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Oregon Inlet is the primary route to the ocean for hundreds of commercial
and recreational fishing vessels operating in the Outer Banks region of
North Carolina. However, the inlet experiences more high winds, strong
tides, and shifting sand than any other inlet on the Atlantic coast of the
United States. This high-energy environment often creates sand bars and
large breaking waves at the inlet’s entrance to the ocean, commonly known
as the ocean bar. These conditions, especially when combined with the
severe storms that frequent the area, can swamp a boat or run it aground,
imperiling both life and property. According to the U.S. Army Corps of
Engineers and U.S. Coast Guard data, over the 40-year period 1961 through
2001, hazardous conditions in the inlet were a factor in 25 deaths and the
loss of 22 vessels.

In 1950, in an attempt to improve navigation at Oregon Inlet, the Congress
authorized the Corps to dredge a channel in the inlet—called the ocean bar
navigation channel—to a depth of 14 feet.! From 1960 through 2001, the
Corps’ Wilmington District Office, which is responsible for maintaining the
ocean bar navigation channel at Oregon Inlet, spent about $108 million
dredging this channel.?> Additional efforts to improve the safety of the
channel are conducted by the U.S. Coast Guard, which is responsible for,
among other things, maintaining the navigation aids that help guide vessels
through the inlet. In 1970, in an effort to stabilize Oregon Inlet and in
response to local concerns that a deeper channel was needed to
accommodate fishing vessels and commercial traffic, the Congress
authorized the construction of dual rock jetties and a 20-foot-deep ocean
bar navigation channel for Oregon Inlet.? Since this authorization, the
Corps has completed and updated numerous economic and environmental

I PL. 81-516, the River and Harbor Act of 1950, authorized the project, officially titled the
Manteo (Shallowbag) Bay, North Carolina, project.

2 All dollars in this report are 1997 dollars unless otherwise noted.

3PL. 91-611, River and Harbor and Flood Control Acts of 1970.
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analyses to determine if construction of the project is justified. In the latest
update of its economic analysis, completed in 2001, the Corps estimated
that the project would yield annualized net benefits of about $7.2 million
over 50 years, largely from savings that were projected to be attained from
reduced operating costs for commercial fishing vessels and increased
activity by recreational boaters. Annualized costs were estimated at about
$4.5 million. As a result, annual net benefits (benefits minus costs) for the
proposed jetty project were estimated at $2.7 million. However, although
the Corps and others have completed many studies over the last 30 years,
the Congress has never appropriated funds specifically to construct the
project. During this period there have been major disagreements among
federal, state, and local governmental entities, including the Departments
of Commerce and Interior, as well as among environmental, fishing, and
recreational groups, about whether the project is economically justified
and whether it would harm the environment by, among other things,
increasing beach erosion and restricting the migration of fish larvae from
the ocean to the sounds inside the inlet, where the larvae develop into fish.

You asked us to review several issues related to the Corps’ Oregon Inlet
jetty project. Specifically, we agreed to (1) assess federal efforts to
maintain the ocean bar navigation channel in Oregon Inlet, (2) assess the
extent to which the Corps’ 2001 economic analysis of the jetty project is
useful for decision making, (3) provide information on the performance of
similar jetty projects, that is, those constructed with dual jetties and a low
section called a weir,* (4) determine whether the Corps’ Wilmington
District Office applied lessons learned from similar jetty projects in its
design of the Oregon Inlet jetty project, and (5) identify and discuss
concerns raised by the Departments of Commerce and Interior about
development of the jetty project.

Results in Brief

During the past 19 years, the Corps has had difficulty maintaining the ocean
bar navigation channel at Oregon Inlet at its authorized 14-foot depth.
Specifically, from 1983 through 1994, the Corps spent on average about $4.1
million per year dredging the channel, but was only able to maintain the
authorized 14-foot depth on average about 23 percent of the time. After
1994, the Corps spent an average of about $2 million per year, but the

4 A weir is a section of a jetty that is lower than the rest of the structure. The weir is
typically designed to allow water and sand to flow over it when the water level is greater
than low tide.
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percentage of time the channel depth was maintained at its authorized
depth declined to about 15 percent. According to a 2001 engineering and
design document issued by the Corps, its dredging efforts at Oregon Inlet
have not provided a safe and navigable ocean bar navigation channel, and
hazardous navigation conditions at the inlet will continue to cause the loss
of human life and injuries as well as vessel losses and damages.
Wilmington District Office officials said that the high-energy environment
and storms associated with Oregon Inlet have often thwarted the Corps’
plans and depleted its funding for dredging the inlet. In addition, the
district has sometimes had to reallocate funds that were earmarked for
dredging Oregon Inlet to other district projects in response to emergencies
caused by the frequency and magnitude of area storms. Further, because of
the Corps’ limited dredging and the inlets high-energy environment, the
Coast Guard has been unable to maintain and properly position its
navigation buoys for the channel, which further increases the risk of
damage to vessels and injuries to people.

The Corps’ most recent economic analysis of the proposed Oregon Inlet
jetty project, issued in 2001, has several limitations, and as a result, does
not provide a reliable basis for deciding whether to proceed with the
project. For example, the Corps relied on outdated data to estimate the
benefits to large commercial fishing vessels (trawlers). More recent data
indicates that trawlers currently use the inlet far less than the Corps
estimated in its economic analysis. On the other hand, the Corps did not
analyze the potential benefits the proposed jetty project may provide to
smaller commercial fishing vessels. However, because these smaller
vessels have shallower drafts than trawlers, the extent to which they might
benefit from the jetty project is uncertain. The analysis also did not
account for the economic value of the lives that might be saved by the jetty
project, which could understate benefits; it also overstated the cost of the
current dredging program, and it used an overly optimistic assumption
concerning future dredging needs that would tend to understate the cost of
the jetty project. We did not assess the net effects of all the limitations we
found with the economic analysis because obtaining the necessary data
would require an inordinate amount of time and expense. These
limitations, however, can result in either overstated or understated
estimated benefits and costs.

Of the eight completed jetty projects constructed similarly to the proposed
Oregon Inlet jetty project, two are generally performing as planned. Of the
six other similar projects, three have required more dredging and higher
maintenance costs than expected, and two have had their weirs closed—
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one because the responsible Corps’ District did not accurately determine
the direction of sand movement and constructed the weir on the wrong
jetty, and the other because of problems with the instability of the channel
and with boaters using the weir as a shortcut, creating a safety hazard.
According to the Corps, the problems at these five projects stemmed from
inaccurate information on sand movement when the projects were initially
designed. At the sixth project, more sand has accumulated in the
navigation channel than expected, but this occurred because the Corps did
not fully construct the area designed to collect sand deposits. As a result,
according to the Corps, the navigation channel has been available at its
authorized depth only about 20 percent of the time.

In designing the proposed Oregon Inlet jetty project, the Corps’ Wilmington
District Office applied lessons learned from the construction of similar
jetty projects and from internal Corps guidance. For example, the
Wilmington District staff stated that from its construction and management
of the Masonboro Inlet jetty project in North Carolina—one of two similar
jetty projects that are generally performing as planned—it learned about
the need for dual jetties, the proper length of a weir, and the effect of
erosion on jetties. District staff stated that from internal Corps guidance
they learned about, among other things, the importance of having accurate
information on sand movement in designing the proposed Oregon Inlet
jetty project. Nonetheless, the Corps stated that because each jetty project
is designed for a unique environment, lessons learned from similar projects
would not predict all aspects of the performance of the Oregon Inlet
project. For example, the Corps incorporated a weir into the design of
Oregon Inlet’s northern jetty to allow fish larvae that migrate near the
ocean shoreline to travel over the jetty, through the inlet, and into the
sound. None of the eight similar jetty projects with weirs were designed to
provide for fish larvae migration.

