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EXECUTIVE SUMMARY

The mouth of the Cape Fear River and Wilmington Harbor entrance channel are
located in eastern Brunswick County, near Cape Fear, about 25 miles south of Wilmington.
Cape Fear is the southernmost of three large capes that predominate the North Carolina
coastal plan-form. The river mouth, which is approximately one mile in width, is bordered
on the east by Bald Head Island and to the west by Oak Island/Caswell Beach (see Figure 1.1
in report text). Bald Head Island is a barrier beach stretching from the river entrance to Cape
Fear. The south-facing beach covers about three miles and is commonly referred to as South
Beach. Likewise, the approximately 1.5-mile portion of the island that borders along the
river is called West Beach and the reach extending northward from the point at Cape Fear,
facing east toward the Atlantic Ocean, istermed East Beach. Oak Island/Caswell Beach is
part of abarrier island that covers about 13 miles extending from Lockwoods Folly Inlet on
the western end to the Cape Fear River on the east. The eastern half of thisisland, which
consists of a portion of Oak Island, Caswell Beach and Fort Caswell, falls within the project
monitoring area.

This comprehensive project, with atotal estimated cost of $440 million, consists of
channel improvements extending from the ocean entrance upstream to just above the
Northeast Cape Fear River railroad bridge in Wilmington, some 37 miles. The
improvements consist of deepening the ocean bar channel and entrance channel from the
authorized depth of 40 feet to 44 feet, beginning at a point approximately 6.7 miles offshore
through the Battery Island Channel located 2.9 miles upstream. Continuing from Battery
Island Channel to the Cape Fear Memorial Bridge, 24.3 miles, the authorized channel is
deepened from 38 feet to 42 feet.

This physical monitoring program for the Wilmington Harbor navigation channel-
deepening project is examining the response of adjacent beaches, entrance channel shoaling
patterns, and the ebb tide delta to the channel deepening and realignment for which
construction began in December 2000. The present monitoring program involves five
elements. beach profile surveys, channel and ebb tide delta surveys, wave and current
measurements, aerial photography; and data analysis/reporting.

Thisreport isthefirst in a series and covers the period of August 2000 (pre-
construction survey) through June 2003. This spanstheinitial construction period of 35
months. The remaining reports will be issued on an annual basisin the month of December.

Beach profile surveys are the primary data source and are collected along both Bald
Head Island and Oak I1sland/Caswell Beach. The beach surveys consist of specified
transects, or profiles, taken generally perpendicular to the trend of the shoreline asindicted in
Figures 1.3 and 1.4 in the report text. Bald Head Island profiles include 58 stations along
about 22,000 feet. Oak Island/Caswell Beach profiles include 62 stations along about 31,000
feet. Beach profile surveys are taken semi-annually and are scheduled to coincide with the
spring (April-May) and fall (October-November) seasons. Bathymetric surveys of these
profiles from offshore through the surf zone and over the shoal areas that border each side of



the Cape Fear entrance channel, and those near Frying Pan Shoals are collected annually with
the Engineering Research and Development Center’s LARC (Lighter Amphibious Re-supply
Cargo) survey system. The LARC vehicle transits through the water, across shoal's, through
the surf zone up to the base of the beach dunes.

Channel and ebb tide delta surveys are collected using a Submetrix Interferometric
(SI) System. This system collects swath bathymetry and side scan sonar from a hull-
mounted transducer. This system performs particularly well in shallow waters. Since the
beginning of the monitoring program three surveys have been collected: August-September
2000, December 2001-January 2002 and January 2003.

Wave data are collected by three bottom-mounted wave gauges consisting of an
Acoustic Doppler Current Profiler (ADCP) meter and a pressure gauge. These instruments
were initially deployed in September 2000. Currents are a'so measured along specified
transects across the mouth of the Cape Fear River and near the new channel realignment
using a downward-looking, shipboard-mounted current profiler. Current measurements have
occurred three times during thisinitial monitoring phase: October 2000, April 2002 and
March 2003.

Vertical color aerial photographs are taken yearly generally near the time of the
spring profile survey. The over-flight for this monitoring effort isincluded as part of a
separate and larger aerial photography for shoreline monitoring project that provides aerial
coverage from the North Carolina-South Carolina state line northward to Cape Lookout. The
nominal scale of the photography is 1 inch equals 1000 feet over the entire project areaand 1
inch equals 500 feet for the Wilmington Harbor monitoring area. The larger scale print
coverage extends from the westward beach disposal limit on Oak Island to the eastern end of
South Beach on Bald Head Island.

Shoreline monitoring used the beach profiles described above to track changes of the
mean high water line (+2.71 ft NGVD). At Oak Island/Caswell Beach, shoreline monitoring
indicates that the shoreline for most of the monitoring area was seaward (except for the
eastern 1 mile reach closest to the river) of its August 2000 (pre-construction) position by the
end of the period. When averaged along the entire 6-mile reach, the present shorelineis
about 100 feet more seaward than it was in August 2000. The net volume change observed
across the whole profile along Oak I1sland/Caswell Beach has been an increase of 783,000
CY between October 2001 and December 2002. Through the June 2003 onshore survey, the
Oak Island/Caswell Beach area continued to show a net gain averaged over the entire reach
of about +24 cy/ft.

Shoreline monitoring at Bald Head Island has shown areas of both significant erosion
and accretion. Between September 2000 and June 2003 the shoreline advanced along both
West Beach and the eastern two-thirds of South Beach. However, the shoreline receded
along the western third of South Beach and along the southwest corner (spit area) of the
island. For South Beach, the area of accretion extended along the easternmost 12,000 feet
(between Profile 102 to Profile 222) and was an average of 82 feet seaward than in
September 2000. At the western end of South Beach, the June 2003 shoreline was landward



of the September 2000 location. Within the spit area, all profiles are erosional, except for
Profile 40. When averaged in an alongshore sense, the June 2003 shoreline at the spit was 57
feet landward of the June 2000 position. For the adjacent erosion zone along South Beach,
the shoreline recession tapers from a peak near the spit of —134 feet to zero over the 4500 ft
reach. On the average, the shoreline was approximately 55 feet more landward in June 2003
than it was in September 2000. Volumetrically along the western portion of South Beach, a
net loss of 265,000 CY was observed between October 2001 and December 2002. The
eastern portion of South Beach accreted about 584,000 CY between October 2001 and
December 2002.

At Bald Head spit, navigation channel surveys show the spit has enlarged
volumetrically. Channel surveys show awestward shift of the river thalweg, which coincides
with the spit growth, and increase in the supply of littoral sediment from the western end of
South Beach. In addition, the offshore profile at the western end of South Beach appearsto
show the presence of a deeper and better-defined marginal flood channel.

Bathymetric surveys of the ebb and nearshore shoals in the vicinity of the entrance
channel show that the overall morphology of the ebb and nearshore shoals has been largely
static over thisinitial monitoring period. However, one observed change was deepening of
the flood margin channel along the tip of Oak Island. A companion flood margin channel, of
comparable magnitude, is not present through Bald Head Shoal on the opposite side of the
entrance channel. In addition, there has been no change in the area of the shoal between the
old and new channels just seaward of their intersection.

Current measurements taken over atidal cycle along transects across the mouth of the
entrance channel and along the seaward portion of the ebb tide delta show very similar flow
regimes. These are consistent with the minimal change seen in the overall bathymetry of the
ebb tide delta. One finding of particular interest is that the data shows that there does not
appear to be a substantial decrease in the current magnitude through the old channel since the
opening of the new channel.

In summary, the significant observations from thisinitial monitoring period include:
a Growth of Bald Head spit
b. Channel thalweg movement away from Bald Head Island
C. Potential development of marginal flood shoal offshore of South
Beach Bald Head Island
Erosion of western portion of South Beach, Bald Head Island
Lack of noticeable change to the nearshore bathymetry
Ebb tide current preference to the old channel alignment
Stability of Oak Island/Caswell Beaches shoreline

@~

Theinitial efforts of the monitoring program have enhanced the development of a
fundamental understanding of the existing coastal processes and short-term bathymetry and
shoreline variability. The extensive data collection program has provided the data needed to
develop calibrated wave transformation and hydrodynamic models. Current plansinclude a
gradual shift over the six-year operational plan from field data collection efforts toward the



use of these modeling tools. The toolswill be used to help quantify magnitudes and patterns
of sediment transport and develop a detailed sediment budget for the area. Thisworking
suite of coastal engineering toolswill provide assessment of future beach and inlet
management actions and provide input to the sand management plan.
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PHYSICAL MONITORING
WILMINGTON HARBOR NAVIGATION PROJECT

REPORT 1

Part1 INTRODUCTION

Purpose

Wilmington Harbor navigation project covers over 37 miles of channel improvements
extending from the mouth of the Cape Fear River to Wilmington, N.C. and the Northeast
Cape Fear River. Improvements consist of ageneral deepening of theriver by 4-ft from the
mouth to the North Carolina State Port facilities, numerous improvements to turns and bends
in the channel, a passing lane and implementation of environmental mitigation features. This
document isthe first in a series of monitoring reports that focuses on the navigation
improvements in the immediate vicinity of the Cape Fear ocean entrance channel. The
monitoring program is designed to meet two main objectives: (1) to document the response
of the adjacent beaches to the deepening and alignment changes of the entrance channel and
(2) to use the results of the program to effectively implement the project’ s sand management
plan.

Project Description

Location. The mouth of the Cape Fear River and Wilmington Harbor entrance
channel are located in eastern Brunswick County, near Cape Fear, about 25 miles south of
Wilmington. Cape Fear is the southernmost of three large capes that predominate the North
Carolina coastal plan-form. Frying Pan Shoals extend southeastward from the cape some 20
milesinto the Atlantic Ocean. The river mouth, which is approximately one milein width, is
bordered on the east by Bald Head Island and to the west by Oak Island/Caswell Beach as
shown in Figure 1.1. Bald Head Island is a barrier beach stretching from the river entrance to
Cape Fear. The south-facing beach covers about three miles and is commonly referred to as
South Beach. Likewise, the approximately 1.5-mile portion of the island that borders aong
theriver is called West Beach and the reach extending northward from the point at Cape
Fear, facing east toward the Atlantic Ocean, is termed East Beach. Oak Island/Caswell
Beach is part of abarrier island that covers about 13 miles extending from Lockwoods Folly
Inlet on the western end to the Cape Fear River on the east. The eastern half of thisisland
which consists of a portion of Oak Island, Caswell Beach and Fort Caswell, falls within the
project monitoring area.

Federal Channel Realignment and Deepening. With the signing of the Energy and
Water Appropriations Bill on October 13, 1998 three separate projects (Wilmington Harbor —
Northeast Cape Fear River project, Wilmington Harbor — channel Widening Project, and
Cape Fear — Northeast Cape Fear rivers project) were combined into one known as the




ATLANTIC
O CEAN

BALDHEAD SHOAL CHANMEL
(NEW ALIGNMENT)
+

+
¢ OCEAN DREDGED
MATERIAL DISPOSAL !/
SITE (ODMDS) &

WILMINGTON OFFSHORE FISHERY

\\/ENHANCEMENT STRUCTURE (WOFES)
E E E 2320000

+ N o000 T * N o0 T 2 N 15000 +
'."-' 1 12 1 MILE
Figure 1.1 Project Location Map




Wilmington Harbor, NC — 96 Act project. Thiscomprehensive project, with atotal estimated
cost of $440 million, consists of channel improvements extending from the ocean entrance
upstream to just above the Northeast Cape Fear River railroad bridge in Wilmington, some
37 miles. The improvements consist of deepening the ocean bar channel and entrance
channel from the authorized depth of 40 feet to 44 feet, beginning at a point approximately
6.7 miles offshore through the Battery Island Channel located 2.9 miles upstream.
Continuing from Battery Island Channel to the Cape Fear Memorial Bridge, 24.3 miles, the
authorized channel is deepened from 38 feet to 42 feet.

This stretch includes a new passing lane and numerous turn and bend improvements,
plus channel widening and enlargement of the anchorage basin at the state port facility. The
final 2.2 mile stretch of the river spanning along the Wilmington waterfront and beyond,
includes deepening the channel from 32 feet to 38 feet to just above the Hilton Railroad
bridge and from 25 feet to 34 feet to the upstream limits of the project.

The entrance channel improvements, which are most relevant to the monitoring
effort, are shown on Figure 1.2. In addition to the 4-foot deepening, the channel was
realigned from a southwesterly orientation to a more south-southwest orientation. This 30-
degree southern shift in alignment of the Baldhead Shoal Channel was recommended based
on achieving significant cost savings (approximately $39 million) by avoiding the removal of
rock that existed along the former alignment. The new channel also was widened from 500-
feet to as much as 900-ft to accommodate safe ship navigation in the vicinity of the
intersection of the old and new alignments.

Construction Activity. The realignment and deepening of the entrance channels were
accomplished under two dredging contracts. One contract involved dredging of the
seawardmost portion of the Baldhead Shoal channel covering the outer 4.5 miles of the new
alignment (station 120+00 seaward). Material dredged from this portion of the new channel
consisted of fine silts and sands that were deemed unsuitable for beach disposal. This
material was placed in the designated offshore disposal site. Work began in December 2000
and was completed in April 2001 by Great Lakes Dredge and Dock at a cost of $13.6 million.

The second contract covered the remaining portions of the entrance channels
beginning at the inner section of the Baldhead Shoal Channel through the Snows Marsh
reach, a distance of about 9.5 miles. Most of the material dredged from this portion of the
river was suitable for beach disposal and was placed on the Brunswick County Beaches.
This contract was undertaken by Bean-Stuyvesant for a cost of $64.7 million. Beach disposal
began in February 2001 and was completed in April 2002, with the dredging of portions of
the channel containing non-compatible material continuing until December 2002. Beaches
receiving the compatible sand included Bald Head Island, Caswell Beach/eastern Oak Island,
western Oak Island and Holden Beach. The Baldhead Island and Caswell Beach/East Oak
Island portions were determined to be least costly beach disposal alternatives and material
was placed at 100% Federal expense. The other beach placement activities where
accomplished under Section 933 authority of the Water Resources Development Act of 1986
where the local government covered the added cost of pumping material to their respective
beaches.
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Overall, on the order of 5 million cubic yards of sediment (in-place beach volume
measurement) were placed on the Brunswick County beaches under this contract. Table 1.1
summarizes the distribution of volume of material between the beach communities along
with placement dates and various other pertinent factors.

TABLE 1.1 WILMINGTON HARBOR BEACH DISPOSAL OPERATIONS
LOCATION PLACEMENT LIMITS PLACEMENT DATES BEACH VOLUME DREDGE
APPROX | NORTHING EASTING START STOP (INPLACE)
BL STA | (ft, NAD83) (ft, NAD83) | mm/dd/yyyy | mm/dd/yyyy (cy)
BALD HEAD ISLAND 41+60 43,692.25| 2,300,542.01| 2/23/2001 1,849,000] Stuyvesant & Merridian
205+50 35,750.21| 2,314,236.42 7/4/2001
OAK ISLAND EAST (CASWELL) 60+00 52,126.62| 2,295,138.57| 7/5/2001 133,200 Merridian
80+00 52,847.44| 2,292,954.85
OAK ISLAND EAST 121+00 53,711.05| 2,289,255.43 1,048,600 Merridian
294+00 58,418.34| 2,272,322.77 8/12/2001
OAK ISLAND WEST 415+00 60,332.24| 2,260,537.66| 8/13/2001 1,269,800 Merridian
665+50 59,778.68| 2,235,486.44 4/25/2002 Eagle
HOLDEN BEACH 84+00 60,092.96| 2,222,254.95| 12/9/2001 501,400 Eagle
195+00 58,820.26| 2,211,433.72 2/20/2002

Subsequent to the initial construction, plans were made to implement two dredging
operations to remove localized “ high-spots’ remaining within the authorized channel limits.
These two dredging contracts involved removal of unsuitable beach materia along the outer
channel termed “ Clean Sweep I” and the removal of beach compatible material along the
inner channel reaches termed “Clean Sweep 11”. Clean Sweep | contract was awarded in
September 2003 and was completed in January 2004. The beach disposal operation of Clean
Sweep |1 is scheduled for fiscal year 2005. With the timing of Clean Sweep |1 coming
approximately two years after completion of the initial construction, thiswill be considered
the first maintenance dredging of the new channel. In accordance with the sand management
plan described below, the beach compatible material dredged during the first cycleis
designated for disposal along Bald Head Island.

Sand Management Plan. A sand management plan developed for the Wilmington
Harbor 96 Act project (USACE 2000) addressed the disposal of beach quality sand during
both the construction and maintenance phases of the project. The future maintenance
includes the periodic disposal of littoral material removed from the ocean entrance channel
on the beaches adjacent to the Cape Fear River Entrance. The goal of the sand management
plan isto make the best use of littoral sediments during maintenance of the project and return
beach compatible material back to the adjacent beaches. Thisisin keeping with the state of
North Carolina policy to insure that beach quality sand is not removed from the active beach
system.

The results of wave transformation/sediment transport analysis conducted by the U.S.
Army Corps of Engineers Coastal and Hydraulics Lab (Thompson, Lin, & Jones 1999) for
the Wilmington District found that the distribution of sediment transport at the Cape Fear
entrance was such that two-thirds of the material comes from Bald Head Island and one-third




is derived from Oak Island/Caswell Beach. In order to maintain the sediment balance on
both islands, littoral material removed from the entrance channel will be placed back on the
beach from whence it came in the same distribution. Accordingly, two out of every three
cubic yards of littoral shoal material removed from the entrance channel will be placed back
on Bald Head Island and the remaining cubic yard placed on east Oak |sland/ Caswell Beach.
Maintenance of the channel is planned to take place biennialy. In order to accomplish this
two-to-one distribution, the littoral shoal material removed from the entrance channel for
maintenance would be placed on Bald Head Island in years 2 and 4 following the
construction of the new ocean entrance channel and on Caswell Beach-Oak Island during
year 6. Accordingly, one full maintenance cycle would take 6 years to complete.

