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ABSTRACT: Grays Harbor is located on the southwest Washington coast at the mouth of the Chehalis
River, about 45 miles north of the Columbia River mouth. The harbor is 13 miles wide at its broadest
point and 15 miles long from Aberdeen, WA, on the east to the entrance o the west. Two convergent rock
jetties, a north jetty and a south jetty, are part of the Grays Harbor navigation project, which is a federally
constructed and maintained navigation channel. Development of the channels and facilities at Grays
Harbor has been a continuing process since the Rivers and Harbors Act of June 1896 authorized the
construction of the south jetty. Maintenance dredging has been required after the 1990 Grays Harbor
navigation improvement project was completed. :

The U.S. Army Engineer District, Seattle requested a study to evaluate the engineering features and
maintenance measures in the vicinity of the south jetty. The south jetty sedimer}t processes study was
developed and keyed to elements of a plan of action. The purpose of thp study is to evaluate the ‘
performance of engineering and maintenance measures that have been implemented to control breaching
next to the south jetty, and to reduce shoreline erosion in Half Moon Bay and placement of dredged
material to alleviate erosion. Another study in a series on the south jetty is in progress to document the

analysis of a breached condition and assess the risk of future breaching.
This report documents the history of the south jetty and related engineering structures, and reviews

previous studies relevant to the acting coastal processes. It includes reviews of dredging and disposal
activities associated with maintenance and new work dredging, analysis of the wave diffraction mound
performance, analysis of upland and intertidal topography and nearshore bathymetry surveys, analysis of
shoreline position change, identification of sediment pathways, and a sediment budget. The performance
of the engineering and maintenance measures is then evaluated based on these results. The role of
continued periodic nourishment activities is also assessed.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes.
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products.
All product names and trademarks cited are the property of their respective owners. The findings of this report are not

to be construed as an official Department of the Army position unless so designated by other authorized documents.
DESTROY THIS REPORT WHEN IT IS NO LONGER NEEDED. DO NOT RETURN TO THE ORIGINATOR.
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Conversion Factors, Non-Sl to
S| Units of Measurement

Non-SI units of measurement used in this report can be converted to SI units
as follows:

Multiply By To Obtain
acres 4,046.873 square meters
cubic yards 0.7645549 cubic meters
feet 0.3048 meters

inches 2.54 centimeters
miles (U.S. statute) | 1.609347 kilometers
pounds 45359 x 10> | grams

tons 1.016 x 10° kilograms
square miles 2,589,998 square meters




Preface

This report describes an evaluation of the performance of engineering
measures that have been implemented to control breaching of the south jetty and
shoreline erosion in Half Moon Bay at Grays Harbor, WA. The study was
conducted by the U.S. Army Engineer Research and Development Center
(ERDC), Coastal and Hydraulics Laboratory (CHL), for the U.S. Army Engineer
District, Seattle. Mr. Hiram T. Arden, Navigation Section, Operations Division,
was the Seattle District point of contact for the study, with technical assistance
and review of this report by Messrs. Arden; George A. Hart, Environmental
Resources Section; and Robert M. Parry, Chief, Navigation Section.

The ERDC study team was under the technical direction of Dr. Nicholas C.
Kraus, Senior Scientists Group, CHL, and task-area leaders were Mr. Ty V.
Wamsley, Coastal Processes Branch, CHL, for review of engineering history and
previous scientific studies; Mr. William C. Seabergh, Harbors and Entrances
Branch, CHL, for physical modeling; Dr. Zeki Demirbilek, Harbors and
Entrances Branch, for wave numerical modeling; Dr. Philip D. Osborne, Pacific
International (PI) Engineering™C, for field data collection, morphological
change, and sediment budget analysis; and Dr. Vladimir Shepsis, PI Engineering,
for dredging and disposal analysis. Mr. Harry Hosey and Dr. Osborne were the
study leaders for PI Engineering.

Technical assistance at PI Engineering in conducting the study was provided
by Messrs. David Katzev and David P. Simpson, in support of morphologic
change analysis; Messrs. David B. Hericks and Scott B. Hicks, in support of field
data collection and data processing; and Mr. Charles Haynes for the aerial
photograph analysis. The Washington State Department of Ecology and U.S.
Geological Survey provided assistance with nearshore bathymetric surveying in
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Engineering, provided support in preparation of selected figures and graphics,
and Ms. J. Holley Messing, Coastal Engineering Branch, CHL, formatted this
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Deputy Director, respectively, CHL. Mr. Arden and Dr. Kraus provided
technical review of this report.

COL John W. Morris >III, EN, was Commander and Executive Director of
ERDC. Dr. James R. Houston was Director.




1 Introduction

Background

Grays Harbor is located on the southwest Washington coast at the mouth of
the Chehalis River, about 45 miles’ north of the Columbia River mouth. The
harbor is 13 miles wide at its broadest point and 15 miles long from Aberdeen,
WA, to the entrance. The water surface area is 91 square miles at mean higher
high water (mhhw) and 38 square miles at mean lower low water (mllw). The
estuary is enclosed on the ocean side by spits, Point Brown on the north and
Point Chehalis on the south. The spits are separated by a 2-mile-wide opening,
which forms the natural harbor entrance. Two convergent rock jetties, north jetty
and south jetty, extend seaward from the spit points. The jetties are part of the
Grays Harbor navigation project, which is a federally constructed and maintained
navigation channel that allows deep-draft shipping through the outer bar, Grays
Harbor estuary, and the Chehalis River to Cosmopolis (Figure 1).

The development of the channels and facilities at Grays Harbor has been a
continuing process since the Rivers and Harbors Act of June 1896 authorized the
construction of the south jetty. Maintenance dredging has been required after the
1990 Grays Harbor navigation improvement project was completed. Erosion on
South Beach and Half Moon Bay prompted the disposal of a portion of this
dredged material in these areas. In December 1993, persistent shoreline erosion
near the south jetty culminated in the formation of a breach between the jetty and
the adjacent South Beach. The U.S. Army Engineer District, Seattle, filled the
breach in 1994 with 600,000 cu yd of sand dredged from the navigation channel
as a temporary measure to protect the Grays Harbor navigation project and
alleviate local concerns. During the seventh winter that the fill was in place
(2001-2002), a series of storms damaged the South Beach and modified the Half
Moon Bay shoreline, re-emphasizing the temporary nature of the sand fill. From
November 1998 to March 1999, the Point Chehalis revetment extension and fill
was constructed. In 1999, construction began on a wave diffraction mound, and
about one-third of a recommended design for a transition gravel beach with
cobble material was placed on a subsequent fill of the breach. This greatly
reduced scope of a transition gravel beach with cobble was required to alleviate

! This study involves analysis of historic and recent engineering documents with values expressed
in American customary (non-SI) units. To maintain continuity with the previous body of work, the
original units are retained in their context. Measurements and calculations made as part of the
present study are expressed in SI units. A table of factors for converting non-SI units of
measurement to SI units is presented on page ix.
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concerns about the environmental resources and access impacts of placing gravel
on a sandy beach.

Purpose of Study

A project technical meeting was held 15 January 2002 to develop this study.
The U.S. Army Engineer Research and Development Center (ERDC), Coastal
and Hydraulics Laboratory (CHL) coordinated with the Seattle District to
develop a plan of action to evaluate the engineering features and maintenance
measures in the vicinity of the south jetty. The south jetty sediment processes
study was developed and keyed to elements of the plan of action. The purpose of
the study is to evaluate the performance of engineering and maintenance
measures that have been implemented to control breaching of the south jetty, and
to reduce shoreline erosion in Half Moon Bay and placement of dredged
materials to alleviate erosion. During the course of study, critical issues in the
scope of work were identified and addressed in the present report.

