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1.0 I ntroduction

1.1

	

Problems and Opportunities

APPENDIX H
Plan Formulation and Economics

Storm surges have destroyed nearly 100 homes along the Dare County beaches
over recent years as northeasters and hurricanes have caused severe erosion and
structural damage. Looming large is the potential for catastrophic damage to the
county's beaches from a direct hit of a major hurricane. Most recently, heavy
property damage resulted from Hurricane Dennis, which pounded the Dare County
coastline from 30 August to 5 September 1999. This storm skirted the North
Carolina coast as a Category 1 hurricane on Stafford-Simpson scale, then turned
around and came ashore as a tropical storm several days later. For seven
consecutive days, Dare County beaches were subjected to high waves and erosive
forces destroying seven structures and leaving 93 more condemned and another
139 with minor damage within the three-town study area consisting of the towns of
Kitty Hawk, Kill Devil Hills, and Nags Head. Interestingly, the two largest storms of
record are not hurricanes, but northeasters. The Halloween Storm in October 1991
is the storm of record for Dare County based on duration and wave heights, and the
Ash Wednesday Storm in March 1962 caused the most damage of any storm of
record. This storm struck the Outer Banks during their highest spring tide and
destroyed approximately 60 structures and significantly damaged about 1,300
others.

The present situation along the Dare County beaches finds erosion rates up to 10
feet per year, hundreds of oceanfront structures with virtually no storm protection,
and a climate in which hurricane activity in the Atlantic Ocean has intensified. In the
wake of Hurricane Dennis, the Dare County coastline has been left extremely
vulnerable to further erosion and the likelihood that even a mild northeaster could
claim more previously damaged structures.

Dare County, which is the non-Federal sponsor for the proposed project, strongly
supports a hurricane and storm damage reduction project for the study area. Long
before the dangerous situation found today, officials of Dare County and the beach
communities of Kitty Hawk, Kill Devil Hills, and Nags Head requested that their
coastline be studied for a Federal shore protection project. For nearly a decade,
their commitment to the feasibility study and eventual construction of a project has
not wavered and remains strong today.
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1.2

	

Study Objectives

Based on the identified public concerns and the needs and opportunities determined
i n the course of the planning process, the following planning objectives were
established: (1) reduce the adverse impacts of hurricanes and northeasters
i ncluding flooding and erosion; (2) avoid or minimize impacts to natural resources
i ncluding beach invertebrates, marine fish, sea birds, and marine mammals; and (3)
protect endangered and threatened species. All alternative actions considered in
this report will be evaluated according to their effectiveness at meeting these study
objectives.

1.3

	

Study Area

The study area is the beaches of Dare County, North Carolina. Located in the
extreme northeastern corner of North Carolina, Dare County has more than 75 miles
of ocean shoreline. About 40 miles of the southernmost portion of this shoreline
falls within the confines of the Cape Hatteras National Seashore. The heaviest of
the private development is from the village of Duck to the South Nags Head
development, which ends about one mile north of Oregon Inlet. Most of this 30 mile
stretch of ocean shoreline is densely developed with private homes, motels, and
condominiums.

The towns of Duck and Southern Shores comprise nearly ten miles of coastline
north of Kitty Hawk. These two towns are largely private and public access is
severely restricted. Dare County government officials have expressed that these
two beach communities would probably not consider improving public accessibility,
which would be a necessary condition before Federal dollars for a beach
nourishment project could be appropriated. Other factors such as being less
densely developed, the development being generally at a higher elevation, and
displaying lower erosion rates than the beaches to the south, are reasons why the
risk of storm damages are lower at Duck and Southern Shores. The need for storm
protection is much greater south of these two towns.

