conditions of 1999, where “average conditions” are characterized
by winds of less than 15 knots, mean significant wave heights (/) of less than 2 m, and
tide levels between 1 and 2 m MLLW.

The elevation variability described above translated into an AHWL that may migrate as
much as [13 m (Table 1) + 10 m (measured horizontal change between May and
September) + 17.6 m (Table 1)] 40.6 m during the transition from summer to early fall.
This natural variation, when combined with the uncertainty associated with the photo
derived AHWL, indicates that the interpreted location of the AHWL may vary by month
from [13 m (Table 1) + 5.9 m (digitized AHWL position uncertainty)] £18.9 m in May to
[17.6 m (Table 1) + 5.9 m (digitized AHWL position uncertainty)] £23.5 m in September.

If taken at face value, this range potential AHWL locations during a single spring to early-
fall season results in large uncertainty values. When comparing shorelines from two
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different years, this uncertainty estimate would mask all but the largest changes in
shoreline position. Traditionally, uncertainty values are seen as additive terms (e.g., £5 m
for each shoreline plus the horizontal variability of the potential AHWL for each year).
The additive method results in an uncertainty term of +37.8 m for the two AHWLs
obtained from photos taken on two different years in the month of May. If we assume that
these photos were taken ten years apart, the change needs to be less than -3.7 m or greater
than 3.7 m per year to be significant.

However, if we explicitly consider the month in which the AHWL was obtained in
calculating our uncertainty value, we may view the uncertainty related to natural
variability in the position of the AHWL within a single month as a singular term. This
would reduce our uncertainty value in the above scenario to £24.8 m (from Table 1). This
reduces the size of our critical change rate, and would make change values of less than
-2.4 m or greater than 2.4 m significant. Table 1 contains an estimate of the average
monthly variability of the AHWL for the months of May to September and shows the
critical change rate values based on a ten-year and twenty-year time period between
shorelines. These ranges assume that the AHWL was digitized under average weather
conditions and that the physical state of the beaches in May 1999 and September 1999 is
representative of the average condition of the beach for those months over some multi-
year period.

Based on this analysis Figure 8 was constructed. This figures identifies all AHWL
segments within Washington whose erosion rates exceed the critical change rate value of
+1.4 m/year for the period 1974 to 1995. The AHWL shown is from 1:12,000
photography taken in August and September of 1995.
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Figure 1. Mean variation between the repeated interpretation of the average high water line
for four locations within the Columbia River littoral cell.
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Figure 4. Comparison of a photo derived AHWL for May 26, 1999 with an AHWL and AHHWL
obtained from a ground survey taken one day after the flight.
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Figure 5. Comparison of a photo derived AHWL for September 21, 1999 with an AHWL and
AHHWL obtained from a ground survey taken three days after the flight.
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Figure 6. Comparison of GPS derived two and three meter contours with the digitized AHWL
for May 26, 1999. Mean AHWL elevation is 2.68 m.
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Shoreline Variability, Klipsan September 99

5000 T T T T ! T 1
=== Clammer AHW
—e—  AHWL Photo
4000 : _ .
3500 .
£ _
(o)) f : :
vl
+=
(o]
< 2000} ]
1500 | .
1000} -
500 .
0 } i i i | i
100 150 200 250 300 350 400 450 500

Easting (m)

Figure 7. Comparison of GPS derived two and three meter contours with the digitized AHWL
for September 21, 1999. Mean AHWL elevation is 2.98 m.
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Figure 8. Shorelines in Washington with measured erosion rates exceeding the critical
change rate for the period 1974 to 1995.
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Table 1. Estimate of the average monthly variability of the AHWL for the months of May to
September and the critical change rate values based on a ten-year and twenty-year time
period between photos.

AHWL

Shoreline Beach AHWL (Photo) Total Critical Change Rate
Month Slope Variability Repeatability Uncertainty 10 Years 20 Years
(m) (m) (m) (mlyr) (mlyr)
May 230% 13.0 5 23.0 2.3 1.2
June 215% 14.0 5 24.0 24 1.2
July 2.00% 15.0 5 25.0 2.5 1.3
August 1.85% 16.2 5 26.2 2.6 1.3
September 1.70%  17.6 5 27.6 2.8 1.4

Table 2. Total error and uncertainty budget for AHWL estimates.
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BATHYMETRIC VOLUME CHANGE: DATA AND ANALYSIS

Ann Gibbs, U.S. Geological Survey

INTRODUCTION

Three different types of bathymetric data sets are being developed for morphological and
volumetric change analysis within the Columbia River littoral cell: 1) regional bathymetry
over the entire study area; 2) local bathymetry at inlets; and 3) regional historical and
recent bathymetry grids created for wave modeling experiments.

The regional bathymetry within the study area database includes National Ocean Service
(NOS; formerly U.S. Coast and Geodetic Survey; USC&GS) hydrographic survey data
collected during two time periods, 1868-1891, and 1926-1927, and the following U.S.
Army Corps of Engineers (Corps) surveys: 1900 and 1927 (Grays Harbor), and 1935
(Columbia River). This data set extends from Tillamook Head, Oregon to Point Grenville,
Washington and from the shoreline to between 2 and 5 km offshore (~100-700 m water
depth). The 1926 bathymetry is the most recent data available over most of the study area
(Figure 1).

The localized inlet bathymetry data set includes both NOS and Corps hydrographic data
collected over four time periods: pre-jetty (1868-1877), post-jetty-1 early (1926-1935)
post-jetty-2 (1954-1958), and modern (1998-1999). This data set typically covers the
flood- and ebb-tidal delta regions of the respective inlets, to water depths of approximately
60 meters.

The four bathymetric grid surfaces generated for use in wave modeling experiments
include hydrographic data compiled over two areas (regional and nested) and two time
periods (1920s and 1990s). The large, regional data set (REG26) is comprised of NOS
hydrographic survey data, collected between 1926 and 1930, and extending from Heceta
Head, Oregon to Cape Johnson, Washington, between 3 and 10 km offshore. Nested
within the large REG26 area is a smaller data set comprised of more rigorously edited and
processed NOS data (NEST26). Modern (1998) regional and nested grids were created by
merging the 1926 data sets with 1998 surveys collected by the Army Corps of Engineers
around Grays Harbor, Willapa Bay, and Columbia River mouth (Figure 2). Because of
large changes in the location and morphology of these ebb-tidal deltas since 1926, the
transition between historic and modern bathymetry is, in places, abrupt and irregular. In
order to obtain a smooth transition across the survey boundaries, it was necessary to
selectively edit, modify, and add new data based on inferred shoreface and tidal-delta
morphology (Gibbs, in prep). The results of this work represent a reasonable estimate of
the true morphology, however, the reader is cautioned to only use this data set with full
knowledge of the original intent, the limitations, and assumptions used to generate it.
Additional surveys collected during 1999 (Figure 3) will aid in developing a more
accurate representation of the modern bathymetry in the next version (v2).
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PRELIMINARY RESULTS OF THE REGIONAL BATHYMETRIC CHANGE
ANALYSIS

One component of this project is to understand the historical change in regional
bathymetry, in order to quantify the large-scale, long-term changes in offshore sediment
behavior. This information will help define the role of the inner-shelf within the regional
sediment budget, and how changes in nearshore morphology may or may not correlate
with changes observed in the position of the shoreline. Gibbs and Gelfenbaum (1999)
address the accuracies and errors associated with the historic hydrographic data base and
present preliminary results of bathymetric change observed between 1868 and 1927
(Figure 3). These findings are summarized below.

Volumetric analysis of the regional historical (1870s vs. 1920s) bathymetric data set is
problematic due to the age of the surveys (1870s and 1920s), the original intent of the
surveys (to identify the depth of the sea floor as an aid to navigation), the techniques
involved (potential sounding and horizontal positioning errors), and the high-energy
conditions (seas, swell, and currents) along this stretch of coast.

Surveys collected closer to shore, in water depths less than -30 m, contain smaller errors
and define the sea-floor morphology well. Errors and uncertainties increase with depth
and distance offshore. Comparison between these two surveys shows large areas of both
accretion and erosion on the shelf between the shoreline and -70 m of water, with the
greatest change occurring off the mouth of the Columbia River.

The 1870s data set provides detailed coverage in only two locations where a reasonable
representation of sea-floor morphology can be interpreted (off the Grayland Plains and the
Columbia River Mouth). In these areas, calculation of volumetric changes is likely
accurate within the bounds of our confidence interval (£1.7 m; Gibbs and Gelfenbaum,
1999). In other locations, the quantitative value of the data set is more questionable due to
the large range of uncertainties. Large signals that exceed our potential error estimates,
however, suggest that real changes in the offshore sea-floor morphology are occurring.
Lacking additional insight into the magnitude and distribution of these errors, primarily
related to the application of tidal corrections and sounding errors associated with
horizontal offset, only a first order, qualitative application of the volumetric change data
should be expected. Quantitative analysis and interpretation of the regional bathymetric
changes within the Columbia River littoral cell should be approached with caution and
with a thorough knowledge of the error distribution and uncertainties associated with the
data set.
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Figure 1. Bathymetry within the Columbia River littoral cell. The most recent data available
on a regional scale are from 1926.
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PRELIMINARY RESULTS OF A MULTIBEAM BATHYMETRY AND
BACKSCATTER SURVEY

Roger D. Flood, Marine Sciences Research Center, SUNY Stony Brook
Vicki Lynn Ferrini, Marine Sciences Research Center, SUNY Stony Brook
Liviu Giosan, Marine Sciences Research Center, SUNY Stony Brook
Laurie Zaleski, Marine Sciences Research Center, SUNY Stony Brook

ABSTRACT

A multibeam survey of the region off Grays Harbor was conducted from August 27 to
September 10, 1999, to determine bathymetry in the region from about 12 to 60 m water
depth. There is nearly 100 percent coverage to about 30 m water depth, nearly 50 percent
coverage to 40 m water depth, and isolated tracks to 60 m water depth (Figure 1). The
survey was conducted using an EM 3000 multibeam echo sounder installed on the 65' UW
Research Vessel R/V Clifford A. Barnes. Much of the area we studied had not been
mapped since regional bathymetric surveys in the early 20th century. New regional
bathymetric data were needed in this area for modeling wave refraction and shoreface
evolution, for calculating sediment-transport rates, to produce an updated bathymetric
change map to identify regions of erosion and deposition. Backscatter data were also
collected during our survey to provide independent information about sediment character.
In addition bathymetric contours referenced to NAVD8S8 and backscatter, the bathymetric
information can be processed to produce images of sun-illuminated topography to allow
intermediate-scale features to be identified on the sea bed. The combination of
bathymetry, sun-illuminated bathymetry, and backscatter provides a new view of the sea-
bed morphology off southwest Washington that will improve our understanding of
sediment movement, shoreline change, and the role of tectonics in coastal processes.

The MSRC EM 3000 was used in a dual-head mode with two transducers providing a
swath width:depth ratio of 10:1 at 10 m depth, decreasing to 5:1 at 40 m depth. This swath
is considerably wider than the swath to be expected using a single head, and allowed for
much more efficient survey operations. We utilized real-time kinematic GPS (RTK) for
both vertical elevation as well as for position, and CTD casts were made to determine
sound-velocity structure in the water column. The RTK data was filtered to create a local
tide curve, and this tidal elevation correction was then applied to the calculated depths to
determine absolute water depth. Our survey resulted in a depth measurement (nominally
accurate to about 5-10 cm) at least every 1 m along track and 5 m across track, with higher
sounding densities in shallower water. Subsequent to our survey, 17 sediment samples
were collected by the USGS in order to allow the origin of some of the more prominent
backscatter patterns to be understood.

Images of the sea bed resulting from the multibeam imagery show a number of features

that were unexpected and that may have significance in understanding sediment transport
patterns and coastal evolution patterns in the study area.
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One of the more unexpected discoveries was a series of depressions south and east of the
submerged south jetty at Grays Harbor at water depths of 10 to 16 m that commonly have
high backscatter. These depressions are up to 2 m deep, up to 200 m wide, and up to 1 km
long. The largest depressions are within 3 km of the jetty, but smaller depressions are
observed at greater distances south of the jetty. Some of the smaller depressions appear
similar in morphology to ground-water seeps on land. Where sampled, the highly
reflective regions consist of gravel-sized sediment while sediment adjacent to the high
backscatter regions consists of well-sorted fine to medium sand. Sediment distribution
patterns appear consistent with bed load transport directions to the northwest.

A large region of high backscatter was also observed north of Grays Harbor entrance (off
Ocean Shores). The shallow extent of this region is at about 12 m water depth, similar to
that observed for high backscatter regions south of the jetty. However, the region of high
backscatter widens with depth to over 5 km at 30 m depth and covers much of the mapped
sea bed at depths greater than 30 m at this latitude. Grab samples show that the high
backscatter sea floor consists of gravel-sized sediment whereas adjacent sediments are
sand sized. Sediment morphology appears consistent with bed load transport towards the
north. In some areas the multibeam data show protrusions from the sediment, probably
bedrock outcrops. The region of high backscatter appears to correspond to a fault mapped
by others on the basis of seismic profiles in this area.

A number of other phenomena were also observed on the multibeam data products,
including a distinctive zone of high backscatter around the outer edge of the ebb-tidal
delta, a region of somewhat elevated backscatter extending at least 10 km south of the
jetty, and morphology along the northern side of the south Jetty suggestive of sand leakage
through the jetty.

Multibeam bathymetry and backscatter data in the study area provide new insights into the

nature of sea-bed morphology in the coastal zone off southwest Washington. Continued
analysis of these new data will support studies of sediment transport patterns in this area.
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Figure 1. Preliminary multibeam bathymetric map collected off of Grays Harbor,
Washington. Contour interval =1 m, datum = MLLW.
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THE INNER SHELF: SOURCE OR SINK FOR BEACH SAND?

Dave C. Twichell, U.S. Geological Survey
VeeAnn A. Cross, U.S. Geological Survey
Kenneth F. Parolski, U.S. Geological Survey

ABSTRACT

Two questions raised at the outset of the Southwest Washington Coastal Erosion Study
were (1) what is the seaward limit of the lower beach face, and (2) is the shelf a source of
sand for the beaches? Surface sediment grab samples and widely-spaced side-scan sonar
lines were collected to address these questions from a sedimentologic perspective.
Seventeen shore-perpendicular transects of grab samples were collected off the beaches of
this littoral cell. Mean grain size, in general, decreases from 2.5-3.0 phi in water depths
less than approximately 20 m to 3.5-4.0 phi in water depths greater than 45 m (Figure 1).
No clear sedimentological break was shown separating the lower beach face from the
inner shelf, so the transition was arbitrarily chosen at a mean grain size of 3 phi (125
microns). This transition occurs in roughly 25-m water depth. The inner shelf is divided
into two distinctive provinces: a relict shelf north of the Grayland area and a modern shelf
to the south. Outcrops of Tertiary strata, and patches of glacial gravel are abundant north
of the mouth of Grays Harbor while they are completely absent to the south due to these
older deposits being buried by modern sediment. Samples from the lower beach face
show that the mean grain size is fairly uniform along the entire length of the study area
(Figure 2). Partitioning the grain-size results by 1-phi intervals shows distinctive
variations in the along-shore and across-shore directions that are not shown by the mean-
grain size values. Four transects across the lower beach face and inner shelf demonstrate
the difference between the relict and modern shelf surfaces and the lower beach face
shoreward of each of these two offshore provinces (Figure 3). The two northern transects,
which cross the relict shelf surface, show that medium and coarse sand comprise 40-50
percent of the lower beach face samples and 10-40 percent of samples from the inner
shelf. Off Long Beach, medium to coarse sand is absent, and the fine sand component
decreases offshore from 70 percent in 11 m to only 27 percent in 33 m water. Off Clatsop
the same trend holds although it is not as pronounced (fine sand component is 68 percent
in 8 m, and 42 percent in 29 m). The textural similarity of the relict shelf and the lower
beach face north of Willapa Bay, suggests that, here, the inner shelf could be a source of
sand for at least the lower beach face. Where the modern shelf deposit is present, however,
the small fraction of fine sand in inner shelf samples relative to the beach samples suggests
that it is not a significant sand source to the beaches. Because of the progression in surface
sediment texture, it seems more plausible that the shelf is a sink for sand lost from the
beach rather than being a source of sand for the beaches.
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Figure 1. Graph of mean grain size verses depth of surface sediment grab samples
collected from the lower beach face and inner shelf in 1998. Note that the general trend is
for sediment to become finer offshore. The lower beach face samples have mean grain
sizes of 2-3 phi (fine sand) while the inner shelf samples, except north of Willipa Bay are
finer grained.
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Figure 2. Variations in mean grain size along transects collected in the Columbia River
littoral cell. Samples in water depths of 4-20 m (roughly the lower beach face) are colored
blue and samples in water depths of 25-73 m (the inner and middle shelf) are colored red.
Lower beach face samples are coarser than the inner shelf samples, but it is interesting that
they are finest off the mouth of the Columbia River, become progressively coarser to
Grayland, and then become finer north of Grays Harbor. The inner/middle shelf samples
become finer to the north, and the increased scatter north of Grayland reflects the nature of
this part of the shelf.
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Figure 3. Map showing locations of four grain-size transects across the lower beach face
and inner continental shelf. Note that samples from the relict part of the shelf north of the
mouth of Willipa Bay are coarser than those from the modern shelf deposit to the south.
Grain size of the nearshore samples, particularly on the modern deposit, have a higher fine
sand fraction than samples on the inner shelf. The small amount of fine sand in the inner
shelf samples suggests that this area is not a major source of sand for the adjacent beach.
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ROLE OF TIDAL DELTAS IN THE SEDIMENT BUDGET