Relevant engineering and maintenance measures in the area include the
maintenance dredging and disposal program for the Grays Harbor and Chehalis
River navigation project, the Point Chehalis revetment fill, the South Beach
breach fill with gravel transition beach, and the south jetty wave diffraction
mound. Each of these measures was designed to prolong the life of the breach
fill and provide beach erosion protection. The purpose of the maintenance
dredging is for continued deep draft navigation with a managed dredged
materials disposal program that reduces the rate of beach erosion by periodically
reintroducing sediment into the littoral system. The Point Chehalis revetment
extension project is subject to the Point Chehalis Revetment Extension Project,
Interagency Mitigation Agreement with a plan dated 7 October 1998. The
agreement provides for periodic renourishment of the Half Moon Bay shoreline.
The gravel with cobble transition beach was designed to slow erosion of the
beach directly adjacent to the south side of the jetty and to eliminate the
dangerous 8-ft-high scarp at that location. In 2000, a wave diffraction mound
was constructed to terminate the inner end of the jetty and maximize wave
refraction-diffraction, thereby reducing wave-induced erosion of the shore in the
western portion of Half Moon Bay.

This report documents the history of the south jetty and related engineering
structures, and reviews previous studies relevant to coastal processes. It includes
a review of dredging and disposal activities associated with maintenance and new
work dredging, analysis of the wave diffraction mound performance, analysis of
upland and intertidal topography and nearshore bathymetry surveys, analysis of
shoreline position change, identification of sediment pathways, and a sediment
budget. The performance of the engineering and maintenance measures is then
evaluated based on these results. The role of continued periodic nourishment
activities is also assessed.

Chapter 1 Introduction
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2 History of South Jetty and
Related Engineering
Structures

This chapter documents the history and reviews previous studies of the south
jetty and related structures. The development of the channels and facilities at
Grays Harbor has been a continuing process since the Rivers and Harbors Act of
June 1896 authorized construction of the south jetty. In the past 50 years,
considerable study effort has been expended to understand coastal processes at
this site, including field measurements, physical model tests, and numerical
model simulations. Table 1 chronologically lists the major engineering studies
conducted on the south jetty, adjacent shorelines, and the navigation project. In
addition to the reports listed in Table 1, other research by the U.S. Army Corps
of Engineers (USACE), USACE contractors, and other consultants and agencies
was included in the present review.

Table 1
Major Studies of South Jetty and Related Structures
Date Report
U.S. Army Engineer Waterways Experiment Station (WES), “Plans for Improvement of
1955 Grays Harbor and Point Chehalis, Washington: Hydraulic Model Investigation”
1965 USAED, Seattie, General Design Memorandum “South Jetty Rehabilitation”
U.S. Army Corps of Engineers, Committee on Tidal Hydraulics (CTH), “Report on
1967 Grays Harbor, Washington”
1972 WES, “Report 4, South Jetty Study”
Battelle/Marine Sciences Laboratory, “Historical Bathymetric Changes Near the
‘ 1992 Entrance to Grays Harbor, Washington”
X Hartman Associates, Inc., “Technical Analyses of the Shoreline Breach at the South
; 1994 Jetty, Grays Harbor, Washington™
| Special Subcommittee of the Committee on Tidal Hydraulics and Coastal Engineering
X Research Board, “Review of Long-Term Maintenance Plans for the South Jetty, Grays
: 1995 Harbor, Washington”
USAED, Seattle, Evaluation Report, “Long-Term Maintenance of the South Jetty at
1997 Grays Harbor, Washington”
Pacific International Engineering (P! Engineering), “Grays Harbor Navigation Project
1998 South Beach Stabilization Analysis™
USAED, Seattle, “Design Analysis (Revised) Grays Harbor, Washington, FY 1999
1999 South Jetty Repair™
* NOTE: Although in draft form and/or not published, these reports have contributed to the
development of engineering activities at the south jetty and are part of the history.
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Engineering History of South Jetty

The earliest mapping of Grays Harbor (1852) shows a relatively narrow
channel between Point Chehalis and Point Brown with Eld Island just south of
Point Brown. Maps from 1862 through 1891 show that Eld Island eroded
completely and Point Brown receded in a northeasterly direction about 4,300 fi.
During the same time period, Point Chehalis accreted about 4,300 ft in a
northwesterly direction (Phipps and Smith 1978). The entrance migration
indicated a predominant direction of littoral drift from south to north. The
engineering history at Grays Harbor commenced with the construction of the
south jetty to prevent shoaling of the navigation bar channel. Major events in the
history of the harbor entrance are summarized in Table 2. Channel depths are
referenced to mllw.

South jetty construction began in 1898 and was completed in 1902 to a
height of +8 ft mllw and a total length of 13,734 ft, of which 11,950 ft extended
seaward of the high water line at that time. The construction of a second jetty
north of the harbor entrance began in 1907. The north jetty was completed in
1913 to a length of 17,000 ft and a height of +8 ft mllw. Storm damage during
and after construction lowered the top elevation to +3 ft mllw. By 1916, it was
reconstructed and the crest elevation was again +8 ft milw. Once the north jetty
was reconstructed, the existing channel adjacent to the south jetty shoaled and a
new wider and deeper channel developed north of the older channel.

Westhaven Cove formed naturally at Point Chehalis after construction of the
south jetty, and the Port of Grays Harbor constructed a harbor there in 1929.
From 1904 to 1933, the south jetty subsided to elevations varying from +6 ft
mllw at the shore end to —10 ft mllw at the seaward end. The outer 12,656 ft of
south jetty was reconstructed to elevation +20 ft mliw between 1935 and 1939.
The first shoreline trace of Half Moon Bay appeared after 1940, following the
completion of the south jetty rehabilitation. The north jetty also deteriorated
between 1916 and 1940 and was reconstructed to +20 ft mllw during 1941 and

1942,

: Surveys show that Point Chehalis continued to build to the north, west, and

east until reconstruction of the jetty in 1935. The material to build and nourish
Point Chehalis apparently came from the south and passed over or through the
south jetty prior to reconstruction (e.g., Figure A-1, Appendix A). The
reconstructed jetty prevented the passage of material over and through the jetty,
cutting off the longshore supply of sediment. The result was continued erosion
of Point Chehalis until protective work concepts were created in the 1950s by the
U.S. Army Engineer Waterways Experiment Station (USAEWES 1955).
Considerable deterioration of the south jetty continued after its completion in
1937. By 1953, surveys showed that nearly 6,000 ft of the jetty had subsided
nearly down to mllw. '

In August 1950, a model study by researchers at WES, currently ERDC, was
initiated with the primary purpose of developing a comprehensive plan for the
protection of Point Chehalis, Westhaven Harbor, and the south jetty from wave
and tidal current action. The model was constructed as a fixed-bed facility with a
horizontal scale of 1 to 800 and a vertical scale of 1 to 80. The model test results
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Table 2

Engineering History at Grays Harbor Entrance (Adapted from

USAED, Seattle 1997)

Period Event

1898-1902 Initial construction of south jetty. Constructed to 13,734 ft with initial appropriation.
Top el +8 ft milw. Authorized to 18,154 ft.

1907-1916 Initial construction of north jetty, 17,204 #, top el +8 ft mliw.

1935-1939 South jetty reconstruction, sta 80+00 to 210+00, top el +20 ft milw.

1935-1940 North jetty reconstruction, outer 7,000 ft, top ef +20 ft miiw.

1942 Maintenance dredging of bar and entrance channels no longer required due to
scouring effect of jetty system.

1950-1956 Construction of Point Chehalis shore protection (revetment and groins).

1966 South jetty reconstruction, sta 110+00 to 150+00, top el +20 ft milw.

1970-1973 Extensive groin replacement and revetment repair along Point Chehalis, including
timber pile closure of entrance between breakwaters A and B at Westport Marina.

1975 North jetty reconstruction, outer 6,000 ft, to top e! +20 ft milw.

1990 Construction of outer harbor navigation channel improvements including deepening
of bar and outer entrance channel to 46 ft, widening of bar channel to 1,000 ft, and
entrance to 600 ft.