Therefore, the storm damage analysis, herein, concentrates on the 20 miles of
shoreline in the towns of Kitty Hawk, Kill Devil Hills, and Nags Head (including South
Nags Head). This area is referred to as the primary study area in this appendix. It
is along these 20 miles of shoreline that the sponsor, Dare County, is interested in
developing a plan of protection against erosion and storm damages. Further
defined, the development included in this damage analysis is entirely on the
seaward side of U. S. Highway 158 Bypass, which transverses these three towns.
The development within the primary study area amounts to about 54 percent of the
present combined tax base of Kitty Hawk, Kill Devil Hills, and Nags Head, while
encompassing about 47 percent of the total number of structures.
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The shoreline within most of the primary study area is unrestricted and accessible to
the general public. This is not the case in Southern Shores, Duck, or parts of South
Nags Head, where public access is generally denied. In the summer months, a
large portion of the homes within the primary study area are available as summer
rentals to vacationers from all over the United States. About 2 million people,
including those residing in the Tidewater area of Virginia, live within a two-hour drive
of these beaches. More than 4 million people live within a three-hour drive radius,
which includes Richmond, Virginia and Raleigh/Durham, North Carolina. During the
summer months, the population of the primary study area is estimated to grow to
more than 100,000 people. In the off-season months, it drops to 2,241 residents in
Nags Head, 5,429 in Kill Devil Hills, and 2,490 in Kitty Hawk, according to July 1998
estimates. The permanent population of these three towns has grown an average of
27 percent since the 1990 census.

1.4 General

All elevations used throughout this report are referenced to the National Geodetic
Vertical Datum (NGVD). The interest rate for this analysis is 6-5/8 percent over a 50-
year period of analysis. The base year for the purpose of economic analysis is
2005. An October 1999 price level applies to all values except where otherwise
specified. This study is in compliance with the evaluation procedures outlined in the
Water Resource Council's Economic and Environmental Principles and Guidelines
(P&G) for Water and Related Land Resources Implementation Studies , dated 10
March 1983, and Corps of Engineers policy guidance on shore protection, ER
1105-2-100, dated 22 April 2000. The recreation benefits are computed using the
FY2000 user day values.

2.0

	

Establishing Property Values

2.1

	

Structural Inventory

The study area is developed in a fairly continuous way with a wide range of
structures including single-family homes, multi-unit apartment and condominium
buildings, hotels, motels, and commercial buildings of various sorts. Values and
susceptibility to storm damages vary considerably. Therefore, an incremental
analysis of segments of the beach is required. The most common type structure
found in the primary study area is the single family residential dwelling. The
average structural value of these homes is about $115,000. These dwellings are
typically one or two story frame or concrete block structures. Most are elevated on
pilings. In compliance with North Carolina State law, structures built since the mid
1970's must have the first floor constructed above the 100-year storm water surface
elevation.
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There are also several three to five story condominiums within the primary study
area. In addition, there is a large commercial base. Dozens of oceanfront motels
and hotels comprise the most valuable of the commercial structures in Kill Devil Hills
and Nags Head, while the rest of the region's commercial base is largely made up of
shopping centers, offices, and restaurants. Because the three towns are located on
a barrier island, a considerable portion of their tax base is located in the area that
would benefit from a storm damage reduction project. Altogether, the 1999 value of
all buildings and contents in the primary study area is about $997 million.

Table H-1 shows the number of structures at the Dare County beach
communities of Nags Head, Kill Devil Hills, and Kitty Hawk, while table H-2 shows
the total value susceptible to storm damage.

Appendix H-4

TABLE H-1. Structural Inventory--Primary Study Area

Category Nags Head Kill Devil Kitty Hawk Total
Hills

Residential 1,998 1,593 869 4,450
Structures
Commercial 233 250 58 541
Structures

Total 2,221 1,843 927 4,991
Structures

TABLE H-2. Value of Inventory--Primary Study Area
(in $1,000; Oct 1999 price level)