Christopher R. Sherwood, U.S. Geological Survey
Maarten Buijsman, Washington Department of Ecology
Ann Gibbs, U.S. Geological Survey

ABSTRACT

The ebb and flood-tidal deltas at the entrances to the Columbia River and Grays Harbor
contain huge volumes of sand. Because there are frequent surveys near the entrances and
bathymetric changes are large, we can compile reasonably reliable sand budgets for the
combined ebb- and flood-tidal deltas. The distribution of this sand has changed since
construction of the jetties: ebb-tidal deltas have been displaced seaward into deeper water;
shallow, migrating channel complexes have been replaced with single, deep channel in
each system; sand from flood-tidal deltas has been transferred to estuarine islands and
shallow bays; and entrance spits have accreted. Preliminary results show that the volume
of sand near the entrance to the Columbia River has increased since the late 1800s. In
addition, calculations with UNIBEST indicate that a significant additional amount has
been transported away from the entrance in the littoral zone. This suggests that the
Columbia River has been a source of sand in historical time, which is important because it
means that changes in sand-supply rate must have had, and will continue to have, an
impact on the coastal sand budget.
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HIGH RESOLUTION GROUND PENETRATING RADAR IMAGING OF LATE
PREHISTORIC AND HISTORICAL BARRIER PROGRADATION

Harry M. Jol, University of Wisconsin -Eau Claire
Brian Junck, University of Wisconsin -Eau Claire
George Kaminsky, Washington Department of Ecology
Diana McCandless, Washington Department of Ecology

INTRODUCTION

During summer 1999, high resolution ground penetrating radar (GPR) data were collected
at 14 sites in the Columbia River littoral cell (5 sites in the Long Beach sub-cell, 4 sites in
the Grayland sub-cell, and 5 sites in the North Beach sub-cell). The sites were selected
based on the ability to collect profile data that either provided more details on erosional
scarps from earthquake subsidence events, or the details of historical progradation, and
preferably, both. Wherever possible, the GPR profiles were taken to span this entire
spatial and temporal range in order to obtain a continuous record of the near surface
stratigraphy from the late Holocene period (1200 BP or 300 BP) on the inland beach
ridges to the present day on the beach.

OBJECTIVES
The major objectives of this work include:

« testing the concept of directly measuring geomorphic signals that span scales from
years to millennia to extend the historical record of coastal change into the late
Holocene, as well as to densify the time series of historical data over the last
century;

 experimenting with higher resolution GPR systems (225 and 450 MHz) to attempt
to see finer details of the subsurface that may represent seasonal to annual strata as
well as detect erosional truncations that may represent El Nifio-driven storm
events; and

* determining the detailed characteristics of scarps resulting from earthquake-
induced subsidence events, by mapping their 3-D structure and surveying sites
with a variety of GPR frequencies to enable the comparison of GPR reflector
packages. A specific focus of this research is to gain a better understanding of the
time scale associated with the episodic erosion and post-subsidence rebound and
morphological adjustment of the upper shoreface to an equilibrium condition.

RESULTS
Using GPR antennae of 200, 225, and 450 MHz, we were able to map the near surface
stratigraphy (upper 4 - 6 m) and map the internal structure of the prograded coastal
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barriers in great detail. Topographic data were obtained using real-time kinematic
differential global positioning systems (RTK DGPS). The data were collected using a
pulseEKKO 1000 GPR system. Step sizes ranged from 0.05 m to 0.5 m. All data were
processed and plotted using pulseEKKO software. Interpretations of the plotted GPR
profiles are based on radar facies analysis. These high frequency data sets provide a new
basis from which to interpret the morphological evolution of the coastal barriers.

Differences in the GPR reflection packages suggest changes in depositional processes,
rates, and periods. Preliminary analysis of high resolution GPR reflection data is allowing
reconstruction of shoreline behaviour between time lines obtained from either historical
records or various dating techniques (bulk and AMS C14, and optical). Further analysis of
the high resolution GPR profiles will allow for comparison of coastal changes since the
last earthquake-induced subsidence event of January, 1700 to those since the late 1800s,
when the coast became subject to human intervention (e.g. jetties, dams, irrigation,
dredging).

A particularly interesting data set was acquired in the Long Beach sub-cell near Loomis
Lake. The GPR transects were collected using 225 MHz antennae along a 7 m x 30 m grid
with a 0.10 m step. A 3-D image shows a series of dipping reflections, which are
interpreted as an erosional scarp, caused by earthquake activity estimated to have occurred
1200 BP (Figure 1). The 3-D cube was assembled from a series of identical length 2-D
GPR profiles running parallel to each other along a x-y grid system. All GPR transects
were gathered using a pulseEKKO1000 GPR system and spaced 0.25 m apart. The 2-D
GPR profiles were processed and then interpolated to create 3-D data sets using
pulseEKKO software. The GPR image presented shows 3-D imaging to be an effective
means of performing detailed stratigraphic analysis of the subsurface features.

CONCLUSIONS
* The use of high resolution GPR in the Columbia River littoral cell has provided the
capability to reconstruct barrier evolution over time scales ranging from years to
millennia.

» The locations of several erosional scarps on different GPR profiles throughout the
littoral cell coincide with known shoreline positions or dated earthquake events.
Some positions were dated at the same time as El Nifio events.

* Coastal areas that have undergone rapid progradation (on the order of tens of
meters per year) have characteristics (nearly flat topography and subsurface
reflectors) that can also be located across barrier sections representing inter-quake
periods, suggesting that episodes of rapid progradation have also occurred during
prehistoric periods.
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3-D Grid of a Scarp Near Loomis Lake, Washington
Data is resampled to 200 ps with ve rtical running average fikering applied

Figure 1. 3-D image of the 1200 BP earthquake-induced subsidence scarp in the Long
Beach sub-cell near Loomis Lake.

91



SHORELINE CHANGE MODELING - IN RELATION TO THE SEDIMENT
BUDGET

Maarten Buijsman, Washington Department of Ecology

INTRODUCTION

UNIBEST (Delft Hydraulics, 1994), a one-line shoreline change model, was used to study
historical shoreline change, to make future predictions, to give information about sediment
transport directions and magnitudes, and to give feedback guiding sediment budget
calculations.

UNIBEST runs were performed for the last 50 years for the North Beach, Grayland Plains,
and Long Beach sub-cells. A regional sediment budget, based on bathymetric and
topographic change, acted as a framework for the UNIBEST model runs. Waves were
shoaled from the Grays Harbor buoy to the UNIBEST offshore boundary using linear
wave theory or with the wave propagation model SWAN (Booij ef al., 1999). The tidal
currents used in UNIBEST were derived from the hydrodynamic ADCIRC model
(Luettich et al., 1992). A sensitivity analysis shows that UNIBEST is most sensitive to
directional changes of the wave climate and changes in the sediment fluxes at the northern
and southern boundaries of the study area.

RESULTS

An example of the calibration runs and predictions for the North Beach sub-cell are
presented here. UNIBEST runs were performed for the period 1950 to 1995 over the
southern 22-km of the sub-cell, assuming closed boundaries in the north and south. In the
calibration runs it was assumed that about two-thirds of the 55 million m> of accreted land
came from the Grays Harbor ebb-tidal delta, either from erosion or bypassing, and one-
third from the lower shoreface (based on Woxell (1998)). Model results show a net
sediment transport to the north. Shoreline change predictions to 2020 are presented in
Figure 1. The predictions reveal net erosion of the shoreline within 5-8 km of the Grays
Harbor North Jetty and net accretion further to the north. In all cases, the ebb-tidal delta
supplied no sand after 1995. The case based on waves shoaled with SWAN and cross-
shore feeding results in minimum shoreline retreat of 85 m at the North Jetty. The
prediction using waves shoaled with SWAN and no cross-shore feeding shows maximum
retreat of 150 m at the North Jetty. The model results for linear shoaled waves and no
feeding are between the model results using waves shoaled with SWAN.

CONCLUSIONS

Preliminary model results show that over the next two decades, net sediment transport is
directed away from the stabilized entrances of Grays Harbor and the Columbia River. In
order to maintain the present shoreline configuration sand must be supplied by the ebb-
tidal deltas and the shoreface (and/or the Columbia River for the Long Beach and Clatsop
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sub-cells). It is important to note that in no case does the shoreline reach equilibrium by
2020. The sediment budget analysis reveals that the erosion of the deltas cannot solely
account for the accretion of the barriers. In this analysis the budget was balanced with
sediment supplied from the shelf.
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CLIMATE CHANGE AND VARIABILITY: CONSIDERING IMPACTS ON
COASTAL MORPHOLOGY IN THE COLUMBIA RIVER LITTORAL CELL

Laura Moore, Woods Hole Oceanographic Institution

ABSTRACT

Coastal morphology changes in response to many factors including sediment discharge,
wave direction, wave height, frequency of storm events, severity of storm events, storm
tracks, and sea-level changes. All of these factors are influenced by changes in regional
climate. For this reason, prediction of future changes in coastal morphology along the
southwest Washington coast must incorporate an understanding of 1) the relationship
between climate variability and coastal morphology and 2) expected future changes in
regional climate.

Changes in regional climate occur across a range of temporal scales. Instrumental records
in the Pacific Northwest allow investigation of these changes over the shorter time scales
of a single storm to decades while tree rings and lake cores allow investigation of changes
occurring over century and millennial scales, respectively. Coastal morphology also
varies across a variety of time scales. However, reliable methods for understanding such
changes currently only exist for the shorter temporal scales (Table 1).

Linkages between yearly changes in climate and coastal morphology in the Pacific
Northwest have been recognized. For example, El Nifio conditions tend to generate
elevated sea levels and southwesterly winter storms causing a reversal of longshore
sediment transport and severe erosion of south-facing beaches (Komar, 1986). Linkages
over longer time scales, however, have not yet been made. Shoreline position information
exists back to the 1870s (Kaminsky et al., 1999) and tree ring reconstructions of climate
variability date back to approximately 1650 (Ed Miles, personal communication).
Investigation of these two records for the southwest Washington region may begin to
provide an understanding of linkages between climate change and coastal morphology.
However, efforts to establish linkages for the time period of overlap between these two
records may be hindered by difficulties in separating the effects of climate variability from
the effects of anthropogenic activities that have also impacted coastal morphology
throughout the last century.

Extension of linkages between climate change and coastal morphology to the more distant
past is desirable and will require additional detailed paleoclimate and paleomorphological
reconstructions.  Lake cores collected in Washington State (Ed Miles, personal
communication), and identification of beach ridges using ground penetrating radar
(George Kaminsky, personal communication, Mason and Jordan, 1993) may eventually
provide additional useful information with which to establish linkages between climate
variability and coastal morphology in southwest Washington. Once established, these
linkages can be applied in the prediction of future coastal morphological behavior in the
Columbia River littoral cell.
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Table 1. Temporal scales of change and tools available to understand changes in the Pacific
Northwest.

;ir:lzoral Tools to Understand Climate Change Tools to Understand Coastal Change
Storm Instrument Record Field Monitoring, Aerial Photos
Season ¢ “

Year

Decade

Century Tree Rings Historical Maps

1,000 Lake Records G_round Penetrating Radar- Beach
Years Ridges?

10,000 Pollen Records

Years
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CLIMATE EFFECTS ON COLUMBIA RIVER SEDIMENT TRANSPORT

David A. Jay, Oregon Graduate Institute
Pradeep Naik, Oregon Graduate Institute

THE REGIONAL CONTEXT

Examination of flow and sediment transport records for five major West-Coast rivers, the
Fraser, Columbia, Willamette, San Joaquin and Sacramento, suggest that the non-linear
dynamical regime of fluvial sediment transport (sediment transport ~Qgr", n>1, where Qg
is river flow) constitutes a potent amplifier of climate fluctuations on interannual and
decadal scales. Thus, variations in sediment transport are considerably larger than
variations in flow. The primary climate processes involved are:

» the El Nifo-Southern Oscillation (ENSO), tracked by the Southern Oscillation
Index (SOI, Trenbreth, 1997);

« the Pacific Decadal Oscillation (PDO) defined in terms of the PDO index (Mantua
etal., 1997); and

« eastern Pacific Ocean atmospheric pressure (Gerushonov ef al., 1999), measured
by the California Pressure Anomaly (CPA).

The Columbia and Willamette River basins are centrally located in the area influenced by
ENSO climate fluctuations. Therefore, spring freshet flow in the Columbia River and
winter flow in the Willamette River respond fairly reliably to ENSO signals. The strongest
correlation is with SOI measured during the winter preceding the spring freshet, i.e.,
during the period of snow accumulation at higher elevation. Fraser River flow is also
related to SOI, but the Fraser occasionally exhibits an ENSO response different from the
Columbia, depending on storm tracks during a given winter. It is rather more often noted
that the ENSO response in California is dramatically different than that in the Pacific
Northwest. Thus, El Nifio years may be very dry (e.g., 1977) or very wet (e.g., 1981 and
1998) in California. The along-coast gradient in ENSO is related to the atmospheric
pressure distribution and described by CPA. CPA is most strongly correlated with flows in
California, and its descriptive power declines to the north.

It is perhaps not surprising that the lowest frequency climate phenomenon considered
here, the PDO, has the largest spatial scale. The influence of PDO is essentially in phase
throughout the region. While the 1977-95 period was generally warm and dry (“warm
PDO”) on the West Coast, climate and ocean conditions have since 1995 returned to a
“cold PDO” pattern leading to cool, wet winters. This pattern was last seen during 1947-
76 (http://ocs.oce.orst.edu/ re-ports/climate_fish.html). How long this pattern will persist
is uncertain, and not all years during a cold PDO period will be cool and wet. Still, the last
cold PDO endured for almost thirty years, and another cold, wet period occupied most of
the period from ~1858-1914. It is perhaps not un-reasonable to expect that the regime that
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has brought six consecutive winters with above average snow pack may persist for some
decades, with important effects on sediment transport in the Columbia and other river
systems.

It is important also to consider climate patterns in the context of human use and
modification of river systems. The regularity of the annual cycle decreases from North to
South, whereas the degree of interannual variability increases. Both features are a
reflection of the presence of a significant and fairly stable glacial input or base flow and
more regular winter precipitation in the Fraser and the Columbia basins. The demand for
water (and consequent degree of regulation and alteration of the systems), however,
increases to the south, resulting in larger diversions from the California systems and
relatively more acute conflicts over water allocation.

THE COLUMBIA RIVER -- FLUVIAL SEDIMENT SUPPLY

The Columbia River is the largest of the systems considered in terms of flow and basin
area, though its total load and sand transports are less than those for the Fraser (with about
half the river flow) and also less than those for the much smaller Eel River. The Columbia
provides, however, the longest daily flow record on the US West Coast (1878-date), with
annual maximum freshet flows available back to 1858. The Willamette has daily flow data
from 1892-date, with scattered earlier data back to 1878. The Spokane River record
begins in 1891. These records allow us to estimate with some degree of confidence annual
average Columbia river flow and annual total sediment transport back to 1858. The broad
picture is one of lengthy, alternating periods of above and below average flow (Figure 1).
High flows predominated from 1858 to about 1914 (and perhaps for most of 19th
Century). Another high-flow period occurred between about 1947 and 1976, and the
period since 1995 likely represents the beginning of another wet period. Relatively low
flows were observed between ~1915 and 1944, and again between 1977 and 1994.
(Another schematization of these data truncates the high-flow period at ~1900 and begins
the low flow period in 1922; the 1901-21 period is then considered neutral.) Flow
regulation and diversion have cut the spring freshet by 30-50 percent, though annual
average diversion is smaller, about 10 percent (Figure 1). Long-term, climate-induced
fluctuations in annual average flow are 15-20 percent and appear to be almost twice as
large as present diversion. Interannual flow transfers remain small, reflecting limited
storage capacity.

Over the last century, there have been 32 years that can be described as belonging to the
moderate to strong El Niflo or La Nifa categories (|]SOI| >0.5; Table 1). Note that La Nifia
years are more frequent during the cold-PDO phase, and El Nifio years during the warm-
PDO phase. The wettest years in the Columbia basin are typically associated with La
Ninas during a cold-PDO phase, and the driest with El Nifios during a warm-PDO phase.
Cold-PDO La Nifa annual average flows exceed their warm-PDO El Nifio counterparts by
~25 percent. Hindcasts suggest a difference in total load of a factor of more than three
between these scenarios. Sand transport estimates are even more divergent between cold-
PDO La Nina years and warm-PDO El Nifio years - in this case the difference is a factor of
five or six. Although the SOI record extends back into the 1860s, almost as far back as we
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know Columbia River maximum freshet flow, it is impossible to include the pre-1900
period in Table 1, because a PDO index has not yet been defined for the Nineteenth
Century.