1991 Re-institute maintenance dredging of bar and entrance channels.

1992-1996 Nearshore placement of maintenance dredged material by the Seattle District in Half
Moon Bay (1992,1994, 1996) and off South Beach south of south jetty (1993,1994),
to reduce offshore erosion.

Fall 1993 Rehabilitate southern portion (800 ft) of the Point Chehalis revetment.

Dec. 1993 Breach occurs between south jetty and adjacent shore.

Fall 1994 Placement of 600,000 cu yd of dredged material to close south jetty beach.

1995 Placement of 82,000 cu yd of sand by city of Westport to protect sewer outfall line,
and placement of 300,000 cu yd of dredged material by Corps to nourish Half Moon
Bay shoreline (Section 111 project).

Feb. 1997 Placement of 5,000 cu yd of sand by the Seattle District to raise low area of Half
Moon Bay shoreline berm adjacent to westem terminus of the Point Chehalis
revetment.

Nov. 1998 -

Mar. 1999 Point Chehalis revetment extended 1,900 ft.

Dec. 1999 — | South jetty rehabilitation with modifications. Wave diffraction mound constructed at

Feb. 2000 landward end of south jetty, including placement of 17,358 tons of 12-in. minus
transition grave! and cobble materials.

2000-2003 North jetty rehabilitation.

2001-2002 South jetty rehabilitation, including a modification for rehandling of 135,000 cu yd of
sandy dredged material from Seattle District's existing Half Moon Bay direct beach
nourishment disposal site (upland stockpile) to eroding breach fill over
approximately 8 acres. Fill was constructed in form of a dune with top el of +36 ft.
Modification includes placement of 24,146 tons of additional 12-in. minus rock to
extend transition gravel and cobble berm protection.

May 2002 Contract hopper barge placed 102,672 cu yd of sand in nearshore Half Moon Bay
and Government hopper dredge Yaquina placed 275,769 cu yd of sand in nearshore
of Half Moon Bay.

June 2002 Contract hopper with pumpoff booster restores upland revetment stockpile with
136,706 cu yd from South Reach
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indicated that the removal of the outer 6,000 ft of the south jetty above mllw
(which was rapidly being accomplished by nature) would reduce current
velocities in the southern portion of the entrance channel and benefit Point
Chehalis. The researchers concluded that “the erosion rate along the northern
and western shores of Point Chehalis will undoubtedly be reduced when
deterioration of the south jetty has progressed eastward a sufficient distance to
permit material to pass over the jetty and replenish erosion losses along those
beaches; however, local protection must be provided for the northern and western
shores of Point Chehalis while this additional destruction is taking place”
(USAEWES 1955). Four groins were under construction at Point Chehalis prior
to the initiation of the model study. The study recommended that three
additional groins also be constructed, which was done in 1951 and 1952. The
groins were constructed with rock from the inner 1,000 ft of the south jetty. In
1952, unrelated to the model study, the westernmost groin was intentionally
breached to permit the passage of sand to the west. Between 1953 and 1956 a
2,880-ft-long rock revetment was constructed along the north and west shores.

By 1962, the outer 7,000 ft of the south jetty had an average top elevation of
-1.5 ft mllw. The north jetty had also deteriorated to an average elevation of less
than +14 ft mllw over a distance of 6,500 ft with minimum elevations less than
+3 ft mllw. In 1966, 4,000 ft of the south jetty was rehabilitated to +20 ft mllw.
The outer 6,000 ft was left in its degraded condition (USAED, Seattle, 1965).
The channel was self-maintaining at its location directly adjacent to the south
Jjetty. However, swift currents at ebb tide in the entrance channel had eroded the
foundation materials near the jetty toe to depths up to 65 ft mllw. Also, because
of the close proximity of the channel to the jetty, large vessels and small sport-
fishing craft experienced navigation problems. In 1967, the Seattle District
Engineer requested the U.S. Army Corps of Engineers, Committee on Tidal
Hydraulics (CTH) make recommendations as to additional investigations that
should be undertaken at Grays Harbor to correct these and other problems. The
CTH recommended the construction of a second physical hydraulic model
(USACE, CTH, 1967).

The second Grays Harbor model was constructed at WES in 1968. The
model reproduced 230 square miles of the prototype from the Chehalis River at
South Montesano to beyond the 60-ft depth contour in the Pacific Ocean. Seven
south jetty plans were subjected to model testing. The study concluded that
rehabilitation or reduction in length of the of the jetty as it existed in 1967 would
result in a potential for increased scour adjacent to the south jetty. The high
portion of the south jetty in 1967 was deemed to be located at or near the
optimum position, and no further maintenance was done (Brogdon 1972).

The ocean beach just south of the south jetty receded at an average rate of 15
to 20 ft/year between 1967 and 1986. In 1986, the rate of shoreline recession
increased to about 60 ft/year. Erosion was occurring not only on the beach, but
also on the landward side of the spit at Half Moon Bay, and concerns emerged
over the possibility of a breach. In May 1992, a submerged berm was con-
structed in Half Moon Bay to evaluate the use of dredged material to mitigate the
erosion. Approximately 200,000 cu yd of sediment was placed in the form of a
submerged berm just inshore of the -18-ft mllw contour. Plans to place material
at South Beach were opposed by local crabbers, and 435,000 cu yd of
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maintenance material dredged from the Bar Channel was placed in deep water at
the southwest disposal site.'

About the time the Half Moon Bay berm was constructed, the Seattle District
requested that Battelle/Marine Sciences Laboratory review historical data to
determine trends in erosion and accretion that occurred since the construction of
the jetties. The report (Burch and Sherwood 1992) found that South Beach
erosion was part of a much more significant, long-term loss of sediment from the
entire inlet system. The report concluded, “although the long-term erosion may
be related to long-term changes in sediment supply, it is most likely part of the
slow adjustment to construction of the entrance jetties” (Burch and Sherwood
1992). In the fall of 1993, 373,000 cu yd were placed at South Beach along the —
40-ft mllw contour.'

Two months later, during a storm on 10 December 1993, a breach formed
between the jetty and the adjacent South Beach. The storm lasted from
8 December until 15 December. The maximum significant offshore wave height
was.25 ft, and the period was 13 sec. The direction of the offshore waves varied
from south-southwest to west. In terms of peak significant wave height, the
storm had a 2-year return period. The breach widened rapidly, exposing the
landward end of the jetty and eroding portions of the adjacent Westhaven State
Park. Much of the material that was washed out of the breach was deposited in
Half Moon Bay.

The city of Westport contracted consultants Hartman Associates, Inc., to
prepare a technical analysis of the barrier breach. The purpose of the analysis
was to identify the consequences created by the breach for the deep-draft
navigation project and for the city infrastructure. The Hartman report concluded
that the breach would aggravate the beach erosion and jetty deterioration
processes, adversely impacting the Grays Harbor navigation project. The report
recommended immediate filling of the breach.”

The Seattle District made a request to the CTH and the USACE Coastal
Engineering Research Board (CERB) to review the Hartman report and assist in
the planning and design of protection measures. A special subcommittee of CTH
and CERB (Special Subcommittee) members was formed to respond to the
request. The subcommittee concluded that erosion would continue and
concurred with the Hartman report that without intervention, the breach would be
a threat to the jetty and the entrance channel (Special Subcommittee 1995). The
breach was filled in the fall of 1994 with 600,000 cu yd of sand dredged from the
bar channel. The breach was filled to temporarily protect the navigation project
while plans for long-term management were developed.

In May 1994, the Seattle District placed an additional 146,000 cu yd of
dredged sand in the Half Moon Bay berm at approximately —20 ft mllw. In
January 1995, the city of Westport placed 82,000 cu yd of sand along the eroded

" Nelson, E. (1996). “Effectiveness of the Halfmoon Bay and South Beach nearshore berms,”
Memorandum For Record, U.S. Army Engineer District, Seattle, Seattle, WA.

2 Hartman Associates, Inc. (1994). “Technical analyses of the shoreline breach at south jetty
Grays Harbor, Washington,” Report submitted to Department of Public Works, City of Westport
Washington. Hartman Associates, Inc., Seattle, WA.