Each maintenance operation is expected to involve the removal and disposal of
approximately 1,000,000 cubic yards of beach material. The disposal locations on each
island are to be based on the measured beach response during the operation of the project as
determined by the monitoring program. The overall disposal lengths include 16,000 feet on
Bald Head Island and 25,000 feet along Oak Island/Caswell Beach. The 16,000-foot reach
on Bald Head Island includes approximately 14,000 feet of South Beach and 2,000 feet of
West Beach. The disposal boundary on Oak Island/Caswell Beach, nearest to the Cape Fear
River entrance, falls along the eastern town limits of Caswell Beach (located approximately
2,500 feet west of the river entrance) and extends westward along Oak Island. Actual
disposal locations are planned to fall within the above limits, but may not cover the entire
areaon any given operation.

Monitoring Program

Scope. The monitoring program is designed to measure the response of the adjacent
beaches, shoaling patterns in the entrance channel, and changes in the ebb tide delta of the
entrance channel beginning immediately before initial construction and continuing
throughout the operation and maintenance of the project. The results of this monitoring
program will be used to make necessary adjustments in the beach disposal location for the
littoral material removed from the entrance channel and to document the response of the
adjacent beaches to the deepening and alignment changes of the entrance channel.

Program Elements. The present monitoring program consists of five basic elements
namely; beach profile surveys, channel and ebb tide delta surveys, wave and current
measurements, aerial photography, and data analysis/reporting. The data collection effort is
alarge undertaking and involves numerous entities including the Corps of Engineers, private
contractors, and academia. The Wilmington District manages the program and is responsible
for project coordination, funding, data analysis and report preparation. The mgjority of the
data collection is accomplished by the U.S. Army Engineer Research and Devel opment
Center, Coastal and Hydraulics Laboratory, Field Research Facility (FRF) located in Duck,
North Carolina. The FRF isresponsible for obtaining the offshore beach profile surveys, ebb
shoal surveys, wave and current measurements, and associated data reduction, quality
control, and analysis. The wave/current gauges are operated by Evans Hamilton, Inc (EHI)




through the FRF and the detailed ebb tide delta and shipboard current surveys are performed
by the Virginia Institute of Marine Science, through EHI. The remaining monitoring tasks,
specifically the onshore beach surveys and aerial photography, are obtained by the
Wilmington District through the use of private companies. The onshore beach profiles have
been surveyed by McKim & Creed Engineering; whereas, the aerial photos have been
provided under contract with Barton Aerial Technologies, Inc. and Nova Digital Systems,
Inc. The basic program elements are described in the following paragraphs.

Beach Profile Surveys. The beach profile surveys serve as the backbone of
the monitoring program and are taken along both Bald Head Island and Oak Island/ Caswell
Beach. The beach surveys consist of specified transects, or profiles, taken generally
perpendicular to the trend of the shoreline. For Bald Head Island, the beach profiles begin at
the entrance to the Bald Head Island marina on West Beach, and extend all the way to Cape
Point, located at the eastern end of South Beach as shown in Figure 1.3. The location of
these profile stations were selected to coincide with existing beach profile stations currently
being monitored by the Village of Bald Head Island, which are spaced at an interval of
approximately 400 feet. The total shoreline distance covered along Bald Head Island is
about 22,000 feet and includes atotal of 58 beach profile stations. For the Oak
Island/Caswell Beach portion, beach profile stations were established at approximately 500-
foot intervals, beginning near the Cape Fear River Entrance and extending west along
Caswell Beach/Oak Island, as shown in Figure 1.4. This coverage includes approximately
5,000 feet of shoreline fronting the North Carolina Baptist Assembly grounds at Fort Caswell
(2,500 ft along the inlet shoulder and 2,500 ft along the ocean-front) plus 26,000 ft along Oak
Island extending west of the Baptist Assembly property. The beach profile stations extend
1000 feet westward of the designated disposal limit on Oak Island and encompass a total
shoreline length of 31,000 feet. A total of 62 profile lines comprise this shoreline reach. The
profile locations follow along an existing baseline established by the Corps of Engineers that
had designated profile stations at 1,000 foot intervals. The monitoring plan added
intermediate lines at 500-feet and utilized the pre-existing 1,000 foot stations so that prior
surveys could be incorporated into the program as necessary.

The designated assigned profile numbers as shown on the figures are correlated to
their respective location along the established baseline for each transect location. For
example, Profile 310 on Oak Island (the last line) corresponds with baseline Station
310+08.91, and is approximately 31,000 from the inlet entrance.

The beach profile surveys are taken semi-annually and are scheduled to coincide with
the spring (April-May) and fall (October-November) seasons. During the spring survey all
profiles are surveyed with coverage over the onshore portion of the beach. The onshore
survey coverage extends from the landward limit of the profile line (a stable point beyond the
back toe of the dune) seaward to wading depth. During the fall the onshore coverageis
repeated; however, the coverage of every other line is extended offshore to a seaward
distance of 15,000 feet or to a depth of 25 feet. The survey data are reported with respect to
the National Geodetic Vertical Datum (NGV D) 1929 and North American Datum (NAD)
1983 horizontal datum.
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The most difficult areas to obtain accurate bathymetric surveys are through the
surfzone and over the shoal areas that border each side of the Cape Fear entrance channel,
and those near Frying Pan Shoals. Accessto these locationsis very difficult for conventional
watercraft due to breaking waves and shallow depths. Under the present monitoring effort
these access problems are largely eliminated through the use of the FRF' s LARC survey
system. The LARC (Lighter Amphibious Re-supply Cargo) vehicle, shown in Figure 1.5, is
uniquely designed to transit through the water, across shoals, through the surf zone up to the
base of the beach dunes. The LARC is equipped with a Trimble Real-Time Kinematic
Global Positioning Satellite (RTK-GPS) survey system for accurate horizontal and vertical
positioning of the vehicle and a Knudsen Echosounder to measure depth while traversing the
profilelines.

5/3/2000 09:43

Figure 1.5 FRF Hydro-LARC Survey System

Channel and Ebb Tide Delta Surveys. The Corps of Engineers routinely
surveys the condition of the ocean entrance channel from the Smith Island Range seaward to
the Bald Head Shoal Range about once every three months. The area covered by these
surveys includes the entire width of the authorized channel and some limited areas adjacent
to the channel but outside the channel prism lines. Additional surveys are obtained
associated with numerous dredging contracts that will continue during the future
maintenance of the channel.

The realignment of the seaward portion of the Bald Head Shoal Range is expected to
be accompanied by areconfiguration in the shape of the ebb tide delta. The major change
expected is the reorientation of the western portion of the ebb tide delta with the reoriented
delta essentially paralleling the alignment of the new channel. To monitor these changes,
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detailed surveys of the offshore area encompassing the entire ebb tide delta are accomplished
on an annual basis. The surveys are scheduled to coincide with the offshore beach profile
surveys so that the coverage can be combined where applicable. The genera extent of the
ebb delta surveysisindicated on Figure 1.6.

The bathymetric data over the ebb shoal area are collected using a very detailed and
accurate Submetrix Interferometric (SI) System. This system collects swath bathymetry and
sidescan sonar from a hull-mounted transducer. Horizontal and vertical accuracy, when
coupled with RTK-GPS and a motion sensor is 15-20 cm (6-8 inches). Unlike traditional
multi-beam systems, the SI maintains a swath width of 8-10 times the water depth and
simultaneously collects both depth and seabed reflection properties. This system performs
particularly well in shallow waters, ranging from 2-20 meters (6 to 66 feet) and produces
swath soundings at 2 meter (6 foot) grid spacing.

Wave and Current Measurements. Wave and current measurements are al so
included as an integral part of the monitoring program. Three bottom-mounted gauges have
been positioned in the project areain the ocean as shown in Figure 1.7. One gauge islocated
immediately offshore of Bald Head Island in 19 feet of water, the second is located just
offshore of Oak Island (23 feet water depth), with the third positioned in 42 feet of water 11
miles offshore. The outer gauge was positioned to measure wave and water level data
seaward of the navigation channel and ebb shoal influence. The nearshore gauges provide
datain the vicinity of the navigation channel, nearshore shoals and adjacent beaches. A
fourth gage was temporarily deployed just inside the entrance channel of the river where it
was periodically moved to three locations. This gaugeis not presently being utilized. All
gauges consist of a combination of an Acoustic Doppler Current Profiler (ADCP) meter and
apressure gauge. This combination is capable of producing measurements of wave height,
period and direction, water level (tide and surges) as well as currents over the water column.
Water temperature near the bottom is also recorded. The sensors are mounted in a steel
framed pod for protection from trawlers and are self-recording. Both the Bald Head and Oak
Island gauges have been hard-wired to shore and as such produce near real time data
acquisition which may be accessed viathe Internet. Data are reported at 1-hour intervals;
however, the shore connection on the Bald Head gauge is inoperable at thistime. The 11-
mile gauge records data every 3 hours.

In addition to fixed bottom mounted gauges described above, currents are aso
measured along specified transects across the mouth of the Cape Fear River and near the new
channel realignment. These measurements are recorded using a downward-looking,
shipboard-mounted current profiler, which operates along the two closed |oops as shown in
Figure 1.8. The vessel navigates aong the tracks over acompletetidal cycle to capture both
ebb and flood flows as well asthe entiretidal prism. Current surveys are accomplished
annually corresponding with the ebb tide delta survey.

Aerial Photography. Vertical color aerial photographs are taken yearly generally near
the time of the spring profile survey. The over-flight for this monitoring effort is part of a
larger project that provides aerial coverage from the North Carolina-South

11
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Carolina state line northward to Cape Lookout. The nominal scale of the photography is 1
inch equals 1000 feet over the entire project areaand 1 inch equals 500 feet for the
Wilmington Harbor monitoring area. The larger scale print coverage extends from the
westward beach disposal limit on Oak Island to the eastern end of South Beach on Bald Head
Island.

Data Analysis and Reporting. With the completion of thisinitial report,
subsequent reports summarizing the monitoring activity will be prepared on an annual basis.
Each report will include an analysis of the observed changes and trends along the adjacent
beaches and a comparison to expected or historical trends. The report will aso include an
assessment of the shoaling patterns in the ocean entrance channel, temporal changesin the
ebb tide delta and an analysis of the wave and current measurements. This report will also be
provided to the Village of Bald Head Island, the Town of Caswell Beach, the Town of Oak
Island, and interested parties for their review and comment.

Bald Head Island Monitoring Survey Program.

Surveys from September 1996 to December 2002 were taken as part of a monitoring
program implemented by the Village of Bald Head Island and were provided to the District
by Olsen Associates, Inc. Table 1.2 isalisting of the dates and coverage for the Village of
Bald Head I sland monitoring surveys.

Table 1.2 Village of Bald Head Island Beach Profile Surveys

Date of Survey | Range of Stations | On Shore | Off Shore

1996 - September 20 to 166 X
1997 - March 20 to 166 X
1997 - June 20to 162 X
1997 - September 24 t0 162 X
1998 - March 20to 162 X
1998 - June 20to 162 X
1998 - September 20 to 158 X
1998 - December 24 t0 166 X
1999 - March 24 to 166 X
1999 - November Oto 218 X X
2000 - November Oto 214 X X
2001 - August 810 210 X X
2002 - July 810 210 X X
2002 - December 0to 222 X X
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Activitiesto Date. Data collection for the Wilmington Harbor monitoring program
began in August 2000 prior to the dredging of the entrance channel. This report covers the
monitoring activity through the June 2003 beach survey and therefore spans an initia period
of nearly three years. To date there have been five onshore beach profile surveys (Aug-Sep
2000, Nov-Dec2001, June 2002, Feb 2003 and June 2003), three offshore beach profile
surveys (Aug 2000, Oct-Nov-2001, and Nov-Dec 2002) and three surveys of the ebb tide
delta (Aug-Sep 2000, Dec-Jan 2002 and Jan 2003). Additional surveys of portions of the
beach were also conducted before, during and after placement of the various beach disposals
associated with the dredging contract.

With respect to the wave/current meters, all four instruments wereinitially deployed
in September 2000. The Bald Head gauge and the offshore 11-mile gauge have generally
been in continuous operation throughout the initial monitoring period except for servicing
and occasional dataoutage. The Oak Island gauge was damaged in October 2000 by a
trawler about one month after deployment. The gauge remained inoperative until September
2001, except for a brief period in June 2001, and has been collecting data since. Theriver
gauge was in operation from September 2000 through September 2001 asit was cycled
between three sites near the river entrance. The shipboard current measurements were taken
on three occasions. These data were collected in October 2000 with the initial data collection
effort and in the spring of 2002& 2003 (April 2002 & March 2003). Additionally, aerial
photographs were taken on the following dates: October 11, 2000, February 7, 2001, May 16,
2002, and March 10, 2003. Figure 1.9 gives atime line activity chart that summarizes all
tasks undertaken to date.

Also included on the activity chart are the dredging periods for the entrance channel
and associated beach disposal time frames. As discussed earlier in this report, this work was
accomplished under two contracts. One contract, commonly known as Ocean Bar |, covered
the outer bar channel, (Bald Head Shoal-Outer Reach). The second, Ocean Bar 11, covered
Bald Head Shoal-Inner channel plus the lower river channel ranges of Smith Island, Bald
Head-Caswell, Southport, Battery Island, Lower Swash, and Snows Marsh. Dredging on
Ocean Bar | began in December 2000 and was completed April 2001, with all the material
being removed and deposited in the designated ocean disposal site. Ocean Bar |1 work
involved removal of beach compatible sediments as well as fine silts and clays designated for
offshore disposal. Dredging of Ocean Bar 1| commenced February 2001 with disposal on
Bald Head Island. The Bald Head placement was completed in early July 2001 and the
disposal was then initiated on Eastern Oak 1sland/Caswell Beach. This segment was finished
in August 2001 followed by completion of the Oak Island West beach disposal in April 2002.
The overall Ocean Bar |1 contract, including the dredging of non-suitable beach material was
completed in December 2002.
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FIGURE 1.9 WILMINGTON HARBOR MONITORING PROGRAM -- ACTIVITY CHART
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Part 2 HISTORIC INLET AND SHORELINE CHANGES

Cape Fear River Entrance Channel and Shoals

Entrance Channel Deepening History. Significant navigation improvements of the
Cape Fear River entrance began in 1871 with the construction of a 12-foot deep and 100-foot
wide channel along the general alignment of the Bald Head Shoal Channel. Prior to the
dredging of this bar channel, the Cape Fear entrance was characterized by two equally sized
channels, the Western Bar Channel and Bald Head Shoal Channel. Subsequent
improvements in the ocean bar channel are summarized below in Table 2.1.

Table2.1 CapeFear River Entrance Channel Improvements

Y ear Depth Width
Constructed (ft, MLW) (ft)
1881 16 270
1892 20 270
1911 26 400
1925-26 30 400
1949 32 400
1956 35 400
1968 40 500
2001 44 500

Channel Alignment Changes. Prior to the initiation of bar channel dredging, the Bald
Head Shoal Channel meandered from a south-southeasterly direction, or amost parallel to
the south beach on Bald Head Island, to a southwesterly alignment. As bar channel dredging
intensified, beginning with the 20-foot by 270-foot channel in 1892, the orientation and
location of the Bald Head Shoal Channel became fixed at a southwesterly alignment. This
general alignment was been maintained until 2001, until the channel was deepened and
realigned along the present more southerly approach.

Offshore Shoal Response. Detailed analysis of the offshore shoal responseis
contained in the 1989 reconnaissance report by the Wilmington District (USACE 1989) and
issummarized in this section. Transect data from surveys donein 1851, 1872, and 1974
were used to determine changes in the offshore shoals. Between the years 1851 and 1872
there was a significant build-up of material off the west end of Bald Head Island and
immediately seaward of the river entrance. Also, the nearshore zone just west of Cape Fear
experienced significant accretion. The nearshore accretion of the west end of Bald Head
Island was the result of the onshore movement of the shoals that bordered on the 1851
channel. With the movement of the Bald Head Shoal Channel back to the west, the remnant
shoals were being driven onshore by wave action and would eventually weld onto the beach.
The accumulation of sediment seaward of the Cape Fear River entrance was accompanied by
an area of significant scour just inshore. These entrance changes were probably due in part
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to the shifting of the Bald Head Shoal Channel but may also have been caused by some
rather severe hurricanes between 1851 and 1872.

From 1872 to 1923, the Bald Head Shoal Channel was maintained in arelatively
stable position by dredging. This alowed the remnant shoal of the 1851 channel to
completely weld to the west end of Bald Head Island. During these years the ebb tide delta
was reshaping as a large accumulation of material was detected west of the entrance channel.
Also, alarge deposit formed offshore of the east end of Bald Head Island while the area
offshore of the western half of the island deepened.

For the period from 1872 to 1974, there was a large build-up of material west of the
entrance channel and a smaller yet significant accumulation immediately to the east of the
channel. Also, alarge deposit formed offshore of the east end of Bald Head Island while the
offshore area at the west end deepened.

Jay Bird Shoal has accumulated material at an increasing rate since dredging of the
Bald Head Shoa Channel began in the late 1800's. Some of this accumulation may have
been the result of earlier dredge material disposal practices when material was deposited west
of the bar channel. However, the mgjor part of this accumulation was apparently due to the
reconfiguration of the river’s ocean shoal from its previous bulbous shape to its present delta-
like plan-form.

Shoreline Change M apping.

General. A history of shoreline changes for the study area was developed by
comparing shoreline positions shown on historic maps and interpreted from aeria photos for
both Bald Head Island and Oak Island/Caswell Beach. Dates were selected to capture time
spans that demonstrated overall trends in shoreline behavior and to illustrate the degree of
variability of recorded shoreline positions. Dates for Bald Head Island cover from 1855 to
1996 while Oak Island/Caswell Beach side spans from 1933 to 1996. All shorelines are
shown superimposed over a base map consisting of 2002 aerial photography.

Bald Head Island. Figure 2.1 of Bald Head Island depicts a shoreline advance of the
west end of south beach of approximately 2,300 ft over the 71 year period from 1851 to
1926. During this same time the east end of South Beach experienced approximately 700 ft
of shoreline recession. Navigation improvements to the Cape Fear River entrance channel
throughout this time included deepening from 16 to 30 ft (see prior Table 2.1).

