Sediment Transport and Nearshore Hydrodynamics
at the Mouth of the Columbia River
April, 2005
DRAFT WHITE PAPER
Prepared for
The Institute for Natural Resources
Oregon State University
by
Daniel Cox
O.H. Hinsdale Wave Research Laboratory
Oregon State University

1

Physical Setting [This section is taken almost verbatim from Gelfenbaum et al (1999)]
The Columbia River littoral cell (CRLC) is approximately 165 km long and extends from Tillamook
head, Oregon, to Point Grenville, Washington (Peterson et al., 1991) (Figure 1 from Buijsman et al.,
2003). The cell is subdivided by three large estuaries: Grays Harbor, Willapa Bay, and the Columbia
River Estuary. These bays and two headlands divide the Columbia River littoral cell into four arcuate
shaped sub cells denoted as: Clatsop Plains, Long Beach Peninsula, Grayland Plains, and North Beach.
The beaches are characterized by wide surf zones and large longshore sand bars. Beach sands are 0.15 –
0.25 mm in size, with the mean size decreasing from the Columbia River (Peterson et al., 1994; Ruggiero
et al., 1999).
Wave Energy is high in the Pacific Northwest with monthly mean significant wave heights varying
between 1.0 and 3.0 m, and wave periods varying between 8 and 12 s. Extreme winter storms produce
significant wave heights of over 7 m and peak periods of over 17 s (Ruggiero et et al., 1997). Tides are
mixed semi-diurnal with a 2–4 m range driving tidal circulation on the inner shelf and large tidal
exchanges at the entrances to Grays Harbor, Willapa Bay, and the Columbia River estuary. The
combination of sediment supply and tidal range has produces large flood- and ebb-tidal deltas at all three
estuary entrances. Freshwater discharge from the Columbia River is large (3rd larges in U.S.) with an
annual mean flow of about 6,000 m3/s. With the introduction of eleven major and over 200 smaller dams
in the mid 1900s, flow regulation to prevent flooding in the Columbia River basin has had a significant
impact on decreasing peak flows (Sherwood et al., 1990).

Bottom Sediments [This section is taken almost verbatim from Mortiz et al. (1999).]
Between 80–90% of the Lower Columbia River’s sediment throughflow is composed of suspended
sediment, yet relatively litter suspended sediment is retained in the main stem of the estuary or at the
Mouth of the Columbia River (MCR). The predominate sediment in the main channels of the estuary is
sand which is transported as bedload, with silts and clays prevalent only in the upper estuary and
peripheral bays (Roy et al., 1982). In terms of the overall estuary, average bottom sediments have been
characterized as having 1% gravel, 84% sand, 13% silt, and 2% clay (Hubbell and Glen, 1973; Roy,
1982).
On the ocean side of the MCR, marine sand is transported to the MCR by the north and southbound
littoral currents. The net direction of the littoral transport is believed to be toward the north (Ballard,
1964), with significant excursions toward the south (Lockett, 1967). The seasonal variation in bottom
sediment texture at the MCR and adjacent offshore areas has been described in numerous reports
(Sternberg, 1977; Roy, 1982). Fine-medium sand (0.13–0.28 mm) is present at the Columbia River
entrance during all oceanographic seasons. Although very fine (0.063–0.12 mm) sand is often observed
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at the MCR, these sediments are transitory and more common during the summer than winter (Roy et al,
1982). The grain size associated with very fine sand is characteristic of native sediment observed along
the inner-shelf at the MCR (excluding the coarser ebb-tidal shoal sediments associate with the Columbia
River). It has been observed that winter storms winnow the silt fraction (>0.0625 mm), from sediments
between the MCR entrance and the outer edge of the ebb-tidal shoal (37 m depth). The seaward advance,
or uncovering, of medium-fine sand has been observed to occur with onset of the spring freshet (high
river discharge) (Roy et al., 1982). The silt size fraction returns to the MCR sediment regime in the
spring and increases markedly through the summer in the form of intermittent patches. The area offshore
of the MCR ebb-tidal shoal (deeper than 37 m) is believed to receive sediments from adjacent inner-shelf
areas during the summer. Previous studies indicate that some of the sand-sized sediments within the
Columbia River estuary may have been transported through the MCR and onto the estuary from adjacent
nearshore and shelf regions of the Washington and Oregon coasts (Lockett, 1967; Roy et al, 1983).