Both the Department of Commerce and the Department of the Interior
support the goal of providing a safe navigation channel through Oregon
Inlet for commercial and recreational fishing vessels. However, both
departments support a dredging-only approach to achieve that goal in an
environmentally acceptable manner. Commerce, which manages marine
resources, including fisheries, and Interior, which manages the federally
owned land upon which the jetties would be built, have raised several
environmental concerns about the construction of the Oregon Inlet jetty
project. For example, Commerce believes that constructing the project
will cause unacceptable harm to commercial and recreational fishery
resources by limiting the ability of fish larvae to reach habitat necessary for
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their development. Commerce is also concerned that the jetties will
significantly alter sand movement in the vicinity of Oregon Inlet and
damage beaches, dunes, beds of submerged aquatic vegetation, salt
marshes, shallow water habitats, and other aquatic sites and resources.
Interior believes that the jetties will increase beach erosion, especially on
the south side of the inlet, and that the project’s sand bypassing system
could harm coastline habitat and wildlife by depositing large quantities of
sand onto Interior’s land each year without allowing sufficient time for
recovery of the ecosystem. For these and other reasons, Interior has
maintained that constructing the jetties is not consistent with the missions
of its National Park Service (NPS), which manages the Cape Hatteras
National Seashore to the north and south of Oregon Inlet, and Fish and
Wildlife Service (FWS), which manages the Pea Island National Wildlife
Refuge to the south of the inlet, and has denied the Corps the permits
needed to build the jetties on Interior’s lands. To address the concerns of
Commerce and Interior, the Corps revised its original jetty design to
shorten the length of the jetties and incorporate a weir, which it believes
will mitigate the concerns about fish larvae migration. The weir is also
intended to facilitate the collection of sand, which the Corps plans to
transport to adjacent beaches to address erosion. However, both
Commerce and Interior have stated these actions will not achieve the
desired results. In October 2001, because Commerce, Interior, and the
Corps were unable to reach agreement on these issues, Commerce referred
the matter to the Council on Environmental Quality—an entity established
by the National Environmental Policy Act to resolve interagency
disagreements concerning major federal actions that might cause negative
environmental effects. Interior has also asked the council to consider its
concerns. The Corps does not believe it should spend additional public
resources to develop the project until it has assurances that the
environmental issues will be favorably resolved.

Lacking resolution of environmental concerns from the council and
construction permits from Interior, we agree with the Corps that it should
not pursue further development of the Oregon Inlet jetty project. If,
however, both of these issues are favorably resolved, we are
recommending that in order to have a reliable economic basis for deciding
whether to proceed with the project, the Secretary of the Army direct the
Corps to prepare a new and comprehensive economic analysis of the
project’s costs and benefits that would provide the more current and
complete information needed to justify construction of the project. In
commenting on a draft of this report, the Departments of the Army,
Commerce, and Interior generally agreed with our findings and
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recommendations. The Department of Transportation did not comment on
our overall findings and recommendations, but offered specific technical
comments.

Background

The Corps’ mission is both military and civilian and involves providing
quality, responsive engineering services to the nation. The Corps’
involvement in civil engineering projects, such as the proposed Oregon
Inlet jetty project, comes under the auspices of the Director of Civil Works
and falls into four broad categories: water infrastructure, environmental
management and restoration, response to natural or man-made disasters,
and engineering and technical services. The Corps is organized
geographically into eight divisions and 41 districts that are responsible for
implementing individual projects. The Corps’ Wilmington, North Carolina,
District Office, part of the South Atlantic Division, is responsible for
maintaining a safe and navigable waterway at Oregon Inlet. Appendix I
provides a description of the Corps’ process for developing a water
resource project.

Oregon Inlet provides the only access to the Atlantic Ocean from inland
waters located between Rudee Inlet in Virginia Beach, Virginia, about 85
miles to the north of Oregon Inlet, and Hatteras Inlet in Hatteras, North
Carolina, about 45 miles to the south. Oregon Inlet is located in the Outer
Banks, a string of barrier islands along the coast of North Carolina.
According to a study of Outer Banks sediment and inlet dynamics, these
barrier islands and their migrating inlets consist of dynamic sedimentary
deposits, which, left to nature, constantly move and change under the
influence of waves, currents, and the change in sea level. Overall, these
islands are slowly moving toward the mainland at an average rate of about
4.5 feet per year. In addition, along the ocean side of the Outer Banks, the
sands flow predominantly toward the south. For this reason, the islands
and Oregon Inlet naturally move in a southerly direction. At least a dozen
separate inlets have naturally opened and closed along the Outer Banks’
coastline over the three centuries that preceded the formation of Oregon
Inlet.” Currently, there are three inlets along the Outer Banks: Oregon Inlet,
Hatteras Inlet, and Ocracoke Inlet. Figure 1 shows the location of Oregon
Inlet and its surrounding features.

® “The Outer Banks of North Carolina: Budget of Sediment and Inlet Dynamics Along a
Migrating Barrier System” by Douglas L. Inman and Robert Dolan, Journal of Coastal
Research, Spring 1989, Charlottesville, Virginia.
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Figure 1: Oregon Inlet’s Location Along the North Carolina and Virginia Coastlines
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Oregon Inlet experiences a combination of more high winds, strong tides,
storms, and shifting sand than any other inlet along the Atlantic coast of the
United States. These high-energy conditions often create hazards for
vessels attempting to pass through the inlet to or from the ocean. Vessels
making this passage use the ocean bar navigation channel, which extends
from a point about 1,500 feet inside the Herbert C. Bonner Bridge
(commonly known as the Bonner Bridge) to a point in the ocean called the
ocean bar, about 10,000 feet outside the bridge.® At the ocean bar, sand
naturally accumulates and waves break on the surface because of the
shallow water. Nonetheless, hundreds of vessels pass through the inlet
each year. In 1999 through 2001, according to North Carolina Division of
Marine Fisheries data, on average, about 311 commercial fishing vessels
used Oregon Inlet a total of about 3,900 times each year to access the
ocean. During this period, commercial fishing vessels using the inlet
landed more than 18 million pounds of fish at seafood dealers that operate
inside the inlet.

The North Carolina Department of Transportation is currently evaluating
preliminary plans for constructing a bridge that would replace the Bonner
Bridge. The new bridge would be located farther west than the current
bridge and may make landfall several miles farther south than the current
bridge, possibly bypassing the Pea Island National Wildlife Refuge.
According to a state engineer, the proposed elevated portion of the new
bridge would be 5,000 feet long, which would allow the natural migration of
Oregon Inlet to the south and also permit the navigation channel to be
moved as conditions dictate. The proposed completion date for the new
bridge is 2010. Figure 2 provides an aerial view of Oregon Inlet.