Category Nags Head Kill Devil Kitty Hawk Total
Hills

Residential 263,250 173,083 75,576 511,909
Structures
Residential 131,625 86,542 37,788 255,955
Contents
Commercial 49,584 61,816 7,440 118,840
Structures
Commercial 45,882 54,811 10,005 110,698
Contents
Public Utilities 3,200 2,000 1,500 6,700
Highways and 42,197 27,874 18,450 88,521
Roads

Total 535,738 406,126 150,759 1,092,623



2.2

	

Updating the Structural Database

The structural database, which is entered into the damage assessment program for
this analysis, was compiled by the Planning Services Section (CESAW-TS-PS).
Early in the feasibility study process, every individual structure in the primary study
area was field checked, and the economist assigned it a reasonable estimate of its
depreciated replacement value. Factors such as age, condition, quality of materials,
and type and quality of construction enter into this value determination. For the
sake of comparison, the economist also weighed the 1990 tax value of each
structure in the primary study area. Since the Dare County tax appraisers also
strive to measure replacement value less depreciation and not market value, in most
cases, their value compared favorably with that of the Corps analyst.

Over the course of the feasibility study, the structural values became dated and an
update was necessary. Dare County properties underwent a tax reevaluation in
1998. Instead of individually changing thousands of structural values, a sampling
analysis performed by CESAW-TS-PS in November 1998 determined the average
overall increase in property values most affected by storms to be 24.8 percent.
Therefore, all structural values were increased by this percentage to bring them to
October 1998 price levels. Then, about 10 percent of the structures were field
checked in Februray 1999. After examining the structures first hand and
questioning local builders and real estate people about the updated structural values
and current construction practices and costs, these values were determined to be
appropriate for use as the structure's current replacement cost less depreciation in
the damage assessment model. The average residential structural value used in
the study is $115,000, which is considered reasonable for pile-founded construction
on this barrier island. In November 1999, the structural data base was again
updated to add newly built structures, as well as to reflect structures lost in
Hurricane Dennis in September 1999. Recent conversations with Dare County tax
officials suggest that these values are once again falling as much as 10 percent
behind replacement value based on current construction costs. However, the
structural values used in this analysis are still considered reasonable and
appropriate.

2.3

	

Content Value of the Structural Database

Estimates of values of contents of commercial structures in the primary study area
are based on interviews with businessmen and insurance agents familiar with the
Dare County oceanfront, as well as empirical data collected for past studies.
Businesses are entered into the damage model with a code for type of commercial
activity. Each type of business has a unique content factor applied to its structural
value. Motels comprise most of the commercial base in the primary study area and
50 percent of the structural value was used for their content value. After weighing
responses from motel managers and insurance agents in the study area, this is
considered appropriate. It is also consistent with the commercial content data that
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originally came from a Galveston District study but were updated by the Wilmington
District to reflect North Carolina beach data.

For estimating the value of household contents of residential structures in the study
area, again 50 percent of the structural value is used. This is based on site-specific
responses from Dare County officials, insurance agents, realtors, and home owners
familiar with the development along this section of oceanfront. There is a trend
towards putting better quality furnishings in these homes as vacation tenants expect
the same high quality and thoroughness of furnishings that one would find in second
homes. Second home owners, who live in these homes several months of the year,
are also better equiping these houses. Fifty percent content to structure value is
consistent with previous and current beach nourishment studies along the North
Carolina coast and is reasonable and appropriate for this study. No affluence factor
to account for increases in consumer incomes is applied in this analysis. For more
information on these and other variables that go into the structural database, see
the section, "Structure Database" under the heading, "Data Requirements" in
appendix F.

3.0

	

Plan Formulation And Evaluation

3.1

	

The Without Project Condition

Critical to this study is the estimate of the vulnerability to damages from coastal
storms along the Dare County beaches in the absence of any shoreline protection.
This estimated "without project condition" forms the basis for evaluating the degree
of damage reduction that would be provided by a Federal project. Total expected
annual damages under existing conditions for the primary study area are about
$37.86 million as shown in table H-3. Nags Head is actually one town, but was
divided into North and South Nags Head because of its length.