Chapter 2 History of South Jetty and Related Engineering Studies



10

area of Half Moon Bay to further protect their sewer line and to prevent
additional damage. Nearly all of this material was eroded by the end of the 1995
winter storm season. In the fall of 1995, under the authority of Section 111 of
the River and Harbor Act of 1968, the Seattle District placed 300,000 cu yd of
dredged material directly along the Point Chehalis beach. The 300,000 cu yd
quickly eroded causing termination of the Section III project by February 1996.
Observations of nearshore placement confirms that seasonal placement in May
results in onshore transport compared to the erosion offshore that occurred in the

fall of 1995.

In 1997, the Seattle District completed a comprehensive study to determine
the most appropriate long-term solution and presented the results in an evaluation
report. The results and plan developed from this study were similar to that of the
Special Subcommittee (1995). The study concluded that extending the south
jetty to meet the existing Point Chehalis revetment, combined with beach
nourishment was a long-term solution to the erosion attributable to wave
interaction with the south jetty (USAED, Seattle, 1997). Implementing the
solution was to be accomplished in phases. The Point Chehalis revetment
extension and fill was constructed as the first phase from November 1998 to
March 1999.

The city of Westport contracted PI Engineering to analyze the shore erosion
problem and identify possible engineering solutions. In a draft report dated
November 1998, PI Engineering proposed a design that included a wave
diffraction mound added to the inshore end of the south jetty, sand tightening of a
section of the south jetty, construction of a buried revetment extending through
the former breach area from the flank of the south jetty, and a beach fill placed
along the first 1,000 ft of beach south of the jetty.'

The Seattle District designed the jetty repair and breach fill protection, which
incorporated elements of the PI Engineering design. The innovative soft solution
design included a wave diffraction mound at the east end of the jetty, a gravel
transition beach in Half Moon Bay adjacent to the wave diffraction mound, and
armor and filter rock added to the jetty where it abuts the existing breach fill.2

In November 1998, the Seattle District requested ERDC to conduct physical
model tests of the proposed modifications to the south jetty and Half Moon Bay.
The model tests were conducted in the idealized inlet physical model operated by
the Coastal Inlets Research Program (CIRP) (Seabergh 1999b). Various plans
were tested including the existing condition, and the Seattle District modified
design with a wave diffraction mound. Test results indicated that the modified
Seattle District design with the wave diffraction mound was the most effective
for protecting the breach fill directly adjacent to the jetty. The diffraction mound
was constructed from December 1999 to February 2000.

In 1999, PI Engineering was contracted by Evans-Hamilton, Inc. and ERDC
to analyze aerial photographs to determine the permeability of the south jetty.
The objective of the study was to determine under what conditions, if any, the

! Pacific International Engineering "1'C. (1998). “Grays Harbor Navigation Project South Beach
stabilization analyses,” Draft report submitted to the city of Westport, Pacific International
Engineering "¢, Edmonds, WA.

2us. Army Engineer District, Seattle. (1999). “Design analysis (revised) Grays Harbor,
Washington FY 1999 south jetty repair,” U.S. Army Engineer District, Seattle, Seattle, WA.
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south jetty was permeable to longshore sediment transport. The study concluded
that the jetty was not permeable to transmission of a significant amount of sand
from the south to the north side of the jetty'. In 2001, the emergent portion of the
south jetty was rehabilitated.

During the seventh winter that the original south jetty breach fill was in place
(2001-2002), an unusually severe series of storms damaged South Beach,
modified the Half Moon Bay shoreline, and resulted in losses of sand fill from
both the breach fill and revetment fill areas. In May 2002, approximately
135,000 cu yd of sandy dredged material was excavated from the existing upland
stockpile disposal site and placed over approximately 8 acres in the breach-fill
area. The fill was placed to a maximum elevation of +36 ft and minimally
graded to approximate the form of a natural dune. The fill was planted with
Native American dune grass sprigs in November 2002 to reduce wind erosion of
the dune.

Shoreline Change

The construction of the south jetty has induced changes to the shorelines at
Point Chehalis. Persistent erosion of South Beach and Half Moon Bay has
threatened the Federal navigation channel and south jetty, as well as the adjacent
public facilities. In this section, historical shoreline change at both South Beach
and Half Moon Bay that has occurred since the construction of the south jetty is
analyzed. The changes in the bathymetry offshore of South Beach and Half
Moon Bay are also reviewed.

South Beach

Between 1862 and 1891, Point Chehalis prograded about 4,300 ft in a
northwesterly direction. In 1898, construction began on the south jetty and was
completed in 1902. The jetty was a barrier to the northerly longshore drift, and
by 1904 the shoreline adjacent to the jetty advanced 3,000 ft to the west. The
jetty deteriorated from 1904 to 1933 and the shoreline receded about 2,700 ft by
1939. The jetty was rehabilitated between 1933 and 1939, and by 1946 the
shoreline advanced 1,100 ft from its 1939 position. Continued jetty deterioration
led to shoreline recession after 1959, but following the jetty rehabilitation in
1965 the beach regained what was previously lost, where it stabilized until the
early 1970s (USAED, Seattle, 1965).

Results of a vegetation-line analysis performed by Burch and Sherwood
(1992) indicate that, although there were episodes of both erosion and accretion,
South Beach advanced between 1949 and 1967 at the relatively low (for this
area) rate of 7 ft/year. Since 1967, South Beach has been recessional at rates
ranging from 2 to 62 ft/year. Recession rates increased during the mid- to late-
1980s, with vegetation line retreat rates ranging from 26 to 62 ft/year (Burch and
Sherwood 1992).

! Pacific International Engineering . (1999). “Analysis and interpretation of aerial
photographs to determine permeability of south jetty,” Technical Memorandum draft, Edmonds,
WA.
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USAED, Seattle (1997) documented shoreline position and rates of change
for the period 1973 to 1996 by determining the location of the beach scarp on
aerial surveillance photographs taken in 1973, 1986, and 1990, and on detailed
surveys made in 1992, 1993, 1994, and 1996. The recession rates vary widely in
time and space, but it is clear that within at least 5,000 ft of the south jetty, the
beach underwent a sustained period of erosion. USAED, Seattle (1997)
estimated an average recession rate that varied from a low of 4 ft/year between
1973 and 1986, to a high of 54 fi/year between 1990 and 1992. These results are
similar to that found by Burch and Sherwood (1992). For the period 1990 to
1996, USAED, Seattle (1997) computed an average recession rate of 36 ft/year.

As part of the southwest Washington coastal erosion study, the Washington
Department of Ecology (WDOE) collected data from 1997-2000, including
cross-shore beach profiles, three-dimensional (3-D) topographic surface maps,
and nearshore bathymetry along the entire Columbia River littoral cell. Data
collected near the south jetty at Grays Harbor showed that from August 1997 to
August 1998 the 2-m contour of South Beach advanced approximately 30 m.
Ruggiero and Voigt (2000) suggest “this advance was most likely due to the El
Nifio of the previous winter and the associated high rates of northerly sediment
transport.” Shoreline recession returned the following year as the 2-m contour
receded 20 m from August 1998 to August 1999.

Volume losses in the nearshore region off South Beach are occurring as well.
Burch and Sherwood (1992) analyzed bathymetric charts to compute sediment
volume changes in the nearshore off of South Beach through 1990, updating the
earlier estimates of the erosion and deposition through 1960 that were provided
in USACE, CTH (1967). The areas analyzed within the entrance are identified in
Figure 2. The deposition and erosion estimates made from the Burch and
Sherwood (1992) volumetric analysis are listed in Table 3. The long-term trend
is clearly erosional for the entrance as a whole. The nearshore region off North
Beach is the only study area that did not experience extensive erosion from 1900
to 1990. The pattern of erosion at the nearshore area off South Beach was rapid
during the first third of the 90-year period, remained unchanged for the second
third, and eroded slowly during the last 30 years. Following jetty construction,
approximately 36 million cu yd was lost from the area off South Beach until
1928. Between 1928 and 1943, net accretion occurred and then the area remained
relatively unchanged until about 1949. Beginning in 1949, the area off South
Beach has eroded almost continuously. The net loss from 1900 to 1990 was
about 61 million cu yd (Burch and Sherwood 1992).