¢ The Herbert C. Bonner Bridge transverses Oregon Inlet and carries a highway that
connects Bodie Island on the north side of the inlet to Pea Island on the south.
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L _________________________________________________________________|
Figure 2: Aerial View of Oregon Inlet on September 18, 2001
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The safety and navigability of Oregon Inlet has been the subject of a series
of engineering, economic, and environmental studies by the Corps’
Wilmington District Office. In the 1960s, local officials and other interested
parties told the Corps that the original 14-foot navigation channel
authorized by the Congress in 1950 was not adequate because it was not
deep enough to accommodate larger vessels and existing dredging was not
sufficient to provide a stable channel at its authorized dimensions.
Subsequently, the House and Senate Public Works Committees asked the
Corps to study whether any modifications of the Oregon Inlet project were
advisable. Based on this work, the Corps made recommendations that led
the Congress to authorize the dual rock jetties and a 20-foot navigation
channel for Oregon Inlet in 1970. The authorization increased the depth of
the ocean bar navigation channel from 14 feet to 20 feet, in part to
accommodate the use of larger, deep-draft commercial fishing vessels that
were expected to use the inlet in the future.”

Between the 1970 authorization and September 30, 2001, the Corps’
Wilmington District Office has spent about $10 million (current dollars)
designing the project and studying whether it was economically and
environmentally sound before construction could begin. These studies
have included at least four updates of the district’s economic analyses and
four environmental impact statements, as well as various redesigns of the
project. According to the Corps, it has also made a substantial effort to
coordinate its efforts with other interested agencies. For example, the
Corps stated that it has worked with the Department of Commerce’s
National Marine Fisheries Service and the North Carolina Division of
Marine Fisheries to develop data on fish catch and associated use of the
inlet by commercial fishing vessels. The Corps also participated in a joint
task force with the Department of the Interior in 1991 to determine the
effect of the jetties and the project’s proposed sand bypass system on the
adjacent shoreline. In response to concerns raised by the task force, the
Corps revised the proposed project by, among other things, reducing the
length of the jetties and incorporating a weir to facilitate sand bypass and
fish larvae migration. On September 21, 2001, the Corps issued Supplement
No. 2 General Design Memorandum (GDM) and Final Supplement III
Environmental Impact Statement (EIS), which state that the dual jetties

" Draft is the distance between the water level on a loaded vessel and its keel (bottom). The
channel depth is determined by the loaded draft of a typical vessel as well as by factors
including wave action and the extent to which the vessel “squats” in the water when it is
underway due to propeller action.

Page 10 GAO-02-803 Oregon Inlet Jetty Project



and the 20-foot navigation channel are economically justified and
environmentally acceptable. The Corps document also found that current
dredging efforts at Oregon Inlet have not provided a safe and navigable
ocean bar navigation channel and concluded that hazardous navigation
conditions at the inlet will continue to cause injuries and the loss of human
life as well as vessel damages and losses. However, as of September 2002,
the Congress had not appropriated funds to construct the jetty project.

Despite the many studies and modifications to the project that the Corps
has made over the last 30 years, the Department of Commerce, the
Department of the Interior, various environmental groups such as the
Biodiversity Legal Foundation, and other interested parties such as the
North Carolina Saltwater Fishing Club, do not believe their concerns have
been adequately addressed by the Corps’ analysis, and they have continued
to oppose the project. In general, these entities contend that the Corps’
economic analysis is unsound and that the jetty project will cause
significant beach erosion and impede migration of fish larvae to habitat in
the sound, potentially leading to a significant reduction in the overall fish
supply. Further, these entities state that other factors, such as navigational
errors, may contribute to the potential for loss of life at the inlet, a risk that
would not be reduced by construction of the jetties. Commerce and
Interior also anticipate that the project will have adverse impacts to
designated Essential Fish Habitat in the immediate area of Oregon Inlet
that is required by fish for spawning, breeding, feeding, or growing to
maturity.® However, the jetty project is strongly supported by the state of
North Carolina and the local commercial and recreational fishing industry,
which contend that the project is needed to ensure safe passage for vessels
through the inlet, particularly larger, deep-draft commercial fishing vessels.

Although the U.S. Coast Guard has not taken an official position on the
project, it is directly involved in issues concerning Oregon Inlet. The Coast
Guard is responsible for maintaining the buoys and markers used to guide
vessels through the ocean bar navigation channel and other channels in the
sounds on the inside of the inlet. Coast Guard units located in Hatteras,
North Carolina, and Portsmouth, Virginia, maintain the navigation aids at
Oregon Inlet. In addition, the Coast Guard Station Oregon Inlet is
responsible for, among other things, search and rescue and boating safety

8 Identification of Essential Fish Habitat and requirements concerning its coordination and
management are contained in the Magnuson-Stevens Fishery Conservation and
Management Act, as amended by the Sustainable Fisheries Act of 1996 (P.L. 104-297).
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in coastal waters and sounds from the Virginia-North Carolina border to
approximately Hatteras Island, North Carolina.

Figure 3 shows the Corps’ current design for the proposed jetty project.
The project includes construction of dual rock jetties about 3,000 feet
apart. The north jetty would be approximately 10,000 feet long; the south
jetty would extend about 3,500 feet beyond the Pea Island terminal groin,
for a total length of about 6,600 feet. The terminal groin is a rock structure
that was completed in 1991 to protect the southern end of the Bonner
Bridge by stabilizing and restoring the tip of Pea Island. At the time, the
erosion of Pea Island was threatening the southern end of the Bonner
Bridge. The project also incorporates a weir in the north jetty that is
designed to serve two basic purposes: 1) to facilitate sand bypassing from a
deposition basin to adjacent beaches and 2) to aid fish larvae migration
from the ocean past the jetties, through the inlet, and into the sound. A
detailed chronology of significant events related to the development of the
Oregon Inlet jetty project is provided in appendix II.
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Figure 3: The Corps’ Proposed Design for the Oregon Inlet Jetty Project as of
September 2001
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Source: Adapted from Supplement No. 2 General Design Memorandum, Manteo (Shallowbag) Bay,
North Carolina, Corps’ Wilmington District, September 2001. The map is based on May 26, 1996,
aerial photography.
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Corps Generally Has
Not Maintained the
Oregon Inlet Ocean Bar
Navigation Channel at
Its Authorized Depth

The Corps has had difficulty maintaining Oregon Inlet’s ocean bar
navigation channel at its authorized depth of 14 feet. According to officials
in the Corps Wilmington District Office, from August 1983 through March
1994 the 14-foot depth was maintained about 23 percent of the time.’
During this period, the Corps spent an average of about $4.1 million
annually to dredge the channel. In recent years, however, expenditures on
dredging the channel have declined to an average of about $2 million
annually, and the Corps has been able to maintain the channel’s authorized
14-foot depth only about 15 percent of the time. According to Wilmington
District officials, the district has not been able to maintain the channel’s
authorized depth because the inlets’ high-energy environment constantly
moves sand back into the navigation channel and because funding
limitations restrict the amount of dredging that can be performed. Officials
said that the district does not get all of the funds it requests and often has
to reallocate funds that are earmarked for dredging Oregon Inlet to respond
to emergencies elsewhere in the district. The Corps’ limited dredging and
the high-energy environment of the inlet also affect the Coast Guard’s
ability to adequately maintain buoys that are supposed to mark the ocean
bar navigation channel for vessels using Oregon Inlet. In fact, navigation
charts for Oregon Inlet do not display the location of navigation aids, such
as buoys, because they are frequently moved by the Coast Guard due to
continuously shifting sand and by severe storms. These conditions
increase the risk of danger to vessels and injuries to people.