TABLE H-3. Existing Expected Annual Damages (EAD)-- Primary Study Area
(in millions of dollars)

The most likely without project condition for the Dare County beaches is basically a
"no action" plan. A "no action" plan does not preclude the kind of temporary or
emergency measures, such as beach scraping and sandbagging, that individual
owners have been undertaking to save their property. These emergency measures
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TOWN EAD
Kitty Hawk $4.63
Kill Devil Hills $6.38
North Nags Head $13.46
South Nags Head $13.39
TOTAL $37.86



are ineffective at battling the receding shoreline over the long term. This analysis
assumes that any emergency measures that would take place to save ocean front
properties under the without project condition would simply not be enough to protect
the oceanfront structures from being destroyed and, thus, would be the equivalent of
a "no action" plan.

The "no action" plan does not address the planning objective to reduce erosion.
Further, if no action is taken, present long term erosion rates could claim more than
1,000 structures over the next 50 years. This would amount to losses of about 20
percent of the combined Kitty Hawk, Kill Devil Hills, and Nags Head present tax
base. The no action plan would not preclude impacts to environmental resources
since on-going local activities to protect ocean front property including beach
scraping, sandbagging, and associated impacts would be expected to continue.

Officials of Dare County, the towns of Kitty Hawk, Kill Devil Hills, and Nags Head, as
well as the State of North Carolina, have indicated that they would not undertake
large beach nourishment protection for the Dare County Beaches without Federal
participation. A much more likely scenario is that the State would continue to invest
in Federal nourishment projects as it has done in the past. In the interim, the State
would likely help the locals battle erosion using the traditional emergency measures,
including sandbagging, beach scraping, and piecemeal relocation. However, as
explained above, these measures are not expected to provide substantial reductions
in storm damages over the long term and, thus, would be the equivalent of a no
action plan.

I t is noteworthy that in Carteret County, which is south of Dare County, a recent
public referendum to undertake an interim beach nourishment project on their own
until a Federal project could come on line was soundly defeated. There is little
reason for optimism that such a referendum would be more successful in Dare
County. Therefore, the most likely without project condition is that storm damages
and long-term erosion would be expected to continue.

3.2

	

General Methodology

To analyze this 20-mile long stretch of coastline that comprises the primary study
area, the shoreline of three Dare County beach communities is divided into
segments according to similar development patterns, existing dune dimensions, and
erosion rates. Kitty Hawk, Kill Devil Hills, and Nags Head are divided into a total of
214 segments. These average about 500 feet in length but vary between 181 and
1,177 feet. The costs versus benefits of a nourishment project for each segment
are then evaluated incrementally.

Expected storm and erosion related damages are first computed for the without
project condition, then again for the various plans of improvement over the entire 20
miles of the primary study area. These beach fill plans would prevent the
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progressive erosion of the shoreline, reduce damages caused by erosion, flooding,
and wave impact during coastal storms, decrease storm related emergency
expenditures, and increase the quality of recreational opportunities in the area.

The plan formulation process involves the assessment of the degree of storm
damage reduction provided by a wide range of beach fill configurations. Given the
structural data base for the primary study area, the level of storm damage reduction
for a particular fill configuration is determined by simulating hundreds of 50-year life
cycles. This is accomplished through the use of the model, GRANDUC, which
incorporates risk and uncertainty principles into the analysis and is described in
detail in Appendix F.

Through a random selection process, a particular 50-year simulation may include
several severe storms or perhaps none. Once all of the 50-year life cycle
simulations are run for a particular plan, the average storm damage reduction
potential afforded by a particular design configuration is computed. The storm
damage reduction potential for a particular plan is computed in terms of the "net
benefits" afforded by the plan. Normally, net benefit is defined as the difference in
the average annual benefits associated with a particular fill configuration and the
average annual cost for that configuration. Plan formulation and evaluation using
GRANDUC is based on the present value of the net benefits before annualizing.
Once a full range of project configurations or plans have been analyzed, the plan
that results in the maximization of the net benefits becomes the National Economic
Development (NED) Plan.