The South Beach shoreline change data exhibit a long-term erosional trend
over the last 30 years. Bathymetric analysis shows that there has been a
consistent, long-term loss of sediment from the nearshore since the early 1900s.
As Burch and Sherwood (1992) conclude, “long-term loss of this sediment from
the region off South Beach reduces the likelihood that the observed shoreline
retreat is a short-term phenomenon that may soon reverse.” Shoreline recession
at South Beach is part of a more significant long-term loss of sediment from the
system as a whole (Burch and Sherwood 1992). Nearshore changes off of South
Beach for the period 1993 to 2001 are examined by Byrnes, Baker, and Kraus

(2003).
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Figure 2. Areas for sediment volume calculations

Table 3
Deposition (+) and Erosion (-) Estimates in 10° cu yd Between
Indicated Years (from Burch and Sherwood 1992)

Years North Beach | South Beach Bar Entrance Total
1900-1942 -8.0 217 217 -21.0 -78.4
1942-1948 +4.6 +16 -9.8 +8.4 +4.8
1948-1953 -3.0 -2.8 -8.9 -4.4 -19.1
1953-1956 +2.5 -4.0 2.7 38 -8.0
1956-1959 +2.2 -3.7 -3.1 22 -6.8
1959-1962 -0.2 -3.2 -4.9 +1.7 -6.6
1962-1965 +1.1 23 +0.2 24 -3.4
1965-1968 0.0 +1.4 +1.1 +1.5 +4.0
1968-1970 +1.6 -8.6 48 -2.5 -14.3
1970-1973 +0.9 -4.4 +5.7 +3.7 +5.9
1973-1976 -0.8 1.9 53 -3.5 -11.5
1976-1979 -0.6 2.9 -16 +1.0 -4.1
1979-1982 -0.2 +8.9 29 -4.4 +1.4
1982-1985 -0.9 -3.0 3.2 +0.2 -6.9
1985-1987 -0.7 46 +3.8 1.5 -3.0
1987-1990 1.8 -43 -12.9 -3.3 223

Total -33 -61.5 -71.0 -32.5 -168.3
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Half Moon Bay

The shoreline at Point Chehalis just east of the south jetty receded during the
construction and after completion of the jetty. The shoreline recovered during
the period that the jetty was in a deteriorated condition. After repairs to the south
jetty were completed in 1939, erosion again occurred, initiating the formation of
Half Moon Bay in 1946 and necessitating construction of the Point Chehalis
revetment and groins in the 1950s. The revetment stabilized Point Chehalis, but
the shoreline between the revetment and the south jetty has continued to recede.
The receding shoreline at Half Moon Bay destroyed several U.S. Coast Guard
structures and continues to endanger city infrastructure (USAED, Seattle, 1997).

The formation of crenulate shaped bays at artificial headlands on the open
coast is a commonly observed phenomenon. Several researchers (e.g., Silvester
1960; Yasso 1965; Silvester and Ho 1972; Hsu, Silvester, and Xia 1987) have
studied this shape and established relationships between the shoreline shape and
wave direction. Hsu, Silvester, and Xia (1987) developed parabolic-equation
curves for predicting the equilibrium shoreline by analyzing physical model data
together with field data from bays known to be in equilibrium. Seabergh (1999a)
examined this phenomenon at the channel side of a jetty where it terminates in a
sandy shore. Dean (1977) observed such erosion at Shinnecock Inlet, NY. The
Hsu, Silvester, and Xia (1987) method was applied at Half Moon Bay to estimate
the equilibrium shoreline shape (see Figure 3). The computed equilibrium
shoreline fits well with the existing bay shoreline. Note that the additional
volume of sand at the jetty in Figure 3 is nourishment material that has been
placed there. Although the shoreline is near the computed equilibrium position,
the shoreline is dynamic and will respond to changes in water level and incident
wave conditions. Storms characterized by prolonged elevated water levels will
result in increased erosion. The dynamic character of the bay shoreline is evident
from the variability observed in the field data that have been collected there and
analyzed from the 1960s to the present.

Figure 3. Equilibrium shoreline for Half Moon Bay based on Hsu, Silvester, and
Xia (1987)
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Burch and Sherwood (1992) examined shoreline changes at Half Moon Bay
by analyzing vegetation lines. From 1949 to 1967, Half Moon Bay grew with an
average shoreline recession rate of 27 ft/year. The trend then reversed, and the
shoreline advanced at a rate of about 13 ft/year from 1973 to 1977. During the
period from 1977 to about 1985, the vegetation line movement again reversed
and receded at a slow average rate of about 3 ft/year. After 1985, analysis of
high water lines indicates that recession rates have increased to an average rate of
more than 10 ft/year. USAED, Seattle (1997) estimated the long-term recession
rate by measuring the change in position of shoreline contours between 1957 and
1967, and 1993 to 1996. The Half Moon Bay shoreline was found to have a
long-term recession rate of between 5 and 10 ft/year.

The beach directly south and west of the west end of the Point Chehalis
revetment eroded extensively between May 1993 and December 1994. The
shoreline receded landward an average of 70 ft and up to 150 ft in localized
areas. This erosion prompted dredged material placements in excess of 350,000
cu yd during 1995. Much of this material eroded as it was placed on the beach.
A comparison of pre- and post-construction surveys in January 1996 revealed
that most of the beach-fill material had eroded from the fill site and deposited in a
layer up to 6 ft thick in the area directly offshore. Based on these data and
volume comparisons further offshore in Half Moon Bay, USAED, Seattle (1997)
estimates that the total annual loss from the Half Moon Bay shoreline (to a depth
of 20 ft mllw) is about 63,000 cu yd/year.

Similar to the behavior of South Beach, the Half Moon Bay shoreline data to
1996 clearly demonstrate a long-term erosional trend, although at a slower rate.
Shoreline recession rates have increased in recent years despite continued
nourishment. However, bathymetric analysis suggests that relatively little
material is being lost offshore; if the entire bay is considered, the long-term rate
of erosion may not have increased as significantly as shoreline change data alone
indicate (USAED, Seattle, 1997). Shoreline changes in Half Moon Bay since
1997 are further analyzed in Chapter 3. Supplemental photograph documentation
of the Half Moon Bay area is provided in Appendix A.

- Regional Sediment Transport

The major source of sediment to the Washington shelf and the beaches of the
southwest Washington coast is the Columbia River. Studies by Ballard (1964)
showed that sand is moved northward from the Columbia by seasonally reversing
longshore currents. The regional regime of longshore movement is locally
altered by wave refraction, which may produce deviations from the general trend
of movement. The historical northward flow of sand is evidenced by diagnostic
mineralogy studies that have traced Columbia River sands as far north as Ocean
Shores and by the northward movement of the mouth of Willapa Bay and the
mouth of Grays Harbor prior to jetty construction.
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Sediment supply

The Columbia River is the primary sediment source for the continental shelf
and littoral zones of the southwest Washington coast. Sternberg (1986) suggests
that 84 percent of the annual Columbia River sediment discharge has accumu-
lated on the shelf or in the deep sea. The remainder accumulates in the estuaries
and on the beaches. Gelfenbaum et al. (1999) estimated the accumulation rate
available for beach nourishment since 1878 is about 400,000 cu yd/year.

It has been hypothesized that the construction of dams during the past
75 years in the Columbia River drainage basin has decreased the sediment
discharge of the system and reduced the sediment budget of Washington’s
beaches. Gelfenbaum et al. (1999) estimated that the dams have reduced the sand
supply to the estuary by 67 percent. In 1978, concern over the possibility of a
diminished sand supply to the southwest Washington beaches was a major factor
in initiating a coastal accretion and erosion study. One of the conclusions of the
study was that any reduced discharge by the Columbia River had not yet affected
the sand supply to the beaches (see also Phipps and Smith 1978).