The Inlet’s Environment and
the Corps Limited
Resources Have Hindered
Dredging of the Ocean Bar
Navigation Channel

Oregon Inlet experiences more high winds, strong tides, and shifting sand
than any other inlet on the Atlantic coast of the United States. This high-
energy environment is magnified by a high incidence of storms, particularly
those from the northeast (called nor’easters) during the fall and winter
months. For example, between 1990 and 1998, the Oregon Inlet area was
affected by more than 100 significant storms, some of them hurricanes.
Storms heighten ocean waves and increase sand movement in the inlet.
Based on Corps studies, an average of about 2.1 million cubic yards of sand
move in and around Oregon Inlet each year."” In comparison, annual sand

° The Corps calculates the percentage by periodically surveying the depth of the channel. If
any portion is less than the authorized depth of 14 feet, the channel is considered
unavailable.

"The Corps’ estimate of sand movement is for the period 1956 through 1975 as presented in
its September 2001 GDM on the jetty project.
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movement for the two jettied inlets closest to the Oregon Inlet is about
471,000 cubic yards for Rudee Inlet in Virginia and about 700,000 cubic
yards for Masonboro Inlet in North Carolina.

In addition to causing massive sand movement each year, district officials
noted that the frequency and severity of storms at Oregon Inlet significantly
affect the district’s budget and dredging plans. Specifically, according to
district officials, their budget and dredging plans are prepared 18 to 24
months in advance of the actual work. However, predicting storms that far
into the future is impossible, and, for this reason, yearly budgets and
dredging plans often differ significantly from actual needs. As a result, the
district has often had to reallocate funds among its projects to meet
immediate needs and is not able to perform all planned activities for
Oregon Inlet, such as dredging. Figure 4 illustrates fluctuations in funding
requested, approved, and expended to dredge the ocean bar navigation
channel.

|
Figure 4: Funding Requested, Approved, and Expended for Dredging the Oregon Inlet Ocean Bar Navigation Channel, Fiscal
Years 1990 through 2001
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FY1990 | FY 1991 | FY 1992 | FY 1993 | FY 1994 | FY 1995 | FY 1996 | FY 1997 | FY 1998 | FY 1999 | FY 2000 | FY 2001
Funds requested |$5,623 |$6,276 |$5,714 |$4,337 |$8,311 |$5798 |$4,345 |$2,609 |$3,468 |$3,641 |$2,803 |$2,468
Funds approved | $4,678 |$4,694 |$4,941 |$3,419 |$4,807 |$2,098 |$4,345 |$1,921 |$2,795 |$2,985 |$2,803 |$1,834
= Funds expended |$2,973 |$7,017 |$5,792 |$4,420 $849 $2,552 | $2,497 |$1,939 |$1,203 |$1,530 |[$1,788 |$3,661

Note: Amounts are expressed in 1997 constant dollars.

Source: GAO analysis of data provided by the Corps of Engineers’ Wilmington District Office.

Page 15

GAO-02-803 Oregon Inlet Jetty Project




As shown in figure 4, in some years from 1990 through 2001, the district did
not spend all of the funds that had been approved for dredging the ocean
bar navigation channel; in other years, it spent more. For example, for 6 of
the 12 years, the district received approval to spend about $22.5 million, but
spent about $10.8 million, or about $11.7 million less than the approved
amount. In those years the district reallocated the $11.7 million budgeted
for dredging the Oregon Inlet ocean bar navigation channel to address
other higher-priority emergency needs in the district. For example, in fiscal
year 1999, reallocated funds were used to remove sand bars and debris that
were causing hazardous navigation conditions in the Atlantic Intracoastal
Waterway. These hazards had unexpectedly accumulated after a severe
storm. Conversely, in the other 6 years, the district spent more funds than
were initially approved for dredging the ocean bar navigation channel.
Specifically, the district spent about $25.4 million, or about $6.5 million
more than the $18.9 million that had been initially approved during those
years. For example, in fiscal year 1991, the district received approval for
about $4.7 million to dredge the channel, but spent about $7.0 million,
which it obtained by reallocating funds from other projects within the
district. District Office officials explained that in many of these years the
district experienced several hurricanes and other storms that necessitated
redirecting funds from some projects to perform emergency work on other
projects.

Wilmington District Office officials said that another reason they often
need to reallocate funds is because they do not receive all of the funding
that they request. Although district officials noted that getting requested
funding would not ensure that the ocean bar navigation channel was
always maintained at the authorized depth of 14 feet, it would ensure that
the authorized depth was maintained more often and would also reduce the
amount of funds that the district has to reallocate among its projects during
emergencies. For example, between fiscal years 1990 and 2001, the district
requested about $55 million for dredging the ocean bar channel and
obtained approval to spend about $41 million, or 75 percent of what it
requested.

For the most part, as shown in figure 4, the district has significantly
reduced the amount of funds it has requested and spent on dredging the
ocean bar navigation channel over the last few years. During this period
there has also been a notable decline in the Corps’ ability to maintain the
channel’s 14-foot depth. Specifically, between August 1983 and March 1994,
when the Corps spent an average of about $4.1 million per year dredging
the channel, it was able to maintain the authorized 14-foot depth about 23
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percent of the time. However, between March 1994 and October 2001, the
Corps has only maintained the channel at its authorized depth about 15
percent of the time. District officials explained that in the late 1980s and
early 1990s, the district needed to dredge a large volume of sand that had
accumulated in the navigation channel around the Bonner Bridge. Due to
the location of this sand and the Corps’ desire to place it on Pea Island to
prevent erosion, the district used a pipeline dredge to remove the sand.
Generally, a pipeline dredge is significantly more expensive to operate than
other types of dredges because of the cost to set up the pipeline that
transports the removed sand to a new location. By the end of 1995, the
Corps had successfully removed the sand affecting the navigation channel
and deposited it on Pea Island. As a result, according to district officials,
the district reduced its funding requests for 1996 through 2001 because it
did not expect to use an expensive pipeline dredge to remove that much
sand again during that period. However, during that time, there was a
reduction in the Corps’ ability to maintain the ocean bar navigation channel
at its authorized depth.

District officials also said that their budget requests have never included
the total amount of funds needed to maintain the ocean bar navigation
channel at its authorized depth 100 percent of the time. District officials
stated that in the past they could not justify spending the time and money
needed to prepare a request for such an amount because there was little
likelihood that the amount would be received. However, district officials
stated that in their fiscal year 2003 budget request they included a request
for $10.9 million, which is an amount they believe is needed to maintain the
channel at 14 feet 100 percent of the time.