Human effects on sand and total load transports in the Columbia are difficult to estimate,
but any analysis must begin with an understanding of human alteration of the flow
hydrograph. Examination of the flow spectrum shows that dam regulation has enhanced
high-frequency variability (e.g., through daily and weekly power peaking cycles) and
damped low-frequency variability on scales of a few months to > one year (Figures 2 and
3). The freshet is also several weeks earlier on average, likely due both to warmer climate
conditions and reservoir storage. In dry years, pre-release of water from the reservoir
system may cause maximum daily flow at Beaver to occur during a winter freshet, though
such freshets are always much briefer than spring freshets. Sediment transport hindcasts
can be made for both observed and estimate virgin flows, but these hindcasts are based on
limited observations, largely taken during the 1963-70 period. Hindcasts necessarily,
therefore, embody assumptions regarding (for fine suspended material) long-term
similarity in supply regime. Sand is and always has been available on the bed to be
transported, but it is unclear whether dam construction has resulted in large-scale trapping
of bed load materials in reservoirs. Nonetheless, Bonneville Dam, the most seaward on
the main stem, has been in place since 1937, 36 years before the onset of observations in
1963. We expect, therefore, that development of the dam system since 1970 has had only
a limited additional effect on the sand supply to the system. This conclusion is borne out
by the rather limited comparisons (pre-1970 vs. post-1970) that can be made (e.g., Figure
4). It also appears that flow regulation rather than diversion has had the largest impact on
sediment transport, because of large curtailment of spring freshets and the strong non-
linearity of flow vs. transport relationships (Sherwood et al., 1990; Simenstad et al.,
1992).

ESTUARINE INFLUENCE ON TRANSPORT TO THE OCEAN

Columbia River fluvial sediment supply cannot, of course, be equated with export to the
ocean. The tidal-freshwater part of the river acts as a sink for sand and other coarse
material. Further deposition occurs in the estuary. Analyses of the fate of radionuclides
released from Hanford suggest that about one third of the fine sediment supplied to the
system is trapped, primarily in peripheral areas of the estuary (Nittrouer, 1978). A
somewhat higher percentage of fines may have been deposited before diking/filling of
most of the fluvial flood plain and estuarine marshes. The greatest historical change is
likely, however, to have been in the sand budget. The natural mouth of the Columbia River
was only ~6 m deep. Installation of jetties at the mouth and dredging of the navigation
channel have caused large changes in depth and greatly reduced the ability of the system
to transport material to the sea. Analyses of historical changes in bathymetry suggest that
modifications to the entrance pushed a large volume of sand, several hundred million tons,
out to sea between 1870 and 1938. An additional large amount of material was deposited
in the lower estuary, creating Desdemona Sands (Sherwood et al., 1990). Present channel
depths do not appear to allow much sand transport to sea except during the largest spring
freshets, when large amounts of sand are also brought into the estuary. Under these
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circumstances, disposal of dredged material on the shelf may constitute the major means
of export of sand.

FUTURE RESEARCH

Several areas for future research are evident. Of highest importance is that daily sediment
transport measurements at some suitable location (e.g., Beaver) re-commence -- it is
anomalous that sediment transport is not regularly measured on a river as important as the
Columbia. These data are needed for a wide variety of scientific and management
purposes. Furthermore, the rate of shoaling or erosion of the estuary (a major control on
sand transport to the ocean) cannot be inferred with any certainty after the last thorough
bathymetric survey of system, completed in 1958. Clearly, a new “wall-to-wall”
bathymetric survey is needed, to complement the partial survey completed by the Corps of
Engineers in 1982. Also, the actual present and historical transports to the ocean are
poorly known. There are a variety of observational, historical and modeling approaches
that might be taken to address this problem.

Existing data may also be used for further analyses. One fruitful approach would be to
understand the variability of historic sediment transport in terms of flow sources and their
seasonality. For example, it is evident that large winter freshets (as occurred in 1861,
1881, 1890, 1964-65 and 1996) provide more fine sediment per unit of flow volume than
spring freshets. One reason for this is that considerable erosion occurs when snow-
covered, poorly vegetated interior basin soils are rapidly thawed by heavy rain. Existing
data for sub-basins in the Columbia need to be examined and compared to the longer,
more detailed record in the Fraser River to understand the processes (natural and human)
involved. Another question concerns the fate of material that is not being transported to
the estuary by the present reduced spring freshets. Is it being trapped behind dams, is it
remaining immobile on the banks of the lower river, or is it not being supplied to the main
stem by tributaries? Furthermore, flow and sediment transport records from the various
tributaries need to be analyzed and synthesized, to allow better sediment transport
hindcasts. Fourth, it would be highly desirable to define a suitable surrogate for annual
average Columbia River flow so that its climatology before 1858 can be studied - perhaps
a tree ring index might be defined. Finally, historical archives may yet yield estimates of
peak freshet flow for years back to the early 1800s. It would be particularly interesting to
know the 1849 peak discharge, which is believed to have been almost as large as that for
1894.
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Columbia River Virgin Flow, Observed Flow and Diversion (1878-1999)
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Figure 1. Columbia River annual average observed flow, estimated virgin flow (i.e., the flow
that would have been observed without diversion or regulation), and flow diversion at
bottom. Annual flows for 1858-78 are estimated from observed annual average daily.
Diversion before 1929 is estimated from the area irrigated, using the annual irrigation cycle
observed in 1929-34. Diversion for 1929 and later years is derived from irrigation records.
Note the return to very high flows after 1995.
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Figure 2. Power spectra of the first 27 years of the daily Columbia River flow record (—)
from 1878-1905 and the last 27 years (- - -) from 1970-97. It is evident that the undisturbed
flow spectrum had much less energy at high frequencies than the regulated flow and much
more in the range from ~ 2 yrs to ~1 mo. The distinct peaks in the regulated flow at 7 d and
harmonics thereof result from the weekly power peaking cycle. The 95% significance
estimates are shown at the bottom (- .- .).
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Figure 3. Amplitude of Columbia River flow fluctuations (m3 s'l) at The Dalles, Oregon,
1878-1996, as a function of date (x-axis) and log (base 2) of frequency in cycles yr~ (y-axis),
as derived using continuous wavelet transform (CWT) analysis (Jay and Flinchem, 1997;
Flinchem and Jay, 2000). Most of the larger freshets in the record occurred before 1900.
The annual flow cycle (1 cycle yr ', log, 1 = 0) and all fluctuations with periods between 3
mo and 2 yr have been damped by flow regulation and to a lesser extent by climate change.
High frequency fluctuations (periods of 1-7 d) were naturally weak, but have been greatly
enhanced by daily and weekly power-peaking cycles (upper right-hand corner). The Dalles
has the longest gauging record on the west coast of the US. River flow, and associated
sediment delivery, are the single most important drivers for changes in the system.
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Columbia River Sediment Transport at Beaver (Pre and Post 1970)
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Figure 4. Regression lines for total daily sediment transport at Beaver for 1968-70 and 1991-
97. The slopes of the lines are not statistically distinguishable.
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Table 1. Columbia and Willamette River Flow and Sediment Supply*

La Niina La Niia El Nifio El Nifio Long- .
Cold Warm Cold Warm Term nin

QR"
12 years 3 years 5 years 12 years Average

Percent of Long-Term Mean and 95%
Confidence Limits

Columbia River

5,430

The Dalles -- Flow 111+ 9 9317 95+ 9 85+ 8 3
m-/s

6
Vancouver - Total Load 134 +37 63+45 67+26 41+20 128x10° 55

mt/yr
5x 10%
Vancouver -- Sand 109+43 9272 51+ 35 18+6 ~4
mt/yr
Willamette River
Flow 119+15 9322 114 +£23 81x13 976 m3/s
6
Total Load 121+37 88+47 86+14 58+18 1-32“0 ~1.7
mt/yr

* PDO index is defined only after 1900. Therefore, the percentages are compiled for the 1900-
99 period. The long-term averages are, however, for the 1878-1999 period for the Columbia
and 1891-1999 for the Willamette. Flows are compiled from U.S. Geological Survey daily
observations. Sediment transports are hindcast, based on U.S. Geological Survey observa-
tions for the 1962-70 period.
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STATUS OF CORPS’ PROJECTS: SOUTHWEST WASHINGTON COAST 1999-
2000

Eric Nelson, U.S. Army Corps of Engineers

ABSTRACT

Over the past year, the Seattle District of the U.S. Army Corps of Engineers has either
initiated or completed over $15 million in maintenance of navigation structures at the
entrance to Grays Harbor. A 1,900-foot extension to the Point Chehalis revetment was
completed in March 1999 at a cost of $2,600,000. In April and May, 230,000 cubic yards
of maintenance dredged material was utilized to place beach nourishment material on top
of, and seaward of the structure, at a cost of approximately $1,000,000. In September
1999 two contracts totaling $13,800,000 were awarded for the maintenance of the south
jetty. The South Jetty Repair Project will reinforce the east end of the south jetty,
including construction of a wave deflection mound. The South Jetty Rehabilitation Project
will bring the inner 2,300 feet of the structure up to the same structural condition as the
outer 3,000 feet that was rebuilt in 1967. On the north side of the harbor, plans and
specifications for the North Jetty Rehabilitation Project are being completed at this time.
Construction may begin as early as this winter. In addition, the Ocean Shores Storm
Damage Reduction Reconnaissance Study is in the final stages of completion. This study
will determine if there is a federal interest in addressing the shoreline erosion problems
being faced by the city in the area adjacent to the north jetty.

The Seattle District is funding two major numerical model investigations by the
Waterways Experiment Station. The Willapa Bay Bar Channel-Stability Study was
initiated in October 1998 and was completed at the end of October. The $2,000,000
Willapa study was intended to determine if a safe, reliable channel can be constructed and
maintained at the entrance to Willapa Bay. The study significantly narrowed the possible
alternatives, and a final report is being prepared. Copies of the report may be obtained by
contacting the project manager, Hiram Arden at hiram.t.arden@usace.army.mil. A second
model investigation is being carried out in Grays Harbor. This project takes advantage of
the modeling techniques and field instrumentation that were developed during the Willapa
study. The results from this model investigation will support the future operation and
maintenance of the federal navigation channel.
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SHORELINE CHANGE NEAR GRAYS HARBOR ENTRANCE AND SOUTH
JETTY TESTING UPDATE

David Simpson, Pacific International Engineering

INTRODUCTION

The 1998-99 winter wave conditions were exceptionally energetic. The largest storm of
the winter occurred on March 3, 1999 and lasted 14 hours as determined from records of
the Grays Harbor buoy, and had significant wave heights exceeding 9.8 meters. That
significant wave height exceeds that calculated for the 100-year return period for that
buoy. Very large wave events also occurred in November 1998 and February 1999.
During the March 3 storm the observed tidal elevation at the Toke Point gauge registered
water levels of 4.3 m feet above MLLW, or 1.3 m above the predicted level. Combinations
of this water level and the storm waves usually produce significant beach change.

SOUTH BEACH

Shoreline change data for South Beach are more limited than at the time of last year’s
presentation. The program of land surveys of South Beach that had been carried out by
Grays Harbor College was discontinued in 1998. Aerial photography is continuing and
on-site observations have been made there. The beach and backshore appear to be fairly
stable. A site visit on September 23, 1999 at the time of a 3-meter tide stage documented
a quite flat beach about 100 m wide near the South Jetty. No patches of gravel or shell
were observed; the surface sediment was sand. It appeared that a lot of sand had moved
onto the lower part of the subaerial beach.

Although a historically high water level and the wave height of record occurred
simultaneously in the winter of 1998-99, the average retreat rate continued to slow at the
northern part of South Beach. The beach appears to be filling and rising in elevation at the
back beach. Comparing aerial photographs of the South Beach and Half Moon Bay areas,
the following changes can be quantified:

1) the width of the breach fill, measured between Half Moon Bay and the Pacific beach
shoreline has reduced from 360 m as originally constructed in 1994 to about 125 m in
1999. Between July 1998 and May 1999, the amount of narrowing was 12 m. About
half of that loss occurred from the Half Moon Bay side.

2) the bluff retreat of the breach fill from just the Pacific side was about 7 m, as measured
at the transect named “Pole” in the 1998 South Beach Stabilization Study. This is a
reduction from the 9.8 m (32 feet) of surveyed change between 1997 and 1998.

3) the bluff retreat at the transect named “View,” at the park’s viewing stand, was

undetectable from photographs of the scale 1" = 200°. The change of bluff location
here, as measured by surveys, was 2 meters between the summers of 1997 and 1998.
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NORTH BEACH

North Beach at the southern end of Ocean Shores showed surprising stability of the bluff
position in the winter 1998-99, although the beach has undergone some raising and
lowering near the north jetty. The reduced level of damage to the North Beach bluff can be
attributed to sand accumulation in the summer and early winter at the north jetty and
extending northward about 400 m. Beach level observations can be made relative to the
temporary wave bumper structure. During the early winter of 1998-99, sand accumulated
at the northern end of the structure, covering it to within a meter of the top at the northern
end. At the southern end, only the lower tier of rocks was covered, and the beach lowered
slightly, with the MHHW contour moving landward about 10 m in the first half of the
winter. In the latter part of the winter, the MHHW contour moved landward about 15 m at
both the north and south end of the structure.

The MHHW contour at the northern tip of the structure migrated seaward 35 m by the end
of October. The sand level is somewhat higher in front of the structure than directly
adjacent to it, forming a steeper beach there than at distances away from it. The model of
declining rate of shoreline retreat that was developed in the Ocean Shores Beach
Stabilization Study in 1997, indicated a retreat rate of about 10 m per year at this time.
The variability in elevation of the upper beach makes it hard to compare average beach
movement with a predicted value. The bluff retreat at locations lateral to the temporary
structures, however, is lower than expected. Measurements from aerial photographs show
about 3 meters of bluff retreat at the northern end of the rock structure, and about 1 meter
of retreat at a distance 120 m to the north from 1998 to 1999.

SOUTH JETTY

A study of jetty permeability was conducted in early 1999, to determine if sand was being
driven in either the southerly or northerly direction through the South Jetty by waves and
currents. Instruments to measure currents, waves, and sediment concentration, as well as
historical photographs were employed in the study. The conclusion was that the jetty is
most likely not permeable to sand movement in the zone from the shoreline seaward to the
seaward extent of the surf zone.

The South Beach Stabilization Study that PI Engineering completed in 1998 included the
wave refraction mound as one component of options for reducing erosion risk. PI
Engineering interacted with the Corps of Engineers WES in testing configurations of the
mound. A mound shape that was determined to perform well enough to proceed with
design was sloped at 7 horizontal to 1 vertical and was nearly conical in shape.
Photographs and video of physical model tests of wave refraction are available. The Corps
of Engineers Seattle District designed and permitted this structure. Construction is under
way.

SUMMARY

Predictions of amounts of shoreline position change had previously been made for South
Beach and North Beach at Grays Harbor. In the 1998-1999 storm season, shoreline retreat
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distance at South Beach continued to decline, as predicted. Position of the MHHW
contour line at North Beach had great cross-shore variability because of a large recent
accumulation of sand at the north jetty and the subsequent reworking of that sand by
waves and currents. The retreat of the bluff edge (outside the zone of the shore protection
structures) in the past year has been about one-third of that predicted to occur, based on
the model of bluff retreat developed in the 1997 study. Questions of continuity of
northward sand transport at the Grays Harbor south jetty were investigated with field and
office studies. Conclusions are that the south jetty is most likely not permeable to sand
transport.
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PROCESS BASED TIDAL AND ESTUARINE INLET MODELING

Marcel Stive, Delft Hydraulics

ABSTRACT

Despite significant scientific progress in process-based descriptions of two- and three-
dimensional coastal processes, there exists a sincere concern about the validity of the
integrated application for complex situations. One class of such complex situations
concerns tidal basins and estuarine inlets. Their ebb- and flood-tidal deltas display a
strong variability with important impacts on the adjacent coasts. Also, inlet dynamics play
an important role in the fundamental issue of assessing the source or sink function of the
connected basin for the coastal sediment budget. One way to validate the role and
applicability of process-based models is checking their performance when confronted
with observed evolutions. Results of such validation exercises for tidal and estuarine
inlets in the Netherlands will be presented. This might aid discussions on the possible role
of this type of modeling for the Southwest Washington Coastal Erosion Study.
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SWAN WAVE MODEL SENSITIVITY TO VARIATION IN MODEL
FORMULATION

Meg Palmsten, University of South Florida

ABSTRACT

Delft University of Technology’s SWAN (Simulating Waves Nearshore) Model was
implemented to study wave propagation on the inner continental shelf as part of the
Southwest Washington Coastal Erosion Study. SWAN has significant flexibility. The
modeler may often choose amongst several formulations in describing the physical
processes influencing waves or may also choose not to model a process at all. The purpose
of this study was to document a suite of over one hundred model runs performed to
measure the sensitivity of SWAN to choice of formulation (bottom friction, whitecapping,
linear and exponential wave growth), use of triads, form of boundary conditions, wind
speed and direction, directional and frequency resolution, and method of quadruplet
computation. Three wave states corresponding to waves observed off the Washington
coast in fall 1998 were used in this study.