Subsequent study indicated that a probable source of sand for Washington
beach accretion was Peacock Spit, created by sand jetted out of the Columbia
after construction of the jetties. The shoal injected sand into the longshore sys-
tem over the years but by the 1990s was essentially no longer a source (Phipps
1990). More recently, sediment has slowly been removed from the outer bar of
the Columbia and, as the system approaches equilibrium, changes are occurring
more slowly. Therefore, perhaps more important than the reduction in sediment
supply from the river is the erosion of the sand sources at the mouth of the
Columbia. Burch and Sherwood (1992) conclude, “a reasonable hypothesis is
that sediment supply from the Columbia River entrance region has decreased,
and that decrease in supply has affected the Grays Harbor entrance sediment

budget . ...” The Grays Harbor entrance area has itself also seen a decrease in
sediment supply with the deflation of the ebb shoal following the structuring of
that inlet.

The shoreline progradation rates from the early part of the 1900s are much
greater than rates from before this time and, in general, also greater than recent
accretion rates. Gelfenbaum et al. (1999) conclude that the timing of the rapid -
accretion and the longshore variation in the accretion suggest the changes in the
ebb-tidal deltas after jetty construction are the primary cause for much of the
beach accretion. The current deflated state of the Columbia River and Grays
Harbor deltas signals an end of this once vast source of sediment, eventually
reducing the sediment supply at Grays Harbor. The area around Grays Harbor is
likely evolving because of a reduction in sediment supply from both internal
(ebb-tidal deltas) and external (Columbia River) sources (Kaminsky, Buijsman,
and Ruggiero 2001). The reduction of internal sources appears to be the
dominant factor in the recent reversal of historical shoreline advance.

Longshore transport

The longshore transport regime on the beaches adjacent to Grays Harbor has
been a subject of confusion over the years. The earliest mappings of Grays
Harbor showed migration of the entrance to the north, indicating northerly
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transport. When construction was begun on the south jetty in 1896, the
predominant direction of transport was believed to be in this direction. After the
south jetty was constructed, the channel continued to shoal, and the north jetty
was built in 1907 to constrict the entrance and block the south-directed transport
from shoaling the channel. The north jetty quickly impounded large volumes of
sand. After reconstruction of the north jetty in 1916, the existing channel
adjacent to the south jetty shoaled, and a new channel, wider and deeper,
developed to the north of the older channel. This observation, along with
evidence produced in studies from the early 1950s, led USAED, Seattle (1965) to
conclude that littoral drift was predominantly from north to south with seasonal
changes, a reversal of previous thought.

Because of the seasonality of the longshore drift, the beaches display
accretion patterns that are characteristic of drift in both directions. Large
volumes of sand are transported in both directions. However, because the
northward drift is forced by winter storms, the sand moving in this direction
tends to be removed from the beach. Conversely, the summer south-directed
drift tends to move sand onto the beach under the action of constructive waves.
Therefore, examination of shoreline change only may lead to the perception that
the southerly component is dominant, whereas, in fact the northerly component
of transport is dominant.

Kaminsky, Buijsman, and Ruggiero (2000) performed numerical model
simulations of shoreline change along the southwest Washington coast. They
concluded “The wave climate combines with coastal currents to result in a net
regional sediment transport to the north along the Washington shelf. However,
shoreline changes and net sediment transport along the subcell beaches are driven
locally by wave refraction and shoreline orientation, causing some reversals of
net sediment transport within the subcells.” The direction of net littoral drift at
North Beach was northward, and along the Grayland beaches it was reported to
be to the south. The Special Subcommittee (1995) and a year 2000 study of
potential longshore transport conducted by ERDC for the Seattle District also
documented the potential for south-directed transport along the beaches south of
Grays Harbor. An estimation of the potential transport due to waves was made
using SEDTRAN (Gravens and Kraus 1991). SEDTRAN computes potential
longshore sand transport rates based upon calculation of the longshore energy
flux with input wave conditions from a time series. SEDTRAN calculations were
idealized in that nearshore wave transformation was not included. Where
bathymetry data were available, transport estimates were made by NSTRAN
(Gravens and Kraus 1991). NSTRAN computes potential longshore sand
transport rate based upon the longshore energy flux with nearshore wave output
from a wave model. Wave parameters computed by the nearshore wave
transformation model Steady-State Spectral Wave Model (STWAVE) (Smith,
Resio, and Zundel 1999) were input to NSTRAN to compute sediment transport.

The nearshore wave simulation was driven by incident waves based on data
from the Grays Harbor wave buoy (Coastal Data Information Program (CDIP) sta
036) supported by the Seattle District. The resulting longshore transport regime
was similar to that found by Kaminsky, Buijsman, and Ruggiero (2000), with
north-directed transport along North Beach and south-directed transport at South
Beach.
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Wamsley and Hanson (2002) applied the numerical model GENESIS
(Hanson and Kraus 1989) to predict the longshore transport and shoreline change
just north of the Grays Harbor entrance. The calibrated model results confirm the
regional trend of north-directed transport for North Beach. The model predicts a
net southbound transport within approximately 500 m of the north jetty that
transitions to northbound transport through the remainder of the model domain
(which extends about 2.5 miles north of the north jetty). Calibration of the model
required feeding from the Grays Harbor ebb-tidal delta, suggesting that
sediments bypass the Grays Harbor ebb delta from the south.

In developing an integrated sediment budget for the entire Columbia River
littoral cell, Kaminsky, Buijsman, and Ruggiero (2001) concluded that from a
mass balance perspective it was “evident that sand (at Grays Harbor) is supplied
from the south by longshore transport across the Willapa Bay ebb-tidal delta.
However, the erosion of the upper shoreface along Grayland Plains indicates that
this region does not accumulate sand, rather it is bypassed to the Grays Harbor
ebb-tidal delta, and potentially northward to the North Beach shelf and coast.”
This northward bypassing of sand to North Beach is congruous with the findings
of Wamsley and Hanson (2002). The implication is a bidirectional net transport
regime just south of the entrance where the net directions of sediment flow is to
the north in deeper water and across the ebb shoal and to the south along the
nearshore.

It appears that the ocean circulation and severe winter storms that create
intense waves from the southwest combine to produce northerly transport of
sediments along the Washington Shelf. Recent modeling studies have suggested
that shoreline reorientation caused by structures at the Grays Harbor entrance has
caused localized reversal of net sediment transport along the northern Grayland
beaches adjacent to the entrance. Despite these localized reversals, the balance
of evidence suggests that the regional trend for sediment transport is from the
south to the north. Sediment bypasses the Grays Harbor entrance and feeds
North Beach. A possible localized reversal of net transport and the rip current
that forms adjacent to the south jetty contribute to the persistent erosion at South
Beach adjacent to the jetty.
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3 Performance Evaluation

Introduction

This chapter reviews dredging and disposal activities associated with

maintenance and new work dredging of the navigation channel, and morphologic

change analysis of the shore and nearshore areas near the south jetty as a means
of evaluating the effectiveness of engineering activities. Performance evaluation
is based on numerical model simulations of the wave diffraction mound, upland
and intertidal topography and nearshore bathymetry surveys, shoreline position
changes in the South Beach nourishment and dune restoration area near the south
jetty, and the evolution of gravel transition in the lee of the diffraction mound.
Maintenance dredging and disposal volumes are included in the sediment budget
analysis presented in Chapter 4.

Maintenance Dredging and Disposal

Sediment that shoals the Grays Harbor navigation channel is derived from
marine and fluvial sources. Marine sediment is delivered to Grays Harbor and
the navigation channel mainly through longshore sediment drift, transported to
the bay by waves, nearshore currents, and tidal currents through the entrance.
Fluvial or river-borne sediment in the channel is primarily from the Chehalis
River, which discharges at the head of the estuary. Small rivers and creeks
discharge sediments in the upper and middle estuary. Previous studies (e.g.,
Beverage and Swecker 1969; WDOE 1977) indicate that river-borne sediment is
mostly deposited in the upper estuary and does not exit Grays Harbor as a
significant amount. Sediments removed from the inner harbor by clamshell and
hopper dredges have been placed into the south jetty disposal site (Figure 1), and
some of that material is transported out of Grays Harbor by the ebb-tidal current.