Oregon Inlet’s High-Energy
Environment and the Corps
Limited Dredging Have Also
Reduced the Coast Guard’s
Ability to Properly Mark the
Ocean Bar Navigation
Channel

I

The Coast Guard is responsible for maintaining the buoys that mark the
Oregon Inlet channel. Coast Guard officials said that they have difficulty
maintaining the buoys marking the location of deep water in the ocean bar
navigation channel because the high-energy conditions in the inlet cause
large amounts of sand to move in and out of the channel. This sand
movement often changes the location of deep water and, when combined
with the Corps’ limited dredging, results in sand accumulation around the
buoys. According to the Coast Guard, when sand accumulates on the
channel side of the buoys to a depth that approaches the draft of a buoy
tender, it becomes difficult and sometimes impossible to relocate the buoys
to mark deeper water. For example, on October 30, 2001, the Coast Guard
asked the Corps to provide a vessel to relocate 6 of the 13 buoys that were
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Corps’ Economic
Analysis for the
Proposed Oregon Inlet
Jetty Project Has
Several Limitations
That Undermine Its
Usefulness

located in the inlet at that time. The Corps vessel could operate in
shallower water and had the lift capability to relocate the buoys.

In addition, as part of an ongoing waterway analysis and management
program, the Fifth Coast Guard District reported on November 14, 2001,
that the buoys in Oregon Inlet are always moving due to storms. The report
states that after every large storm, several buoys at Oregon Inlet are either
damaged, moved, or both, and it is difficult to maintain and keep these
buoys in the proper location because of limited Coast Guard resources.
According to the commanding officer of one of the Coast Guard vessels
that services Oregon Inlet, there is no easy way to provide a reliable
navigational aid system in Oregon Inlet. The commanding officer said that
over the years buoys have been added and removed in attempts to properly
mark the navigation channel, but the location of deep water changes
regularly. The commanding officer also said that the north side of the
channel is almost impossible to mark reliably because sand regularly shifts
into and out of the channel as Bodie Island moves south, creating a
constant navigational hazard.

The buoys that mark the deep water of the ocean bar navigation channel
are frequently moved and are therefore not charted. According to Coast
Guard officials, vessel operators who are not aware of the shifting sand
conditions are susceptible to running their vessels aground. As aresult, the
Coast Guard suggests that vessel operators call its Coast Guard Station
Oregon Inlet to obtain the most recent navigation data before attempting to
traverse the ocean bar navigation channel.

We identified several limitations in the Corps’ economic analysis that
undermine its usefulness for assessing whether the Corps’ preferred
alternative of a dual jetty project with a 20-foot navigation channel is
economically justified. For example, the analysis overstated the benefits to
large commerecial fishing vessels (trawlers) based on their current fishing
activities, but did not analyze the potential benefits the proposed jetty
project may provide to smaller commercial fishing vessels. However,
because these smaller vessels have shallower drafts than trawlers, the
extent to which they might benefit from the jetty project is uncertain. The
analysis also did not account for the economic value of the lives that might
be saved by the jetty project, which could result in understated benefits; it
also overstated the cost of the current dredging program and used an
overly optimistic assumption concerning future dredging needs that would
tend to understate the cost of the jetty project. (See app. IV for more
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details on these and other limitations to the economic analysis.) We did not
assess the effects of all these limitations on the net benefits of the Corps’
economic analysis because obtaining the necessary data would require an
inordinate amount of time and expense. As a result, we cannot say what
the net effect of addressing all the limitations would be on the net benefits
and the benefit-cost ratio of the Corps’ preferred jetty project alternative.

Corps Estimate of Benefits
to Commercial Fishing
Vessels Is Based on
Outdated and Incomplete
Data

The Corps estimated that the recommended jetty project would generate
about $2 million in annualized benefits by reducing the operating costs of
commercial fishing vessels. The Corps anticipates that the recommended
project would reduce these costs by alleviating hazardous conditions in
Oregon Inlet that sometimes force the vessels, especially trawlers, to
detour to more distant inlets or ports. The Corps based its benefit estimate
on the savings that would occur if the number of detoured trips and their
related operating costs were reduced. In estimating operating cost savings,
the Corps included savings in “fixed” operating costs, which it defined as
including, among other things, depreciation charges on the vessel,
insurance, interest on loans, and taxes.

In calculating the estimated benefit, the Corps relied on data provided in a
1987 consultant’s report that studied the number of trips taken by trawlers
during the mid-1980s." However, these data do not reflect the fewer trips
taken by trawlers in recent years. Further, the Corps overstated the
operating costs savings that trawlers would likely achieve by including all
the fixed-costs portions of their hourly operating costs. The appropriate
measure of savings is variable costs (costs that vary with the length of
fishing trips) that would be saved by reducing the number of detoured
trips. This would include the cost of such items as fuel and oil but not such
items as taxes and insurance, which likely would remain the same whether
or not the jetty project is built.

In addition, by relying on the consultant’s study, the Corps excluded from
its analysis the trips taken by smaller (shorter than 55 feet) commercial
fishing vessels. These vessels were excluded because the consultant’s
study did not assess the effect of inlet conditions on the operating costs of
smaller fishing vessels.

1 A Reassessment of the Economic Feasibility of the Oregon Inlet Project,
Kearney/Centaur, a Division of A.T. Kearney, Inc., prepared for the Corps of Engineers, July
1987.

Page 19 GAO-02-803 Oregon Inlet Jetty Project



As shown in table 1, according to data from the North Carolina Division of
Marine Fisheries, about 97 trawlers averaged 679 trips through Oregon
Inlet from 1999 through 2001.'* By contrast, the consultant’s 1987 study
found that about 234 trawlers averaged about 4,500 trips through Oregon
Inlet from 1984 through 1986. Both the state’s data and the 1987
consultant’s study suggest that the number of smaller commercial fishing
vessels using the inlet has significantly increased since the mid-1980s.
State officials indicated, however, that because the state and the consultant
used different methods to collect the data—the state’s data are based on a
census of commercial fish landings and the consultant’s data were based
primarily on interviews of selected seafood dealers and trawler captains—
the state’s data and the consultant’s data may not be fully comparable.”” We
attempted to verify the data used by the consultant, but the Corps no longer
has the supporting documentation for the study. Nonetheless, any
assessment of the effect of the proposed jetty project on commercial
fishing activities should be based on current commercial fishing trip data,
which the state has collected through its trip ticket program. As a result,
the Corps’ reliance on the consultant’s 1987 study calls into question the
usefulness of the Corps’ estimate of the benefits of the jetty project to
commercial fishing vessels.

2 Data for 1999 through 2001 include landings made by both in-state and out-of-state vessels
to seafood dealers in Dare, Hyde, Pamlico, and Beaufort Counties. According to state
officials, trawlers using specified gear that land ocean-caught fish in these counties are
assumed to pass through Oregon Inlet. Trips made by North Carolina vessels to land fish in
other states are not included. Data for smaller vessels exclude fish that were landed in
Hatteras (Dare County) because these landings are assumed to have been made using
Hatteras Inlet

13 Under the North Carolina trip ticket program, which was begun in 1994, seafood dealers

are required to report certain information about commercial fish landings, including the
landing vessel’s identification, the species of fish caught, and the type of fishing gear used.
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Table 1: Estimated Average Number of Annual Trips Made by Commercial Fishing Vessels through Oregon Inlet, for the Periods

1984-1986 and 1999-2001

Trawlers® Smaller vessels®
Number of Number of
Annual trips Landings Annual trips Landings
Time period Number trips detoured (million Ibs) Number trips detoured (million Ibs)
1994-1986° 234 4,498 1,896 15 25-30 d d 2.8
1999-2001° 97 679 d 8.6 214 3,249 d 9.8

#Vessels that are at least 55 feet long

®Vessels that are shorter than 55 feet

¢Source: 1987 Kearney/Centaur study
9Not available

¢ Source: North Carolina Division of Marine Fisheries.