Results were analyzed by calculating mean percent difference in wave height and mean
difference in wave direction over the study area and in three smaller “coastal” areas
bounded by the 15 m and the 40 m isobaths. Significant wave height was roughly 2
percent greater in coastal areas when no model wind was present than when a light
following wind was blowing. Turning whitecapping off increased significant wave height
up to 7 percent in coastal areas and 2-4 percent over the study area. Wave height varied up
to 4 percent due to choice of wave growth term. Order of magnitude change in wave
growth term coefficients resulted in 3 percent difference in wave height. Model results
showed up to a 5 percent difference in wave height in coastal areas due to choice of bottom
friction formulation and changes in bottom friction coefficients. Differing the form of
boundary conditions resulted in 0-3 percent changes in wave height. Variation in
directional and frequency resolution resulted in differences in wave height of less than 2
percent. SWAN wave height was extremely insensitive to several parameters: use of a
linear wave growth term, quadruplet numerics, and changes in triad coefficients. SWAN
wave direction usually varied less than 3 degrees due to changes in model parameters.
The results of this suite of SWAN model runs will be compared with field data to improve
wave modeling on Washington’s inner continental shelf.
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PRELIMINARY SWAN MODELING BASED ON CLIMATOLOGICAL DATA

Kurt Hanson, U.S. Geological Survey

ABSTRACT

Wave modeling efforts in the southwest Washington coastal region are needed as part of
the study of sediment transport. For a complete understanding, the modeling must
encompass as much of the temporal variability in wave states as possible. This temporal
variability is assessed by generating a climatology from observational wave data but there
are various ways of computing a climatology. Data describing several different
characteristics of waves may be available (as in our case), and some or all of these data
types might be incorporated in the climatology. A method must also exist for extracting
events from this climatology for use in the model. Traditionally, events are ranked by
some definition of importance, which is subject to various interpretations. These
approaches to developing a climatology are discussed in this presentation. Furthermore,
in this region, the buoys used for computing climatologies are located shoreward of the
offshore boundary of the model. A strategy is developed for determining the link between
these locations. Preliminary wave model results are then reported in order to identify
some salient characteristics of wave transformation in this region.
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GRAYS HARBOR WAVE REFRACTION EXPERIMENT

Guy Gelfenbaum, U.S. Geological Survey
Chris Sherwood, U.S. Geological Survey
Kurt Hanson, U.S. Geological Survey
Peter Howd, University of South Florida
Meg Palmsten, University of South Florida

INTRODUCTION

The magnitude and direction of longshore sediment transport along the beaches of
southwest Washington and northwest Oregon, and ultimately shoreline change resulting
from gradients in transport, are very sensitive to the magnitude and direction of incoming
waves (Buijsman et al., this volume; Gelfenbaum and Kaminsky, 1999). Unfortunately,
the historical record of waves measured off the coast of Washington is relatively short, and
the record of directional waves is even shorter. The Grays Harbor wave buoy has been
collecting wave direction data since 1993. Additional directional wave data were
collected oftf Long Beach peninsula for only a few years in the early 1990s. These records
alone are not sufficient to use in models of shoreline change for two reasons. First,
shoreline change modeling requires comparison with historical records. In southwest
Washington, these comparisons cover historical shoreline change from the 1950s to the
1990s. Because wave data do not exist for that entire period, wave models are employed
to provide the proper input. Secondly, the offshore wave buoys are not co-located with the
depth of closure, which is the offshore boundary for the longshore transport calculations.
Therefore, the waves must be shoaled and refracted from the offshore buoys into the depth
of closure. To do this, we use a wave model to predict the transformation of the waves
from the buoy into shallower depths. Existing wave models are essentially untested for
the Washington shelf. In order to test, and calibrate these wave models, the Study is
conducting a wave refraction and shoaling experiment off the entrance to Grays Harbor,
WA.

The goals of the Grays Harbor wave experiment are 1) to provide field data to calibrate
and verify wave refraction and shoaling models, and 2) to provide field measurements of
waves, currents, and sediment transport around an ebb-tidal delta. The experimental
design to meet these goals is shown is Figure 1. Six instrumented tripods are deployed
around the Grays Harbor ebb-tidal delta. The locations of the tripods were chosen to
optimize differences in wave conditions (height, period, and direction) among the
locations. The wave model SWAN was used to conduct pre-experiment predictions to
assist in the selection of sites (Palmsten, this volume; Hanson, this volume). Table 1 lists
the instruments that are mounted on each of the tripods and the sampling schemes for each
of the instruments. Figure 2 shows the instrumented tripods deployed at Sites MS, ND
and NS.

The instruments were deployed on October 1st and 2nd, 1999. They are scheduled to be
collecting data for a total of 10 weeks, with a mid-deployment recovery after 5 weeks to
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change batteries and download data. The fall and early winter seasons were chosen for the
experiment to provide the best opportunity to measure a variety of wave conditions.
Recent historical data suggest that during this season there are times when the waves will
be approaching from the northwest and other times when the waves will be approaching
from the southwest. These variable conditions will offer the best opportunity to calibrate
the wave model.

Three of the tripods (ND, NS, and MS) were recovered on November 2, 1999. Figure 3
shows a time series of mean values of significant wave height, water depth, current speed
near the bed, and suspended-sediment concentration from site ND. During the first month
of the experiment a variety of wave conditions were measured, including a large storm
around October 26, when waves heights exceeded 8 m.

These data will be analyzed for wave statistics, including wave direction, and used to test
and calibrate the wave models.
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Table 1. Grays Harbor wave refraction experiment deployment 1, instruments and settings.

Station ND __ Station NS Station MD _ Station MS _ Station SD _ Station SS

Deployment No. 1 1 1 1 1 1
Date Deployed 10/1/99 10/1/99 10/2/99 10/1/99 10/2/99 10/2/99
Time Deployed
(GMT) 1937 1900 1953 2055 2040 2057
Latitude (N) 47° 00.768 47° 00.841 46° 57.059 46° 56.853 46° 52.411 46° 53.507"
Longitude (W) 124° 14,772 124°12.299 124°14.676 124°13.089 124°12.363 124°11.171'
'(Argfroxwater Depth 55 92 10.82 2228 11.00 2234 13.23
ADP Serial No. C134 None None None C132 None
Druck Pressure Yes Yes
Sensor?
ADP Setup Parameters
Avg Interval (s) 900 900
Profile Interval (s) 1800 1800
Wave Sampling Parameters
Record Ps_erles 60 60
Interval (min)
PseriesRate (Hz) 2 2
PsgrlesLength 4096 4096
(points)
PseriesDuration (s) 2048 2048
ﬁgvocea" Serial /5 B46 B51 None B52 B59
Paros. Serial No. 66890 69128 69130 69180 69181
OBS Serial No. 0795 0928 1242 1243 1244
Distance: deck to
ADV (cm) 97.8 101.1 97.8 97.8 98.4
Distance: deck to
OBS (cm) 79.1 81.3 78.1 78.1 80.6
ADVO Parameters
SampRate (Hz) 2.00 2.00 2.00 2.00 2.00
Burst Interval (s) 7200 7200 7200 7200 7200
Samples Per Burst 4096 4096 4096 4096 4096
Burst Length (s) 2048 2048 2048 2048 2048
Seabird Serial No. None None None 131 None None
Tide Measurement

. 20
Int. (min)
Wave Measure- 2
ment Int. (hr)
No of wave sam-
ples/burst 1200
Burst sample rate 2
(Hz)
Tide Samples/day 72
Wave Bursts/Day 12
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Figure 1. Map showing locations of the instrumented tripods for the wave experiment.
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Figure 2. Photograph showing the instrumented tripods deployed (from left to right) at
Sites MS, ND, and NS.
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Figure 3. Time series of mean values of significant wave height, water depth, current speed
near the bed, and suspended-sediment concentration from Site ND.
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DATA COLLECTION FOR ESTABLISHING NUMERICAL MODELS OF GRAYS
HARBOR, WASHINGTON

Mary A. Cialone, U.S. Army Engineer Research and Development Center, Coastal
and Hydraulics Laboratory

Nicholas C. Kraus, U.S. Army Engineer Research and Development Center, Coastal
and Hydraulics Laboratory

Eric Nelson, U.S. Army Engineer District

Alex Sumeri, U.S. Army Engineer District

Robert Parry, U.S. Army Engineer District

David B. Hericks, Pacific International Engineering

William G. Grosskopf, Offshore & Coastal Technologies, Inc.-East Coast

Keith Kurrus, Evans-Hamilton Inc.

INTRODUCTION

Numerical models of the waves, currents, and sediment transport are being established for
the entrance and bay at Grays Harbor, Washington. The models will be ground-truthed
with measurements made of the waves, wind, water level, currents, and suspended
sediment, supplemented by dredging records. Information gained through this
investigation will assist the U.S. Army Corps of Engineers (USACE), Seattle District in
the design and maintenance of the Grays Harbor Federal navigation project, including:

1) development of strategies to better manage the diminishing supply of maintenance
dredged material that is suitable for placement on or near eroding beaches. For
example, minimizing the potential for breaching in the vicinity of the south jetty is
desirable for maintaining integrity of the structure.

2) examination of alternatives for realignment of the navigation channel to reduce
maintenance dredging, with particular interest on the Point Chehalis Reach and the Cow
Point Reach.

This presentation will describe field measurements being made as part of this study.

FIELD-DATA COLLECTION

The full data-collection program consists of:

1) bathymetry measurements by survey boat in the offshore and along maintained and
natural channels;

2) a Light Detection and Ranging (LIDAR) survey and aerial photography of land and
tidal flats performed during lower tide in the bay (approximately 150 km?);
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3) water level at five locations around the periphery of the bay, and wind and barometric
pressure on a tower near the U.S. Coast Guard Station, Grays Harbor; and

4) waves, water level, tidal currents, and suspended sediment at seven bottom-residing
tripods.

The tripod (Item 4) deployment interval of 11-13 September 1999 to mid-November spans
two lunar months, with one intermediate servicing that was performed 11-14 October
1999. The tripods were deployed along or near the Federal navigation channel at Grays
Harbor (Figure 1). Stations 1 through 6 extend from the entrance, through the inlet, and
into the bay, with each tripod configured with a SonTek Hydra functioning as a directional
wave gauge and an up-looking Acoustic-Doppler Profiler (1,500 kHz SonTek ADP)
(Figure 2). The Hydras contain a down-looking Acoustic-Doppler Velocimeter (ADV)
Ocean probe, a high-resolution Paroscientific or Druck Resonant Pressure Transducer
(RPT) pressure sensor, and two optical backscatterence sensors (Downing Instruments
OBS-3). The ADPs also contain a Druck RPT or a Paroscientific pressure sensor. The
Hydras sample at 2 Hz for 34 min, with a sampling interval of two hours and the ADPs
record a 3-min average 10 times per hour, with a sampling interval of two hours. This
instrument suite documents the waves, currents near the bottom, and water level; the
current through the water column in 0.5-m bins, and the suspended-sediment
concentration.

Three tidal cycles of the velocity profile recorded by the ADP at Station 1 are shown in
Figure 3. A maximum current speed of approximately 1.7 m/sec was recorded for the
upper portion of the water column. The single-depth speed time-series (bottom of
Figure 3) is for the location 14 m above the tripod, as indicated by the marker on the right
side of the contour plot. Combined with the velocity measured near the bottom by the
ADYV, the OBS yield sediment flux for observing the movement of dredged material and
existing material that is re-suspended and transported. The purpose of the six stations is to
capture surface-wave propagation through the inlet. Measurements are capturing
diffraction into the bay, as well as the tidal flow and change of water level by tide and
wind, that can contribute to sediment movement along the navigation channel and at
particular areas such as Whitcomb Flats, an oyster-grounds leasing area.

Station 0 (the seaward-most location) was configured with a Hydra (ADV plus
Paroscientific pressure sensor and two OBS-3 sensors) and an RDI Sentinel ADCP with
directional wave-spectra firmware. The directional wave spectra from the RDI and Hydra
data will be analyzed to determine if comparable data are derived from the two different
measurement methods.

Five water-level gauges (Item 3) were placed around the periphery of the bay, including up
the Chehalis River near Montesano, for calibration of the tidal circulation model. The
water-level gauge installed at the Coast Guard station and weather station to be installed at
the Coast Guard station will be equipped with voice reporting and two land-line phone
numbers (one for the Corps and Port, and the other for the public) and provide the present
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water (tide) level, wind velocity, barometric pressure, and air temperature (typically,
within past 15 min). This gauge is expected to be operated for one year.

NUMERICAL MODELS

The field-data collection supports both wave and circulation numerical models for Grays
Harbor. The ADCIRC long-wave hydrodynamic model can define the circulation and
water level associated with both tide and wind. A two-dimensional (depth-averaged)
version of ADCIRC is being applied. The Coastal Inlets Research Program (CIRP) has
enhanced ADCIRC to include flooding and drying, and it has exercised the model in
shallow water estuarine conditions such as at Willapa Bay, Washington. The CIRP has
already implemented a reconnaissance-level version of ADCIRC at Grays Harbor. The
model of Grays Harbor will be enhanced with field data collected in this investigation.

The spectral wave model STWAVE has been modified in the CIRP to represent the wave-
current interaction including the wave-action equation, current-induced breaking, and
wave blocking by a current (Smith ef al. 1999). Communication between ADCIRC and
STWAVE is necessary in this study for computing wave-generated currents through the
transfer of the radiation stresses from STWAVE to ADCIRC and the transfer of tide-,
wind-, and wave-generated currents from ADCIRC to STWAVE. In addition to improved
wave modeling in the presence of a strong current, STWAVE will give more reliable
estimates of sea-state in the channel. It can also quantify storm wave conditions as a
function of the wind. The CIRP is presently upgrading STWAVE to include diffraction, as
through the gap of the two jetties at Grays Harbor that opens to the bay, and this version
will be used in this investigation.

The wave and hydrodynamic model outputs will drive a model of non-cohesive sediment
transport based on the local water depth, currents, waves, and sediment grains through
computation of local bed shear stresses. The spatial and temporal distributions of
transport are then interpreted to identify areas of scour and deposition and quantify the
rate of each.
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Figure 2. Tripod mounted with ADP, ADV, and OBS.
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U.S. ARMY CORPS OF ENGINEERS ACTIVITIES AT THE MOUTH OF THE
COLUMBIA RIVER 1998-2000

Rod Moritz, U.S. Army Corps of Engineers

DREDGED MATERIAL MANAGEMENT AT MCR

In 1997, the Portland District USACE, in concurrence with EPA, temporarily expanded
ocean dredged material disposal site (ODMDS) E. This action was intended to provide
the minimum additional capacity required for dredged material disposal at MCR
(4.5 mcy), until a permanent ODMDS could be designated. It was anticipated that the
1997 expansion of ODMDS E would provide sufficient capacity for dredged material
disposal (2 - 3.5 mcy), while enhancing the introduction of placed dredged material into
littoral environment at MCR. ODMSD E is located within an erosive area of Peacock Spit
in water depth 50-65 ft. An additional temporary dredged material disposal site, located
along the south side of the MCR north jetty at water depth 45-65 ft, has been cleared for
use (North Jetty site) and was first used in 1998 for the purpose of protecting the north
jetty from foundation erosion. Since 1997, more than 7 mcy has been placed within
ODMDS E and the North Jetty site. Periodic bathymetry surveys have been obtained at
ODMDS E and the North Jetty site, for purposes of monitoring the accumulation and fate
of placed dredged material. Based on recent wave/current measurements and bathymetric
surveys, it is believed that most (if not all) of the dredged material placed at ODMDS E is
being dispersed north-northwestward onto Peacock spit and, ultimately, introduced into
the littoral environment of Washington.

OCEANOGRAPHIC DATA COLLECTION AT MCR

A multi-year effort to monitor the oceanographic environment at MCR was concluded in
summer of 1999. The collaborative effort between Portland District, WES, OSU, and EPA
acquired oceanographic data throughout the water column at each of three or four
locations (depending on deployment period), with a suite of six instruments in flow
regimes spanning from estuarine-dominated to ocean-dominated. Oceanographic data
was concurrently measured at sites having different depths and exposure to waves and the
MCR plume, to identify various degrees of environmental forcing and associated bottom
sediment response. Data was acquired during 3 separate deployments spanning all
oceanographic seasons, including onset of the 1997 El Nifio. Deployment duration ranged
from 6 weeks to 4 months. Sampling duration for instrumentation ranged from 10 to 17
minutes every 30 to 180 minutes, and sampling rates varied from 0.1 to 4 Hz. In this
regard, laboratory-quality data have been acquired in a highly energetic prototype setting.
This data will be used by USACE to improve ODMDS life-cycle management at MCR. It
is anticipated that SWCES investigators and the coastal engineering community will use
this data to assess and improve methods for evaluating wave-current-seabed interactions.
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Support for the Southwest Washington Coastal Erosion Study

During 1999, Portland District has assisted the USGS-Menlo Park with several items
related to the Study. In August-September, an offshore survey was obtained along 5 miles
of the Long Beach Peninsula, between 30 - 200 ft water depth. Combined with surveys
obtained in 1998, the total coverage of Portland District bathymetric surveys is 6 miles
south of MCR to within 6 miles south of Willapa Bay. Several assessments have been
conducted to assess potential effects of Columbia River dams upon the sedimentary
environment of the Lower Columbia River. On behalf of the USGS-Menlo Park, the
Portland District procured on a fast-track schedule five Hydra cable assemblies for use in
the Fall 1999 Southwest Washington Coastal Erosion Study field data collection effort.
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COLUMBIA RIVER MOUTH DREDGED MATERIAL DISPOSAL - COASTAL
COMMUNITIES PLANS

Viadimir Shepsis, Pacific International Engineering

ABSTRACT

To provide safe and reliable commercial navigation through the mouth of the Columbia
River, the Portland District of the U.S. Army Corps of Engineers has, for many years,
conducted regular maintenance dredging of the outer bar (and other reaches), routinely
disposing of volumes of 2 to 5 million cubic yards of sediment per year. The dredged
sediment has been placed at open water disposal sites located offshore from the river’s
mouth at various depths- typically from 70 to 300 ft. It is a concern that these disposal
sites are outside of littoral drift boundaries and disposed sediment cannot be returned
naturally to coastal shorelines.