Identification of the NED Plan establishes the maximum level of Federal
participation in the plan in terms of total Federal cost and percent cost sharing. The
local sponsor of the project may choose a smaller, less costly plan or a larger more
expensive plan. Selection of a plan other than the NED Plan is referred to as a
locally preferred plan. In the case of the smaller plan, the Federal Government can
cost share at the same percentage as the NED Plan providing that the smaller plan
is economically feasible, i.e., the benefits exceed the costs. For the larger plan, the
Federal Government would only pay an amount equal to its share for the NED plan.
Any cost over the NED Plan would be the responsibility of the non-Federal sponsor.

3.3

	

Alternative Plans

Initially, a no action plan, a non-structural plan, and various configurations of beach
fills were evaluated for the entire 20 miles of study area. Two general types of
alternative fill designs, each with a variety of dimensions, were evaluated: (1) beach
berms, and (2) dune and berms. These plans are described below.
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3.3.1

	

No Action Plan

The no action was discussed in the section "The Without Project Condition." Again,
the no action plan does not preclude emergency measures of dealing with erosion,
such as beach scraping and sandbagging, but, in the long run, these emergency
measures are assumed to be ineffective.

3.3.2 Non-structural plans

Non-structural measures such as selective retreat or relocation, evacuation,
retrofitting existing buildings, and stricter zoning and setback requirements and
building codes for new buildings can be beneficial in reducing some types of
damages. Retreat, relocation, and evacuation are more fully discussed below.
Retrofitting existing buildings may allow some structures in the study area to
withstand some levels of storm and erosion forces; however, no amount of
retrofitting will protect many of the structures in the study area against erosion and
storm damage anticipated to occur over the next fifty years. Stricter zoning
requirements and setbacks, as well stronger building codes, could minimize storm
and erosion damages to structures that have not yet been built; however, they
would not address damages to existing structures. In addition, none of these
measures address the issue of the loss of land, including the existing beach, caused
by long-term erosion.

For the purposes of this discussion, retreat is the movement of a structure further
back on its existing lot. Relocation is the movement of a structure to another parcel
of property. Evacuation refers to a buy-out program. As long-term erosion
approaches a structure, given the time, money, and an available alternate site, that
structure can retreat or relocate to safer ground, or it can be purchased with public
funds, torn down and removed. Retreat is not a long-term solution to erosion
damages within the study area; many of the threatened structures are on lots of
i nsufficient size to allow retreat. There are relatively few lots where this is an option
(mostly in South Nags Head) and most of these properties have already moved their
homes back from the ocean.

	

The projected rates of erosion in the study area
i ndicate that entire lots as well as roads are at risk; there is simply nowhere for these
structures to retreat.

Relocation of oceanfront structures, even assuming there were available lots to
accept these structures and associated infrastructure, would be unreasonably
expensive. It is estimated that if it were possible to relocate all the oceanfront
structures along the same boundaries as the recommended project, it would cost
about $300 million. The $300 million estimate is based on cost estimates of moving
1,085 oceanfront homes and 63 oceanfront motels and large condominiums that
would be protected by the recommended beach nourishment project. After
consulting with several house moving companies, it is estimated that the cost of
disconnecting an average oceanfront house from its pilings and utilities, moving it to
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a nearby vacant lot, and reconnecting it to its new pile foundation would be about
$60,000. An additional $40,000 to purchase the new lot brings the total to $100,000
per home. It is obviously more difficult and perhaps infeasible from an engineering
standpoint to move the motels and large condominiums. The land required to
accommodate a new site for these structures is becoming increasingly difficult to
find and more expensive. The average estimate to relocate these 63 to a new lot is
$1.2 million each. In addition, to these costs, which total about $184 million ((1,085
X $100,000) + (63 X $1.2 million)) another $110 million is added for contingencies
(20 percent), engineering and design (20 percent), and construction management
(20 percent). This cost does not include interest during construction or the costs of
removing infrastructure, such as roads and utility lines. Expected annual costs for
the relocation plan based on the one-time expenditure of $300 million at an interest
rate of 6-5/8 percent is more than $20 million.