According to an official with the North Carolina Division of Marine
Fisheries, the change in trawler trips likely reflects changes in federal and
state limits on the fish harvest. For example, in 1992, several management
measures—including a moratorium on the issuance of new licenses for
fishing and a 13-inch limit on the size of fish that can be harvested---were
implemented to reduce over-fishing of flounder, a fish species traditionally
caught by trawlers operating out of Oregon Inlet. During the mid-1980s,
before these resource management measures were imposed, about 7.7
million pounds of flounder were landed annually through Oregon Inlet. By
contrast, from 1999 through 2001, about 2.2 million pounds were landed
annually through Oregon Inlet. According to Commerce, the size of the
commercial fleet has declined due to a vessel reduction program
implemented by the South Atlantic Fishery Management Council.

Corps officials said that they relied on the methodology of the consultant’s
1987 report because they considered it “independent,” and that even
though the trips by smaller vessels were not explicitly included in the
analysis, the difficulties experienced by the trawlers were indicative of all
commercial fishing vessels. In addition, the officials said that the recent
trawler trip activity reflects, at least in part, a decrease in the reliability of
the channel due to the lack of adequate operation and maintenance funds.
They also said that the deeper channel provided by the proposed jetty
project might attract other trawler operators to relocate to the Oregon Inlet
area. However, the Corps’ assumption about the total hours delayed by
inlet conditions is based on trawler trips, and it is not appropriate to apply
the potential savings to smaller vessels without corroborating evidence
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that they, too, are affected in the same way as trawlers. In addition, while
the decrease in trawler traffic may reflect a number of factors, including
fishery management measures and a decrease in the reliability of the 14-
foot channel, the Corps’ analysis is not useful for assessing these factors
because it relies on data from the mid-1980s that do not reflect current
commercial fishing vessel traffic, the fisheries management measures that
have been put in place since the mid-1980s, or changes in the reliability of
the channel.

To illustrate how using the more recent trawler trip data would affect the
Corps commercial benefits estimate, we adjusted the Corps’ analysis to
account for the number of fishing trips that trawlers have recently taken.
We also adjusted the Corps analysis to exclude certain fixed vessel costs.
Based on these adjustments, we found that the annualized commercial
fishing benefits would be reduced by about 90 percent, from about $2
million to $194,000. However, accounting for the effect of the proposed
jetty project on smaller fishing vessels could increase this adjusted
estimate of the benefits to commercial fishing vessels. Because these
smaller vessels have a shallower draft than trawlers, they may not be as
affected by the sand accumulations in the ocean bar navigation channel
that can be hazardous to trawlers. For this reason, the extent to which
smaller vessels might benefit from the jetty project is uncertain. We could
not assess the effect of the proposed jetty project on the smaller
commercial fishing vessels because there are insufficient data on the
extent to which these vessels are delayed by conditions in the inlet.

Corps’ Estimate of Benefits
Did Not Incorporate the
Economic Value of
Accidental Deaths That
Might be Prevented by the
Proposed Jetty Project

The Corps did not incorporate the economic value of the lives that might be
saved by the jetty project into its net benefit estimates. Consequently, to
the extent that the jetty project reduces accidental deaths, accounting for
the economic value of the lives saved could increase the benefits estimate
(all other factors being the same). Federal guidance on water project
analysis does not require that the economic value of the lives that might be
saved by a project be included in the estimate of net benefits. Nonetheless,
it is standard economic practice to incorporate this economic value into
the benefits estimate so that decision makers can assess the full range of
benefits that might be generated by a federal investment or regulation. For
example, in assessing the benefits of safety improvements that reduce the
risk of premature death, the Department of Transportation uses an
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estimate of the “value of a statistical life,” which is $3 million per averted
death (2002 dollars)."

Corps officials said that their policy is to quantify the number of lives that
might be saved by a project but not to estimate their economic value,
because procedures for estimating the economic value of a life are not
included in federal guidelines for analyzing water projects, and the Corps
prefers that the project be assessed without the influence of the economic
benefits attributable to lives saved. The officials said that they do consider
the potential life-saving issues along with other factors, such as the benefit-
cost ratio, in deciding whether to recommend that a project be
implemented. Nonetheless, an alternative approach that does not require
valuation but explicitly considers lives saved can be useful for assessing
whether projects that have negative net benefits (that is, “net costs” when
costs exceed benefits or the benefit-cost ratio is less than 1) may still be
worth implementing. Under this approach, the net costs (exclusive of lives
saved) are divided by the number of lives saved, and the estimate can be
compared with other federal investments to ascertain whether the
proposed project’s estimate of net cost per life saved is comparable to that
achieved by other federal investments or regulations.

The Corps estimated 14 accidental deaths would be prevented by the
project. However, the Corps’ analysis assumes that all prior vessel
accidents that included deaths would be prevented by the jetty project and
does not clearly control for factors that would be present with or without
the jetty project. For example, Corps officials told us that under some
weather conditions the inlet would be hazardous even with the
recommended 20-foot channel and dual jetties in place. Further, the Corps
did not control for factors that include changes in type of vessel traffic,
operator experience, and vessel safety technology, all of which will
continue to play a role in the number of accidents and deaths in the inlet
with or without the jetty project. In commenting on a draft of this report,
the Departments of Commerce and Interior noted that the economic costs
of the potential effect of the jetties on accidental deaths, vessel damage,
and personal injuries resulting from the construction of the jetties are not
incorporated in the analysis.

4 The value of a statistical life is derived from studies of individuals’ willingness to pay for
small reductions in the risk of dying. The estimate represents the value of the reduction in
risk to a population and not the value of any identifiable individual.
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Corps’ Estimate of Project
Cost Does Not Include More
Recent Data on Lower
Expenditures and Uses an
Overly Optimistic
Assumption on Future
Dredging Needs

Using costs for dredging that the Wilmington District incurred from fiscal
years 1983 through 1996, the Corps’ economic analysis estimated that the
annualized cost of the current 14-foot dredging program is about $8.4
million. The $8.4 million includes $6.5 million in average annual operation
and maintenance (O&M) expenditures and about $1.9 million in other
costs.”” In contrast, the Corps estimated that the proposed jetty project
would cost $12.9 million ($6.1 million in O&M costs and $6.8 million in
other costs).! To determine the incremental or “net cost” that would be
associated with implementing the jetty project alternative, the Corps
appropriately subtracted the annualized cost of the current dredging
program ($8.4 million) from the annualized cost of the proposed jetty
project ($12.9 million). Based on this analysis, the Corps determined that
implementing the jetty project alternative would cost $4.5 million more
annually than the Corps spends on the current dredging program.

The Corps’ $6.5 million O&M cost estimate for the current dredging
program is based on expenditures from fiscal years 1983 through 1996.
However, for fiscal years 1997 through 2001, the Corps spent only about
$3.9 million per year on dredging. By updating the Corps’ expenditure data
through fiscal year 2001, we found that the Corps’ annualized estimate of
the current dredging program would be reduced from $8.4 million to $7.4
million.'” Consequently, the net costs of the jetty project would increase
from $4.5 to about $5.5 million. Corps officials agreed that dredging
expenditures have declined to about $3.9 million annually in recent years
for the reasons cited earlier in this report.