The Washington Department of Ecology (WDOE) and United States Geological Survey
(USGS) study (Ruggiero ef al., 1999) has indicated that the rate of delivery of sediments
from the Columbia River has diminished over the past century (Kaminsky et al., 1999).
The amount of material being delivered into the littoral system and therefore available to
build and sustain Washington State beaches has been significantly reduced, a situation that
seems to have been aggravated by management of the river’s flow and sedimentation.

In consideration of the fundamental role of the Columbia River sediment for sustaining
Washington’s ocean shorelines, the associated Coastal Communities of southwest
Washington have authorized an expedited engineering assessment of the beneficial use of
dredged sediment at the mouth of the Columbia River in order to develop a strategy to
restore the supply of sediment to our beaches, while maintaining safe navigation and other
ocean resources. This study has been conducted by Pacific International Engineering,
PLLC (PI Engineering), an engineering firm based in Edmonds, Washington.

PI Engineering developed and presented to the Corps of Engineers a conceptual proposal
for the beneficial use of the mouth of the Columbia River (MCR) dredged material. This
proposal recommends placement of the MCR dredged material at Benson Beach using a
sump at a re-handling site located on the south side of the North Jetty (Figure 1). The
preliminary analysis shows that the location of the sump will be protected from wave
impact during re-dredging-disposal operations. Usually, dredging at the MCR occurs
during the June-September months. Columbia River wave buoy data (Table 1) shows that
most of the waves (89 percent) during these months are from N-W directions. Waves from
this direction are most likely sheltered by the North Jetty.

The Demonstration Project is assumed to be a cooperative effort between the Coastal
Communities (PI Engineering), the Southwest Washington Coastal Erosion Study (WDOE
and USGS) and the Portland District Corps of Engineers. Under this cooperative effort,
the WDOE will provide PI Engineering with a complete listing of sources of information
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on the following topics as a first milestone of the study. The WDOE will summarize
available information on each of the following topics in separate reports:

1) Columbia River sediment characteristics at the mouth and on the bar. Characteristics
include detailed sediment size distribution and mineralogy;

2) historical and current sediment budget at the MCR. Historical in this sense is prior to
the navigation project, but not earlier than 150 years ago;

3) patterns of sediment migration at the MCR, distinguished by season;

4) potential areas of erosion during the next 25 to 50 years along the Washington and
Oregon Coasts; and

5) historical and current dredging and dredged material disposal practices, chronologically
specifying volumes and locations of disposal and a history of authorized depth of the
bar channel.

Understanding that various technical, environmental, and economical questions must be
answered prior to any changes in the dredged material disposal practice at the MCR, PI
Engineering has proposed the Demonstration Project with an intensive monitoring
program. The monitoring program will address the following issues:

+ safe re-handling of dredged material;

* North Jetty stability;

* navigation channel sedimentation;

» Benson Beach capacity;

+ adjacent areas crab/fish habitat impacts; and

« existing Site E bottom depth criteria to provide safe navigation for small crafts.
The detailed scope of the monitoring program will be prepared in coordination with the
Corps of Engineers, WDOE, and other interested state agencies. The Demonstration
Project is preliminary scheduled to be conducted during 2000-2001. Actual dates of
dredging and placement of dredged sediment at Benson Beach will be dependent on

complete and reliable required technical information, permitting procedures, and funding
appropriation.
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Table 1. Wave height occurrence vs. wave direction during June-September period (3 years
1995-1998 data).

Significant Wave Direction: North through West Direction: South through West

Height (ft)

0-2 0.1% 0.0%
2-4 29.0% 6.1%
4-6 38.7% 1.9%
6-8 14.5% 1.1%
8-10 4.9% 0.5%
>10 2.8% 0.4%
Total 89.9% 10.1%
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Figure 1. Proposed rehandling and disposal sites.
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SCALES OF MORPHOLOGIC VARIABILITY FROM EVENT RESPONSE TO
INTERANNUAL CHANGE

Peter Ruggiero, Washington Department of Ecology
George Kaminsky, Washington Department of Ecology

INTRODUCTION

The dynamic interaction between environmental forcing and coastal morphology occurs
over at least five orders of magnitude in both time and space. Temporal response ranges
from multiple wave cycles (tens of seconds) to interannual climatic variations (El Nifio)
and spatial variability ranges from ripples to large-scale coastal behaviour. In order to
aggregate to scales relevant for coastal management a difficult sampling problem must be
overcome. This paper presents results from a nested sampling scheme for the Columbia
River littoral cell (CRLC) that is designed to resolve spatial scales ranging from hundreds
of meters to tens of kilometers and temporal scales ranging from storm events to years. A
combination of GPS technologies and remote sensing techniques have been employed to
acquire baseline data of the coastal zone from approximately +10 m to -10 m elevation
(MSL) along this highly dynamic coast. The magnitudes of morphologic change
associated with a variety of time and space scales are presented with examples from the
different components of the Southwest Washington Coastal Erosion Study’s beach
morphology monitoring program (Ruggiero ef al., 1998; Ruggiero ef al., 1999).

EVENT RESPONSE

Several major storm events have occurred since the inception of the monitoring program
in 1997 and rapid response surveys have documented morphological response to these
events. For example, during the months of January and February 1998, data from the
Grays Harbor wave buoy indicated 13 events with waves that reached or exceeded 6.0 m.
Three of these events occurred between 21 January and 3 February 1998. Beach profile
surveys were conducted at Ocean Shores, WA, the southern limit of the North Beach sub-
cell, both before and after these events. These large wave heights were coupled with water
levels 0.5 m above their predicted elevations associated with a major El Nifio (Kaminsky
et al., 1998). During this period, the beach was locally lowered as much as 2.0 m while
dune erosion of over 10 m was measured. Figure 1 shows beach profile change of
approximately 110 m> m™'. In contrast is the morphologic response to the largest storm
ever recorded by the Grays Harbor buoy that occurred on 3 March 1999. Deep-water
wave heights exceeded 9.0 m for over 5 hours, peaking at 10.6 m and was accompanied by
a storm surge of 1.4 m forced by sustained 80 km/hr winds. Coastal flooding was
widespread throughout the Columbia River littoral cell (CRLC), particularly in Ocean
Shores where several houses were damaged and a public rest room was destroyed.
However, the sub-aerial beach at Ocean Shores responded only by flattening between the
1.0 and 4.0 m contours. Mean beach surface change measured by the CLAMMER
between 1 March 1999 and 3 March 1999 was only 0.02 m over a 2 km alongshore
distance.
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SEASONAL VARIABILITY

A three-dimensional sub-aerial beach surface map has been collected at Ocean Shores,
WA nominally on a monthly basis since August 1997 in order to document the seasonal
variability of the southern end of the North Beach sub-cell. Results from the 4 km-long
surveys at Ocean Shores have been aggregated into bulk parameters that are presented in
Figure 2. The top panel illustrates the mean beach surface elevation change over a
30 month period. Beach surface change is calculated from three-dimensional grids that
have been generated from each of the data sets with the August 1997 survey serving as a
baseline for subsequent comparison. A clear seasonal signal is evident in the data with up
to 0.5 m of mean beach surface lowering during the winter of 1998. By October 1998 the
beach had recovered slightly beyond its summer 1997 elevation and then began to lower
again. The summer of 1999 witnessed net elevation gain over this stretch of coast of up to
30 cm by October. At the time of publication, January, 2000, the beach surface is
approximately 35 cm below its August, 1997 elevation.

This method of calculating beach surface elevation change, from subsequent surface grids,
becomes problematic when surveys do not extend the same distance offshore, due to tide
or wave conditions at the time of the survey, or when a shoreline has a long term trend of
either recession or progradation. Therefore, a more robust parameter used to quantify
beach change is contour line migration. The second panel in Figure 2 also reveals the
seasonal cycle at Ocean Shores through the patterns evident in the behaviour of the 1.0,
2.0 and 3.0 m contour lines (NAVD 88). Each of these lines represents the average (over 4
km) change of the respective contour line as measured from the August 1997 baseline.
Variability of contour position (a good proxy for shoreline change, Daniels et al., this
volume) is on the order of 40 m (from -25 m to +15 m) at this beach during this period.

The data presented in panels 1 and 2 of Figure 2 represent bulk parameters averaged over
the 4 km surface map. Panel 3 of Figure 2 separates out the horizontal change of the 2.0 m
contour for 4 individual 1 km sections. It is immediately evident that there is also
substantial alongshore variability that had been masked by the previous analysis. The
kilometer closest to the North Jetty of Grays Harbor experiences the largest variability and
also had the largest 2-year net accretion of the 2.0 m contour (O(30 m) of accretion by
October 1999). Also of interest in this panel is the temporal variability in the seasonal
cycle of contour change. For example, following the September 1998 survey, the 2nd, 3rd,
and 4th kilometer began to erode while the kilometer closest to the jetty continued to
accrete until January 1999.

Three-dimensional surface maps have been collected biannually at 16 sites along the
CRLC since summer 1997. Figure 3 presents the horizontal change of the 2.0 m contour
line averaged over each 4-km long surface map using the summer 1997 as a baseline. The
data reveal the expected seasonal variability in shoreline position with approximately 30 -
40 m difference between the summer and winter location.
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ANNUAL TO INTERANNUAL CHANGE

Shoreline (contour line) change rates are featured in Figure 4, both for the 1-year period of
1997 - 1998 and the 2-year period of 1997 - 1999. After 2 years, 7 of the 16 surface map
sites experienced net erosion as compared to 5 during the first year. Comparing decadal-
scale shoreline change rates with two years of monitoring data is probably imprudent due
to the marked difference in time scales. However, in Figure 4 decadal-scale shoreline
change rates for the entire littoral cell have been plotted (from 1974 to 1995).
Remarkably, the majority of the 16 surface map sites show similar magnitudes and trends
during 1997 - 1999 as during the 21-year period. The largest difference between rates
occurs at North Cove and Fort Canby (erosion hot spots) and at the northern ends of the
Clatsop Plains, Grayland Plains and North Beach sub-cells. Some of these differences can
be explained by the anomalous northerly sediment transport that occurred during the El
Nifio year of 1997/1998.

CONCLUSIONS

The beach morphology monitoring program is revealing that the Columbia River littoral
cell is an extremely dynamic coastal system with complex morphologic behaviour evident
at a variety of time and space scales. For example, morphologic change due to single
storm events has been shown to not linearly depend only on wave conditions, but rather on
a combination of forcing and antecedent morphologic conditions. On the other hand, the
1997/1998 El Niio event, which by some measures was the largest of the last century,
forced morphologic change over scales of tens of kilometers. The nested sampling
scheme employed by this study appears to have resolved the realignment of each of the
sub-cells with the acute southerly wave directions associated with the El Nifio (Kaminsky
et al., 1998). As the program continues to mature more direct linkage between the
morphology data and decadal-scale coastal change modeling will become possible.

For example, Figure 5 illustrates cross-shore profile change since summer 1997 at a site
near the North Jetty of Grays Harbor. Shown along with the change of the 2.0 m and
3.0 m contour lines is the predicted shoreline at this location derived from the 1-line
shoreline change model UNIBEST (Buijsman, this volume). This method of presenting
beach profile data reveals both short-term morphologic variability as well as the level of
skill with which the model predicts future shoreline position at a particular location.
Again, two years is too short of a period to accurately quantify decadal scale modeling
performance. However, this example suggests how monitoring data will be assimilated
into the modeling component of the Study through the refinement of both conceptual and
numerical models.
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Figure 1. Beach profile change at Ocean Shores, WA between 21 January 1998 and 3
February 1998. Approximately 110 m3 m™! of beach erosion occurred during this period.
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Ocean Shores Variability, 1997-1999
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Figure 2. Monthly change at Ocean Shores, WA, represented as A) mean beach surface
elevation change, B) mean change of the 1.0 m, 2.0 m and 3.0 m contour lines (NAVD 88)
from an August 1997 baseline (values are averaged over a 4 km alongshore distance), and
C) mean change of the 2.0 m contour line for each of four 1.0 km sub-sections of the 4.0 km

surface map.
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Figure 3. Seasonal - annual - interannual variability of the 2.0 m contour as averaged over
each of the sixteen 4.0 km long surface maps.
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Columbia River Littoral Cell
Change Rates
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Figure 4. Change rates of the 2.0 m contour for 1-year (1997-1998) and 2-year (1997-1999)
periods. Shoreline change rates derived from aerial photography for the period 1974-1995
are also on the figure.
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Figure 5. Beach profile data collected at site X1 North (500 m north of the North Jetty of
Grays Harbor). A time series of the location of the 2.0 m and the 3.0 m contour line as
derived from the profile data is compared to model predictions of shoreline position
between 1995 and 2002.
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COLUMBIA RIVER LITTORAL CELL SEDIMENT BUDGET: WHAT CAN WE
SAY ABOUT THE SOURCE?

Guy Gelfenbaum, U. S. Geological Survey
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Peter Ruggiero, Washington Department of Ecology

INTRODUCTION

This abstract is taken in large part from Gelfenbaum et al. (1999). For much of the past
century, and with few exceptions, the shorelines of southwest Washington and northwest
Oregon accreted at rates exceeding several meters per year. This widespread accretion
resulted in new coastal lands, on which public and private infrastructure and facilities have
been built. Several locations that had historically been accreting, however, are presently
experiencing severe erosion. The erosion is a critical issue for local governments and state
agencies because it threatens significant loss of public and private property. The U.S.
Geological Survey and the Washington Department of Ecology initiated a five-year study
to address the needs of coastal communities and state and federal agencies, and to 1)
understand the regional sediment dynamics, 2) determine the natural and anthropogenic
influences on the littoral system, and 3) predict coastal change at management space and
time scales (decades and tens of kilometers) (Kaminsky et al., 1997). Major questions
being addressed by the study include: Is recent shoreline erosion related to a decrease in
sediment supply from the Columbia River?, How do the natural (pre-historic) shoreline
change trends compare to the anthropogenic (historic) shoreline change trends?, and How
do seasonal and climatic variability effect beach morphology and shoreline change? We
can examine these questions using a regional sediment budget approach.

For the last several thousand years the Columbia River has supplied sand to nearby bays
(Peterson and Phipps, 1992; Gates, 1994), coastal dunes, the continental shelf (Nittrouer,
1978), the continental slope, submarine canyons and fans (Sternberg, 1986). By
quantifying the amount of sand that occupies each of these environments, we will gain a
better understanding of the Columbia River dispersal system. We can use this insight to
help us better predict the morphological response from changes in the system, whether
natural or human-induced. To help separate natural from human-induced changes in the
littoral cell, the sediment budget will be calculated for pre-historic periods as well as for
historic and recent periods. Since direct measurements of sediment discharge out of the
Columbia River estuary do not exist, using the Columbia River littoral cell (CRLC)
sediment budget may be a useful means of estimating sediment input from this source.
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The sediment budget presented here is based on a combination of results from ongoing
geologic and shoreface-process studies (Gibbs and Gelfenbaum, 1999; Peterson et al.,
1999; Ruggiero et al., 1999; Kaminsky et al., 1999) and from earlier work (Sternberg,
1986; Sherwood et al., 1990; Peterson and Phipps, 1992; Gates, 1994; Wolf et al., 1998;
Wozxell, 1998). Ultimately, a well-developed, quantitative sediment budget for this littoral
system will serve as a basis for predictions of future shoreline position based on the
sediment supply.

Geological Time Scales

As sea level rose rapidly from 10-5,000 years ago, shelf and bay accommodation was
large and sand accumulated rapidly on the shelf and in the bays. Preliminary calculations
of sediment volumes accumulating since the rise of sea level (based on analysis of high-
resolution seismic data) show 65 x 10° m® of sediment on the shelf with the greatest
amount near the mouth of the Columbia River and decreasing toward the north and south.
These volumes include sand-size and finer material. Averaged over the past 10,000 years,
they indicate a mean long-term accumulation rate of 6.5 x 10 m3/yr. Sternberg (1986)
and Wolf et al. (1999) suggest that an additional 37 x 10° m? of Columbia River sediment
has accumulated on the continental slopes, canyons, and fans off Washington and Oregon
in the last 5,000 years.