Figure 2.2 shows a 63-year period (1926-1989) where Bald Head Island shorelines
were relatively more stable when compared to the prior period. On the west end of South
Beach, shoreline advance occurred between 1926 and 1962, then recession from 1962 to
1974, stability until 1985 followed by rapid recession to 1989. For the data that exists on the
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east end of south beach, similar shoreline change is observed with advance 1926 to 1974
followed by recession to 1989.

During the most recent period of 1989 to 1996, the shorelines along the western
approximate third of South Beach continued to erode with the remaining portions of South
Beach having a stable tendency (Figure 2.3). This genera shoreline response has continued
until present being influenced somewhat by the 2001 beach disposal along Bald Head Island.
Detailed measurements and discussion of the most recent shoreline movements (since 2000)
are given later in Parts 3 and 4 of this report.

Oak Idand/Caswell Beach. Figure 2.4 shows Oak Island with shorelines from 1933
to 1983. During this 50-year period of time the eastern tip of the island, which runs parallel
with the entrance channel, experienced significant shoreline advance of up to 600 ft. Over
this same time, the south-facing portion of the east end of the island experienced shoreline
advance of 80 to 200 ft.

From 1983 to 1996, Figure 2.5, shows the portion of the east end of the island which
runs parallel with the entrance channel continued to advance while the south facing portion
of the island experienced shoreline recession of up to 100 ft in some locations. Recent
shoreline movements along Oak Island/ Caswell Beach since 2000 are discussed in more
detail in Parts 3 and 4.
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Shoreline Change Rates

State Erosion Rates. Rates of shoreline change have been calculated for the entire
coastline of North Carolina by the NC Division of Coastal Management (NCDCM). These
data are used for planning and regulatory purposes in establishing construction setback
distances along the ocean front shoreline. The shoreline changes are representative of long-
term average annual rates based on the comparison of shoreline locations interpreted from
historic aeria photos. The shoreline position is recorded from a common shore parallel
baseline along fixed transects that run at right angles to the base line. Transects are spaced
every 50-meters (164 feet) along the coastline and are grouped in individual base maps
consisting of 72 transects each. Each base map covers about 3.6 km (2.2 miles) of coastline.
In reporting the shoreline change data, the NCDCM uses the end point method that compares
the earliest shoreline position with most recent position and divides the shoreline change by
the time interval between the two dates. An alongshore average is then used to smooth out
smaller perturbations along the coast. This running average uses 17 adjacent transects
consisting of eight transects on either side of the transect of interest.

For this study NCDCM shoreline position data were combined with the initial
monitoring survey of Aug/Sep 2000, taken immediately prior to the channel deepening and
realignment. The NCDCM data included shoreline positions taken from aerial photos dated
1-Apr 38, 16-Aug 59, 8-Dec 80, 25-Aug 86 and 1-Sep 92. Average annual shoreline change
rates were computed by taking a least-squares fit of all the shoreline positions spanning the
dates 1938 through 2000. A running alongshore average, as noted above, was then computed
from the least squaresfit data. The final computations represent long-term shoreline change
rates for the monitoring area spanning more than 62 years before the new channel work was
initiated. These long-term pre-construction rates are given in Figure 2.6 for Oak
Island/Caswell Beach and in Figure 2.7 for Bald Head Island. Later in Part 3 of this report,
these computed rates are compared to the rates calculated over the initial monitoring period
(i.e. theinitial post-construction period).

Oak Island/Caswell Beach Shoreline Change Rates. Figure 2.6 covers about 6 miles
of coastline along Oak |dand/Caswell Beach just west of the Cape Fear entrance. The trend
in long-term shoreline change rates show a general erosion pattern along the western two-
thirds of the area and accretion along the remaining third nearest the river entrance. The
erosion rates range from —2 feet per year at the western end of the study area, to a maximum
erosion of nearly -6 feet per year, which occurs near the boundary line between Oak Island
and Caswell Beach. The erosion then diminishes moving eastward from the peak eventually
turning accretionary at a point about 2000 feet to the east of the CP& L canal area. From this
point eastward the beach has historically been stable showing rates of accretion ranging from
1 to 2 feet per year to a maximum of more than 30 feet per year along the tip of Fort Caswell.

Bald Head Island Shoreline Change Rates. As shown on Figure 2.7, the long-term
trend in shoreline change for Bald Head Island is one of erosion. The erosional pattern along
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the 3-mile extent of South Beach shows relatively higher erosion both at the western and
eastern ends with more stability along the central reach. The pattern holds true except for a
few transects nearest the river entrance that are found to be accretionary at the southwestern
tip of Bad Head. Proceeding eastward from this stable areais an erosion zone covering
about one mile where the rates range from —2 feet per year to a maximum of —6.6 feet per
year. The rates then range from —2 to —3 feet per year average along the central portions of
South Beach. Eastward beyond this relatively more stable reach the rates gradually increase
towards Cape Fear reaching a maximum erosion rate of about 20, feet per year.
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Figure2.6 Long-Term Average Annual Shoreline Change Rates (1938-2000) Oak |sland/Caswell Beach
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Erosion Control Activities at Bald Head Island

To combat the erosion that Bald Head I1sland has been experiencing since the early
1970's, there have been four beach disposal projects and agroin field constructed on the
island. These operations have concentrated on the south-western portion of Bald Head Island
where erosion problems have been most acute.

Three beach disposals of approximately 360,000 cubic yardsin 1991, 650,000 cubic
yardsin 1996, and 450,000 cubic yardsin 1997 were placed with dight variations of the start
and stop locations between stations 36+00 and 134+00. 1n 2001, 1,849,000 cubic yards were
placed between stations 41+60 and 205+50 in conjunction with the entrance channel
realignment and deepening.

In 1996, sixteen geo-textile groins were constructed from station 49+00 to Station
114+00. The groinswere 9 feet in diameter and 325 feet long. The spacing between the
groinswas 400 feet. The groin field slowed the erosion for several years before they ceased
to function in 2000.

A permit to repair a 641-foot-long existing sand bag revetment was applied for in
January 2003. The sand bag revetment, shown in Figure 2.8, islocated along South Bald
Head Wynd between stations 62+00 and 69+00. The existing structure was authorized under
permitsissued in 1994 and 1995.

Figure2.8 Sand Bag Revetment along South Bald Head Wynd, April 2003.
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Part 3 DATA ANALYSISAND RESULTS FROM FIRST MONITORING CYCLE

General. Data collection for the monitoring program was initiated in August 2000
just prior to construction of the entrance channel improvements. This part of the report
describes the data collected to date and results through June 2003. The following discussion
covers the four main data collection efforts, namely: Shoreline and V olumetric changes from

the Beach Profile surveys, Ebb and Nearshore Shoal response, Wave Data, and Current
measurements in the entrance channel.

Figure 3.1 shows atypical profile plot of the survey data used in the Shoreline
Change and Volumetric Change analysis. Figure 3.2 shows shoreline positions derived from
the profile data. The shoreline was determined by the mean high water line. The mean high

water lineis 2.71 feet above the National Geodetic Vertical datum (NGVD29) for the
monitoring area.

Elewation (f NGYD)
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Figure3.1 Bald Head Island Profile 061
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Beach Profile Analysis-Shoreline and Profile Change

Bald Head Island. Beach fill placement was performed from approximate stations
41+60 through 205+50 during the February — July 2001 time frame. Shoreline changes
during the initial monitoring cycle for Bald Head Island are shown in Figure 3.3. Thisfigure
shows the changes in the shoreline through the June 2003 survey relative to the September
2000 shoreline positions. The beach profile locations were given previously in Figure 1.3. It
should be noted that the beach profile names are reflective of their location on the baseline.
For example, the origin of beach profile 43 is |ocated near station 43+00 on the Bald Head
Island baseline.

Monitoring profiles 0 through 24 along west beach show relatively stable shoreline
positions over the monitoring period. Net changes through June 2003 ranged from —11 feet
(erosion) and +37 feet (accretion).

Profiles 28 through 53 (approximately 2500 ft aong the beach) are generaly in the
area of the Bald Head spit adjacent to the Wilmington Harbor navigation channel. Most of
this area shows a highly variable shoreline. For example, in Figure 3.3 profile 40 accreted
138 feet between November 2001 (post construction) and June 2002, then eroded 174 feet by
June 2003, resulting in anet accretion of 122 feet over the monitoring period (i.e., since
September 2000). Other than this profile and profile 36, al profilesin this area show
erosion, ranging from 29 to 128 feet, from June 2002 to the June 2003 survey at the end of
the monitoring period. An example of profile datain this areais shown in Figure 3.4.
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Profiles 57 through 218 are located along Bald Head Island’ s south beach. Figure 3.3
shows the fill placed in the mgjority of this areareflected by the positive shoreline change
shown in October and November 2001. As can be seen, the fill area has been subjected to
erosion since November 2001. The highest net erosion through June 2003 since November
2001 occurred at profile 61 with avalue of 134 feet. The magnitude of erosion somewhat
uniformly decreases to the eastern limit of the beach fill placement (station 205+50). Areas
east of and including profile 198 all show a net accretion since November 2001, with values
up to 42 feet. Overdl, for thefill area along South Beach east of Profile 57, the first 4500
feet (Profile 57 thru Profile 102) have negative shoreline changes and the remaining 10,350
feet have positive shoreline changes as of June 2003. An example of profile datain thisarea
isshown in Figure 3.5.

Offshore profile change on Bald Head Island near Bald Head spit (STA 45+00 and
53+00, see Fig 1.3 for STA locations) between 2000 and 2004 is depicted in Figures 3.6 and
3.7. Of noteisthe apparent development of a possible marginal flood channel near —10 ft
NGVD.
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(198)) abuey)n aulj@ioys

Beach Profile Location

2002 Dec —%— 2003 Feb —@— 2003 Jun

2002 Jun

| —— 2001 Oct —— 2001 Nov

Figure 3.3 Wilmington Harbor Monitoring Shoreline Change from Pre-Construction Survey (September 2000) - Bald Head Island
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Oak Island. Shoreline changes during the initial monitoring cycle for Oak Island are
shown in Figure 3.8. This figure shows the changes in the mean high water line (termed
shoreline hereafter) position relative to the August 2000 shoreline positions (Refer back to
Figure 1.4 for the beach profile locations). Aswith Bald Head Island, the profile names are
reflective of their location on the baseline.

The beach fill for this area of Oak Island, as indicated on the figure, was placed
approximately from stations 60+00 to 80+00 (plus 1000 foot transitions at both ends) and
from station 121+00 to 294+00, during the July — August 2001 time frame. A 1000-foot
transition was also constructed from station 111+00 to 121+00. Figure 3.8 clearly showsthe
positive shoreline change due to the sand placement. Overal, the shoreline along the Oak
Island monitoring area has been stable or slightly eroding since the first post construction
survey, December 2001. The significant accretion west of station 294+00 was due to sand
placement from another project, The Sea Turtle Habitat, which was constructed between
August 2000 and December 2001. Note, the Sea Turtle Habitat material and the subject
Wilmington Harbor disposal material for Oak 1sland were placed with no gap between them.

The shoreline from profile 5 through 60 along the eastern tip of Oak Island has been
variable over the monitoring period. The shoreline from profile 5 through 20 has been
mostly stable. According to the June 2003 survey, localized accretion of 84 feet has occurred
at station 30. Net erosion values up to 96 feet were recorded in the June 2003 survey for
profiles 35 through 45. Profiles 50 through 60 show a stable or accreting shoreline.

Profiles 65 through 85 (approximate area of easternmost fill) have shown net erosion
up to 48 feet between December 2001 and June 2003 survey. However, it should be noted
that there is still a net positive shoreline change, ranging from 56 to 93 feet for these profiles,
relative to the August 2000 (pre construction) survey. An example of profile datain this area
isshown in Figure 3.9 for Profile 80.

The areawith no fill placed from approximately station 90+00 to 120+00 has shown a
net positive shoreline change since construction. Thisis most likely due to sand migrating
alongshore from the fills placed on either side.

Profiles 125 through 305 show moderate erosion between the December 2001 and
June 2003 surveys with some profiles showing slight accretion. The highest erosion value in
this areawas 59 feet at profile 125. The highest accretion value in this areawas 21 feet at
profile 280. By June 2003 the shoreline along this entire fill reach is between 100 and 175-
feet seaward of the August 2000 location. An example of profile datain thisareais shownin
Figure 3.10 for Profile 220.

Profile 310 shows an erosion value of 82 feet. This profile location iswithin the
boundary of the neighboring project, The Sea Turtle Habitat. The Sea Turtle Habitat was
constructed with a shoreline protruding farther seaward than the shoreline constructed for the
Wilmington Harbor disposal. With profile 310 being at the eastern limit of the Sea Turtle
Habitat project, the erosion shown by this profile is possibly due to end losses from the Sea
Turtle Habitat fill
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Beach Profile Analysis-Volumetric Change

Genera. Investigations of volume changes between surveys along the same profiles
were made to get an indication of volume loss or gain for the disposal materia's placed on the
beach. Table 3.1 shows the data sets available, by which volume change observations were
made.

Table3.1
Beach Surveys Used for Volume Change Observations
Survey Beach Long shore Cross-shore Coverage
Date Island Survey Type Coverage
2000 Aug | Oak Onshore/Offshore | 5+00 —310+00 | Beach Berm out
Monitoring approx 16,000 feet
2000 Aug | Oak Onshore 5+00 —310+00 | Landward of Dune out
Monitoring to Wading Depth
2001 Jul | Oak Onshore/Offshore | 57+00 — Seaward Toe of Dune
- Oct After Dredge 296+00 out 2200 ft
2001 Dec | Oak Onshore 5+00 —310+00 | Landward of Dune out
Monitoring to Wading Depth
2002 Jan | Oak Onshore/Offshore | 5+00 —310+00 | Beach Berm out
Monitoring approx 16,000 feet
2002 Jun | Oak Onshore 5+00 —310+00 | Landward of Dune out
Monitoring to Wading Depth
2002 Dec | Oak Onshore/Offshore | 5+00 —310+00 | Beach Berm out
Monitoring approx 16,000 feet
2003 Feb | Oak Onshore 5+00 —310+00 | Landward of Dune out
Monitoring to Wading Depth
2003 Jun | Oak Onshore 5+00 — 310+00 | Landward of Dune out
Monitoring to Wading Depth
2000 Aug | Bad Head | Onshore/Offshore | 0+00 — 230+00 | Beach Berm out
Monitoring approx 16,000 feet
2000 Sep | Bad Head | Onshore 0+00—218+00 | Landward of Dune out
Monitoring to Wading Depth
2001 Mar | Bad Head | Onshore/Offshore | 34+00 — Seaward Toe of Dune
- Jul After Dredge 216+00 out 2200 ft
2001 Oct | Bad Head | Onshore/Offshore | 0+00 — 230+00 | Beach Berm out
Monitoring approx 16,000 feet
2001 Nov | Bad Head | Onshore 0+00—222+00 | Landward of Dune out
Monitoring to Wading Depth
2002 Jun | Bad Head | Onshore 0+00—222+00 | Landward of Dune out
Monitoring to Wading Depth
2002 Dec | Bad Head | Onshore/Offshore | 0+00 — 230+00 | Beach Berm out
Monitoring approx 16,000 feet
2003 Jun | Bad Head | Onshore 0+00—230+00 | Landward of Dune out
Monitoring to Wading Depth
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The After Dredge surveys were performed at successive sections of the disposal area
asthe disposal activity progressed down the beach. The purpose of the After Dredge surveys
was to document the quantity of material placed. However, thisinformation can also be
combined with the surveys within the monitoring area.

Volumetric changes during the initial monitoring cycle are shown in Figures 3.11
through 3.14 for Bald Head Island and 3.15 through 3.16 for Oak Island. Comparisons
between the onshore/offshore surveys were made to varying elevations (Tables 3.2 and 3.3),
based on observed depths of closure between the monitoring surveys. Comparisons between
the onshore surveys were made to the elevation —2 feet NGV D. Volume magnitudes shown
in the figures and stated in the following sections are derived using average end area method.
That is, the volume difference is calculated at each profile as a cubic yard per foot of beach
(cy/ft). Then, the cy/ft values for two profiles were averaged, and the average applied over
the distance between the two profiles, for aresultant volume in cubic yards (cy). So, based
on this, it should be noted that the volume shown at each profile location actually represents
the volume between that station and next higher station value.
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Table3.2

Lower Elevation Limit for Onshore/Offshore V olumetric Comparison — Oak Island

Beach Observed Depth of Calculated
Island | Profile ID |Closure (FT NGVD 29)|from trend line

Oak Island 5 -50

Oak Island 10 55

Oak Island 15 65

Oak Island 20 50

Oak Island 30 =5

Oak Island 40 s

Oak Island 45 22|

Oak Island 50 -15 -14.8
Oak Island 60 -13 -136
Oak Island 70 -14 -12.7
Oak Island 80 -14 -12.0
Oak Island 90 11 -11.6
Oak Island 100 -10 114
Oak Island 110 -9 -11.3
Oak Island 120 11 114
Oak Island 130 11 117
Oak Island 140 -12 -12.0
Oak Island 150 -14 125
Oak Island 160 -14 -13.0
Oak Island 170 -13 -135
Oak Island 180 -18 -14.1
Oak Island 190 -17 -14.6
Oaklsland | 20 -15 -15.1
Oak Island 210 -19 -155
Oak Island 220 -19 -15.9
Oak Island 230 -18 -16.1
Oak Island 240 -16 -16.2
Oaklsland | 250 -18 -16.2
Oak Island 260 17 -16.0
Oak Island 270 -18 -155
Oaklsland | 2gp -19 -14.9
Oak Island 290 -18 -14.0
Oak Island 300 -17 -12.8
Oak Island 310 -18 -11.3
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Table3.3
Lower Elevation Limit for Onshore/Offshore V olumetric Comparison — Bald Head Island

Observed Depth of Calculated
Beach Island | Profile ID | Closure (Ft NGVD 29) [from trend line
Bald Head 0 -22
Bald Head 8 -25
Bald Head 16 -19
Bald Head 24 -6
Bald Head 32 -12
Bald Head 40 -50
Bald Head 45 -47
Bald Head 53 -18
Bald Head 61 -15
Bald Head 69 -11 -10.8
Bald Head 78 -13 -12.4
Bald Head 88 -14 -13.8
Bald Head 97 -13 -14.9
Bald Head 106 -15 -15.8
Bald Head 114 -17 -16.4
Bald Head 122 -18 -16.9
Bald Head 130 -15 -17.2
Bald Head 138 -18 -17.3
Bald Head 146 -16 -17.3
Bald Head 154 -17 -17.0
Bald Head 162 -17 -16.7
Bald Head 170 -18 -16.1
Bald Head 178 -14 -15.4
Bald Head 186 -14 -14.5
Bald Head 194 -12 -13.5
Bald Head 202 -12 -12.3
Bald Head 210 -16
Bald Head 218 -20
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Bald Head | sland:

Onshore Surveys Compared to After Dredge Surveys. When comparing the volume
changes for the onshore surveys, loss is the prevailing trend for most of the survey dates and
for most of the locations on Bald Head Island (see Figure 3.11). The largest losses are
around the spit and the portion of South Beach closest to the inlet. Through June 2003,
331,000 CY of material waslost above—2 NGVD for profiles 36 - 88. The remaining
portions of the beach lost 177,000 CY, for a cumulative loss of 508,000 CY

Post-construction Surveys compared to Pre-construction Survey: The
onshore/offshore post-construction monitoring surveys (October 2001 and December 2002)
were both compared to the pre-construction (August 2000) survey (see Figure 3.12). This
was done to compare the health of the beach to the before construction condition. As
indicated previoudly, this comparison includes profiles around West Beach.