In addition, in estimating the cost of the jetty project, the Corps excluded
$945,000 that it spent from 1983 through 2001 dredging in Pamlico Sound,
which is not part of the ocean bar navigation channel. The Corps excluded
this cost because it assumed that dredging this area in Pamlico Sound

15 The $1.9 million represents the annualized amount, at 7.125 percent interest, of dredging
costs during the 4-year period required to construct the jetty project.

16 The $6.8 million is the annualized value of the jetty project’s construction costs.

7 The Corps made some computational errors in calculating the O&M costs for the current
dredging program. Specifically, the Corps excluded $799,285 in costs that it had incurred
dredging the ocean bar navigation channel in 1990, which it had inadvertently identified as
an interior channel dredging expense. In addition, the Corps mistakenly double-counted
$876,472 of costs incurred in 1991 to dredge the ocean bar navigation channel. We corrected
for these two errors that essentially offset each other. Corps officials agreed with this
correction.
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Performance of Similar
Jetty Projects Has
Been Mixed

would not be required as part of the recommended jetty project. Corps

officials said that the source of the sand in this area is the ocean and, based
on their best engineering judgment, this area will naturally flush itself after
the jetties are built; therefore, this dredging cost will no longer be incurred.

However, several coastal engineers and geologists familiar with the Corps’
proposed jetty project told us that the jetties would not eliminate dredging
this area of the sound. In general, they believe that whether the source of
the sand is the ocean or rivers that drain into the sound, the man-made
channel will fill back in with the sand adjacent to it and require dredging.
As aresult, there is uncertainty about whether the Corps will continue to
dredge this area. Nonetheless, if the Corps does have to dredge this area,
then the cost of the jetty project would be higher than the Corps estimated
in its economic analysis (all other factors being the same).

Corps district officials identified eight jetty projects located on the Atlantic
Ocean and Gulf of Mexico coastlines that are similar to the proposed
Oregon Inlet project in that they incorporate dual jetties and a weir.
According to data provided by the Corps, two of these jetty projects, both
south of Oregon Inlet on the Atlantic coast, are generally performing as
planned, and six others are not. Two projects are considered by the Corps
to be performing as planned because the Corps has not had to dredge the
project’s navigation channel more than originally predicted. For the six
jetty projects that are not performing as planned, one has a navigation
channel that is frequently not at its authorized depth, three have required
more dredging and higher dredging costs than expected,'® and two have
had their weirs closed. According to Corps officials responsible for these
six jetties, a key factor in why these jetties have not performed as planned
was inaccurate information on sand movement when the projects were
initially designed. According to the Corps and other experts, good
estimates of sand movement are essential to successfully designing a weir
jetty project that will facilitate the bypass of sand to adjacent beaches
while ensuring the availability of a navigation channel with minimum
dredging costs. Table 2 summarizes the performance of the eight dual jetty
projects that incorporate weirs.

18 Even with the additional dredging, for one of the three projects the channel has been
available less than the expected amount of time.
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Table 2: Performance of the Eight Jetty Projects Incorporating Weirs

Generally
More dredging than Poor channel performing as

Jetty project Location planned Weir closed availability planned
Murrells Inlet, SC Atlantic Ocean

Coast X
Colorado River, TX Gulf of Mexico

Coast X X
Ponce DelLeon, FL Atlantic Ocean

Coast X
St. Lucie, FL Atlantic Ocean

Coast X
Perdido Pass, AL Gulf of Mexico

Coast X
East Pass, FL Gulf of Mexico

Coast X
Rudee, VA Atlantic Ocean

Coast X
Masonboro, NC Atlantic Ocean

Coast X

Two Projects Are Currently
Performing As Planned

Source: GAO analysis of Corps data.

According to the Corps’ Charleston District staff, which is responsible for
the Murrells Inlet jetty project, the project has performed as expected
because maintenance dredging of the navigation channel, which was
planned for every 3 years, has only been needed once since the jetty project
was built. That dredging occurred in 1988, and additional dredging is
planned for 2002. District staff said the channel through the inlet has been
kept open primarily by the flushing action of currents flowing through the
jetties and has had lower maintenance costs than expected.

The Corps’ Wilmington District staff, which is responsible for the jetty
project at the Masonboro Inlet, said the project is considered to be
performing as planned currently because they have only had to dredge the
project’s sand deposition basin every 3 or 4 years, which is less than the
planned frequency of once a year. However, the Masonboro Inlet project
was originally constructed in 1966 as a single jetty with a weir on the north
side of the inlet, which did not perform effectively. The 1,000-foot weir was
the first structure of its type to be constructed in the United States. Tides
and current undermined the jetty because the inlet’s channel continued to
migrate. As aresult, the Corps repaired the first jetty and, in 1980,
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constructed a second jetty on the south side of the inlet, which stabilized
the locations of the channel and the sand deposition basin. After the south
jetty was built, however, sand that the Corps predicted would accumulate
in the deposition basin instead began accumulating at the south end of
Wrightsville Beach. This sand eventually formed a spit and required vessels
entering the inlet to make a sharp turn in strong crosscurrents in order to
stay in the navigation channel.'” However, by using the sand spit as an
extended deposition area, the Wilmington District has only had to dredge
the deposition area every 3 or 4 years. According to district officials, this is
also enough dredging to keep the spit from further encroaching into the
navigation channel, which is otherwise kept open by the currents and tides
passing between the jetties. (See fig. 5 for photographs of the Masonboro
Inlet weir.)

19 A spit is a narrow point of land or sand mass extending from the shore.
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Figure 5: The Weir in the North Jetty at Masonboro Inlet, North Carolina

The picture on the left shows that high tide covers the weir, while the picture at the right shows that the
weir is exposed at low tide. The weir’s elevation is 2.16 feet above mean low water measured at the
inlet.

Source: GAO.

Six Projects Are Not Performing  Project managers provided the following specific details about four jetty
As Planned projects, including the jetty project that has incurred expected dredging
costs, but whose navigation channel is frequently not maintained at its
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authorized depth, and the performance of the three jetty projects that have
incurred higher than expected dredging costs.

e At St. Lucie Inlet, Florida, the Jacksonville District was performing the
amount of dredging expected, but more sand accumulated in the
navigation channel than was anticipated because the Corps did not
complete construction of the deposition basin that was to collect the
sand that passes over the weir. As a result, since the jetty project was
constructed, the Corps has been able to maintain the navigation channel
at its authorized depth of 16 feet only about 20 percent of the time.
Plans are under way to complete construction of the deposition basin.
The Jacksonville District believes that construction of the deposition
basin, as well as other modifications to the jetty project, will help
maintain the channel at its authorized depth 100 percent of the time.

¢ For the jetty project at Rudee Inlet built by the City of Virginia Beach,
Virginia, officials said they expected to dredge 100,000 cubic yards of
material annually. However, according to the city staff, actual dredging
at the inlet has averaged 300,000 cubic yards annually because more
sand than expected has flowed over the weir. Although the project has
required more dredging than planned, a consultant for the city of
Virginia Beach states that even with higher dredging costs, the
expenditures are justified, because the inlet provides many recreational
and commercial benefits.

e For the jetty project at Perdido Pass (inlet) in Alabama, the Corps’
Mobile District said that this project was designed for the Corps to
dredge about 100,000 cubic yards of material annually; however, to keep
the navigation channel at its authorized depth, the Corps has actually
had to dredge about 361,000 cubic yards of material every 2 to 3 years.