Grays Harbor, Willapa Bay and the lower Columbia River basin have been significant
sinks of Columbia River sediment as well. Seismic data in Grays Harbor show a 60-70 m
deep basin prior to filling by a combination of locally-derived sediment and by Columbia
River sand (Peterson and Phipps, 1992). We estimate that accumulation rates of Columbia
River sand in Grays Harbor decreased from 0.6 x 100 m3/yr 7,000 years ago to
0.2 x 10° m3/yr in the last 5000 years. The total volume of Columbia River sand that has
accumulated in Grays Harbor is 4.4 x 10° m®. Accumulation in Willapa Bay is not yet
calculated, but seismic data suggest its basin was one-half the depth of Grays Harbor
(Wolf et al., 1998); thus we assume it has less Columbia River sediment in it than Grays
Harbor.  Stratigraphic evidence indicates that the lower Columbia River valley
accumulated sediment at a rate of 8.5 x 10° m3/yr prior to 7,000 years ago, and at a rate of
3.6 x 10° m3/yr in the last 7000 years (Gates, 1994). The total volume of accumulated
sediment in the Columbia River valley during the last 10,000 years is 50 x 10° m>.

As the rate of sea-level rise slowed around 4-5,000 years ago, the barriers adjacent to the
Columbia River, at Long Beach and Clatsop, began accumulating sediment and prograded
seaward (Woxell, 1998; Peterson et al., 1999). The barriers furthest away from the
Columbia River, Grayland and North Beach, began prograding seaward around 2,000 and
1,500 years ago, respectively. Barrier progradation was relatively uniform within each of
the sub-cells, whereas among the sub-cells, the pre-historic accumulation rates decreased
away from the Columbia River source. Accumulation rates were highest for the Long
Beach sub-cell at 0.39 x 10° m3/yr and Clatsop sub-cell at 0.33 x 106 m3/yr and decreased
to 0.22 x 10° m3/yr for the Grayland sub-cell and 0.24 x 100 m3/yr for the North Beach
sub-cell. Total pre-historical volume accumulation of Columbia River sand for all the
barriers in the CRLC was 4.07 x 10° m>.
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The long-term pre-historical sediment supply over the last 10,000 years from the
Columbia River can be estimated by summing the weighted accumulation rates for the
different time intervals in the various sedimentary environments of the CRLC (Figure 1).
Using the above estimates of sediment accumulation throughout the CRLC, and assuming
Willapa Bay filled at half the rate of Grays Harbor, the long-term supply rate of Columbia
River sediment to the lower river Valleg/ was about 20 x 10° m3/yr, and sediment left the
estuary at a long-term rate of 15 x 10 m3/yr. These supply rates are for total sediment
load, including sand, silt, and clay. Further work will allow us to partition the sand from
the silt and clay components.

Historical Time Scales

The Columbia River is the predominant source of sediment for the continental shelf and
littoral zones of southwest Washington, but the actual sediment load of the Columbia
River has not been adequately measured. Sherwood et al. (1990) used a rating curve
(based on USGS measurements at Vancouver, WA in water years 1964-1970) to hindcast
sediment discharge from daily river flow measured since 1878 at The Dalles, OR. That
estimate has been updated with river flow data through water year 1997. The hindcast
calculations indicate that the mean annual sediment (sand) supply to the estuary for 1878-
1997 is 6.6 x 10° (3.0x 106) m3/yr. However, with the construction of over 200 dams in
the Columbia River drainage basin, regulation of peak river flows has greatly reduced the
transport capacity of the Columbia River. Sediment (sand) supply has decreased from
8.7x 10° 43 x 106) m3/yr (for the period 1878-1934, prior to significant flow
modification by dams) to 4.3 x 106 (14 x 106) m3/yr (for the period 1958-1997), a
decrease by a factor of 3 for the sand component during historical times.

Not all of the sediment supplied in historical times to the Columbia River Estuary has
reached the Pacific Ocean. Approximately 1.8 x 106 m3/yr of fine sand, silt, and clay
accumulated in peripheral bays, and upriver channels between 1868 and 1958 (Sherwood
et al., 1990). This estimate, based on bathymetric changes, excludes sands that once
occupied the flood- and ebb-tidal delta complex. By combining data of Sherwood et al.
(1990) with bathymetric-difference calculations of Byrnes and Li (1999), we estimate that
the historical accumulation rate in the ebb/flood-tidal delta complex is only about
0.3 x 10% m%/yr.

Analysis of historical shoreline positions shows that beach accretion rates increased
substantially during early historical periods over pre-historical periods (Woxell, 1998;
Kaminsky et al., 1999). The total volume of sand lost or gained due to shoreline change
was calculated using a Digital Elevation Model (DEM). The shape of the beach profile is
assumed to be constant over time, so any loss or gain of sand moves the entire profile from
closure depth up to the height of the dune. Closure depth was estimated as -15 m msl
using Birkemeier (1985). Accumulation rates for the early historical period from the
1870s to the 1950s vary from 1.21 x 10 m?/yr for the Grayland sub-cell to 2.48 x 10° m?/
yr for the North Beach sub-cell (Table 1). As with the shoreline-change rates reported in
Kaminsky et al. (1999), the accumulation rates are not uniform within the sub-cells. More
sand accumulated on the barriers near the entrance to Grays Harbor and the Columbia
River than in the center of the sub-cells during the pre-dam historical period. This time
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period includes the construction of the jetties at the entrances to the Columbia River
Estuary and Grays Harbor, and is prior to significant modification of the Columbia River
drainage basin due to dams. More recently (1950s to 1995), accumulation rates vary from
0.26 x 10° m3/yr for the Grayland sub-cell to 2.10 x 10 m3/yr for Long Beach. Except for
the Long Beach sub-cell, where the early and recent historical accumulation rates have
stayed about the same, accumulation rates decreased in recent historical time for the
Clatsop, Grayland, and North Beach sub-cells. Accumulation rates during the early
historical period are 5 to 10 times greater than the long-term pre-historical rates of
accretion (Table 1).

We know that the middle and inner shelf of the CRLC has accumulated enormous amounts
of Columbia River sediment (~65 x 10° m3) since the last transgression. Sternberg (1986)
sites evidence from Nittrouer (1978) that the modern accumulation rate in the mid-shelf
silt deposit is similar to the rate estimated for the last 3,000-7,000 years. There is less
evidence of regional accumulation of sand for the inner shelf during historical time. In
fact, regional bathymetric change studies conducted by differencing historical
hydrographic surveys from the 1870s and the 1920s suggest that some areas of the inner
shelf may have lost sand (Gibbs and Gelfenbaum, 1999). For example, the inner shelf off
Grayland was acting as a source of sediment between the 1870s and 1920s, losing
0.81 x 10° m3/yr of sand. Off Long Beach, however, the inner shelf gained sand at a rate
of 1.09 x 10% m?/yr. The last regional bathymetric survey was in the 1920s, so it is
unknown how the inner shelf has responded over the last 70 years.

Estimates of the sediment budget of the CRLC during historical times must consider direct
human-induced transport of sand. The U.S. Army Corps of Engineers dredges an average
of 3.41 x 10° m3/yr of sand from the lower estuary (U.S. Army Engineer District,
Portland, 1998). The dredged sand is placed in disposal sites inside the estuary, in the
entrance, and offshore. Dredging records since 1956 reveal that the majority of sand,
approximately 2.1 x 106 m3/yr, is moved to offshore disposal sites. These offshore sites
are on various parts of the ebb-tidal delta in water depths ranging from 15 to 55 m. An
unknown amount of the sand placed on the ebb-tidal delta may be transported back into
the estuary. The amount of dredged material that stays in the active littoral zone is
unknown. Although side-scan sonar records taken in the mouth of the Columbia River
estuary (Sherwood and Creager, 1990) reveal both upstream and downstream oriented bed
forms, net transport at the mouth has not been directly measured.

CONCLUSION

Although the sediment budget presented here is preliminary and much work is needed to
quantify all the compartments and pathways of the CRLC, several observations can be
drawn from our analysis.

1) The majority of Columbia River sediment has accumulated on the continental shelf, in
the deep sea, and in the estuaries. The amount in the beaches, by comparison, is smaller.
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2) Average sediment supply from the Columbia River was apparently much greater for the
last 10,000 years than it is now, possibly reflecting the contribution of several
unmitigated volcanic eruptions, erosion of glacial deposits, and extreme floods.

3) Early historical shoreline accretion rates are much greater than pre-historical rates, and
in general, greater than recent accretion rates. The timing of the rapid accretion in the
early part of the century and the longshore variation in the accretion suggest changes in
the ebb-tidal deltas after jetty construction as the primary source of sand to the barriers.

4) Ebb-tidal deltas and the inner shelf may act as temporary sources of sediment to the
beaches.

5) Sediment supply from the Columbia River to the estuary has likely been reduced over
the last several decades due to reduction in transport capacity resulting from flow
regulation, and possible direct trapping behind dams.

6) The volume of dredged material placed at the mouth of the Columbia River is large
compared to long-term changes in the tidal-delta complex.

Questions remaining to be resolved:
1) What is the exchange of sediment, if any, between the inner shelf and the beaches?

2) Are Grays Harbor and Willapa Bay presently accumulating Columbia River sediment or
have they reached equilibrium?

3) Is the inner shelf still accumulating Columbia River sediment as it has in the past, or is
it stable, or perhaps a source to another sedimentary environment in the CRLC?

4) How much of the dredged material disposed near the mouth of the Columbia River is
available to the littoral cell?

5) Has the supply of sediment from the Columbia River stabilized, and how long does it
take the littoral system to adjust to changes in supply?
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Table 1. Accumulation rates of Columbia River sand on the barrier of each sub-cell.

Sediment Accumulation Rate (x 106 m3lyr)

Pre-Historical* (since start of

. - Historical
barrier accretion)

S'i“l‘;_'c'g" (1870s-1950s)  (1950s-1995)
Clatsop 0.33 2.01 0.57
Long
Beach 0.39 1.98 2.10
Grayland 0.22 1.21 0.26
Q‘;’;}; 0.24 2.48 143

* based on pre-historical shoreline change rates from Woxell (1998).
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EVALUATING COASTAL SUSCEPTIBILITY, WORKING TOWARD A DECISION
SUPPORT SYSTEM

Brian Voigt, Washington Department of Ecology
Peter Ruggiero, Washington Department of Ecology
George Kaminsky, Washington Department of Ecology

ABSTRACT

One of the primary goals of the Southwest Washington Coastal Erosion Study is to
understand and predict coastal change at time and space scales relevant to coastal
management (decades & tens of kilometers) (Kaminsky et al.,, 1999). As our
understanding of the complex Columbia River littoral cell system increases, Study results
will be examined as part of a larger framework to identify areas of coast susceptible to
morphological change. The outcomes of the susceptibility analyses will lead to a
formalization of Study results through the development of decision support products.
These tools will assist coastal managers with the consideration of scientific knowledge as
part of the planning and decision-making processes.

SUSCEPTIBILITY FRAMEWORK

The process of knowledge formalization progresses through four stages as denoted along
the left edge of Figure 1, beginning with the data phase, then building an information base,
developing a knowledge base through characterization of the area of interest, and, finally,
formalizing that knowledge as part of an experience base (Capobianco et al., 1999). In the
data phase, the problem is defined in cooperation with the end-user community, and
background research is performed, including the identification of available resources and
initiation of data collection and recovery efforts.

The Southwest Washington Coastal Erosion Study was begun in May 1996. The sequence
of events that led to the initiation of the Study identified a critical lack of available
information to support the decision-making process. The information phase represents
organization and analysis of the results of the data phase. As information is developed,
uncertainties should be noted when prioritizing future research. While some uncertainty
can be accounted for simply by collecting additional data, it is not always cost-effective to
do so. Predictive uncertainties, on the other hand, may best be dealt with via sensitivity
analyses that evaluate changes in model outputs based on varying input parameters
(Cowell et al., 1994). One of the greatest challenges to this process lies in understanding
and managing the uncertainties that will ultimately affect decision-making outcomes.

The knowledge base will expand on the data synthesis and integration component of the
information phase. A conceptual model of the littoral cell system is currently under
development as a means of representing the littoral cell sediment budget over several time
scales (Gelfenbaum et al., 1999). Additional efforts in this phase include working with
end-users to develop model input forcing scenarios with temporal and spatial constraints
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that reflect issues of local concern. Continued monitoring of coastal conditions (Ruggiero
et al., 1999) will serve as an effective means of evaluating initial results and improving
modeling processes. The knowledge phase results in output variables that quantify the
physical vulnerability/resilience of the littoral system. These variables lead to a
formalization of knowledge in the experience phase. This formalized knowledge will be
transferred to the end-user community through the development of management support
tools that facilitate the integration of available scientific knowledge with the decision-
making process. Management support products might include tools such as maps, reports,
databases, an interactive GIS, or technical assistance. It is critical that Study investigators
work in cooperation with the end-user community to ensure the development of useful and
relevant products which address relevant issues and priority planning efforts. Further,
combining physical susceptibility outcomes with relevant data from the ecological, social
and economic disciplines will quantify the impacts of physical change on the socio-
economic system. The integration of multi-disciplinary data sets will facilitate science-
based management that addresses community issues and identifies priority areas for
planning consideration based on acceptable levels of risk.

While the development of management oriented products is a tangible outcome of the
susceptibility framework, perhaps equally important is the experience gained through the
application of knowledge to specific coastal planning problems. Evaluating the results of
scientific based decisions in relation to acceptable versus actual outcomes will help refine
the decision-making process and identify shortcomings in our scientific understanding of
littoral cell evolution.

ASSESSING COMMUNITY NEEDS

In an effort to strengthen the Study’s coordination with coastal communities, a proposal
has been developed to conduct an assessment of local community coastal management
needs. The application was successfully submitted to the Department of Ecology for
Coastal Zone Management 306 funding. The proposed project will determine local
community coastal management information needs and develop modern decision-support
tools to improve the integration of scientific knowledge with the local management
framework. The grant will focus on three priority tasks, including conducting an
assessment of technical capacity and information needs, developing a prototype
interactive CD-ROM that addresses the informational needs of the coastal management
community, and disseminating information and GIS map products that form the basis of a
local decision-support framework via the Internet.
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SEDIMENT SIZE DISTRIBUTION WITHIN THE COLUMBIA RIVER LITTORAL
CELL

Emily Lindstrum, Washington Department of Ecology
Peter Ruggiero, Washington Department of Ecology
Jerry Franklin, Washington Department of Ecology
Dave Twichell, U.S. Geological Survey

George Kaminsky, Washington Department of Ecology

INTRODUCTION

As part of the beach morphology monitoring program of the Southwest Washington
Coastal Erosion Study, sediment samples have been collected in conjunction with both
onshore and nearshore beach profiles. Four sets of sediment samples have been gathered:
summer 1997, winter 1998, summer 1998, and summer 1999. The onshore samples are
located at each of the 47 beach profile locations and consist of a dune, dune-toe, mid-
beach, and a swash sample at low tide. Offshore samples were collected during the
nearshore bathymetric surveys of summer 1998 and 1999. These samples were obtained
using an Ekman Grab in water depths of up to 12 meters.

Samples have been analyzed using a Ro-tap sieve shaker and sieve screens of phi range
-3.0 through 4.0 in 1/4 phi intervals. Presently, the mid-beach samples from summer
1997, 1998, and 1999 have been analyzed, along with the offshore samples from 1998 and
1999. Both the graphical method and the method of moments for calculating sediment
statistics have been employed.

These sediment data have been compiled with other available data sets to create a GIS
product of sample locations and statistics throughout the Columbia River littoral cell
(CRLC). These GIS layers include offshore data from the USGS summer 1997 and 1998
cruises as well as the University of Washington, Department of Oceanography cruises of
1966 and 1967. A partial list of available data sources is given in Table 1. The authors of
this work welcome feedback on the completeness of this compilation exercise. The
ultimate goal of this project is to create a central database of all existing sediment data as
well as a GIS tool for visualizing and analyzing the data. Figure 2 represents the initial
development of this product by displaying the location of several of the samples listed in
Table 1 along with median grain size.

CONCLUSIONS

Sediment analysis of summer 1998 onshore mid-beach samples from the 47 profiles reveal
a trend of decreasing median grain size with distance from the mouth of Columbia River
(Figure 1). This trend is positively correlated with mean beach slopes along the CRLC.
The main outlier of these trends exist near Grays Harbor where the beaches have the
highest median grain size and mean beach slope within the CRLC. A temporal
comparison of the median grain size from mid-beach samples collected during summer
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1998 and summer 1999 is shown in Figure 3. The right hand panel illustrates the
difference between median grain size over this time period. Of the 46 sites 20 show a
positive difference, i.e. these sites had coarser sediments in 1999 than in 1998. 26 of the
46 sites experienced a decrease in median grain size over this same period.