Most of West Beach (profiles O through 32) shows stability with gains of 82,000 CY
through October 2001 and 73,000 CY through December 2002. Although the western
portion of South Beach (profiles 40 through 88) showed a gain of 24,000 CY in October
2001, anet loss of 265,000 CY occurred by December 2002. The remainder of the
monitoring area (profiles 97 through 210) showed gains of 1,211,000 CY by October 2001
and 584,000 CY by December 2002. This areaincludes profiles 202 and 210, which show
relatively large losses, compared to the remainder of the monitoring area. These profiles are
closest to Cape Fear, and the volume change there is likely affected by the unstable
environment at that location.

Based on this comparison, it can be concluded that West Beach and the eastern
portion of South Beach are volumetrically healthier than before initiation of construction.
However, the western portion of South Beach is not as healthy as before initiation of
construction.

An analysis of Bald Head spit volume growth was conducted by examining 45
navigation channel surveys between January 1994 and May 2004. Figure 3.13 showsthe
area used in calculating spit volume, and Figure 3.14 shows the volume of sand contained in
the spit with respect to time above —46 ft MLLW. Between 1993 and early 2003, the spit
volume varied between 50,000 and 100,000 cubic yards. In the past year, the spit volume has
approached 200,000 cubic yards. In addition, during this time, the thalweg (deep water) of
the river in the vicinity of the spit has naturally shifted northeastward outside of the channel
prism (see Figure 3.15 between channel STA 20+00 and 25+00).



T M
_—g

T
|
|
|
[ SR (I S —
i

” 215
” - 210
- 205
- 200
” - 195
- 190
- 185
| - 180
- 175
- 170
S - 165
- 160
- 155
| - 150
- 145
- 140
” - 135
- 130
” - 125
- 120
BRRRS - 115
” - 110
- 105
- 100

20000
-30000 |
-40000
50000

Cubic Yards

35

60000
-70000

Beach Profile ID

uary-03 June-03 ‘

Figure 3.11 Wilmington Harbor Monitoring —Bald Head | land Beach Profile Volume Change since “ After-Dredge” Survey (march — July 2001)

June-02 —l— Febri

—&— Novermber-01

Onshore Only Profilesdown to -2 ft NGVD

45



- 216
- 208
- 200
- 192
- 184
- 176
- 168
- 160
- 152
- 144
- 136
- 128
- 120
112
- 104
- 96
- 88
- 80
- 72
- 64
- 56
- 48
- 40
- 32
- 24
- 16
- 8

Cubic Yards

Beach Profile ID

‘ —— December 2001 - Onshore/Offshore —€— December 2002 - Onshore/Offshore ‘

Figure 3.12 Wilmington Harbor Monitoring —Bald Head | sland Beach Profile Volume Change since August/September 2000 Onshor e/Offshore

Surveys

46



Bounding
Limits for
Spit Volume
Calculations

Figure 3.13 Location of Bald Head spit volume calculations

Volume cyds

Spit Volume

250,000

200,000

150,000

100,000

50,000

0 T ‘ I |

o8 & £ & & &

F N & o \\ S o @ @
\\\ »;\\ \\\ \\\ \\\ \\’\ \\\ \\\ \\’\

& »
&> '»@ ol

& & &

N b L\

Date

Figure 3.14 Bald Head Spit Volume above -46 ft MLLW

47




Oak Idand:

Onshore Surveys Compared to After Dredge Surveys. When comparing the volume
changes for the onshore surveys, loss is the prevailing trend for most of the survey dates and
for most of the locations on Oak Island (see Figure 3.15). However, the magnitudes are
much less than those of the onshore/offshore comparison above. Of the four surveys
investigated, the greatest loss and gain were -21,000 CY and 12,000 CY, respectively.

A net loss through June 2003 occurred at the easternmost disposal area along Caswell
Beach (60+00 to 80+00) while gains are seen between the two disposal areas (80+00 to
121+00). Theremaining area (121+00 to 310+00) showed predominantly net losses for
elevations above -2 feet NGVD, when compared to the After Dredge surveys.

Post-Construction Surveys compared to Pre-construction Survey: The
onshore/offshore construction monitoring surveys (January 2002 and December 2002) were
both compared to the pre-construction (August 2000) survey (see Figure 3.16). Thiswas
done to compare the health of the beach to the before construction condition. Asindicated
previously, this comparison includes profiles around the eastern tip of Oak Island.

The eastern end and tip of Oak Island (profiles 5 through 110) show predominant
losses, atotal of 198,000 CY through January 2002 and 228,000 CY through December
2002. Theremainder of Oak Island (profiles 120 through 310) shows predominant gains, a
total of 1,096,000 CY through January 2002 and 1,011,000 CY through December 2002.

Based on the above comparison, it can be concluded that by the end of the monitoring
period, Oak Island is volumetrically much healthier than before initiation of construction.
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Ebb and Nearshore Shoal Analysis

Bathymetric Data Collection. Detailed bathymetry of the Cape Fear River ebb tidal
deltaand channels were collected on three occasions specifically; August-September 2000,
December 2001-January 2002 and January 2003. These data are collected using an
interferometric swath sonar system integrated with a motion sensor that removes vessel
motion inreal-time. Dual-channel RTK GPS provides horizontal and vertical control to
correct for water level fluctuations forced by astronomical tides and wind-driven tides using
the vertical RTK-GPS measurements. For details of this system and methodology on data
collection and reduction refer to the following referenced letter reports, McNinch 2002 and
McNinch 2003.

Bathymetric data from the USACE LARC cross-shore surveys aong the offshore
profile lines were combined with those of the interferometic system to produce a
comprehensive survey of the monitoring area. A sample of the combined coverage of the
most recent survey is shown in Figure 3.17 showing the LARC and interferometric system
track lines. The results of the surveys are discussed below which are summarized from the
previously referenced letter reports.

Results. The ebb tidal delta surrounding the mouth of the Cape Fear River is shown
in Figure 3.18 from the most recent survey of 2003. Although these sounding were collected
over atime span of several months and should not be used as an instantaneous measure of
bathymetry, gross patterns of seafloor morphology can be seen in the figure. This survey
clearly shows the newly realigned channel as well as the existing channel. Also apparent are
three linear shoals that compose much of the ebb tidal delta. Two shoals are present on the
west side of the shipping channel (Jay Bird Shoals). Thethird or Bald Head Shoal protrudes
off the southwestern corner of Bald Head Island east of the main channel. Figure 3.19 shows
adetail of the three shoals and nearshore bathymetry. Thisfigure reveals the three-shoal
system with the main channel hugging very near Bald Head Island as it exits into the ocean.
A well-developed flood margin channel can also be seen flanking Oak Island. However, a
similar companion flood channel is not apparent through Bald Head Shoal on the opposite
side of the entrance channel.

A side-by-side comparison of this areais shown in Figure 3.20 for the 2000, 2002 and
2003 surveys. These comparisons show a deepening of the flood margin channel on the Oak
Island side and along the main shipping channel, the latter degpening being attributed to the
dredging of the new channel. Overall however the morphology of the ebb tidal delta appears
to be largely static which suggests there have not been substantial changes in sediment
transport pathways around the ebb tidal delta since theinitial pre-construction 2000 survey.

An inset of the bathymetry surrounding the new channel at the distal end of the ebb
tidal deltais shownin Figure 3.21. A side-by-side comparison of this region for each of the
surveysis provided in Figure 3.22. Construction of the new channel is readily apparent from
the bathymetric charts with the 2000 survey reflecting the pre-dredge condition while the
2002 survey captures the time between the completion of the outer bar dredging contract
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(Ocean Bar I) and the start of the Bald Head Shoal contract (Ocean Bar I1). This chart
clearly shows the remaining section of the channel to be dredged connecting the existing and
new channel alignments. The bathymetry seen in the 2003 survey shows the morphology of
this region after roughly 10 months of the new channel being opened. Aside from the
dredged change in bathymetry, the overall morphology of the outer region appears to be
about the same over the three-year period covered by the surveys. Thisfact suggests that
little change in sediment transport pathways along the offshore end of the ebb tidal delta over
thisinitial monitoring period.

The bathymetry near the western portion of Baldhead Island is shown on Figures 3.23
and 3.24. Although annual surveys show only endpoint differences or similarities and do not
reflect the more temporally dynamic changes that may occur between surveys, these charts
indicate minimal evolution of the shoals flanking the inlet in the Baldhead Island region. A
similar inset showing the nearshore shoals along Oak Island over the past three survey years
isgivenin Figure 3.25. Like the Baldhead Island side, there has been minimal change in the
nearshore bathymetry and attached shoal s adjacent to Oak Island.

Comparisons between surveys of the ebb tide delta region are discussed further in
Part 4. in the section Ebb and Nearshore Shoal Response.
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Figure 3.17 Survey Track Lines Collected by the LARCS5 and the I nterferometric System during the 2003 Survey
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Figure 3.18 Bathymetry of the Cape Fear River Ebb Tidal Delta, 2003.
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Figure 3.19 Inset of bathymetry near the Cape Fear River tidal inlet 2003.
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56



Northing (m, state plane)
depth (m, NGVD)

Ebb Tidal Shoal
2003 Survey

697000 697500 698000 698500 699000 699500 700000 700500 701000
Easting (m, state plane)

Figure 3.21 Inset of bathymetry near the new channel along the distal end of the ebb tidal delta 2003.
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Figure 3.23 Inset of bathymetry along the western portion of Baldhead I sland, 2003.
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Wave Data Analysis

Detailed investigations of wave conditions associated with Wilmington Harbor
monitoring are being conducted through the use of field data collection using three wave
gauges. One gauge is located offshore and the other two are |ocated nearshore so that the
local wave climate can be assessed with respect to offshore conditions. In this section the
wave data collected to date are presented through relative comparisons of each other and
compared to longer-term hindcast data available at the site. Significant wave events are also
identified for the initial 3-year monitoring period. Prior numerical simulations of wave
transformations are discussed as well as the use of the field data to calibrate/verify the use of
the STWAVE model for the study area.

General Wave Climate. Determination of the incident wave climateisacritical first
step in nearshore wave transformation and littoral transport studies. Idedly, along-term,
high-quality hindcast is available with at least afew years of concurrent directional wave
measurements in the same area to validate the hindcast. This study used both long-term
wave hindcast data and short-term field data measurements, as discussed in the following
paragraphs. Figure 3.26 displays the locations of available wave information for use in
characterizing the local wave climate.
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Figure 3.26. Wave Gauge and Hindcast Station L ocations.
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WIS Hindcasts. The Wave Information Studies (WIS) has developed wave
information along U.S. coasts by computer simulation of past wind and wave conditions.
Thistype of smulation istermed hindcasting. The hindcast data provide a valuable source of
decades-long wave data needed in coastal engineering design, at dense spatial resolution and
at alevel of temporal continuity not available from field measurements. The most recent
hindcast information consists of a 10-yr continuous time series from 1990-1999. The latest
hindcast data are expected to dramatically improve confidence in littoral transport analyses
compared to previous hindcast efforts. The improved quality of the recent hindcast
conditions were produced using an advanced version of the wave hindcast model
WISWAVE, with more accurate and more highly resolved input winds, and better
representation of shallow water topographic effects and sheltering by land forms through use
of more highly resolved model domains. Advancements in weather modeling, increased
availability of measured wind data (from buoys and satellites), and improved methods for
integrating measured data with model-generated wind fields have all contributed to
significant improvements in the quality of wind input that is available for use in hindcasting.
Time series of bulk wave parameters, significant wave height, period, direction, as well as
wind speed and direction, are available at 1-hour intervals for a densely-spaced series of
nearshore points along the U.S. coastline (in water depths of 50-60 ft) and a less-dense series
of pointsin deep water (water depths of 300 ft or more).

Previous studies (Thompson, Lin and Jones, 1999) utilized WIS Level 2 Hindcast
Station 2041, located just landward of the Eleven Mile Gauge. The earlier hindcast, covering
time periods from 1976 to 1995, does not account for the sheltering effect of Bald Head
Island since the hindcast was conducted on arather coarse grid (1/4 degree resolution)
covering the continental shelf along the eastern U.S. coast. Also, wave refraction around
Frying Pan Shoals, which extends over 20 miles from Cape Fear, is not represented in the
earlier hindcast. Since sheltering of Bald Head Island and refraction due to Frying Pan
Shoals are critical to waves, they need to be included in the wave climate analysis.

Therefore, the recent WIS Level 3 hindcast data provide an improved representation of the
offshore wave climate for the Study area.

The WIS Level 3 output station used for this study was Station 317, as shown in
Figure 3.26, located in 50 ft of water approximately 10 miles south of the Eleven Mile Gauge
and west of the outer limits of Frying Pan Shoals. The location of Station 317 provides a
good representation of offshore wave conditions, with minimal influence of sheltering by
Bald Head Island or refraction around Frying Pan Shoals. Such conditions are very suitable
for input to the wave transformation model to account for the influences of Frying Pan
Shoals on nearshore wave climate and resulting longshore transport patterns.

To construct the wave climate, percent occurrence tables (broken down by height,
period, and direction) were calculated for the entire hindcast using the Coastal Engineering
Design and Analysis System (CEDAS), Nearshore Evolution Modeling System (NEMOS)
software (NEMOS 2000). The Cape Fear wave climateisillustrated in Figure 3.27 as awave
rose with directional resolution of 22.5 deg. Figures 3.28 and 3.29 also show overall
distributions by height, period, and direction in a histogram and block format, respectively.
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Percent occurrence tables are commonly utilized to assist in computation of littoral transport
rates as discussed later. The average annual wave height is approximately 3.6 ft as shown in
Table 3.4 with the larger wave heights occurring in the months of January through March.
Wave typically approach the study area from the east and southeast (between 90.0 and 135.0
deg azimuth). Wave heights exceeding 6 ft only exist 11 percent of the time, with those
waves being predominantly from the south and southeast directions.

A wave period rose and block diagram are shown in Figures 3.30 and 3.31,
respectively for Station 317. A tendency for long periods is most evident in waves from
around 90 deg, a direction exposed to the open North Atlantic Ocean. Waves from the
southeast, an important segment of the wave climate affecting the Cape Fear River entrance,
also exhibit fairly long periods. Waves from the south and southwest tend to have relatively
short periods.

Percent Occurrence
Wave Direction (deg)
S
Wave Height (ft)

120-14.0
100-120
80-100
60-8.0
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20-40
1.0-20
oo-10
Width Legend

Figure3.27. Wave Height Rose for WIS Level 3 Station 317.
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YEAR JAN[FEB |MAR [APR |MAY [JUNJJUL [AUG |SEP [OCT |NOV |IDEC [MEAN
1990 3.4 4.6 3.7 3.8 3.00 26| 29 2.0 2.4 35 2.8 3.8 3.2
1991 3.8) 3.6| 4.5 3.5 27 3.0 26 25 3.7 38 32 3.7 3.4
1992 4.6) 4.6 43 3.7 3.7 3.2/ 3.0 29 35 3.7 47 46 3.9
1993 5.3 4.6] 53 4.1 26 2.7 22| 29 2.8 4.2 4.8 4.2 3.8
1994 5.0 42 4.7 3.2 3.6 3.3 33 28 26 41 48 5.0 3.9
1995 4.9] 4.6 3.7 3.5 3.2 3.3 2.8 39 49 43 4.0 3.7 3.9
1996 5.1) 4.5 54 3.8 34 34 42 29 44 43 41 41 4.1
19971 3.4 32 41 3.0 24 32 24 20 25 19 34 3.1 2.9
1998 4.4 52 44 38 27 23 29 39 3.0 3.0 29 4.0 3.5
1999 4.4 39 4.3 4.5 3.0 3.0 25 3.6 4.6 4.1 3.8 3.6 3.8

Month | 4.4 4.3 44 37 3.0 30 29 30 34 37 38 40 3.6

Table3.4 Mean Yearly and Monthly Wave Heights (ft) for WIS Level 3 Station 317.

Wave Gauge Analysis. The field measurement program was initiated to
monitor processes in the areaimmediately before construction of a new deep-draft entrance
channel and for an extended time period after construction. The data also provide critical in
situ documentation of offshore and nearshore processes that has been heretofore unavailable
at this site.