The same studies determined that marine sediment that enters the estuary
disperses as far as 10 to 14 miles upstream, resulting in deposition in all lower
channel reaches up to the north channel. Dredging data presented and discussed
in this chapter relate only to the outer reaches of the channel, including the outer
bar, entrance channel, Point Chehalis, South Reach, Crossover Reach, and the
north channel. Figure 1 shows locations of these reaches.

Prior to the construction of the jetties, the deepest part of the entrance
channel was 40 to 60 ft mllw. The controlling (minimum) depth over the outer
bar was about 15 ft. The jetties, as they were originally constructed, were

- inadequate in providing the required navigation depth in the bar channel,
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particularly with the jetties in a deteriorated condition. Supplemental bar channel
dredging began in 1916 and continued at regular intervals until 1926. Almost
continuous dredging of the bar channel was required from 1926 until the jetties
were reconstructed in the late 1930s. The total volume dredged from the bar and
entrance channels from 1916 to 1942 was approximately 22,000,000 cu yd, all of
which was disposed of in deep water (-60 ft mllw) outside the harbor. Between
1916 and 1927, the bar channel was dredged to a depth of 24 ft mllw, and from
1928 the dredging continued to a depth of 36 ft mllw. Following rehabilitation
of the north jetty in 1942, the scouring of current as constrained by the jetties was
sufficient to maintain the authorized channel depth of 36 ft mllw. As aresult,
neither the bar nor the entrance channel required maintenance dredging from

1942 to 1990.

No data on maintenance dredging at Crossover Reach or South Reach prior
to 1961 have been found. Between 1961 and 1974, an average of 1,040,000 cu
yd/year was dredged from Crossover Reach and Sand Island Reach. In 1978, the
Sand Island Reach realignment construction (to become South Reach) was
completed. Between 1980 and 1989, following north jetty rehabilitation in the
late 1970s, the annual volumes dredged from Crossover Reach and South Reach
were 460,000 and 650,000 cu yd/year, respectively.

The Grays Harbor navigation improvement project of 1990 was completed
by 1991. Channel dimensions were achieved as specified in Table 4. To
maintain the new authorized depths, maintenance dredging has been required
since 1990 in both the outer bar and entrance channels.! The entrance and bar
channels were dredged below existing bottom elevations, creating dredge cuts
that capture sediment in transport. Advance maintenance dredging has been
accomplished as part of the channel maintenance since 1991 to provide navigable
depths of the channels for the duration of the maintenance cycle.

Data from maintenance dredging reports and dredging contract
documentation for the period 1991 to 2001 were analyzed to identify trends in
sediment distribution along channel reaches. Average annual maintenance
dredging volumes and associated 95 percent confidence limits were estimated
from dredging records maintained by the Seattle District. The 95 percent

confidence limits on the mean annual dredging volume (;) is calculated as:

- (o2
xiza/ZE 1

where o is the sample standard deviation, n is the number of samples, and z,, has
a value of 1.96. Assuming the annual dredging volumes for a reach are normally
distributed, the 95 percent confidence limits of the annual maintenance dredging
volume is interpreted as follows: 95 percent of all estimates of channel dredging
volume will fall within the confidence limits, and 5 percent will not.

Tus. Army Engineer District, Seattle. (2001). “Analysis of future dredging requirements;
Entrance Channel, Point Chehalis Reach, South Reach, and Crossover Channel,” U.S. Army
Engineer District, Seattle, Seattle, WA.
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Table 4
Grays Harbor Navigation Channel Dimensions

Length Channel Channel
Channel Reach Stations (see Figure 4) (ft) Depth (ft) Width (ft)
Bar Channel 1 From 0+00 to 280+89 28,089 46 1,000
Entrance Channel 280+89 to 292+89 1,200 46 Varies
Entrance Channel 292+89 to 342+89 5,000 44 600
Entrance Channel 342+89 to 377+89 3,500 42 600
Entrance Channel 377+89 to 386+89 900 40 600
Point Chehalis Reach 386+89 to 463+00 7,611 40 600
South Reach 463+00 to 715+93 25,293 36 400
Crossover Channel 715+93 to 862+49 14,656 36 350
North Channel 862+49 to 1005+71 14,322 36 350
Hoquiam Reach 1005471 to 1156+02 15,031 36 350
Cow Point Reach 1156+02 to 1231+50 7,548 36 350
Cow Point Reach 1231+50 to 1251+87 2,837 32 Varies
Aberdeen Reach 1251 + 87 to 1315 + 86 6,399 32 200
Upper S. Aberdeen Reach | 1315+ 86 to 1439 + 65 12,379 32 300

The calculated average annual volumes of dredged sediment for each of the
channel reaches distributed along the channel length are presented in Figure 4. In
the lower part of the figure, the solid line shows average volumes of maintenance
dredging along channel reaches. The plot was developed by averaging over the
period of record (11 years) the volumes reported for each dredging distance
(station limits). Average annual maintenance dredging volumes and associated
95 percent confidence intervals for each channel reach are summarized in Table 5
and in Figure 5. Dredging volumes of a particular year reflect not only the
channel infill, but also dredge availability, weather, funding, scheduling, and
other factors. The long-term average, however, should indicate the mean
shoaling rate in the channel.

The estimated volume of sand material dredged from the channel between
1991 and 2001 is approximately 1.1 million cu yd/year (Table 5). This estimate
assumes that 50 percent of the dredged material from Crossover Channel is sand
and that only silt material (no sand) is dredged in the North Channel. These
assumptions are based on practical experience of the Seattle District* and analysis
of limited sediment grain size data for dredged sediment.

Dredged material from the channels was disposed at six different disposal
sites in the bay and in the open ocean. The locations of the disposal sites are
depicted in Figure 6. The volume of dredged material placed at each site is
summarized in Table 6. The table also lists the source of dredged material.
Currently, the Seattle District uses disposal sites at Point Chehalis, Half Moon
Bay, South Beach, the south jetty, and the southwest site. Other disposal sites
shown in Figure 6 are permitted. Selection of specific disposal sites for the

2 Personal Communication, August 2002, Robert M. Parry, Chief, Navigation Section, U.S. Army
Engineer District, Seattle, Seattle, WA.
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Table §
1991-2001 Annual Maintenance Dredging Volumes and Decadal Statistics by
Reach
Entrance and Point | South Crossover
Bar Channel |Chehalis Reach Reach Reach
Year (cuyd) (cuyd) (cuyd) (cuyd)
1991 452,000 453,000 477,000 88,000
1992 636,000 361,000 683,000 521,000
1993 373,000 324,000 158,000 639,000
1994 277,000 163,000 903,600 364,000
1995 0 0 332,000 469,000
1996 0 308,000 103,600 425,000
1997 0 136,000 226,400 456,000
1998 103,000 266,000 293,000 840,000
1999 76,000 382,000 229,000 390,000
2000 209,000 537,000 231,000 463,000
2001 227,000 358,870 169,000 190,000
Average annual volume, cu yd/year 214,000 289,000 346,000 440,000
Upper 95 percent confidence limit, cu yd/year (91,000 209,183 200,000 322,000
Lower 95 percent confidence limit, cu yd/year (337,000 389,000 492,000 559,000
FY 2002 Actual volumes for comparison, cu yd (144,031 605,459 135,706 180,967
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Figure 5. Annual maintenance dredging volumes between 1991 and 2001
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Table 6

Disposal Site Volumes and Sources 1991-2002

Disposal Sites, Annual Volumes (cu yd)

Half
Half Moon |Moon .