A cross-shore representation of sediment grain size variability, from the dune to -
25 meters NAVD 88, is shown in Figure 4 for Grayland Plains at cross-shore profile site
PRUG. Sediment data reveals the finest samples found on this profile are between -9 and
-14 meters with coarser sediment both offshore and onshore. A trend of sediment fining is
evident from the swash zone landward to the dune. The sediment data included in this
profile is a composite derived from several field campaigns using a variety of techniques.
The approximate cross-shore location of sediment samples has been superimposed on the
figure along with median grain size. Actual sample locations may be plus or minus one
kilometer from the alongshore position of this transect.
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Figure 1. A) Median grain size, D50 (mm) and B) mean beach slopes, § (radians), at each of
the 47 beach profile locations. Beach slopes are foreshore slopes, calculated between the
1.0 and 3.0 m contours (NAVD 88), and are averaged from 3 surveys: summer 1997, winter
1998, and summer 1998.
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Figure 2. A) Sediment grain size distribution data sources and locations. B) Median
sediment diameter (phi scale) from several of the sources listed in Table 1. The phi scale
divisions include fine grain sand or soil, fine sand, medium fine sand, coarse to medium
sand, and fine gravel to boulder. Sediment samples were categorized using the Unified Soil
Classification System.
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Figure 3. Median sediment diameter from mid-beach samples collected during summer
1998 and summer 1999 as part of the SWCES beach morphology monitoring program. The
right panel illustrates the difference in median grain size over this time period. Of the 46
total sites 20 of the sites had a coarser median grain size and 26 had a finer median grain
size in 1999 than in 1998.
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Figure 4. Sediment grain size variability along a cross-shore beach profile in Grayland,
Washington. Sediment samples from alongshore locations of plus or minus one kilometer
from transect (PRUG) have been superimposed on the figure to reveal trends in sediment

size. The finest samples on this line are between 9 and 14 meters NAVD 88 with coarser

sediment both offshore and onshore. A trend of sediment fining is evident from the swash

zone landward to the dune.
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Table 1. This is a partial compilation of sediment size distribution data in the CRLC from

several sources.

Date Project Investigator
June-Sept. 1997 SWCES CMAP
Jan.-Feb. 1998 SWCES CMAP
June-Sept. 1998 SWCES CMAP
Aug.-Sept. 1998 SWCES Dave Twichell
June-Sept. 1999 SWCES CMAP

1994

Oct.-Nov. 1946

Aug.-Sept. 1945

July-Aug. 1966 &
1967

October 1974

August- Sept. 1945

Cascadia beach shoreline database,
Pacific Northwest Region, USA, State of
Oregon Department of Geology and Mineral
Resources, Open File Report 0-94-2.

Beach and Surf Conditions on the Oregon
and Washington coasts in 1946

Beach and Surf Conditions on the Oregon
and Washington coasts in 1945

Bottom Sediment Data from the Continental
Shelf of Washington- Grays Harbor to Cape
Flattery Volumes |, II, and llI

Marine Sedimentological Data of the
Washington Continental Shelf

Distribution of Beach Sediment Near the
Columbia River

Peterson, C.D., M.E.
Darienzo, D.H. Hamilton,
D.J. Pettit, and R.K.
Yeager.

Bascom, W. N.
University of California,
Inst. of Engineering
Research

Isaacs, J. D.

University of California,
Inst. of Engineering
Research

University of Washington
Department of
Oceanography

Burnett, T. L., Jr.

University of Washington
Department of
Oceanography

Robert, R. W

University of Washington
Department of
Oceanography

Ballard, R. L.
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MEDIUM- LARGE-SCALE NEARSHORE MORPHOLOGIC VARIABILITY
ALONG THE COLUMBIA RIVER LITTORAL CELL
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George Kaminsky, Washington Department of Ecology

INTRODUCTION

As a component of the Southwest Washington Coastal Erosion Study (SWCES) beach
morphology-monitoring program, nearshore beach profiles have been surveyed along a
majority of the 165-km Columbia River littoral cell (CRLC). More than 240 (Figure 1)
cross-shore profiles were collected in the summer of 1999 using a second generation
Coastal Profiling System, a conventional bathymetric survey system configured on a
personal watercraft with demonstrated sub-decimeter vertical accuracy. FEach profile
extends from the shoreline to a deep-water limit ranging between 9 and 15 m (NAVD 8§8).
Many of the bathymetric profiles have been combined with topographic surveys,
extending the profiles landward to the dune fields. Also, along a 25-km subset of the
region, the profiles have been supplemented with a high resolution multi-beam (swath)
bathymetry data set, extending the transects to over 40 m water depth, covering the entire
nearshore planform (Flood, this volume). The alongshore distance between profiles varies
between 200 m to 1000 m, a sampling scheme designed to measure medium- to large-
scale variability in nearshore morphology. Table 1 lists the environmental conditions
during the eight week 1999 field campaign.

SURVEY SYSTEM

The U.S. Geological Survey, in cooperation with the Washington Department of Ecology
and the University of Florida, has recently built and tested a new system to collect
bathymetric data in energetic, nearshore environments. Based on the Coastal Profiling
System developed by Oregon State University (Coté et al., in review), the USGS system is
comprised of a waverunner, which has been equipped with an echo sounder, GPS receiver
and antenna, and on-board computer running navigation software. The waverunner is a
Yamaha Wave Venture 700, which is large, powerful, and stable. The echo sounder is an
Oceandata Bathy 500 in which the paper recorder has been removed and the acquisition
and processing boards have been mounted in a waterproof box underneath the seat. For
precise horizontal and vertical positioning a Trimble 4700 GPS receiver is operated in
Real-Time-Kinematic (RTK) mode. The GPS antenna is mounted on the waverunner
directly above the echo sounder. The GPS receiver is also enclosed in a waterproof box
and stored underneath the seat. The GPS base station is set up on a benchmark on land to
provide a land-based vertical datum. The GPS and echo sounder data are delivered to the
navigation and data acquisition software, Hypack, which is running on a Libretto laptop
computer, which is also stored underneath the seat. A monitor is housed in a waterproof
box and mounted above the handlebars, along with a waterproof keypad. The entire
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system is run off of two 12-volt batteries, operating in parallel, that are also housed in a
waterproof box and attached to a mount on the back of the boat.

A waverunner is the optimal boat for collecting nearshore bathymetry through the surf
zone. The boats operate with a jet propulsion system, so they are safer and have a
shallower draft than a propeller-driven system. The boats are extremely maneuverable and
can be easily righted after they flip over. The echo sounder operates at § Hz and the GPS
at 5 Hz, so surface waves are resolved and accounted for in the data.

DATA

Cross-shore beach profiles were collected in the onshore direction to minimize the impact
of waves. Following collection, raw data files were first screened to eliminate periods
when the GPS was not initialized in RTK mode. The data were then brought back into
Hypack to combine the GPS and echo sounder data. Individual profiles were visualized in
Hypack allowing for the elimination of obvious outliers. The combined data were then
exported to an ASCII format for further processing, such as an adjustment for speed of
sound and profile smoothing. During data collection, the speed of sound was held
constant. Although not precisely measured during the field campaigns, water temperature
measurements from offshore wave buoys (see Table 1) during the summer were used to
estimate the speed of sound during the individual data runs. These SOS values were then
used to adjust the profiles. The profiles were then smoothed, as wave motions still affect
the measurements at decimeter scale, using a median-filter algorithm that averages data
along approximately a 10-m distance in the cross-shore.

The dominant characteristic of the nearshore morphology data collected during 1998 and
1999 is spatial variability. The profiles have between 0 and 4 bars, ranging in height from
approximately 0.2 m to a remarkable 6.0 m as measured from the seaward crest to
landward trough. The cross-shore length scale of the bar crest position varies from
O(100 m) for inner swash bars and to O(1000 m) for outer bars. Typically one or more
middle bars is also present on the profiles. The water depth at the outer bar crest ranges
from 5.0 - 8.5 m (when present), 3.0 -5.0 m for the middle bar and 0.0-1.5 m for the inner
bars. Four example cross-shore profiles from the Long Beach sub-cell (collected in 1999)
are shown in Figure 2, revealing the variability in the number of bars, bar height, and bar
position.

Medium-scale Variability

Within each of the four sub-cells of the CRLC, a 1.5 km - 3.0 km section of coast has been
surveyed in both 1998 and 1999, with 200 m profile spacing to resolve medium-scale
morphology.  Figure 3 shows alongshore-averaged profiles for the Long Beach
(Oysterville) surface (Figure 1). The data reveal a large redistribution of sediment in the
cross-shore, the growth of a large outer bar, landward migration of the middle bar and no
shoreline change. Over the 2.5 km (both in the cross-shore and alongshore) surface there
was no appreciable loss of sediment from 1998 to 1999. However, in the cross-shore,
beach profile change out to 10 m (NAVD 88) was measured. The spatial variability of bar
height and the change over one year is illustrated in Figure 4. The most striking feature in
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this plot is the growth of the outer bar between 1998 and 1999. Change in bar crest
position is shown in Figure 5, revealing the onshore migration of both the outer and
middle bar during this period.

The nearshore morphology of the other sub-cells within the CRLC is quite different than
that of Long Beach. For example, the nearshore planform of Grayland Plains is virtually
I-dimensional. Only occasionally do the profiles in Grayland show appreciable bar
formation. Figure 6 is a comparison between the alongshore-averaged profile from the
Long Beach medium-scale surface with an alongshore-averaged profile from
approximately 2.0-km of Grayland data. The profiles have each been translated such that
the 2.0-m contour is at a cross-shore position of 0.0 in order to compare beach slopes and
bar properties. The Grayland surface is steeper and devoid of sandbars. This Grayland
surface experienced a net vertical loss of approximately 0.25 m along the profile from
1998 to 1999. This quantity translates to approximately 1.0 x 108 m> of erosion over this
2.0-km stretch, presumably to the south.

Large-scale Variability

Along much of the remainder of the individual sub-cells, profiles were collected at
1000-m intervals. Figure 7 reveals bar statistics for over 25 km of Long Beach shoreline.
A continuous outer bar is evident that extends from North Head (km 114) north for
approximately 20 km. The bar trends offshore relative to the shoreline with the water
depth at the bar crest increasing until the bar disappears. The former middle bar (in the
alongshore, not temporal sense) becomes the new outer bar at km 131 with a similar
offshore trend. The height of the outer bar has no pronounced trend, however, the
magnitudes of the heights are some of the largest ever observed.

Figure 8 further illustrates the variability between sub-cells. The behaviour of the North
Beach sub-cell is closer to that of Long Beach than its neighbor in both the magnitude and
variability of the nearshore morphology. These data reveal drastic variability in the large-
scale behaviour both within a particular sub-cell and over the entire region.

SCALING OF BAR PROPERTIES

The nearshore planform observed in these data range from a fairly linear bar system to
complex three-dimensional morphology. Simple sand bar generation models are unable to
explain this variability in morphology; however, scaling relationships may aid in
determining the dominant processes responsible for the observations. For example, using
the standard scaling arguments for the infragravity-wave bar generation model (Holman
and Sallenger, 1993), a standing wave with a period of over 300 s would be required to
generate a bar over 1000 m from the shoreline on the low sloping dissipative beaches of
the CRLC.

TZ
x, = &8y (1)
41
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In this relationship, x; is the cross-shore position of the bar as forced by nodes in the cross-
shore velocity of either edge waves or leaky waves, g is the acceleration due to gravity, 7 is
the period of the standing wave, j is the beach slope (approximately 1/150) and y1 is the
first zero of the edge wave equation solution (typically about 4.5). No data exists at
present to either support or refute this long wave mechanism, however, Oltman-Shay et
al., 1998, suggest that extremely low frequency motions do exist in the inner surf zone on
Washington beaches. An alternative bar creation hypothesis is the so-called break point
bar mechanism. The cross-shore bar position with this hypothesis scales as

_YH,
xbp = T

in which x;,, is the cross-shore position of the bar, H, is the breaking wave height, and yis
the ratio of wave height to the depth of breaking waves (O(1)). With this model, a
breaking wave height of approximately 10 m is necessary to give a cross-shore scale of
1000 m. It is likely that both bar generation mechanisms are important due to the high-
energy dissipative beaches in the study area, however, an understanding of the flow field
and associated morphological feedback will be necessary to fully understand the observed
bar properties.

(2)

Bar height can be scaled with the following empirical formulation derived from the tank
studies used in the formulation of the cross-shore profile change model SBEACH (Larson
and Kraus, 1989)

hgr = 128H, W > 3)

where hp,, 1s the bar height and w is the fall speed parameter in cm/s. For a 4.0 m bar
height (typical outer bar height for the Long Beach sub-cell) a fall speed of 0.6 cm/s is
necessary assuming the 10 m wave height given in (2). This fall speed is too slow for the
typical grain size found in Long Beach, for a median grain size of 0.15 mm w should be
closer to 1.5 cm/s. A final simple bar scaling parameter is the depth of water at the bar
crest, also derived empirically from tank studies (Larson and Kraus, 1989)

Z, = 0.66H, (4)

where Z,. is the depth at the bar crest. For a 10 m wave height the bar crest given by (4) is
6.6 m, a fairly reasonable value.

TEMPORAL VARIABILITY

Several of the cross-shore profiles were surveyed in both 1998 and 1999 revealing annual
change in sand bar morphology along this Pacific Northwest coast for the first time.
Figure 9 illustrates the variability of a profile in Ocean City, WA over a 15-month period.
The well defined outer bar, O(2 m) in height, evident in the April 1998 survey lowered by
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July as the crest moved onshore with deposition in the trough. An inner bar in 3 m water
depth is evident during the July 1998 surveys. Even with the occurrence of a few minor
storms in late September 1998, the outer bar continued to decrease in amplitude with
movement onshore between July and October and the trough became only weakly defined.
The outer bar is in virtually the same location in the July 1999 survey, however, the trough
has deepened over a meter. The shoreline is fairly constant in all surveys and no
appreciable change in profiles is seen beyond the 6-m depth.

Only a very few nearshore morphology data sets existed on this coast before the onset of
this study. The work of Willard Bascom and associates in the 1940s has been well-
documented (Kraus et al., 1996) and compared with the modern data (Ruggiero et al.,
1999). It has recently been found that the Corps of Engineers also surveyed nearshore
bathymetry along Clatsop Plains and the Long Beach Peninsula during their 1958 survey.
Preliminary analysis is revealing morphology change over the last 40 years (Figure 10).
This fledgling time series of nearshore morphology is also being supplemented by time-
exposure images developed from an aerial videography system developed to rapidly
measure large-scale morphologic variability (Worley ef al., 1997).

DISCUSSION AND CONCLUSIONS

This extensive nearshore bathymetric data set reveals strikingly different large-scale
coastal behaviour among the four sub-cells of the Columbia River littoral cell. Nearshore
morphologic signals along North Beach and Long Beach are large and three-dimensional
while along Grayland Plains and Clatsop Plains bars are more linear and smaller in
magnitude. These observations are surprising in that the incident deep-water wave climate
is virtually identical along the entire region, suggesting that sediment supply, sediment
characteristics, antecedent morphology, or flow patterns may dominate the wave signal in
forcing these regional differences. At medium-scale, the Grayland nearshore surface
showed a net loss for the year while the Long Beach nearshore surface showed no net
change. The Long Beach site has a long-term trend of stability/accretion while the
Grayland site is eroding. An observation with implications for shoreline change modeling
is that the annual limit of measurable cross-shore profile change from 1998 to 1999 ranges
from 6 to 11 m (NAVD 88).

The initial results of this study raise several intriguing questions.

1) What process(es) are responsible for 4-6 m high bars 1000 m from the shoreline?

2) Are these length and height scales unique to the Pacific Northwest? Unique to 1999?
3) Why is the Grayland nearshore virtually 1-dimensional?

4) How does variability in sand bar size, location, etc. affect shoreline change? At what
time scales?

5) Do CRLC bars migrate offshore?
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6) What morphological feedback mechanisms are responsible for both the medium- and
regional-scale variability observed in the data?

Investigation of these and other questions will be addressed through processes
experiments, continued monitoring, and wave and morphology change modeling efforts as
part of the SWCES.
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Table 1. Environmental conditions during summer 1999 field campaign. Typically one day a
week was a down day due to either inclement weather (often fog) or equipment
maintenance.