Directional wave, water level, and current data were collected at one offshore location
(referred to as the 11-Mile gauge) and two nearshore locations (Oak Island and Bald Head
Island), as shown in Figure 3.32. Water depths are about 42 ft at 11-Mile, 23 ft at Oak
Island, and 19 ft at Bald Head Island gauges. The 11-Mile gauge was placed just south of a
proposed dredged material disposal area, seaward of the navigation channel and ebb shoal
influence. The nearshore gauges provide datain the vicinity of the navigation channel,
nearshore shoals and adjacent beaches. All three gauges are Acoustic Doppler Current
Profiler (ADCP) instruments accompanied by a pressure transducer. Directiona wave
spectra are calculated from time series of velocity at various depths obtained by the ADCP.
Spectral bin widths are 0.015625 Hz in frequency and 4 deg in direction. Corresponding
significant wave height HmO, peak period Tp, and peak direction Dp parameters are
determined from the directional spectrum. Peak frequency represents the highest energy
density in the frequency spectrum integrated over all directions. Peak direction is determined
as the vector mean at the peak frequency. Water level is determined from the pressure
transducer record. Time series of current velocity at the surface, mid-depth, and bottom are
also provided from the ADCP gauges. The 11-Mile and Oak Island gauges collect 20-min
time series at 3-hr intervals. The Bald Head Island gauge collects 20-min time series at 1-hr
intervals.
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The 11-Mile gauge operated consistently from initial deployment on 22 Sep 2000.
The Bald Head I1sland gauge was operational during the same time period, but experienced
occasional datalosses for periods of up to several days. The Oak |sland gauge was damaged
by atrawler on 23 Oct 2000 and not successfully reactivated until June 2001 with additional
periods of bad intermittently through June 2002.

Wave Climate. Table 3.5 through 3.7 summarizes mean monthly conditions for all
gauges through June 2003. As noted for the WIS hindcast data, the most energetic months
are December through March for al gauges. The average annual wave height (Hsmean)
observed for the 11-mile gauge is 3.1 ft. Average annual wave heights for the Bald Head and
Oak Island gauges are 1.9 and 1.7 ft, respectively indicating significant wave transformation
over the shoals. In addition to determining average wave conditions, the monthly time series
for al gauges were analyzed to determine the maximum wave height (Hsmax) with a
minimum duration of 12-hours. The associated peak period (Tpmax) and wave direction
(Dpmax) with each event were also computed. The 11-Mile gauge had monthly maximum
wave heights of on the order of 7.8 ft, with waves typically arriving from the southeast to
southwest directions. Bald Head and Oak Island had monthly maximum wave heights of 5.8
and 4.8 ft, respectively. Both nearshore gauges display the filtering effect of the nearshore
shoals, with the predominant number of events having wave directions confined to the south-
southwest directions
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-- denotes no data or missing data. ** denotes suspect wave period measurements.

GAGE STAT | YEAR | Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec AVERAGa
Bald Head Gage |HsMax 2000 -- -- -- -- -- -- -- -- 6.3 2.5 6.6 7.8 8.
Bald Head Gage |HsMax 2001 6.9 5.4 8.9 4.4 4.3 7.0 6.1 4.8 1.3 4.3 4.3 6.4 BB'
Bald Head Gage |HsMax 2002 9.0 6.3 8.1 6.3 6.0 5.0 4.6 4.1 4.3 5.2 7.4 6.5 B4
Bald Head Gage |HsMax 2003 6.3 7.6 5.8 5.9 7.4 5.0 -- -- -- -- -- -- fiss |
AVERAGE 3.8 8.8 10.8 6.9 5.9 5.9 5.3 3.5 @.9) 3.0 B.4) B.
GAGE STAT | YEAR | Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec J|AVERAGE
Bald Head Gage [DpMax 2000 -- -- -- -- -- -- -- --| 192.0] 203.0] 173.0] 198.0 180.
Bald Head Gage [DpMax 2001] 206.0] 195.0] 192.0] 222.0] 159.0f 201.0f 195.0] 195.0] 149.0] 201.0] 209.0] 205.0 199,
Bald Head Gage [DpMax 2002| 202.0] 179.0] 183.0/ 183.0] 189.0f 211.0f 208.0] 204.0] 212.0] 188.0] 194.0] 202.0 186.
Bald Head Gage [DpMax 2003] 203.0] 203.0] 169.0/ 201.0] 217.0] 200.0 -- -- -- -- -- -- 1938,
AVERAGE 203.7] 192.G] 18G.3) 298.8] 188.3] 203.8] 291.5] 149.5] 133.3] 149.3] 1620} 204.
GAGE STAT | YEAR | Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec JAVERAGE
Bald Head Gage [HsMean 2000 -- -- -- -- -- -- -- -- 2.1 1.2 1.8 1.9 2!
Bald Head Gage |HsMean 2001 1.9 1.8 2.4 2.0 2.1 2.0 2.2 2.0 1.0 15 1.7 2.0 3.
Bald Head Gage [HsMean 2002 1.9 1.8 1.8 2.1 2.0 2.1 2.4 1.7 1.7 1.4 1.8 2.0 3
Bald Head Gage [HsMean 2003 2.2 1.7 1.7 2.0 1.9 2.2 -- -- -- -- -- -- 3
AVERAGE ao] 28] 28] 20 320 231] 23] 29| 3z 22 a¢] 2
GAGE STAT | YEAR | Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec JAVERAGE
Bald Head Gage |TpMax 2000 -- -- -- -- -- -- -- -] 16.0 *x > 14.2 13,
Bald Head Gage |TpMax 2001 *» 25.6] 18.2] 16.0] 16.0] 25.6 ** 10.6 *x *x ) 32.0
Bald Head Gage [TpMax 2002 *x |  25.6 *x *x *x *»*  21.3] 14.2] 18.2] 182 16.0 1B
Bald Head Gage |TpMax 2003] 16.0] 16.0] 16.0/ 14.2] 16.0f 16.0 -- -- -- -- -- -- 13
AVERAGE 16.9 28.6 16.9 16.8 146.2 204 102) 1469] 128] 188 135 M
GAGE STAT | YEAR | Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec |AVERAGE
Bald Head Gage |TpMean 2000 -- -- -- -- -- -- -- -- 7.6 9.0 7.5 7.4 7
Bald Head Gage |TpMean 2001 7.2 6.8 7.5 6.1 6.7 6.0 6.2 6.0 11.4 7.5 7.9 7.5 q.!
Bald Head Gage [TpMean 2002 7.6 7.5 7.6 6.3 6.3 6.1 5.6 6.2 7.4 8.2 7.7 7.2 .
Bald Head Gage [TpMean 2003 7.1 7.9 7.3 7.5 6.4 6.8 -- -- -- -- -- -- 7.
AVERAGE 3.6 7.0 7.3 6.5 6.4 6.2 5.9 8.2 2.8 8.9 7.3 7.

Table 3. 6 Bald Head Gauge Monthly Summaries.
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GAGE STAT | YEAR | Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec |AVERAGE

Oak Island Gage |HsMax 2000 -- -- -- -- -- -- -- -- 5.3 2.9 -- -- 4.1

Oak Island Gage [HsMax 2001 -- -- -- -- -- 6.0 3.7 -- 1.0 4.2 3.9 5.8 4.1

Oak Island Gage [HsMax 2002 8.3 5.3 6.6 4.4 4.1 4.7 2.7 3.9 4.2 4.7 6.6 6.0 5.1

Oak Island Gage |[HsMax 2003 5.4 6.6 5.3 4.2 3.8 -- -- -- -- -- -- -- 5.1
AVERAGE 6.9 6.0 6.0 4.3 4.0 5.4 3.2 3.9 3.5 3.9 5.3 5.9

GAGE STAT | YEAR Jan Feb Mar Apr May Jun Jul Auqg Sep Oct Nov Dec JAVERAGE

Oak Island Gage |DpMax 2000 -- -- -- -- -- -- -- --| 206.0] 239.0 -- -- 222.5

Oak Island Gage |DpMax 2001 -- -- -- -- --| 192.0] 236.0 --| 172.0] 190.0] 181.0f 197.0 194.7

Oak Island Gage |DpMax 2002| 185.0] 191.0] 182.0] 201.0] 202.0] 193.0] 234.0] 202.0| 177.0] 185.0| 183.0] 193.0 194.0

Oak Island Gage |DpMax 2003| 214.0f 191.0] 185.0] 185.0] 209.0 -- -- -- -- -- -- -- 196.8
AVERAGE 199.5] 191.0] 183.5] 193.0] 205.5] 192.5| 235.01 202.0| 185.0] 204.7 --| 195.0

GAGE STAT | YEAR | Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec JAVERAGE]

Oak Island Gage [HsMean 2000 -- -- -- -- -- -- -- -- 2.3 1.2 -- -- 1.8

Oak Island Gage |HsMean 2001 -- -- -- -- -- 1.6 2.5 -- 0.8 1.4 1.5 1.8 1.6

Oak Island Gage |HsMean 2002 1.8 1.5 2.0 2.0 1.6 2.0 1.6 1.6 1.5 1.3 1.6 1.8 1.7

Oak Island Gage |HsMean 2003 1.8 1.6 1.4 1.6 1.6 -- -- -- -- -- -- -- 1.6
AVERAGE 1.8 1.5 1.7 1.8 1.6 1.8 2.0 1.6 1.5 1.3 1.6 1.8

GAGE STAT | YEAR Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec JAVERAGE

Oak Island Gage |TpMax 2000 -- -- -- -- -- -- -- -- 16.0 il -- -- 16.0

Oak Island Gage |TpMax 2001 -- -- -- -- -- ** 5.1 -- ** ** *x ** 5.1

Oak Island Gage |TpMax 2002 *x * *x ** *x ** 9.1 21.3] 21.3] 21.3] 21.3] 16.0 18.4

Oak Island Gage |TpMax 2003 16.0f 16.0/ 16.0/ 16.0] 16.0 -- -- -- -- -- -- -- 16.0
AVERAGE 16.0 16.0 16.0 16.0 16.0 *x 7.1 21.3 18.7 21.3 21.3 16.0

GAGE STAT | YEAR | Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec JAVERAGE]

Oak Island Gage |TpMean 2000 -- -- -- -- -- -- -- -- 6.1 9.9 -- -- 8.0

Oak Island Gage |TpMean 2001 -- -- -- -- -- 6.4 4.3 -- 13.2 8.2 8.6 7.9 8.1

Oak Island Gage |TpMean 2002 7.3 8.1 9.2 8.4| 11.4] 10.1 5.6 5.9 7.6 8.0 8.1 7.2 8.1

Qak Island Gage |TpMean 2003 7.2 7.3 7.2 7.3 6.6 -- -- -- -- -- -- -- 7.1
AVERAGE 7.2 7.7 8.2 7.8 9.0 8.2 4.9 5.9 9.0 8.7 8.3 7.5

NOTE: Wave Height (HsMax, HsMean) Units are feet, Wave Period (TpMax, TpMean) Units are seconds, Wave Direction (DpMax) are meteorological (deg North, from).
-- denotes no data or missing data. ** denotes suspect wave period measurements.

Table 3.7 Oak Isand Gauge Monthly Summaries.



Although the duration of wave gauge operation is limited to date, sufficient data have
been collected from the 11-Mile and nearshore gauges to provide insights on wave climate
variability and the impact of Frying Pan Shoals. Wave Histograms were created using all
available data from each gauge for the September 2000 to June 2003 time period as shown in
Figure 3.33. Wave roses for available data also show characteristic differencesin wave
climate for the three locations (Figure 3.34). Dominant wave directions at 11-Mile Gauge
are from southeast and south southeast. At Bald Head Island gauge, dominant directions are
shifted to south-southeast and south-southwest. Oak Island directions are further confined to
primarily south and south-southwest. These direction shifts between offshore and nearshore
locations are consistent with expected effects of wave refraction.

The 11-Mile Gauge wave rose shows a small, but significant component of the wave
climate coming from easterly directions. These waves have passed across Frying Pan Shoals
to reach the gauge. By comparison, the multi-year hindcast wave climate for thisarea (WIS
Level 3 Station 317), but seaward of any coastal bathymetry, shows strong wave dominance
from east to southeast directions as discussed earlier. Frying Pan Shoalsfilters, but does not
eliminate, wave energy reaching the 11-Mile Gauge site from these directions. Waves from
easterly directions are virtually absent at the Bald Head Island and Oak Island gauges. This
site is sheltered to the east by the Bald Head Island land mass and to the east-southeast by an
extremely shallow part of Frying Pan Shoals extending from Cape Fear.

Time series for each gauge were separated into yearly components and analyzed to
assess the statistical variation in wave climate. Figures 3.35 to 3.38 show annual wave height
roses for all three gauges for 2000, 2001, 2002, and 2003. One interesting observation is
that years that appear to have the offshore gauge dominated by the southeast waves have a
nearshore wave distribution with waves dominated from the southwest. There do not appear
to be any significant changes in wave distribution from pre- to post-dredging time periods.

Wave Time Series. Wave information obtained every 3 hours (hourly at Bald Head
and Oak Island sites), and currents obtained every hour were assembled and presented in
summary plots and ASCII datafiles. Wave parameters consisting of significant wave height
(Hs), peak period (Tp), and peak direction (Dp) are presented in the plots. The water level
(WL) was originaly reported as the water level above the meter. Water level displayed in
the plots has the mean water level of each deployment removed, resulting in approximately
the water elevation with respect to mean sealevel. Summary current information for two
bins (near bottom (Sb) and near surface (Ss)) and a depth-average (Savg) value is presented
in the plots. The ASCII data files developed contain current speed and directions for the full
profile resolution (all bins) starting with bin 1 closest to the instrument (near bottom) and
going up to near the surface. Figure 3.39 displays a sample of the monthly plots for the 11-
Mile gauge during December 2002

Time series plots of the three wave gauges together help provide a better
understanding of the relative magnitude of conditions throughout the study areafor a given
time period. Datafrom all gauges were correlated to common time steps and plotted as
monthly time series including significant wave height, peak period, peak direction, and water
level. Figure 3.40 displays the December 2002 time series of all gauges. Several events
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occurred during this very energetic month. In addition to the relative magnitudes of offshore
to nearshore wave heights, Figure 3.38 displays the filtering of waves from the east. Such
plots are very valuable for calibration and verification of wave transformation models.
Appendix A contains comparative plots for all months in the deployment history through
June 2003.

Significant Events. Several large storm events occurred during the monitoring
period that may have significantly altered adjacent beach shorelines and beach profiles. An
analysis was conducted to identify storm event parameters that exceeded a 6-ft significant
wave height threshold with a minimum duration of 12-hrs. Events were selected through
screening of the 11-Mile Gauge time series. Associated peak parameters for the Bald Head
and Oak Island gauges were reported. Table 3.8 summarizes the 20 events that exceeded the
set criteria over the monitoring period. The majority of the events occurred in the winter
(Dec through March). Waves typically originated from the south-southwest, with offshore
wave heights of 8 to 11-ft and wave periods of 10 to 11 seconds. Corresponding conditions
at the nearshore gauges indicate significant reduction in wave height, with Bald Head and
Oak Island being reduced by 22 and 33 percent, respectively. Wave refraction effects are
visible in the shifts of event peak wave direction, although more in-depth analysis of the
actual wave spectra are needed to reveal the change in the primary incident direction during
nearshore transformation.
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Eleven-Mile Gauge (Sep 2000 — Jun 2003)
Percent Occurrence
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Figure 3.33 Wave Histogramsfor FRF Gauges throughout deployment.
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Figure3.34 Wave Height Roses for FRF Gaugesthroughout deployment.
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Eleven-Mile Gauge (Sep-Dec 2000)
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Figure3.35 Wave Height Rosesfor FRF Gauges (2000).
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Eleven-Mile Gauge (2001)
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Figure3.36 Wave Height Rosesfor FRF Gauges (2001).
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Eleven-Mile Gauge (2002)
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Figure 3.37 Wave Height Roses for FRF Gauges (2002).
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Eleven-Mile Gauge (Jan-Jun 2003)
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Figure3.38 Wave Height Rosesfor FRF Gauges (2003).
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Eleven Mile Gage — Dec, 2002
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Figure3.39 Monthly Time Seriesfor 11-Mile Gauge (Dec 2002).
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Wilmington Harbor Gages — Dec, 2002
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ELEVEN MILE GAGE BALD HEAD GAGE OAK ISLAND GAGE
EVENT|START DATE| TIME ISTOP DATE| TIME I[Dur(hrs) Hs(ft)| Tp(sec)| Dp(deg)] DATE PEAK TIME Hs(ft)| Tp(sec)| Dp(deq) Hs(ft)] Tp(sec)| Dp(deq)
1 16-Dec-00| 3:00:00| 16-Dec-00| 18:00:00f 15.00 11.3 9.8 199.5| 16-Dec-00] 15:00:00 7.8 9.8 181.4 -- -- --
2 20-Jan-01]| 6:00:00 21-Jan-01]| 0:00:00 18.00 6.6 8.5 196.3 21-Jan-01] 0:00:00 5.9 9.1 194.8 - - -
3 20-Mar-01] 12:00:00 22-Mar-01]| 0:00:00 36.00 10.8 11.6 169.0 20-Mar-01] 18:00:00 8.9 12.8 180.8 - -- -
4 29-Mar-01] 9:00:00| 30-Mar-01| 3:00:00| 18.00 7.9 9.1 169.3] 29-Mar-01] 12:00:00 -- - - -- - -
5 23-Jul-01] 21:00:00 24-Jul-01{ 12:00:00] 15.00 8.6 8.5 182.8 24-Jul-01| 6:00:00 6.1 9.8 191.4 -- -- --
6 15-Sep-01] 3:00:00| 16-Sep-01| 6:00:00f 27.00 7.3 11.6 90.3] 15-Sep-01] 18:00:00 - - - - - -
7 26-Dec-01] 23:30:00 29-Dec-01]| 2:45:00 51.25 6.5 7.5 216.5 27-Dec-01] 14:45:00 5.7 14.2 212.6 5.2 14.2 200.7
8 6-Jan-02] 11:30:00 7-Jan-02| 8:45:00 21.25 11.2 10.6 189.6 6-Jan-02] 14:45:00 9.0 11.6 201.3 8.3 11.6 195.3
9 7-Feb-02| 4:00:00 7-Feb-02| 22:00:00f 18.00 8.5 9.1 181.3 7-Feb-02{ 7:00:00 6.3 11.6 186.3 5.3 14.2 182.8
10 2-Mar-02| 13:00:00 3-Mar-02| 22:00:00f 33.00 11.5 10.6 167.8 2-Mar-02{ 19:00:00 8.1 25.6 187.5 6.6 32.0 182.3
11 6-Nov-02] 4:00:00 6-Nov-02] 19:00:00 15.00 9.7 10.6 195.8 6-Nov-02] 10:00:00 7.4 11.6 180.3 6.6 18.2 169.9
12 29-Nov-02] 22:00:00 30-Nov-02| 22:00:00 24.00 8.6 8.0 203.4 30-Nov-02] 4:00:00 6.4 12.8 202.1 5.9 11.6 207.7
13 13-Dec-02] 13:00:00 14-Dec-02] 16:00:00 27.00 7.6 9.8 169.2 14-Dec-02]| 4:00:00 6.4 9.8 184.1 5.3 9.8 192.7
14 20-Dec-02| 1:00:00] 21-Dec-02| 1:00:00] 24.00 8.4 9.1 182.6] 20-Dec-02| 7:00:00 6.4 10.6 190.3 5.3 10.6 196.2
15 25-Dec-02| 10:00:00f 26-Dec-02| 1:00:00] 15.00 8.8 9.8 198.0] 25-Dec-02] 13:00:00 6.5 14.2 189.3 6.0 16.0 199.4
16 1-Jan-03] 1:00:00 1-Jan-03] 16:00:00 15.00 7.2 9.8 175.8 1-Jan-03] 4:00:00 5.8 10.6 184.7 4.3 16.0 184.3
17 8-Jan-03] 4:00:00 10-Jan-03| 4:00:00 48.00 7.3 8.5 209.8 9-Jan-03] 7:00:00 5.8 8.5 211.2 4.7 9.8 211.2
18 19-Jan-03| 7:00:00] 20-Jan-03] 19:00:00| 36.00 7.4 8.0 211.9 20-Jan-03] 10:00:00 6.3 9.1 200.8 5.4 9.8 206.1
19 22-Feb-03] 19:00:00| 23-Feb-03] 16:00:00] 21.00 9.7 9.8 182.4] 23-Feb-03| 7:00:00 7.6 11.6 184.3 6.6 11.6 189.8
20 20-Mar-03| 7:00:00] 21-Mar-03| 7:00:00] 24.00 8.5 9.1 163.1]  20-Mar-03| 16:00:00 5.8 9.8 184.0 5.3 9.8 190.7