¢ For the jetty project at the Colorado River Inlet in Texas, the Corps’
Galveston District expected to dredge about 536,000 cubic yards of sand
every 2 years, or an average of 268,000 cubic yards annually. However,
the actual amount of material dredged annually was about 680,000 cubic
yards, or about two and a half times what was planned. The need for
this additional dredging occurred because the amount of sand flowing
over the weir has been greater than expected, and the sand has tended
to be deposited in the navigation channel rather than in the project’s
deposition basin. (See fig. 5 below for a photo of this project.) Despite
the extra dredging, the Corps’ Galveston District reported that the
channel was available at its authorized depth only about 30 percent of
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the time. The need for more dredging than planned has caused the
responsible Corps districts to incur additional maintenance costs. For
example, the Galveston District has spent about $1.9 million annually
for dredging the Colorado Inlet, more than four times the $425,000 that it
planned to spend for annual dredging when the project was designed.

Figure 6: The Dual Jetty Project at Colorado River Inlet, Texas
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-
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The east jetty is on the right and contains the weir, which is paralleled by a fishing
walkway. More sand than expected has passed over the weir and been deposited
in the channel, as indicated by the narrowing of the river in this view.

Source: The Corps of Engineers’ Galveston District.
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Corps Applied Lessons
Learned from Similar
Jetty Projects in
Designing the Oregon
Inlet Jetty Project, but
Information on Fish
Larvae Migration Is Not
Available

The Corps districts had to close the weirs for two of the jetty projects
because they did not work as planned. Specifically, in 1985, at the East
Pass, Florida, jetty project, the Mobile District decided to fill in the weir
that was built in 1969 because the east side of the weir was eroding, and
only a limited amount of sand was accumulating in the deposition basin.
The problem arose because the predominant direction of the sand flow was
opposite to what the Corps expected when the jetty project was designed.
In 1985, after the Corps determined that the weir was constructed on the
wrong jetty, it closed the weir. In another case, in 1984, the Corps’
Jacksonville District closed the weir at Ponce DeLeon Inlet, Florida,
because the weir was believed to be causing erosion problems north of the
inlet and instability in the inlet’s navigation channel. In addition, the weir
caused safety concerns because boaters were attempting to cross over it to
go to and from the ocean, instead of using the navigation channel.
Appendix VI provides a comparison of the proposed Oregon Inlet jetty
project to similar completed jetty projects.

Corps officials at the Wilmington District Office stated that in designing the
Oregon Inlet jetty project, they applied lessons learned from the
construction and management of similar jetty projects and from internal
Corps guidance. Specifically, from experiences gained in designing,
constructing and managing the Masonboro Inlet jetty project in North
Carolina, Wilmington District officials stated that they learned:

¢ how to construct dual jetties to avoid problems with channel migration
and to ensure that sand accumulates in the intended area,

¢ how to determine the proper length of the weir section, and

¢ how to design jetties to prevent the structures from being undermined
or weakened by erosion.

In addition to the lessons learned from this actual experience, Wilmington
District officials stated that they used the Corps’ internal guidance on the
design of jetty projects, which is based on lessons learned from other
Corps projects. Specifically, this guidance emphasizes the importance of
having accurate information on sand movement in designing a sand bypass
system such as the one proposed for the Oregon Inlet jetty project.
Following this guidance, the district used 20 years of data on sand
movement in designing the sand bypass system for the Oregon Inlet jetty
project.
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Commerce and Interior
Remain Concerned
That the Oregon Inlet
Jetty Project Will Harm
the Environment

Although the Corps used these lessons in designing the Oregon Inlet jetty
project, there are still some uncertainties about whether the project will
perform as planned. For example, although the Wilmington District used
measurements of sand movement taken over the 20-year period, these data
were obtained from 1956 through 1975 and are now more than 25 years old.
More recent data on sand movement at Oregon Inlet are available for the
period from 1976 through 2001; however, the Wilmington District has not
updated its estimates because it believes that the new data would not
change its existing estimates significantly. Because this updated data was
not included in the economic analysis, it is uncertain what effect the more
recent data would have on the Corps’ estimate of sand movement and
dredging costs.

Another issue related to sand movement is the accuracy of the models used
to make these estimates. Although the Corps used some of the best models
available to estimate sand movement at Oregon Inlet, Corps officials
acknowledged that these models are imprecise and generate results that
could vary by as much as plus or minus 40 percent. This variation could
affect the actual dredging and sand bypassing costs that would be incurred
if the jetty project were built. To provide for this uncertainty, the Corps
included additional dredging costs of about $288,000 annually in its
economic analysis.

Another uncertainty relates to the impact of the proposed jetty project on
the migration of fish larvae. Although none of the similar jetty projects
with weirs were designed to facilitate fish larvae migration, the Corps
believes that incorporating a weir into the Oregon Inlet jetty project will
minimize the impact of the project on fish larvae. However, fisheries
experts stated that there are no definitive data on how any jetty projects,
with or without weirs, affect fish larvae migration.

Both the Department of Commerce and the Department of the Interior
support the goal of providing a safe navigation channel through the Oregon
Inlet for commercial and recreational fishing vessels. However, both
departments support a dredging-only approach to achieve that goal in an
environmentally acceptable manner and have raised several concerns
about the Corps’ plans for stabilizing the inlet with jetties.

Commerce believes that the Corps’ environmental impact statement (EIS)

for the project is flawed and that the preferred jetty alternative would
cause unacceptable environmental harm to commercial and recreational

Page 32 GAO-02-803 Oregon Inlet Jetty Project



fishery resources. Specifically, Commerce’s National Oceanic and
Atmospheric Administration (NOAA), which is mandated to manage the
nation’s living marine resources, believes that the Corps’ jetty project
would eliminate or degrade significant areas of highly productive fishery
habitat, thereby reducing fishery resources. According to NOAA, such
habitat is vital for the development of many marine species, including
shrimp, red drum, summer flounder, and bluefish, which are found in the
Outer Banks. NOAA maintains that the jetties would alter the near-shore
currents and reduce successful movement of fish larvae, small juvenile fish,
and invertebrates, which are dependent on the currents to carry them into
the sheltered estuaries of the Albemarle and northern Pamlico Sounds.
According to NOAA, this is a particular concern for the economically
valuable fish that spawn offshore in the fall and winter, such as flounder.
While raising these concerns, NOAA recognizes that current data on fish
larvae migration are not sufficient to quantify the impact that the proposed
Oregon Inlet jetties would have on fish larvae migration. However, NOAA
points out that there are no studies or data available on how weirs or jetties
in general affect fish larvae migration, and it believes that constructing the
jetties without this information is an unacceptable risk. Commerce also
noted that without construction of the jetties, the safety record of vessels
using Oregon Inlet has increased dramatically over the past 20 years.

Interior, which manages the federally owned land on which the proposed
jetties would be constructed, has long opposed the project.*’ Interior’s
National Park Service manages the Cape Hatteras National Seashore,
where the proposed northern jetty would be built, and Interior’s Fish and
Wildlife Service manages the Pea Island National Wildlife Refuge, where
the proposed southern jetty would be built.?! Since the Corps first
prepared an EIS for the project in 1979, both of these agencies have
consistently raised concerns that the proposed jetties will ad