Week |[Site Time Profiles Waves Wind Temp Buoy
Hs Dir Tp Ta [Speed| Air Water[ P |GH CRB
m deg sec sec|m/sec|°C °C | mb

Week 1]|Ocean City  (.ocn)

7/15/99 14:00-18:10 11 1.86 297 91 7.0 10.6 {1016.9| X
7/16/99 16:05 4 098 300 941 6.9 11.2 |1013.3| X
Week 2|Ocean City  (.ocn)
7/20/99 15:00 13 |1.08 300 7.7 538 11.9 {1014.8| X
Ocean Shores (.osh)
7/21/99 7:22 -11:20 11 096 302 6.7 57 12 |1015.5] X
7/21/99 17:35 6 0.71 303 6.3 54 12.8 {1018.0| X
7/22/99 7:40-10:30 8 097 296 9.1 7.6 13.4 {1020.4| X
Week 3|Long Beach (.lbp)
7/27/99 12:36-18:05 14 |1.03 324 7.7 57 46 (123 14.2 |1014.8 X
7/28/99 13:50-16:50 11 114 355 83 55 43 [11.8 13.6 [1016.4 X
7/29/99 13:20-17:11 13 095 337 83 6.6 1.3 |12.6 14.2 {1020.3 X
Week 4 |Long Beach (.Ibp)
8/3/99 13:40-19:25 9 083 130 6.3 6.8 0.1 [14.1 14.8 |1022.6 X
8/5/99 15:35-19:12 8 1.05 347 111 54 42 |144 153 (10144 X
8/6/99 9:00 6 093 353 59 438 3.5 |149 15.6 |1011.0 X
Week 5 |Clatsop Plains (.clp)
8/10/99 12:15-15:19 11 1.36 332 56 49 7.6 (141 14.8 |1011.8 X
8/11/99 12:40-14:54 9 166 232 83 6.4 1.6 |[15.1 141 [1013.7 X
8/12/99 12:01-14:31 5 128 196 6.7 538 2.7 (149 14,5 |1019.5 X
Week 6 |Clatsop Plains (.clp)
8/17/99 16:30-19:06 7 098 344 6.7 55 46 |14.8 15.7 (1020.3 X
8/18/99 16:30-19:37 9 1.01 294 83 64 1.5 |15.2 16.4 (1015.8 X
Grayland
Week 7 Plains (.gld)
8/23/99 13:03-14:27 6 127 296 59 49 11.6 |1011.4| X
8/24/99 10:59-14:21 14 |0.79 297 7.7 52 13.1 |1014.2| X
8/25/99 12:10-15:19 10 |1.72 267 6.3 53 14.3 {1014.8| X
8/26/99 12:20-15:53 11 1.34 268 83 6.9 14.4 |1016.3| X
8/27/99 13:30-15:37 9 1.2 275 83 6.5 13.1 {1010.3| X
Grayland
Week 8 Plains (.gld)
8/30/99 15:05-18:11 10 |1.94 300 6.7 6.0 11.8 {1016.2| X
8/31/99 15:27-18:04 7 169 278 83 6.0 12.8 {1020.7| X
9/1/99 14:00-18:00 11 0.9 286 9.1 6.6 12.7 X
9/2/99 17:00-17:33 2 1.54 279 91 7.7 12.8 X
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Columbia River Littoral Cell Monitoring Sites
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Figure 1. Beach morphology monitoring program nested sampling scheme including
coverage of nearshore bathymetry surveys during the summers of 1998 and 1999.
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Profile Variability, Long Beach Sub-cell
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Figure 2. Four example cross-shore beach profiles from the Long Beach sub-cell.
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Long Beach Profile Change
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Figure 3. Comparison of alongshore averaged profiles near Oysterville for 1998 and 1999.

169



Bar Height Variability, Oysterville Surface
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Figure 4. Medium-scale bar height variability in the Long Beach sub-cell.
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Bar Crest Position Variability, Oysterville Surface
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Figure 5. Medium-scale bar crest position variability in the Long Beach sub-cell.

171



Profile Comparison
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Figure 6. Medium-scale comparison between the alongshore averaged Long Beach profile
and the alongshore averaged Grayland Plains profile.
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Outer Bar Variability, Long Beach Sub-cell
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Figure 7. Large-scale statistics for the outer bar of the Long Beach sub-cell.
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Nearshore Bathymetry 1999
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Figure 8. Large-scale coastal behaviour comparison between 3 sub-cells as measured in
summer 1999. The colorbar indicates the water depths with cool colors (blues and greens)
representing deeper water and warm colors (yellows and reds) representing shallower
water.
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Nearshore Bathymetry Change, Ocean City, WA
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Figure 9. The seasonal comparison of beach profiles surveyed at Ocean City, WA during

April, July, and October 1998 and July 1999 by the CPS and the CLAMMER. MLLW is
approximately -0.5 m NAVD 88.
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Long Beach Bathymetry Change
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Figure 10. Comparison between Corps 1958 data and 1999 survey north of the city of Long
Beach. The asterisks indicate the position of the shoreline in both 195x and 1995, plotted at
the 3.0 m contour line.

176



LIST OF ATTENDEES

Dr. Jonathan Allan

Oregon Department of Geology and Mineral Industries
Coastal Field Office

313 SW 2nd, Suite D

Newport, OR 97365

tel 541-574-6642

fax 541-265-5241

e-mail Jonathan.Allan@dogami.state.or.us

Mr. Steven D. Babcock

U.S. Army Corps of Engineers, Seattle District
Seattle District Planning Branch

P.O. Box 3755 E. Marginal Way S.

Seattle, WA 98124-3755

tel (206) 764-3651

fax (206) 764-4470

e-mail steven.d.babcock@usace.army.mil

Ms. Diana Baker

Portland State University

P.O. Box 751

Portland, OR 97202-0751

tel (503) 725-3375

fax (503) 725-3025

e-mail psul3437@odin.cc.pdx.edu

Mr. Paul R. Beauchemin

U.S. Geological Survey

12201 Sunrise Valley Drive, MS 112
Reston, VA 20192

tel (703) 648-6654

fe-mail pbeauche@usgs.gov

Ms. Heather Bragg
Portland State University
P.O. Box 751

Portland, OR 97202-0751
tel (503) 725-3375

fax (503) 725-3025

177



Mr. Eric Braun

U.S. Army Corps of Engineers, Portland District
P.O. Box 2946

CENPP-PE-HY

Portland, OR 97208-2946

tel (503) 808-4348

fax (503) 808-4344

e-mail Eric.P.Braun@nwp01.usace.army.mil

Mr. Maarten C. Buijsman

Washington State Department of Ecology
Coastal Monitoring & Analysis Program
P.O. Box 47600

Olympia, WA 98504-7600

tel (360) 407-7125

fax (360) 407-6902

e-mail mbui461@ecy.wa.gov

Dr. Michael D. Carr

U.S. Geological Survey

Coastal and Marine Geology Program
345 Middlefield Road, MS 999
Menlo Park, CA 94025

tel (415) 354-3184

fax (415) 354-3020

e-mail mdcarr@usgs.gov

Ms. Mary Cialone

USAE Engineer Research & Development Center
Waterways Experiment Station

ERDC-HC-C

3909 Halls Ferry Rd.

Vicksburg, MS 39180

tel (601) 634-2139

e-mail Mary.A.Cialone@erdc.usace.army.mil

Dr. Peter J. Cowell

University of Sydney

School of Geosciences

Marine Studies Centre

Coastal Studies Unit

NSW 2006

tel 62-2-9351-2189

fax 62-2-9351-3644

e-mail P.Cowell@csu.usyd.edu.au

178



Ms. VeeAnn A. Cross

U.S. Geological Survey

384 Quissett Campus Woods Hole Rd.
Woods Hole, MA 02543-1598

tel (508) 457-2251

fax (508) 457-2310

e-mail vatnipp@usgs.gov

Mr. Richard C. Daniels

Washington State Department of Ecology
Coastal Monitoring & Analysis Program
P.O. Box 47600

Olympia, WA 98504-7600

tel (360) 407-6427

fax (360) 407-6902

e-mail rdan461@ecy.wa.gov

Dr. Roger Flood

State University of NY

Marine Sciences Research Center
Stony Brook, NY 11794-5000

tel (631) 632-6971

fax (631) 632-8820

e-mail rflood@notes.cc.sunysb.edu

Mr. Jerry Franklin

Washington Department of Ecology
Coastal Monitoring & Analysis Program
P.O. Box 47600

Olympia, WA 98504-7600

tel (360) 407-7470

fax (360) 407-6902

e-mail jfrad61@ecy.wa.gov

Mr. Chuck Gale

Pacific International Engineering
144 Railroad Avenue, Suite 310
Edmonds, WA 98020

tel (425) 744-7700

fax (425) 744-1400

e-mail chuckg@piengr.com

179



Dr. Guy R. Gelfenbaum

U.S. Geological Survey

Coastal and Marine Geology Program
345 Middlefield Road, MS 999
Menlo Park, CA 94025

tel (650) 329-5483

fax (650) 329-5190

e-mail ggelfenbaum@usgs.gov

Ms. Ann E. Gibbs

U.S. Geological Survey

Coastal and Marine Geology Program
345 Middlefield Rd. MS 999

Menlo Park, CA 94025

tel (650) 329-5060 or (831) 459-3997
fax (650) 329-5197

e-mail agibbs@usgs.gov

Mr. Mike Hamer

U.S. Geological Survey

Coastal and Marine Geology Program
345 Middlefield Road, MS 999
Menlo Park, CA 94025

tel (650) 329-5056

fax (650) 329-5197

e-mail mhamer@usgs.gov

Mr. Kurt Hanson

U.S. Geological Survey
Center for Coastal Geology
600 4th Street S

St. Petersburg, FL 33701
tel (727) 893-3100 ext 3084
e-mail khanson1(@usgs.gov

Ms. April Herb

Portland State University
Department of Geology

17 Cramer Hall

1721 SW Broadway
Portland, OR 97207-0751
tel (503)725-3375

fax (503)725-3025

e-mail aherb@hotmail.com

180



Dr. Peter Howd

University of South Florida
Department of Marine Science
140 7th Avenue South

St. Petersburg, FL 33701-5016
tel (727) 553-1158

fax (727) 553-1189

e-mail phowd@marine.usf.edu

Mr. Robert H. Huxford

Washington State Department of Ecology
Coastal Monitoring & Analysis Program
P.O. Box 47600

Olympia, WA 98504-7600

tel (360) 407-6780

fax (360) 407-6902

e-mail bhux461@ecy.wa.gov

Dr. David A. Jay

Oregon Graduate Institute

Center for Coastal and Land-Margin Research
P.O. Box 91000

Portland, OR 97291-1000

tel (503) 690-1372

fax (503) 690-1273

e-mail djay(@ccalmr.ogi.edu

Mr. George M. Kaminsky
Washington State Department of Ecology
Coastal Monitoring & Analysis Program
P.O. Box 47600

Olympia, WA 98504-7600

tel (360) 407-6797

fax (360) 407-6902

e-mail gkam461(@ecy.wa.gov

Ms. Laura A. Kerr

U.S. Geological Survey

Coastal and Marine Geology Program
345 Middlefield Rd., MS 999

Menlo Park, CA 94025

tel (650) 329-5243

fax (650) 329-5190

e-mail lkerr(@usgs.gov

181



Dr. Paul D. Komar
Oregon State University

College of Oceanic & Atmospheric Sciences

Corvallis, OR 97331

tel (503) 737-5210

fax (503) 737-2064

e-mail pkomar(@oce.orst.edu

Ms. Emily F. Lindstrum

Washington State Department of Ecology
Coastal Monitoring & Analysis Program
P.O. Box 47600

Olympia, WA 98504-7600

tel 360 407-6436

fax (360) 407-6902

e-mail emli461@ecy.wa.gov

Ms. Diana C. McCandless
Washington State Department of Ecology
Coastal Monitoring & Analysis Program
P.O. Box 47600

Olympia, WA 98504-7600

tel (360) 407-6104

fax (360) 407-6902

e-mail dimc461@ecy.wa.gov

Dr. Martin C. Miller

Hart Crowser, Inc.

1910 Fairview Ave. East
Seattle, WA, 98102-3699

tel 206-324-9530

fax 206-328-5581

e-mail mcm@hartcrowser.com

Dr. Laura Moore

Woods Hole Oceanographic Institution
Dept. of Geology & Geophysics

MS #22

Woods Hole, MA 02543

tel (508) 289-3597

fax (508) 457-2187

e-mail Imoore(@whoi.edu

182



Mr. Otto Moosburner

U.S. Environmental Protection Agency
1200 6th Ave.

ECO-083

Seattle, WA 98101

tel 206-553-5198

fax 206-553-1775

e-mail moosburner.otto@epamail.epa.gov

Mr. Rod Moritz

U.S. Army Corps of Engineers, Portland District
P.O. Box 2946

CENPP-PE-HY

Portland, OR 97208-2946

tel (503) 808-4864

fax (503) 808-4875

e-mail hans.r.moritz@usace.army.mil

Dr. Robert A. Morton

U.S. Geological Survey

Center for Coastal Geology

600 Fourth Street South

St. Petersburg, FL 33701-4846
tel (727) 803-8747 x3080

fax (727) 803-2032

e-mail rmorton(@cfcg.er.usgs.gov

Mr. Eric E. Nelson

U.S. Army Corps of Engineers, Seattle District
Design Branch

P.O. Box 3755

Seattle, WA 98124-3755

tel (206) 764-3557

fax (206) 764-6795

e-mail eric.e.nelson@nps.usace.army.mil

Ms. Meg Palmsten

U.S. Geological Survey

Center for Coastal Geology

600 4th St S.

St. Petersburg, FL 33701

tel (727) 803-8747 x3019

fax (727) 803-2032

e-mail palmsten@cfcg.er.usgs.gov

183



Mr. Dave Percy
Portland State University
Department of Geology
P.O. Box 751

Portland, OR 97202-0751
tel (503) 725-3373

fax (503)725-3025

e-mail percyd@pdx.edu

Dr. Curt D. Peterson
Portland State University
Department of Geology
P.O. Box 751

Portland, OR 97202-0751
tel (503) 725-3375

fax (503) 725-3025

e-mail curt@chl.ch.pdx.edu

Dr. Larry Phillips

U.S. Geological Survey

Coastal and Marine Geology Program
345 Middlefield Rd., MS 999

Menlo Park, CA 94025

tel (650) 329-5378

fax (650) 329-5197

e-mail lIphillips@usgs.gov

Dr. Jim B. Phipps

Grays Harbor College

1620 Edward P. Smith Drive
Aberdeen, WA 98520-7599
tel (360) 538-4200

fax (360) 538-4299

e-mail jphipps@ghc.ctc.edu

Mr. Dave Qualman

Portland State University

P.O. Box 751

Portland, OR 97202-0751

tel (503) 725-3375

fax (503) 725-3025

e-mail psu08749@odin.cc.pdx.edu

184



Dr. Peter Ruggiero

Washington State Department of Ecology
Coastal Monitoring & Analysis Program
P.O. Box 47600

Olympia, WA 98504-7600

tel (360) 407-6230

fax (360) 407-6902

e-mail prug461(@ecy.wa.gov

Dr. Vladimir Shepsis

Pacific International Engineering
144 Railroad Avenue

Suite 310

Edmonds, WA 98020

tel (425) 921-1703

fax (425) 744-1400

e-mail vladimir@piengr.com

Dr. Christopher R. Sherwood
U.S. Geological Survey

Coastal & Marine Geology Program
345 Middlefield Road, MS 999
Menlo Park, CA 94025

tel (650) 329-5330

fax (650) 329 5190

e-mail csherwood@usgs.gov

Mr. David Simpson

Pacific International Engineering
144 Railroad Avenue

Suite 310

Edmonds, WA 98020

tel (425) 921-1705

fax (425) 744-1400

e-mail dsimpson@piengr.com

Mr. Oscar Sorensen
Portland State University
P.O. Box 751

Portland, OR 97202-0751
tel (503) 725-3375

fax (503) 725-3025

185



Dr. Marcel J. F. Stive

WL/Delft Hydraulics

Marine and Coastal Management Division
Rotterdamseweg 185

Delft, The Netherlands

tel +31 15 2858585

fax+31 15 2858582

e-mail marcel.stive@wldelft.nl

Dr. Dave C. Twichell

U.S. Geological Survey

384 Quissett Campus Woods Hole Rd.
Woods Hole, MA 02543-1598

tel (508) 457-2266

fax (508) 457-2310

e-mail dtwichell@usgs.gov

Dr. Sandy Vanderburgh

University College of the Fraser Valley Department of Geography
33844 King Road, V2S 4N2

Abbotsford, British Columbia

tel (604) 853-7441

fax (604) 855-7558

e-mail vanderburghs@smtpgw.ucfv.bc.ca

Mr. Brian G. Voigt

Washington State Department of Ecology
Coastal Monitoring & Analysis Program
P.O. Box 47600

Olympia, WA 98504-7600

tel (360) 407-6568

fax (360) 407-6902

e-mail bvoi461(@ecy.wa.gov

Mr. Troy Warnick

Washington State Department of Ecology
Coastal Monitoring & Analysis Program
P.O. Box 47600

Olympia, WA 98504-7600

tel (360) 407-6476

fax (360) 407-6902

e-mail twar461(@ecy.wa.gov

186



GROUP PHOTOGRAPH

From left to right:

Front Row: L. Moore, E. Lindstrum, L. Kerr, M. Palmsten, L. Phillips, J. Franklin, M. Hamer,
A. Herb, V. Cross, C. Sherwood, B. Voigt.

Second Row: P. Ruggiero, A. Gibbs, G. Gelfenbaum, G. Kaminsky, B. Huxford, J. Phipps,
P. Beauchemin, D. Jay, P. Komar.

Third Row: E. Braun, S. Babcock, S. Vanderburgh, C. Peterson, M. Buijsman, E. Nelson, M. Cialone,
D. Baker, D. Percy.
Back Row: D. Qualman, K. Hanson, T. Warnick, R. Moritz, D. McCandless, M. Miller, R. Flood,

H. Bragg, D. Simpson, O. Sorenson, B. Morton, O. Moosburner, M. Carr, M. Stive, P.
Howd, P. Cowell, D. Twichell, J. Allan.
Not Pictured: V. Shepsis, C. Gale, R. Daniels.
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