Table3.8 Significant Eventsat 11-Mile Gauge Exceeding Significant Wave Height of 6-ft.
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Wave Transformation Modeling. Three previous studies involved wave
transformation modeling in the vicinity of Wilmington Harbor. Theinitial study involved the
assessment of the wave climate and littoral transport potential in the vicinity of the Cape Fear
Entrance for pre-project conditions and arange of channel alternatives (Thompson, Lin, and
Jones, 1999). The second study involved assessing the use of Jay Bird Shoals as a sand
source and the impact on littoral transport patterns landward of the shoals and along nearby
beaches (Thompson, Gravens, 2000). The most recent study assessed the sensitivity of
STWAVE model errors based on various model input parameters (wind, tide, bathymetry,
and spectral shape) (Thompson, Smith, 2002). Details of each study can be found in the full
reference.

The numerical model STWAVE (Smith, Resio, and Zundel 1999), a steady state
directional spectral wave model, was used to transform waves across Frying Pan and Cape
Fear ebb shoal and into the navigation channel and adjacent beaches. The wave model
STWAVE has been widely used within the U.S. Army Corps of Engineers and elsewhere for
engineering project studies. STWAVE is an efficient steady-state, finite-difference model
designed to simulate the nearshore transformation of a directional spectrum of wave energy.
A typical application is to take known offshore wave conditions, in water depth on the order
of 60 ft or greater, and transform those incident wave conditions over complex nearshore
bathymetry (Figure 3.41), often to the point of nearshore breaking.

Figure 3. 41 Cape Fear Bathymetry with Entrance Channel Plan.
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http://chl.wes.army.mil/research/wave/wavesprg/numeric/wtransformation/stwave.htp

Output from STWAVE includes wave parameters HmO, Tp, and Dp over the entire
model domain and directional spectrafrom selected points. Peak wave period, Tp, isthe
reciprocal of peak frequency, fp, which is the frequency at which the highest energy density
occurs in the frequency spectrum integrated over all directions. The wave direction, Dp, as
defined in STWAVE, is the vector mean from the integrated spectrum. Figure 3.42 displays
atypical output generated to visualize the wave transformation from a single wave event.

pe Fear River Entrance, NC - Existing Bathymetry with Plan Channel
Significant Wave Height (m) 120
Event 5: Height = 1.0 m; Period = 9.9 sec; Direction = 152 deg az 112
1.04
0.96
0.88
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0.72
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0.56
0.48
0.40
0.32
0.24
0.16
0.08
0.00

o

Model Calibration. Use of the high quality field data collected (bathymetry, waves,
and currents) allowed an extensive STWAVE model calibration/verification effort to be
performed for the study area. STWAVE model results from grid points at the 11-Mile and
Bald Head Island gauge locations during the November 2000 storm are shown along with
gauge parameters in Figure 3.43. The sensitivity analysis of input parameters concluded that
accurate bathymetry had the most significant impact in reducing potential model error.
Fortunately, several high-resolution bathymetric data sets exist over the same time period as
the collected wave data, allowing afully calibrated/verified wave transformation model to be
developed for future analyses. The data collection and numerical modeling efforts have
provided a much greater understanding of the hydrodynamic processes in the study area and
an increased confidence in computed wave conditions in the nearshore. The greater accuracy
in nearshore wave conditions result in improved littoral transport patterns and increased
confidence in assessing impacts of future actions on adjacent shoreline response.

Figure3.42 STWAVE Example Transformation Output.
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Figure3.43 STWAVE Modd Results Compared to Observed Gauge
Data (Nov 2000 Storm).
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Current M easurements

Methodology. Mean currents were measured across the mouth of the Cape Fear
River tidal inlet and the seaward portion of the ebb tidal delta around the new and original
shipping channel using a ship-mounted Acoustic Doppler Current Profiler (ADCP). The
location of the inlet and offshore transects are shown in Figure 3.44. The instrument used for
these surveys was a 600 kHz Workhorse Rio Grande manufactured by RD Instruments. Two
+13-hour transects were performed during each survey episode (October 11 and 12, 2000,
April 12 and 13, 2002 and March 4 and 18, 2003) during spring tidal conditions. The
October 2000 transects were taken prior to the new entrance channel deepening and
realignment.

The specific location of the two survey transects are shown on Figures 3.45 and 3.46.
The vessel steamed continuously around each transect for over 13 hours, making a complete
loop every hour or less. This technique provided a measure of current magnitude and
direction at every location along the transect every hour and spanned the periods of the
primary tidal constituents (M2, S2). Other variables that typically force currentsin tidal
inlets, such as wind-driven flows and river discharge, were also incorporated within the 13-
hour snapshot of currents. Each transect was run within several days of the predicted spring
high tide. Wind conditions prior to each of the surveys were relatively light and did not
likely play asignificant role in the measured flows. Although only along-term time series of
currents and water level around the inlet could precisely determine the relative percentage of
influence the varioustidal constituents and meteorological forces (wind, discharge) may
play, the transect measurements are believed to reflect near maximum magnitudes for
astronomical flows, and the spatial patterns seen across the transects fairly characterize
recurring flow directions under similar conditions. The goals motivating the design of the
transect locations and the ADCP measurements are to 1) measure ebb/flood exchange and
calculate atidal prism, 2) qualitatively assess changes or similaritiesin flow patterns around
the ebb tidal deltathrough time, and 3) provide critical verification and calibration for future
numerical simulations of mean currents as needed.
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Figure 3.45 Location of inlet ADCP transect
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Figure 3.46 Location of offshore ADCP transect

Results. The October 2000 survey showed an ebb dominant flow with maximum
near-surface ebb and flood vel ocities of 4.43 ft/s (1.35 m/s) and 3.61 ft/s (1.10 m/s),
respectively as measured along the inlet transect (B-C, see Figure 3.43). Using these ADCP
data and bathymetric surveys collected in August 2000, ebb and flood tidal prisms were
calculated as approximately 6.7x10° ft* (1.9x10® m®) and 4.7x10° ft* (1.3x10° m®),
respectively. Total tidal volume over the cycle was approximately 1.1x10™ ft2 (3.2x10° m?).
Figures 3.47 and 3.48 show peak ebb and flood current velocities respectively for the inlet
transect, and Figures 3.49 and 3.50 show peak ebb and flood current velocities respectively
for the offshore transect.

The April 2002 survey also showed ebb dominated flow with maximum near-surface
ebb and flood velocities of 6.46 ft/s (1.97 m/s) and 4.10 ft/s (1.25 m/s), respectively as
measured along the inlet transect (B-C, see Figure 3.43). Figures 3.51 and 3.52 show peak
ebb and flood current velocities respectively for the inlet transect. Figures 3.53 and 3.54
show the peak ebb and flood current velocities respectively for the offshore transect. Current
speed and direction appear to be influenced by shoals on the western flank of the ebb delta
particularly during flooding periods. Water appears to be funneled through the flood margin
channel flanking Oak Island and around the two linear shoals before joining the main
channel. Thelarge shoal that extends from Bald Head |sland suggests that a significant flood
margin channel does not occur on the east side of theinlet. On the ebb tide flow, currents
appear to be concentrated in the main ebb channel, which is a consistent observation for tidal
inlets such asthis at the Cape Fear River entrance.
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Figure3.47 Peak ebb current velocities at inlet transect for October 2000 ADCP survey
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Figure 3.48 Peak flood current velocities at inlet transect for October 2000 ADCP
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Figure 3.49 Peak ebb current velocities at offshore transect for October 2000 ADCP survey
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Figure 3.50 Peak flood current velocities at offshore transect for October 2000 ADCP
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Figure 3.51 Peak ebb current velocities at inlet transect for April 2002 ADCP survey
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Figure 3.52 Peak flood current velocities at inlet transect for April 2002 ADCP survey
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Figure 3.53 Peak ebb current velocities at offshoretransect for April 2002 ADCP survey
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Figure 3.54 Peak flood current velocities at offshoretransect for April 2002 ADCP survey



The measured tidal prism for the April 2002 survey continues to be ebb dominated
with approximately 5.3x10° ft* (1.5x10® m®) on the ebb flow and 3.9x10° ft* (1.1x10° m®) on
the flood flow and atotal flow volume of 9.2x10° ft3 (2.6x10% m?).

In March 2003, ADCP surveys again showed mean currents that were strongly
influenced by local bathymetry. Highest flood flows were recorded funneling primarily
through the flood margin channel adjacent to Oak Island, while the highest ebb flows were
concentrated in the central ebb channel as shown in Figures 3.55 and 3.56. Maximum near-
surface ebb and flood velocities at the inlet transect (B-C) were 5.41 ft/s (1.65 m/s) and 4.17
ft/s (1.27 m/s), respectively. An interesting observation noted during the inlet transect survey
was that a sustained ebb flow was measured on both the west and east side of theinlet during
flood flows and was likely aresult of fluvial discharges from the Cape Fear River. To further
support this assertion, it was noted that B. Everette Jordan Lake (on the Haw River upstream
of the Cape Fear River) experienced an increase in lake elevation approximately 7 to 10 days
prior to this survey suggesting that the Deep and Haw Rivers (which combine to form the
Cape Fear River) experienced increased discharge from rainfall runoff that could have
influenced these measurements.

Tidal prism calculations for the March 2003 survey show an ebb volume of
approximately 6x10° ft® (1.7x10® m®), flood volume of approximately 4x10° ft® (1.2x10° m°),
and total volume of approximately 1x10™ ft* (2.8x10° m®).

Figure 3.57 and 3.58 show peak ebb and flood current velocities for the offshore
transect. These figuresindicate that peak ebb flows on the order of 3.3 feet per second (1
m/s) are found concentrated in the vicinity of the existing channel. Further, peak ebb
velocities along the new channel remain relatively small. With respect to peak flood
currents, the measurements indicate that the magnitudes and directions are fairly uniform
over the offshore transect.

Relative changes between ADCP measurements from the October 2000 transects and
the most recent measurements are discussed in Part 4 of the report.
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Part 4 PROJECT EFFECTS/PERFORMANCE TO DATE

Beach Response — Shoreline Change Rates

Genera Shoreline Change Information. One measure of the potential project impact
isto compare the rate of shoreline change that existed before the channel improvements were
initiated with those that have been measured after. For this study the shoreline change rates
selected for the pre-construction period where those of the updated NCDCM rates presented
earlier in Part 2 of thisreport (See Figure 2.6 for Oak Island and Figure 2.7 for Bald Head
Island). These change rates are based on shoreline data spanning a 62-year period from 1938
to 2000 (the survey just prior to dredging of the new channel), and therefore represent long-
term trends in shoreline change.

The post-construction period was reckoned from the August/September 2000 survey
continuing through the most recent monitoring survey of June 2003. The post construction
rates were developed in the same manner as the pre-construction rates and represent a least
sguares trend of the data. See Appendix B for shoreline change graphs for each monitoring
profile for agraphical representation of these calculations. As shown in the appendix, the
slope of the trend line for each profile indicates the computed shoreline change rate. A
longshore average was then calculated by computing arunning average, to be consistent with
the NCDCM methodology. Specificaly, 5 profiles (2 either side) for Oak Island and 7
profiles (3 either side) for Bald Head I sland were averaged together resulting in the longshore
average shoreline change rate for that profile of interest. These rates are summarized in
Table 4.1 for Oak Island and Table 4.2 for Bald Head Island. These rates are plotted in
Figure 4.1 and Figure 4.2 for Oak Island/Caswell Beach and Bald Head Island, respectively.
These post-construction rates were generated to establish a trend of shoreline characteristics
of the beach including and encompassing the fill activities.

In general, it is apparent that the post-construction shoreline change rates are more
variable (longshore and magnitude), when compared to the pre-construction rates. Thisis
due in part to the relatively short time frame of the post rate data (2000 through 2003), when
compared to the pre rate data (1938 through 2000), and is also aresult of shoreline
equilibration that is expected with the beach disposal project.

Oak Island. Asindicated on Table 4.1 and Figure 4.1, the pre-construction data for
Oak Island covers from profile 35 through 310. The area east of profile 35 near Fort Caswell
and the Cape Fear River was not included in the NCDCM data base so direct comparisons
between pre and post-construction shoreline change rates cannot be made in that area.

For the entire Oak 1sland monitoring area, the pre-construction shoreline change rates
along the beach vary from positive (accretion) of more than 30 feet per year to negative
(erosion) of 5.8 feet per year. The overall trend shows accretionary shoreline change rates
within the eastern one-third of the study area with the remaining two-thirds showing a
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general pattern of long-term erosion. The longshore average, trend for the post construction
shoreline change rates varies from +115 to —10 feet per year with most of the area showing a
large positive shoreline change except for the eastern end that has a pocket of erosion.

When compared to pre-construction shoreline change rates, the post construction
rates on Oak Island seem to be partially dictated by the location of disposal material rather
than following the pre-construction rate trends. Specifically, the fill was placed west of
profile 60 to profile 294, except for a gap between profile 80 through profile 121. Further,
material associated with the Sea Turtle Habitat Project was placed at the fall west end of the
monitoring area, specifically profiles 300 through 310. Positive shoreline change rates were
recorded over this entire fill areawith alocalized minimum occurring near the middle of the
non-fill area. With this measured response, all profiles (except for three nearest to the river
entrance) have significantly more positive post-construction shoreline change when
compared to the computed pre-construction rates. It is expected that with time, these positive
rates will decrease as the fill area erodes, with the shoreline response trending more toward
the long-term pattern.

In most cases within the fill areathe positive changesin the shoreline rate are an
order of magnitude greater than the pre-construction change rates. For example within the
easternmost disposal area between profiles 60 and 80, the post-construction change rates vary
from +32 to +36 feet per year. This comparesto zero to +1.6 feet per year for the pre-
construction period. Within the remaining disposal areafrom station 121+00 through the end
to station 294+00, the rates generally range from about +40 to +80 feet per year, while the
pre-construction shoreline change rates for this area range from are erosional ranging from
—0.3t0 5.8 feet per year.

In the area of profiles 5 through 45, encompassing the eastern tip of Oak
Island, the measured post-construction rates indicate an area of erosion except for the last
three profiles along the inlet shoulder, which were stable. Historically, this area, whichisin
the vicinity of Ft. Caswell, has been accretionary; but has also experienced arather high
degree of shoreline variability being located immediately adjacent to the entrance channel.
The negative shoreline change rate response observed over theinitia post-construction
period may be such a short-term fluctuation. Additional monitoring will help confirm if this
isanew trend in shoreline behavior or just atemporary fluctuation.