Jetty Construction and Morphological Response [This section is taken almost verbatim from Moritz et
al. (2003).]
The original MCR project authorization (1880) directed the U.S. Army Corps of Engineers (USACE)
to construct a 7.3 km long south jetty for a 9 m deep channel across the MCR bar. The crest of the south
jetty was originally constructed to mid-tide elevation (+1–2 m MLLW). In 1905, the USACE was
authorized to extend the south jetty to 10.8 km long to attain a 12.2 m deep channel, 0.82 km wide across
the bar. A 12.2 m deep channel was attained but became unstable, and the controlling depth was reduced
to 7.6 m. The incremental construction of the south jetty from 1885 to 1913 resulted in a crest elevation
of +5–8 m MLLW. An increased jetty crest elevation was needed to prevent wave overtopping damage to
the lee side of the jetty, reduce sediment transport over the jetty, and protect the construction tramway
from wave action. From 1931 to 1982, eight repair events were required to maintain the structural
integrity of the south jetty. In 1913, Congress authorized the USACE to construct the 4 km long north
jetty to fully secure the 12.2 m deep channel. Three separate repair events were undertaken between 1938
and 1965 to maintain structural integrity of the north jetty. Upon completion of the north jetty in 1917,
the north and south jetties functioned
A) to constrict the MCR entrance to 3 km wide at the estuary mouth, at which point the velocity of
the tidal flow would minimize the formation of shoals within the MCR entrance channel, and
B) to hold and prevent channel-ward encroachment of existing entrance shoals: Peacock Spit along
the north side of the MCR entrance channel and Clatsop Spit along the south side of the channel.
The principal function of the MCR jetties is to secure a consistent navigation channel (16.8 m deep by
800 m wide by 8 km long) across the bar at the MCR.
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Figure 2a shows the MCR entrance in 1885 before the initiation of south jetty construction. Figure 2b
shows the MCR in 1950, 33 years after its completion. In 1885, the unstable entrance was controlled by a
relatively symmetrical ebb tidal shoal (Middle Sands), exposed flood tidal shoals, and westerly-directed
primary channel with controlling depth less than 12 m. Note the tidal shoals on which the south and north
jetties were constructed. Redistribution of the MCR morphology in response to jetty construction has
been profound. In 1950, Peacock Spit had been dispersed and the inshore part of Clatsop Spit had shifted
northward more than 3 km. Adjacent coastal shorelines had experienced accretion that exceeded 600 m
and the sub-tidal area of Peacock Spit was displaced 3,000 m offshore. The offshore part of Clatsop Spit
was displaced landward onto the south shore of the MCR. The reformation of morphology had pushed the
MCR channel north toward the north jetty. Jetty A and the Sand Island pile dikes were constructed to
prevent additional northward migration of the MCR channel.

Sediment Budgets [This section is taken almost verbatim from the report of Buijsman et al., 2003, which
draws on the work of Gelfenbaum et al., 1999; Gelfenbaum et al., 2001; Kaminsky et al., 1999; and
Kaminsky et al, 2000].
The report of Buijsman et al (2003) is part of the Southwest Washington Coastal Erosion Study
(SWCES) co-sponsored by the U.S. Geological Survey (USGS) and the Washington Department of
Ecology. The purpose of the SWCES project is to develop an understanding of the coastal processes and
shoreline change over a variety of time scales for the Columbia River littoral cell (CRLC). The objectives
of the report by Buijsman (2003) are to
1. calculate historical bathymetric and topographic-change volumes and rates for the CRLC
2. Establish sediment balances and Grays Harbor and Columbia River Entrances
3. Describe and interpret the morphological changes
4. Infer sediment-transport pathways from patters of erosion and accretion
5. Provide historical information about dredging and disposal of sediments
6. Provide a foundation for further research (e.g., numerical shoreline and morphodynamic
modeling)
7. Provide information that can be used to guide decision making within the CRLC.

Available bathymetric and topographic data are assigned to four eras (periods of nearly contemporary
surveys). They are Era I (1860s–1900s), Era II (1920s–1930s), Era III (1940s–1950s), and Era IV
(1990s–2000s). Analyses of bathymetric and topographic change in the CRLC are performed for four
intervals:
•

Interval 1: Era I – Era II (1860s–1900s to 1920s–1930s)
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•

Interval 2: Era II – Era III (1920s–1930s to 1940s–1950s)

•

Interval 3: Era III – Era IV (1940s–1950s to 1990s–2000s)

•

Interval 4: Era II – Era IV (1920s–1930s to 1990s–2000s) [Grays Harbor only].