Point Bay Bay Westport |Breach |South
Year Chehalis South Jetty |Nearshore |Direct Fill Fill Beach SWOcean |Total
1991 710,000 1,109,000 0 0 0 0 0 452,000 2,271,000
1992 990,000 1,621,000 200,000 0 0 0 0 637,000 3,448,000
1993 683,000 1,120,000 0 0 0 0 373,000 |0 2,176,000
1994 704,000 889,000 0 0 0 600,000 |265,000 [12,000 2,470,000
1995 1,181,373 392,185 0 0 300,295 |0 0 0 1,873,853
1996 295,719 1,674,267 274,780 0 0 0 0 0 2,244,766
1997 598,735 959,249 . 308,508 0 0 0 0 0 1,866,492
1998 713,585 1,197,809 441 474 0 0 0 0 0 2,352,868
1999 1,156,375 593,036 228,470 228,963 (0 0 76,187 0] 2,283,031
2000 956,700 1,200,248 0 0 0 0 0 0 2,156,948
2001 667,969 358,873 0 0 0 0 0 227,297 1,254,139
2002 942,316 475,199 378,441 135,706 |0 135,000 |75,219 68,812 2,210,693
Total
volume
{cu yd) 9,599,772 11,589,866 1,831,673 (364,669 |300,295 (735,000 |789,406 |1,397,109 26,472,790
Reaches |Aberdeen, Aberdeen, Entrance, |Entrance, |[South Entrance, |Bar Bar
Dredged |Cow Point, Bar, Cow South South South

Cow Point Point,

Notch, Inner |Crossover,

Crossover, Elliot Slough,

Lower Entrance,

Crossover, Point

Elliot Slough, |Chehalis,

Hoquiam, Hoquiam,

Inner Inner

Crossover, Crossover,

North North

Channel, Channel,

South Reach, | South Reach

Turning

Basin,

Westport

Marina
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dredged material disposal is controlled by economic and environmental
considerations and attempt to maximize a beneficial use of dredged material for
habitat enhancement and beach restoration projects. For example, sites in Half
Moon Bay and Point Chehalis are designated for the disposal of dredged material
that benefits beach nourishment and shore protection at Point Chehalis and Half
Moon Bay. The amount of dredged material placed at the site is controlled by
water depth that allows a hopper dredge safe maneuvering during disposal
operations. Sites in Half Moon Bay receive dredged material predominately
from South Reach, Point Chehalis, and the entrance channel, characterized by
sand material typical of Half Moon Bay beach material.

South Beach Dune Restoration and Transition
Gravel

This section of the report documents the analysis of the beach nourishment
and dune restoration at the south jetty and the transition gravel placed in the lee
of the wave diffraction mound. The performances of the nourishment,
restoration, and transition gravel are evaluated in terms of life span of the fill
relative to expectations and contribution to reduction of shoreline recession in
Half Moon Bay.

In December 1993, persistent shoreline erosion near the south jetty
culminated in the formation of a breach between the jetty and the adjacent South
Beach. The Seattle District filled the breach in 1994 with 600,000 cu yd of sand
dredged from the navigation channel as a temporary measure to protect the Grays
Harbor navigation project and alleviate local concerns regarding facilities located
south and east of the breach area. The fill was originally expected to be effective
in protecting the project for 5 to 10 years. During the seventh winter that the fill
was in place (2001-2002), a series of severe storms damaged the fill placed at
South Beach and modified the Half Moon Bay shoreline. In May 2002, the
breach-fill dune was restored.

Gravel (1- to 2-in. size) was placed as a transition material between the
diffraction mound and the sandy shore of Half Moon Bay at the time of
construction of the mound in 1999. The purpose of the gravel transition material
was to protect the breach fill from erosion in the lee of the diffraction mound.

The analysis includes comparison of repetitive beach profiles and shoreline
position time series derived from aerial photographs for the South Beach and
Half Moon Bay shorelines. Processes responsible for sediment transport and
profile change have been altered nearly continuously for decades in the study
area. A photographic record is available, and some profile surveys were made in
the mid-1990s, but only recently have transects been established for repeat
surveys that encompass the upland, foreshore, and nearshore bottom.

Figure 7 shows the location of the survey transects. Transects HD-1, Worm,
and Spice were established as part of the southwest Washington coastal erosion
study by the WDOE, and cross-shore profile data have been collected since 1997
(Ruggiero and Voigt 2000). Transects HMB1 to HMB10 and SB1 to SB8 were
established in December 2001 following the series of storms that led to damage
of the breach fill, revetment fill, and shoreline erosion. The WDOE was
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contracted through CHL to establish and survey upland portions of transects
HMBI1 to HMB10 and SB1 to SB8 (Figure 8). The U.S. Geological Survey
(USGS) was subcontracted through WDOE to perform in-water surveys at
transects HMB1 to HMB10 in April 2001. Transects SB1 to SB8 approximately
coincide with the location of eight transects that were surveyed 17 times from
April 1995 to August 1998 by Grays Harbor Community College under contract

to the city of Westport.

2
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Figure 7. South Beach/Half Moon Bay survey transect locations
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Similarly, 3-D surface maps of the intertidal foreshore have been collected at
regular intervals since 1997 (Ruggiero and Voigt 2000). The surface maps span
the region between the primary dune and mliw and extend approximately 4,000
m along the shoreline southward from the south jetty.

Shoreline change analysis

Shoreline positions for Half Moon Bay were derived from digital ortho-
photos for the years 1996-2002 (Appendix A, Figures A-11 through A-26). The
aerial photography was acquired by North Bay Resources, Ltd., under contract to
PI Engineering. Original photographs reproduced at a scale of 1 in. to 555 ft
were digitized at 600 dots per inch (dpi) and ortho-rectified using the PCI-
Geomatica Ortho-Engine software. At least six ground-control points in each
image were selected from a digital ortho-rectified quadrant (DOQ) photograph
purchased from the USGS and a digital elevation model also acquired from
USGS. The photographs were rectified by using available camera and lens
information. Root-mean-square (rms) error in horizontal pixel position of the
ortho-rectified photographs was approximately 2.4 pixels, with pixel resolution
of 0.61 m.

Shoreline position time series were created following a methodology similar
to that described by Kaminsky et al. (1999). The shoreline change reference
feature (SCRF) defined as the average high water line (AHWL) was digitized
using Arc/Info software. The AHWL is a horizontal reference line that
represents an average excursion of water between the most recent high tides of
unequal height. The AHWL is based on features visible in the aerial photograph
and is usually taken as a line between the waterline and the debris on the beach
marking the landward extent of wave runup during the most recent high tide.

The AHWL is a smooth line, not showing transient features such as cusps. Some
interpretation of the aerial photographs is necessary in delineating the SCRF and,
as a consequence, the uncertainty is greater than the shoreline locations derived
from surveyed data and a defined vertical elevation. A proxy-based SCRF
cannot be assumed equivalent to a vertical datum such as mean high water (mhw)
(Kaminsky et al. 1999; Ruggiero, Kaminsky, and Gelfenbaum 2002). Locational
variability of the AHWL determined from aerial photographs has been analyzed
and is discussed in detail by Daniels, Ruggiero, and McCandless (2000) and
Ruggiero, Kaminsky, and Gelfenbaum (2002).

The rectified aerial photographs are accurate to within £1.5 m in terms of
measuring a line on the photograph as determined by the rms pixel error
(shoreline source error). The uncertainty of interpreting where the AHWL
appears on the photographs (shoreline interpretation uncertainty) was assessed at
each of the 10 transects in Half Moon Bay. The interpretation uncertainty ranged
from 2 to 10 m, with an average of 2.4 m. In addition, there is natural shoreline
variability occuring over days and weeks, resulting in uncertainty in the true -
shoreline location for a particular year and season. The total measurement
uncertainty, not including scatter caused by natural variability, is therefore £3.5
m to +11.5 m with an average of +3.9 m for the aerial photographs considered
here. To minimize the potential bias associated with seasonal variability in
sh