Overall, the shoreline change rate averaged over the entire 5.2 mile section of Oak
Island/Caswell Beach (from profile 35-310) is 50 feet per year for the approximate 3-year
post-construction period. By comparison the pre-construction rate over the entire reach was
—1.1 feet per year.
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Table 4.1 Oak Island Shoreline Change Rates

Longshore Average
Pre-Construction

Post-
Construction Rate|

Longshore Average
Post-Construction

Profile ID| Rate (1938-2000) (2000-2003) Rate
# (ftlyr) (ftlyr) (ft/yr)
5 -6.2 -0.8

10 1.2 -2.6
15 2.4 11
20 -7.9 -4.4
30 15.8 -9.3
35 29.9 -33.6 -11.8
40 17.2 -23.4 -6.6
45 7.9 -9.8 -3.5
50 25 18.1 11.3
55 0.8 30.9 20.7
60 0.3 40.9 30.4
65 0.2 235 32.9
70 0.4 38.7 35.8
75 0.9 30.5 35.0
80 1.6 455 35.4
85 1.9 36.5 27.3
90 2.2 25.7 22.7
95 25 -1.9 13.3
100 2.6 7.9 7.9
105 25 -1.7 4.3
110 2.1 9.6 12.0
115 15 7.7 17.8
120 0.7 36.3 32.9
125 -0.3 37.3 45.0
130 -0.9 73.8 55.5
135 -1.4 69.9 62.2
140 2.1 60.2 68.7
145 -2.3 70.0 64.6
150 -2.5 69.7 62.9
155 -2.8 53.1 61.9
160 -3.3 61.3 61.6
165 -3.9 55.3 60.1
170 -4.3 68.5 60.7
175 -4.7 62.4 60.5
180 -5.0 56.1 61.5
185 -5.3 59.9 59.8
190 -5.4 60.7 60.1
195 -5.5 59.6 61.3
200 -5.6 63.9 64.0
205 -5.7 62.6 64.3
210 -5.8 73.0 66.5
215 -5.7 62.5 64.2
220 -5.5 70.3 64.5
225 -5.2 52.5 57.5
230 -4.8 64.1 56.2
235 -4.4 38.2 50.8
240 -4.1 56.0 52.7
245 -3.9 43.4 48.5
250 -3.7 62.1 54.2
255 -3.6 43.0 54.3
260 -3.5 66.6 60.9
265 -3.3 56.7 59.2
270 -3.2 76.0 66.4
275 -3.0 53.7 67.6
280 -2.8 79.3 72.4
285 -2.7 72.6 73.8
290 -2.6 80.3 83.1
295 -2.5 83.3 87.4
300 -2.3 100.3 97.1
305 -2.2 100.4 101.4
310 -2.1 121.5 107.4
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Table 4.2 Bald Head Island Shoreline Change Rates

Longshore

Average Pre-

Construction Rate] Post-Construction|Longshore Average Post
Profile ID (1938-2000) Rate (2000-2003) Construction Rate

# (ftiyr) (ftlyr) (ftlyr)
0 0.4 -0.9

4 -6.2 0.1

8 -0.4 11

12 2.6 2.9

16 4.4 1.9

20 5.7 0.4

24 13.8 -1.7

28 -6.5 11.1
32 -16.6 13.7
36 -15.4 135
40 92.0 8.7

43 225 5.4

45 4.8 3.2

a7 -20.1 -0.3

53 -2.4 -29.7 -16.9
57 -55 -31.8 -22.3
61 -5.6 -39.8 -24.7
66 -5.9 -24.3 -22.0
69 -6.4 -14.9 -17.7
73 -55 -12.1 -12.9
78 -4.6 -1.5 -6.2

84 -3.7 0.5 -1.9

88 -3.1 19 15

92 -2.6 6.8 6.8

97 -2.0 5.9 10.5
102 -1.6 9.2 16.5
106 -1.5 24.6 22.6
110 -1.6 24.6 29.0
114 -1.6 42.4 35.0
118 -1.8 44.6 39.1
122 -1.9 52.1 42.2
126 -2.0 47.8 46.6
130 2.1 37.8 48.1
134 -2.0 46.2 50.0
138 -2.0 55.4 515
142 -2.3 53.0 53.7
146 -2.6 57.7 58.9
150 -2.9 62.9 63.0
154 -3.9 63.2 65.3
158 -4.7 73.6 66.8
162 -5.2 75.4 66.8
166 5.4 71.1 68.0
170 -5.6 63.6 66.9
174 -5.9 57.6 62.9
178 -6.2 715 57.9
182 -6.5 55.4 52.0
186 -7.0 455 46.9
190 -7.8 40.5 41.5
194 -8.6 30.0 31.9
198 -10.0 28.2 22.7
202 -11.9 19.6 15.1
206 -13.7 4.1 8.2
210 -15.0 -8.8 4.6
214 -17.8 -8.1 -0.1
218 -20.8 -7.5 5.1
222
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Figure4.1 Wilmington Harbor Monitoring - Oak Island Comparison of Pre- and Post-Construction Shoreline Change Rates
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Figure 4.2 Wilmington Harbor Monitoring - Bald Head I sland Comparison of Pre- and Post-Construction Shor eline Change Rates
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Bald Head Island: Table 4.2 and Figure 4.2 give the comparison of pre- and post-
construction shoreline change rates along Bald Head Island. The updated NCDCM pre-
construction data are available for profiles 53 through 218, generally encompassing shoreline
along South Beach. Pre-construction shoreline change rates along the beach are all negative
and indicate a pattern of higher erosion towards each end of the island with lower erosion
rates near the middle. This pattern holds true except for afew transects nearest the river
entrance that are found to be accretionary at the southwestern tip of Bald Head. Proceeding
eastward from this stable area is an erosion zone covering about one mile where the rates
range from —2 feet per year to amaximum of —6.6 feet per year. The rates then range from —
2 to —3 feet per year average along the central portions of South Beach. Eastward beyond
thisrelatively more stable reach the rates gradually increase towards Cape Fear reaching a
maximum erosion rate of about 20 feet per year.

For theinitial 3-year period, the post-construction shoreline change rates are found to
be generally positive over the monitoring area. Thisin part reflects the influence of the
beach fill placed throughout this area. In spite of the positive affects of the fill, the western
end of South Beach, between profiles 47 through 78, has had relatively high rates of erosion.
Specifically, this area has average post-construction erosion rate of 18 feet per year with a
peak erosion rate of 25 feet per year at profile 61. This compares to an average pre-
construction rate of —5 feet per year over thisreach. Westward of this area the post-
construction rates turn positive reaching a peak accretion of 68 feet per year at profile 166.
The average rate for this zone of accretion is apositive 42 feet per year and isin contrast to
erosion indicated along this entire area by the pre-construction rates.

In summary, the comparison of the pre- and post-construction shows that most of
Bald Head Island is eroding less over theinitial 3-year monitoring period. However, for this
monitoring period, the post-construction erosion rates are considerably greater along the
western corner of South Beach. This high erosion has prompted the Village of Bald Head to
install sand bags to protect the beachfront road throughout thisreach. Thisinstallationisa
rehabilitation of an earlier sand bag structure placed in the mid-1990' s in response to erosion
problems that have been prevalent over the last several decadesin thisarea. Asdiscussedin
the following section, the relatively high erosion rates measured in this area associated with
the loss of beachfill are not that unusual and have been observed with prior fills placed in this
area. Further, a geotextile groin field that was placed in conjunction with the 1996 beach fill
in an attempt to more effectively retain the fill throughout this problem area has now
deteriorated. This deterioration has progressed to a point where the groins are no longer
functioning. Some of the increased erosion is likely related the present ineffectiveness of the
groins. Inthisregard the Village of Bald Head is planning a future rehabilitation of the
groins in conjunction with the next beach disposal operation.
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Comparison of Prior and Current Beach Fill Response

Bald Head Island. The response of the beach fill (placed February 23, 2001 to July 7,
2001) was examined and compared to past shoreline information to determineif the present
beach fill performance was vastly different than what was experienced in the past. Surveys
used in this section from September 1996 to December 2001 were taken as part of a
monitoring program implemented by the Village of Bald Head Island and were provided to
the District by Olsen Associates, Inc.

During the 2001 beach fill 1,849,00 cubic yards were placed from station 41+50 to
207+00. Figure 4.3 shows the shifting of the shoreline (MHW) due to the beach fill. The
surveys used to create Figure 4.3 did not cover stations less than 45+00. At station 45+00 the
shoreline was shifted 170 feet seaward and 13,000 cubic yards were placed from station
45+00 to 41+50.

Figure 4.3 2001 Beach Fill along Bald Head I land.

Erosion rates from August 2001(surveyed just after the completion of thefill) to June
2003 are shown in Figures 4.4 and 4.5. The erosion ratesin Figure 4.5 can be divided into 3
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zones. Zone 1, stations 42+99 to 56+57, is strongly influenced by theinlet. Zone 2, stations
56+57 to 92+15, is an area that had been accreting or stable while the eastern ebb shoal was
collapsing and sand was being transferred on shore (1872 to 1974), (Cleary, Hosler, and
Gammill 1989). Without the sand supplied from the collapsing ebb shoal, zone 2 has
reversed its state of accretion and since 1974 isin a state of erosion. Zone 3, 92+15 to
162+00, is an areathat had eroded during the period 1872 to 1974. This erosion was
associated with abuild up of sediment offshore and a general realignment or rotation of the
Baldhead Island shoreline (USACE 1989). Wilmington District's report "Wilmington
Harbor-Bald Head | sland Reconnai ssance Report, Section 111, PL 90-483, January 1989".
Since 1974, zone 3 has continued to erode with a slower rate that zone 2.

Figure 4.4 Bald Head | land Erosion Rates. August 01 to June 03
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Figure 4.5 Bald Head Island Annual Erosion Rates.

It can be seen in Figure 4.6 that the 3 zones have different shoreline orientations as a
result of the different processes shaping them. Zone 1 isinfluenced by the inlet currents
while zone 2 appears to be reverting to the alignment it had before the ebb tide shoal
collapsed. Figure 4.7 shows the both the 1855 shoreline and the 2003 shoreline. It can be
seen the zone 2, stations 56+57 to 92+15, is receding along an alignment parallél to the 1855
shoreline alignment. Zone 3 isan areathat is eroding slower than zones 1 or 2 and the
shorelineis still seaward of the pre-2001 fill shoreline.

The high erosion near the inlet, the erosion of the west end of the south beach and the
accretion of the east end of south beach are similar to the responses documented in the

Wilmington District's Section 111 report (USACE 1989), which was 12 years before the
present dredging operation.
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Figure 4.6 Bald Head I sland Shoreline Azimuths.
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Figure4.7 Bald Head Island 1855 & 2003 Shorelines.

In 1997, asmaller beach fill of 450,000 cubic yards was placed as shown in Figure
4.8. The shoreline positions from September 1996 to June 2003 at station 60+52 are shown
in Figure 4.9. After the 1997 fill, the shoreline at station 60+52 eroded at arate of 85
feet/year from June 1997 to June 1998. In September 1998, the erosion rate decreased to 5
feet/year and remained relatively constant through November 2000. The initially high
erosion rate followed by a period of much lower erosion is attributed to the fill rapidly
adjusting to a more stable shoreline orientation until the groin field, which was constructed in
1996, stabilizes the shoreline. The location of agroin field consisting of 16 geo-textile fabric
tubesis shown in Figure 4.8. The groins were 300 feet long and 9 feet in diameter with
spacing between the groins of 450 feet. After the 2001 fill, the erosion accelerated to 122
feet/year in asimilar manner to the period following the 1997 fill. However, unlike the
period following the 1997 fill, the rapid erosion rate did not abate after one year. Thefailure
of the shoreline to stabilize after the 2001 fill islikely due to the absence of a functioning
groinfield. During asite visit in December 2003, no functioning groins were found. A
picture of the remains of one of the geo-textile groin is shown in Figure 4.10.
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Figure 4.8 1997 Beach Fill with Geotextile Groins.
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Figure4.9 ShorelineLocationsand Erosion Ratesfor Station 60+52.

Figure4.10 The Remains of a Geotextile Groin near the West End of the Groin Field on 31 December
2003.
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The annual erosion rates for both 1997 and 2001 fills are plotted in Figure 4.11. The
shape of the erosion curve is similar for both fills except for zone 1. The erosion for the 2001
fill at station 42+99 versus the accretion at this station for the 1997 fill is due to the shoreline
in the 2001 fill being pushed 200 feet further seaward than the 1997 fill. Placing alarge
amount of fill in an inlet-controlled area was unsustainable.
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Figure4.11 Annual Erosion Rate 1997 and 2001 Beach Fills.

The lower erosion rate after the 1997 fill in zone 2 is attributed to the groin field
being in place and functioning. The higher erosion rate at station 118 after the 1997 fill is
due to transition losses at the end of thefill.

Quantitative comparisons of the shoreline response before and after the 2001-02
dredging are biased by the large fill in 2001 and by the failure of the 16 groins located on the
west end of theisland. Qualitatively, the present shoreline appears to be responding similar
to the prior beach fill occurring before the 2001-02 dredging operation. This coupled with no
major changes to the offshore bathymetry and currents indicates that at this time there have
been no identifiable changes to the Bald Head Island due to the new project.

Asin the past several decades, erosion experienced along the southwest corner of
Bald Head Island reflects the difficulty of maintaining a stable shoreline in the immediate
vicinity of theriver entrance. The large fill losses within this area coupled with rapid growth
of asand spit impinging on the channel demonstrate the need for the groin field to retain
sediment placed in thisarea. Recognizing the need to nourish this erosive problem area due
to the threatened loss of the road and other structures, the Corps of Engineers and the Village
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of Bald Head have worked jointly to develop a plan for the next disposal operation. In this
regard, Clean Sweep |1 is scheduled for fiscal year 2005. With the timing of Clean Sweep |1
coming approximately two years after completion of the initial construction, this operation is
considered the first maintenance after dredging of the new channel. In accordance with the
sand management plan, dredging during the first cycle is designated for disposal along Bald
Head Island. With the commitment from Bald Head Island to undertake the rehabilitation of
geotextile groin system, the Corps of Engineers has agreed to extend the disposal limitsto
cover the problem area. Details of the plan are being worked out at thistime. Thisareawill
continue to be monitored to assess the effectiveness of the groin system in retaining the
beach fill in this area.
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Ebb and Nearshore Shoal Response

General. Asdiscussed in Part 3, detailed bathymetry of the Cape Fear River ebb tidal
delta and channels were collected on three occasions specifically; August-September 2000,
December 2001-January 2002 and January 2003. These surveys were combined with
bathymetric data from the LARC offshore profile lines to produce comprehensive surveys of
the monitoring area. The results of the surveys are discussed below which are summarized
from the previously referenced letter reports (McNinch 2002 and McNinch 2003). The
results focus on two survey regions that exhibited change in bathymetry between the 2000
and 2003 surveys. These regions covered the area surrounding the mouth of the Cape Fear
River (inner region) and the area at the junction of the old and new channel alignments (outer

region).

Results-Ebb Tidal Delta Inlet (inner) Region. The ebb tidal delta surrounding the
mouth of the Cape Fear River consists of three linear shoals. Two shoals are present on the
west side of the shipping channel (Jay Bird Shoals) and the third or Bald Head Shoal
protrudes off the southwestern corner of Bald Head Island east of the main channel. The
main channel exits into the ocean immediately adjacent to Bald Head Island along West
Beach. A companion flood margin channel, typical of most tidal inlets, is not present
through Bald Head Shoal; however, awell-developed flood channel exists along the tip of
Oak Island on the opposite side of the entrance channel.

A comparison of thisinner region showing a change between the 2000 and 2003
surveysisgiven in Figure 4.15. This contour change map shows deepened scour areas as
negative values in shades of red and shoaled areas as positive yellow tones. The comparison
shows a deepening of the flood margin channel on the Oak Island side and along the main
shipping channel; the latter deepening being attributed to the dredging of the new channel.
Also, the immediate nearshore along Bald Head Island adjacent to the inlet and Bald Head
Shoal appears to have been quite dynamic during this period displaying accretion in some
areas and erosion in others. This pattern reflects the loss of beach fill placed during
construction along south beach and the attendant growth of the sand spit from the southwest
corner of theisland. Finally the overall morphology of the ebb tidal delta appearsto be
largely static which suggests there have not been substantial changes in sediment transport
pathways around the ebb tidal delta since theinitial pre-construction 2000 survey.

Results-Ebb Tidal Delta Inlet (outer) Channel Region. A similar bathymetric change
map showing changes in contours between 2000 and 2003 for the distal end of the ebb tidal
deltais presented in Figure 4.16. The most dominant feature shown in the figure is the newly
dredged channel alignment. Very little change is shown elsewhere in the outer region. Of
particular interest is the lack of change in the area of the shoal between the two channels.
This portion of the shoal is expected to be the most sensitive to changes because of its
location between the channels where the magnitude of mean currents around the distal end of
the ebb tidal delta are the highest. In asimilar manner, the larger shoals surrounding the new
channel show minimal change over the three survey years and, like the minimal change near
theinlet, suggest little change in sediment transport pathways aong the offshore end of the
ebb tidal delta.
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Cape Fear River Inlet Changes
2000 - 2002 Surveys
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Figure 4.15 Change Map Showing a Deepening from 2000 to 2003 as negative and more shallow as positive in the tidal inlet
region
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Changesin Currents and Tidal Prism

Currents were measured in the Cape Fear River entrance near Bald Head Island and
Caswell Beach before dredging of the new alignment (October 11 and 12, 2000) and after
dredging was completed (April 12 and 13, 2002 and March 4 and 18, 2003). A vessdl
mounted Acoustic Doppler Current Profiler (ADCP) was used to measure currents along a
transect throughout atidal cycle. See Part 3 for discussion of the measurement techniques
and results for each of the three measurement episodes.

Current Velocities (Direction and Magnitude). Maximum current magnitudes are
compared for both near-surface and near-bottom currents during ebb and flood flows in
Table 4.3 for theinlet transect. Interestingly, the near-bottom ebb current magnitudes differ
by lessthan 11 percent for all three surveys while the near-surface ebb currents are greater
for the April 2002 and March 2003 surveys by between 46 and 22 percent. These increases
for the later surveys may be related to increased discharges down the Cape Fear River during
this time (see Current Measurement discussion in Part 3). These current magnitudes provide
only a snapshot at the time of the survey and vary temporally and spatially especially
considering other forcing functions (winds, discharges, lunar cycle, etc.).