Figure 3 shows the pre-jetty Era I bathymetry (top left) and Era II bathymetry (top right). The bathymetric
changes for Interval 1 are shown in Figure 4 (left). Jetty construction reduced the width of the river
mouth from approximately 9.6 to 3.2 km. As a result, the confined tidal currents eroded the entrance
channel 159 Mm3 (compartments 5, 6, and 7) during Interval 1. Part of this sand was transported seaward
and deposited in a new ebb-tidal delta offshore 9172 Mm3 (compartment 4). The South Flank
(compartment 3) south of the South Jetty, which was no longer affected by the ebb-jet, eroded 217 Mm3.
Wave and currents transported part of this sand to the northwest to accrete in the outer lobe of the ebbtidal delta and part of the sand was transport onshore to accrete Clatsop Spit (compartment 2) by 26 Mm3
and Clatsop Plains by 48 Mm3. Clatsop Spit accreted over 7 km2 of land within 5 km of the South Jetty.
Peacock Spit (compartment 1), a pocket beach between the Columbia River North Jetty and North Head,
accreted 22 Mm3 (nearly 4 km2 of land). The coast of Long Beach, north of North Head, accreted little
during this interval (27 Mm3). Sand from the entrance may have moved into the Columbia River estuary,
contributing to the accretion of the Flood-tidal Delta by 92 Mm3. The Upper Estuary, including Omission,
accreted 72 Mm3.
Figure 3 shows the Era III bathymetry (bottom left) and Era IV bathymetry (bottom right). The
bathymetric changes for Interval 3 are shown in Figure 4 (right). The adjustment of the morphology at the
MCR entrance due to jetty construction continued in Interval 3. The Inner Delta, Inlet, and South Flank
continued to erode, whereas Long Beach and Clatsop Plains continues to accrete. The Outer Delta
(compartment 3) continued growing westward, accumulating 45 Mm3 , and an additional 56 Mm3
accumulated at dredge disposal sites A, B, and F (compartments 5, 6, and 7, respectively). During this
interval, approximately 3.4 Mm3/yr of mostly sand was removed from the entrance channel by dredging.
Approximately 88 Mm3 was placed in disposal sites A, B, and F, suggesting that approximately 33 Mm3
(0.8 Mm3/yr) dispersed. The inner Delta (compartment 2) and Peacock Spit (compartment 1) continued to
erode, losing approximately 55 Mm3.
The temporal and spatial scales of the morphologic changes along the CRLC for Interval 1, 2, and 3
are reflected in the area- and volume-change rates in Figure 5 (Buijsman et al., 2003). Following jetty
construction, in Interval 1, the largest morphological changes occurred directly adjacent to the entrances
jetties at North Beach, Long Beach, and Clatsop Plains. During Interval 2, along North Beach, Long
Beach, and Clatsop Plains, the regions of greatest accumulation shifted away from the Grays Harbor and
Columbia River entrances. The accretion rates decrease at the spits NBds, GLdn, and LBdn and reveres
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to erosion at CPdn, whereas the accretion ratios of the central coasts of North Beach, Long Beach, and
Clatsop Plains increase. During Interval 3, the net accumulation along North Beach, southern Long
Beach, and Clatsop Plains decreases. Peacock spit (LBds) eroded, and Clatsop spit (CPdn) stabilized.
Buijsman et al. (2003) use bathymetric- and topographic-volume changes to infer sediment transport
pathways in the CRLC. Qualitative transport pathways averaged over bathymetric-change Intervals 1, 2,
and 3 along the CRLC are presented in Figure 6. During the last century, the morphologic changes and
transport pathways at the Columbia River entrance are similar to those at the Grays Harbor entrance. The
erosion of the Inlet (15), Inlet Spits, and Inner Delta (14) of 2.74 Mm3/yr (159 Mm3) in Interval 1, can not
account for the combined accretion of Long Beach and the Outer Delta (13) of 3.79 Mm3/yr (220 Mm3),
implying that sand came from the estuary and/or from the South Flank (19) and the Clatsop Plains Shelf
(21). The South Flank and Clatsop Plains Shelf combined eroded by 4.26 Mm3/yr (247 Mm3), and part of
this sand moved onshore to accrete the beach-dune complex of Clatsop Plains by 1.28 Mm3/yr (74 Mm3)
and the remainder moved to the northwest to accrete the outer Delta. As a result of jetty construction,
sand from the inlet may have moved into the Columbia River estuary to accrete the Flood-tidal Delta (17)
by 1.58 Mm3/yr (92 Mm3). The balance over all bathymetric changes is 65 Mm3 net erosion. Including
omission, losses due to northward sediment transport, and gains due to Columbia River sediment supply,
the balance is 2 Mm3/yr (116 Mm3) net erosion.
In Interval 2 and Interval 3, the changes are a net accretion of 229 Mm3 and 221 Mm3, respectively.
The inferred sediment flux patterns are similar during these intervals. In Interval 2, the erosion of the
South Flank and the Clatsop Plains Shelf balances the accretion of the beach-dune complex of Clatsop
Plains, i.e., the net change is 0.22 Mm3/yr (7 Mm3) more accretion than erosion. The net balance over the
entrance (compartments 12–16), the estuary (compartments 17 and 18) and Long Beach is an observed
accretion of 4.8 Mm3/yr (154 Mm3). If we include the estimates for Omission Estuary, Dredging Estuary,
and losses due to northward sediment transport, the net accretion increases from 154 Mm3 to 305 Mm3.
In Interval 3, the change over the South Flank, Clatsop Plains Shelf and the beach-dune complex of
Clatsop Plains is 0.13 Mm3/yr (5.26 Mm3) erosion. The balance for the Outer Delta, Long Beach Shelf,
and the beach-dune complex of Long Beach is 5.49 Mm3/yr (225 Mm3) net accretion. Although the Inlet
and estuary are not included in this balance, we do not expect these compartments to be a significant
source of sand to balance the accretion.
Buijsman et al. (2003) infer from littoral transport calculations along Long Beach (Kaminsky et al,
2000; Buijsman et al., 2001) and the net accretion of Long Beach Shelf, that the beach-dune complex of
Long Beach accreted during Intervals 2 and 3 due to sand supply from the south (i.e., the Columbia River
entrance). However, Buijsman et al. (2003) can not balance the erosion of the Inlet and Inner Delta with
the combined accretion of the Outer Delta, the beach-dune complex of Long Beach, and Long Beach
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Shelf. In addition, the erosion of the South Flank and the Clatsop Plains Shelf balances the accretion of
the beach-dune complex of Clatsop Plains, suggesting that no significant volume of sand was transported
northward from the region south of the Columbia River entrance during Interval 2 and 3. Buijsman et al.
(2003) conclude that the net observed accretion during Intervals 2 and 3 is due to uncertainties in the
bathymetric data, and/or the supply of sand from the Columbia River estuary was higher than estimated.
The study of Buijsman et al. (2003) is one of the first to provide an extensive analysis of the CRLC
between the late 1880s and 1900s, and they inferred (among others items related to North Beach and
Grayland Plains sub-cells) the following from their sediment balances:

1. To balance the accretion along Clatsop Plains coast, sand had to be transported onshore from the
eroding south flank of the Columbia River delta and shelf along Clatsop Plains and towards the
south during all intervals

2. During Intervals 2 and 3, the erosion of the south flank and the shelf was nearly equal to the
accretion of the beach-dune complex along Clatsop Plains, implying that there was no significant
net northward transport around the Columbia River delta to contribute to the accretion of the
outer delta and Long Beach.

Buijsman et al. (2003) note that there are many uncertainties associated with their analysis (e.g., tidal
datum adjustments, incomplete bathymetric coverage, inconsistencies in the bathymetric data, elevation
of the DEMbald, and the Columbia River sediment supply). However, many of the calculated bathymetric
and topographic changes are greater than the uncertainties, suggesting that the order of magnitude is
correct.
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Figure 1: The Columbia River littoral cell and four sub-cells (Buijsman et al., 2003).
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Figure 2: Development of the MCR. (A) MCR in 1885 prior to construction. Note extensive tidal shoals
on which jetties were built. (B) MCR in 1950 after improvements. Note formation of accreted spits.
(Moritz et al., 2003).
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Figure 3: Pre-jetty Era I bathymetry (top left), Era II bathymetry (top right), Era III bathymetry (bottom
left) and Era IV bathymetry (bottom right) (Buijsman et al., 2003).
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Figure 4: Bathymetric and topographic changes for Interval 1 at MCR (left) and Interval 3 (right) (Buijsman et al., 2003).
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Figure 5: Shoreline change rates per compartment for Interval 1, 2, and3 along the CRLC. (left). Interval 2 and 3 area-change rates are not
calculated due to lace of Era III shoreline data along CPc1 and CPc2. Bathymetric and topographic volume-change rates per compartment
normalized by compartment length for Interval 1, 2, and 3 along the CRLC (right). Volume changes at the spits were not included. (Buijsman et
al., 2003).
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Figure 6: Integrated sediment-transport pathways along the CRLC averaged over Interval 1, 2, and 3.
Arrows do not represent quantitative volumes. (Buijsman et al., 2003).
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