Table 4.3 Maximum Magnitude of Mean Flows at Inlet Transect

October 2000 April 2002 Mar ch 2003
cbb 3.48ft/s 3.83ft/s 3.87 ft/s
Near -bottom* (1.06 m/s) (1.67 m/s) (1.80 m/s)
flood 3.28ft/s 3.67 ft/s 4.82 ft/s
(1.00 m/s) (1.12 m/s) (1.47 m/s)
cbb 443 ft/s 6.46 ft/s 5.41 ft/s
Near -surface* (1.35m/s) (1.97 m/s) (1.65 m/s)
flood 3.61ft/s 4.10 ft/s 4.17 ft/s
(1.10 m/s) (1.25m/s) (1.27 m/s)
* Near-bottom defined by lower half of water column; near-surface defined by
upper half of water column

Similar comparisons for the offshore transect are shown in Table 4.4. In contrast to
the inlet transect, the near-bottom ebb flow showed about a 50 percent greater magnitude for
the April 2002 and March 2003 surveys over the October 2000 survey. Similar differences
were also observed for the near-bottom flood flows. For the near-surface flows, the
differences were not as great except for the April 2002 near-surface flood. As stated
previously, these magnitudes provide only a snapshot at the time of the survey and vary
temporally and spatially especially considering other forcing functions (winds, discharges,
lunar cycle, etc.).
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Table 4.4 Maximum Magnitude of Mean Flows at Offshore Transect

October 2000 April 2002 Mar ch 2003
cbb 2.03 ft/s 3.08 ft/s 3.15ft/s
Near -bottom* (0.62 m/s) (0.94 m/s) (0.96 m/s)
flood 1.31ft/s 1.93 ft/s 2.69 ft/s
(0.40 m/s) (0.59 m/s) (0.82 m/s)
ebb 3.08 ft/s 3.38 ft/s 3.87 ft/s
Near-sur face* (0.94 m/s) (1.03 m/s) (1.18 m/s)
flood 1.41 ft/s 249 ft/s 1.87 ft/s
(0.43 m/s) (0.76 m/s) (0.57 m/s)
* Near-bottom defined by lower half of water column; near-surface defined by
upper half of water column

Tide elevations at the Bald Head wave gauge were examined for the period during the
ADCP surveys to compare tide ranges during the surveys with predicted tide ranges (Table
4.5). This comparison was made to identify any temporal wind or wave influenced
differences that might help to explain current magnitude differences observed in Tables 4.3
and 4.4 and tidal prism differences observed in Figure 4.38.

Table 4.5 Predicted and Observed Tide Ranges during ADCP Survey

Predicted Tide | Observed Tide
: Range Range
Date Times (Local) Flood | Ebb | Flood | Ebb
(ft) (ft) (ft) (ft)

Inlet Transect
11 Oct 2000 | 1000 — 2300 4.40 455 4.60 4.90
13 Apr 2002 | 0630 — 2000 4,50 3.96 4.76 4.30
4 Mar 2003 | 0500 — 1830 4.34 4.47 * *
Offshore Transect
12 Oct 2000 | 1130-0030 (13 Oct 2000) 4,53 4.69 5.10 5.20
12 Apr 2002 | 0630 — 2000 447 4.09 4,57 4.35
18 Mar 2003 | 0500 — 1830 5.46 5.45 6.40 6.29
*Gauge not operational

Plots of predicted and observed water levels recorded at the Bald Head wave gauge during
ADCP surveys are shown in Figures 4.17 through 4.20. In all cases (except Figure 4.19
where the gauge was not operational), the observed water level elevations exceeded the
predicted water levels.
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Figure 4.17 Predicted and observed water levels during the October 2000 ADCP survey
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Figure 4.18 Predicted and observed water levels during the April 2002 ADCP survey
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Figure 4.19 Predicted and observed water levels during the March 2003 ADCP survey (Inlet Transect)
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Figure 4.20 Predicted and observed water levels during the March 2003 ADCP survey (Offshore Transect)
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Flow patterns from October 2000 appear similar to those measured in April 2002 for
the inlet transect (Figures 4.21 and 4.22 for flood flow and Figures 4.23 and 4.24 for ebb
flow), except for the shoals adjacent to Oak Isand. This area was inadvertently not included
in the October 2000 survey. For the offshore transect (Figures 4.25 and 4.26 for flood flow
and Figures 4.27 and 4.28 for ebb flow), flow patterns appear similar except for small areas
directly over the new channel alignment during ebb. Interestingly, the highest flow
magnitudes appear to remain in the old shipping channel, and only during part of the tide
cycleisthere any evidence that the flow field is influenced by the new channel where near-
bottom flow appears to lead in the flooding direction (Figure 4.29).
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Figure 4.21 October 2000 ADCP survey at inlet transect
during peak flood flow. Note that survey transect does not
cover same area as the April 2002 survey.
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Figure 4.22 April 2002 ADCP survey at inlet transect
during peak flood flow. Note that survey transect does not
cover same area as the October 2000 survey.
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Figure 4.23 October 2000 ADCP survey at inlet transect
during peak ebb flow. Note that survey transect does not
cover same area as the April 2002 survey.
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Figure 4.24 April 2002 ADCP survey at inlet transect
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Figure 4.29 Near-bottom flow field reversal on flood tide from April 2002 survey

Comparing the April 2002 surveys with the March 2003 surveys showed similar flow
patterns for the inlet transect. Figures 4.30 and 4.31 show the inlet transect surveys during
ebb flow, and Figures 4.32 and 4.33 show the inlet transect during flood flow. At the
offshore transect, flow patternsin April 2002 are similar to those measured in March 2003
(Figures 4.34 and 4.35 during ebb and Figures 4.36 and 4.37 during flood), except for the
region directly over the new channel. No apparent changes are noted for the ebb flow except
for the preference of the flow in the old navigation channel. During the flood flow, no effect
of the old or new channel alignment is observed.

The similarities of the flow regime between pre- and post-dredging do not indicate
substantial changes have occurred and are consistent with the minimal change seen in the
bathymetry of the ebb tidal delta. There also does not appear to be a substantial decrease in
current magnitude through the old shipping channel since the opening of the new channel.
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Figure 4.31 March 2003 ADCP survey at inlet transect
during ebb flow.
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Figure 4.32 April 2002 ADCP survey at inlet transect
during flood flow.
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Tidal Prism. Tidal prisms were computed utilizing the inlet throat transect for each of
the three current measurements, namely the pre-dredging (October 2000) and post-dredging
(April 2002 and March 2003) ADCP surveys. These computations represent snapshots of the
tidal period for each respective date and include the results of other non-tidal forcing agents
aswell as natura variationsin tide conditions. Other forces which influence flow are wind-
forcing, river discharge as well as differencesin astronomical tides at different times of the
year and across atidal epoch (i.e. spring tides are not necessarily equal through time). To
make more meaningful comparisons of the three surveys, thetidal prism computations were
normalized across the inlet cross-section area as defined by the January 2003 bathymetry and
transect shown in Figure 3.43. Figure 4.38 shows the results of this normalized comparison.

x 10% Normalized volume over tidal period, Cape Fear River Inlet 2000-2003
4 T 1 !
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Figure 4.38 Normalized tidal prism for three surveys—October 2000 (1), April 2002 (2)
and March 2003 (3). Blue—flood, Green—ebb, Red—total

The normalizing process applies the average velocity from the ADCP survey across
the inlet cross-section area multiplied by the tidal period. The October 2000 inlet transect
survey only covered theinlet throat because at that time it was believed that insignificant
flow existed over the shoals adjacent to Oak Island. Subsequent hydrographic surveys and
current measurements indicated otherwise, so the April 2002 and March 2003 inlet transects
were enlarged. Thus the average velocity for the October 2000 survey, since it only
incorporated a portion of the inlet cross-section, possibly differed from what would have
been measured if the whole cross-section had been surveyed. In addition, differences from
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winds, river discharge, and astronomical period should be considered when explaining the
differences observed in Figure 4.36.

Figure 4.39 shows thetidal prisms measured along the north leg of the transect for the
April 2002 and March 2003 surveys compared with other tidal prisms from around the U.S.

Thetidal prismin both years fall within the 95 percent confidence interval of the regression
line determined from other inlets.

One of the strengths of ADCP surveysisto provide calibration and verification data
for use in applying numerical simulation models of tidal currents and circulation. With a
calibrated and verified hydrodynamic model, multiple scenarios of different bathymetric
conditions and channel alignments can be examined to explore relative differencesin tidal
currents and prism. For example, an acceptable hydrodynamic model like ADCIRC could be
run with waves, bathymetry and channel configurations at the time of each ADCP survey and
thus calibrated so that different bathymetric and channel configurations (e.g., old channel
alignment) with the same wave conditions could be examined for comparison of tide ranges

and tidal prisms. Thistype of modeling is planned for future monitoring reportsif funding is
available.
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Pat5 SUMMARY

Thisreport isthefirst of a series covering theinitial phase of the physical monitoring
program for the Wilmington Harbor Project. The monitoring focuses on the entrance channel
improvements and impacts to the adjacent beaches of Oak |sland/Caswell Beach to the west
and Bald Head Idland to the east. It also serves asatool for overall sand management
considerations for the Cape Fear entrance and adjacent beaches. The report coversthe
approximate first three years of data collection from August 2000 (pre-channel deepening &
realignment) through June 2003.

Over this time period, the entrance channel was deepened and realigned with all
beach compatible sediment being placed on the Brunswick County beaches including the
beaches of Oak Island/Caswell and Bald Head Island both of which fall within the
monitoring limits. Within the monitoring area, approximately 1,181,800 CY of sand were
placed on Oak Island/Caswell and 1,849,000 CY were placed along Bald Head Island.

Comparisons were made using beach profile surveys over the initial monitoring
period for the beaches on either side of the entrance channel. In each case a comparison was
made between the August/September 2000 survey and the most recent survey to determine
the overall condition of the beach with respect to both changes in shoreline and profile
volumes. Shoreline changes were computed over the entire period from August/September
2000 to June 2003 (i.e. the most recent onshore survey) and volumetric changes covering the
period from August/September 2000 to December 2002 (i.e. most recent offshore survey).

Shoreline change rates were likewise computed over the monitoring period. These
rates were compared with updated long-term shoreline change rates computed from the
NCDCM shoreline data covering a 62-year period. Although theinitial monitoring period
spans arelatively short time period of about 3 years, it is of interest to compare these trends
with established long-term shoreline response for the area.

Results to Date.

For Oak Island/Caswell Beach, the shoreline for most of the monitoring area was
seaward of its August 2000 (pre-construction) position by the end of the period. Thiswas
true for the entire 6-mile reach except for the first mile closest to the entrance channel that
had both eroding and accreting profile lines. This beach responseistypical of shoreline
changes observed near the entrance which historically has been quite variable and is typical
of shorelinesin the vicinity of inlets. When averaged along the entire 6-mile reach, the
present shoreline is about 100 feet more seaward than it wasin August 2000. The net
volume change observed across the whole profile along Oak Island/Caswell Beach has been
an increase of 783,000 CY between October 2001 and December 2002. The alongshore
distribution of material basically follows the shoreline response where net gains are seen
along the entire reach except for minor losses observed near the entrance channel.  Through
June 2003, the Oak Island/Caswell Beach areawas in good condition with anet gain
averaged over the entire reach of about +24 cyl/ft.
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With respect to rates of shoreline change, theinitial 3-year period over Oak
Island/Caswell Beach showed substantial accretion over most of the island largely reflecting
the influence of the beach fill. Overall, the shoreline change rate averaged over the entire
monitoring area was about +50 feet per year for the 3-year period. By comparison the long-
term rate over the entire reach was —1.1 feet per year.

Unlike Oak Idland/Caswell Beach, shoreline change along Bald Head Island has
shown areas of both significant erosion and accretion. Between September 2000 and June
2003 the shoreline advanced along both West Beach and the eastern two-thirds of South
Beach. However, the shoreline receded along the western third of South Beach and along the
southwest corner (spit areq) of theisland. Specificaly, the shoreline aong West Beach was
found to be approximately 8 feet closer to the channel than in 2000. For South Beach, the
area of accretion extended along the easternmost 12,000 feet (between Profile 102 to Profile
222) and was an average of 82 feet seaward, with a peak accretion of about 150 ft found near
the middle of thisreach. In contrast the June 2003 shoreline was landward of the 2000
location beginning with Profile 28 extending around the southwest corner “spit area’ to
Profile 57 (an alongshore distance of about 2900 feet) and extending further eastward along
South Beach an additional 4500 feet (to Profile 102). Within the spit area all profiles are
erosional, except for Profile 40. When averaged in an alongshore sense, the shoreline at the
spit was 57 feet landward of the June 2000 position. For the adjacent erosion zone along
South Beach, the shoreline recession tapers from a peak near the spit of —134 feet to zero
over the 4500 reach. On the average, the shoreline was approximately 55 feet more landward
than it was in September 2000.

Volume change observed along Bald Head Island varies with location. Along West
Beach, gains of 73,000 CY were observed between pre-construction and December 2002.
Along the western portion of South Beach, net loss of 265,000 CY was observed by
December 2002. The eastern portion of South Beach accreted about 584,000 CY as of
December 2002.

At Bald Head spit, navigation channel surveys show the spit is enlarged
volumetrically to at |east twice as large as previously observed. The growth appearsto
coincide with awestward shift of the river thalweg away from the spit and an increase in the
supply of littoral sediment from the western end of South Beach. In addition, the offshore
profile at the western end of South Beach appears to show the presence of a deeper and better
defined marginal flood channel.

For theinitial 3-year period, the alongshore averaged shoreline change rates from
September 2000 to June 2003 are generally positive over the monitoring area. The
alongshore average was used to smooth out small alongshore perturbations and to be
consistent with NCDCM procedures. The pre-project starting date was chosen to capture the
net effect during the monitoring period. Thisin part reflects the influence of the beach fill
placed throughout this area. In spite of the positive affects of thefill, the western end of
South Beach, between profiles 47 through 78, has had relatively high rates of erosion.
Specificaly, this area has an average erosion rate of -18 feet per year with a peak erosion rate
of -25 feet per year at profile 61. This average rate is more than three times the long-term
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rate of —5 feet per year over thisreach. Westward of this area the present short term
shoreline change rates turn positive reaching a peak accretion of 68 feet per year at profile
166. The average rate for this zone of accretion is apositive 42 feet per year and isin
contrast to long-term erosion ranging from —2 to —20 feet per year along this area.

Detailed bathymetric surveys were made of the ebb and nearshore shoals in the
vicinity of the entrance channel to assess any changes associated with the entrance channel
deepening and realignment. Aside from the direct changes resulting from dredging the new
channel, the overall morphology of the ebb and nearshore shoals has been largely static over
the initial monitoring period which suggests there have not been substantial changesin
sediment transport pathways around the ebb tidal delta since theinitial pre-construction 2000
survey. However, one observed change was deepening of the flood margin channel along the
tip of Oak Island. A companion flood margin channel, of comparable magnitude, is not
present through Bald Head Shoal on the opposite side of the entrance channel. Another
finding of particular interest is the lack of change in the area of the shoal between the old and
new channels just seaward of their intersection. This portion of the shoal is expected to be
the most sensitive to changes because of its location between the channels where the
magnitude of mean currents around the distal end of the ebb tidal delta are the highest.

Current measurements were taken over atidal cycle along transects across the mouth
of the entrance channel and along the seaward portion of the ebb tide delta near the
intersection of the old and new channel alignments. Comparison of current measurements
taken before and after the channel dredging show very similar flow regimes and are
consistent with the minimal change seen in the overall bathymetry of the ebb tide delta. One
finding of particular interest is that there does not appear to be a substantial decrease in the
current magnitude through the old channel since the opening of the new channel.

The most significant observations from thisinitial monitoring period include:
a growth of Bald Head spit
b. channel thalweg movement away from Bald Head Island
C. potential development of marginal flood shoal offshore of South
Beach, Bald Head Island
erosion of western portion of South Beach, Bald Head Island
lack of noticeable change to the nearshore bathymetry
ebb tide current preference to the old channel alignment
stability of Oak Island/Caswell Beaches shoreline

@~

These observations identify results of measurements made to date. To further explore cause-
and-effects of the channel deepening, realignment and beach disposal, development and
application of numerical models are required as outline below.

Sand M anagement Considerations.

Operation of the project involves the implementation of a Sand Management Plan.
Under this plan disposal of beach compatible sediment isto occur on the beaches adjacent to
the Cape Fear River entrance every 2 years. The distribution is such that disposal is to occur
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ina2to 1 ratio with two-thirds of the material going to Bald Head Island and the remaining
one-third to Oak Island/Caswell Beach. This sediment ratio is accomplished by having the
first two maintenance cycles (i.e. years 2 and 4) place sediment on Bald Head with the |ast
cycle going to Oak Island/Caswell. Thus a complete operation and maintenance cycle will
take 6-years to accomplish.

The beach disposal operation of Clean Sweep |1 is scheduled for fiscal year 2005.
With the timing of Clean Sweep Il coming approximately two years after completion of the
initial construction, thiswill be considered the first maintenance dredging of the new
channel. In accordance with the sand management plan, the beach compatible material
dredged during the first cycleis designated for disposal along Bald Head Island.

As summarized above, significant erosion has been measured aong the southwest
corner of Bald Head Island during the initial phases of the monitoring program. This area of
Bald Head Island has had a documented history of erosion for the last several decades.
Although the erosion rates (for the initial 3 year monitoring period) are found to be several
times greater than the long-term rates for this area, the short term response is comparable
with that experienced with the prior beach fill operation. The past and present erosion
experienced along the southwest corner of Bald Head Island reflects the difficulty of
maintaining a stable shoreline in the immediate vicinity of the river entrance. The Village of
Bald Head I sland has chosen to address these issues with a geotextile groin field. The
existing geotextile groin field, constructed by the locals, has now deteriorated to a point
whereit isno longer functioning. This coupled with other factors such as no major changes
to the offshore bathymetry and current patterns make it unclear as to whether the response
measured along Bald Head Island is related to the new project at thistime.

The Corps of Engineers and the Village of Bald Head have worked jointly to develop
aplan for the forthcoming disposal operation. With the commitment from Bald Head Island
to undertake the rehabilitation of geotextile groin system, the Corps of Engineers has agreed
to extend the disposal limits to cover the problem area. Details of the plan are being worked
out at thistime. Thisareawill continue to be monitored to assess the effectiveness of the
groin system in retaining the beach fill in this area.

Future Monitoring Efforts.

Theinitial efforts of the monitoring program have developed a fundamental
understanding of the existing coastal processes and short-term bathymetry and shoreline
variability. The extensive data collection program has provided the data needed to develop
calibrated wave transformation and hydrodynamic models. A gradual shift will be made over
the six-year operational plan from field data collection efforts toward use of these modeling
tools. Thetoolswill be used to help quantify magnitudes and patterns of sediment transport
and develop a detailed sediment budget for the area. Thisworking suite of coastal
engineering tools will provide assessment of future beach and inlet management actions and
provide input to the sand management plan.
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Appendix A

WAVE GAUGE DATA



Appendix B
SHORELINE CHANGE RATES
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