A serious difficulty with the concept of relocation is that the existing number of
developable vacant lots within the study area is inadequate to support the relocation
of the number of structures threatened. New land would have to be cleared and
readied for development. The $300 million estimate does not include any costs for
the environmental consequences of developing new infrastructure and suitable lots
for these relocated structures. The impacts of such new developments would place
tremendous pressure on the remaining natural resources of the barrier island.

Non-structural plans like a systematic retreat or relocation of oceanfront structures
based on their vulnerability to long-term erosion, leave many structures in harms
way when hurricanes and northeasters strike. An unprotected structure that might
be due to be moved back as long-term erosion approaches, could be destroyed by a
single storm event.

To evacuate or buy-out these same oceanfront structures would cost even more, an
estimated $400 million. This assumes the same 1,085 oceanfront homes and 63
oceanfront motels and large condominiums used above would cost an average of
$353,333 each. The source for this unit cost is the Heinz Center's April 2000
Evaluation of Erosion Hazards, a study prepared for the Federal Emergency
Management Agency (Dare County was one of the counties included in the study).
The $353,333 is derived from the report's total buy-out cost of $530 million for the
1,500 structures evaluated. It includes structure and land value, and is assumed to
be sufficient to include demolition, contingencies, interest during construction,
engineering, and construction management. Expected annual costs for the
evacuation plan based on the one-time expenditure of $400 million at an interest
rate of 6-5/8 percent is about $28 million.

For Federal planning purposes, given the present guidelines on non-structural
plans, they are seldom found to be economically feasible. In a permanent relocation
plan, no benefit is taken for reducing private flood damage. This is because it is
assumed that expected flood losses are reflected in the lower property values that

Appendix H-1 0



would be paid to buy the structure. Therefore, it would be double-counting to also
consider the costs of the physical damages. Instead, the allowable benefits include:
(1) the value for the new use of the vacated land; (2) reducing damage to public
property, such as roads and utilities; (3) reducing emergency costs; (4) reducing
administrative costs of disaster relief; and (5) reducing the flood insurance subsidy.
The sum of these categories of benefits for a relocation or an evacuation plan for
the oceanfront structures within the recommended project limits, would not come
close to justifying the cost of such a plan. The value for the new use of the vacated
land as based on the value of public access in the area is estimated at $150 million
($2,000 per linear foot X 14.2 miles), or $10,357,000 in expected annual value.
Reducing damage to public property, emergency costs, and costs of disaster relief is
estimated at $450 ($516,000 / 1,148) annually. Finally, reducing the flood insurance
subsidy is estimated at $167,600 ($146 X 1,148). Therefore, total expected benefits
of the non-structural plans would be about $10.5 million, and the benefit-to-cost ratio
for the relocation and evacuation plans would be about 0.5 and 0.4, respectively.

Non-structural plans also tend to be unacceptable to the local community. Because
costs exceed benefits, it is not a plan that the Corps of Engineers could pursue. We
are unaware of any entity; Federal, State or local, which would coordinate, fund, and
implement such a plan. Once an advocate of oceanfront retreat as its chief means
of dealing with erosion, the town of Nags Head now favors beach nourishment as its
preferred approach. The towns of Kill Devil Hills and Kitty Hawk, as well as Dare
County, all consider beach nourishment as the preferred alternative for addressing
ocean erosion impacts. Most officials of Dare County and its municipalities do not
believe that relocation or evacuation are practical solutions to address the problems
of beach erosion and storm damage, or preserving their communities. As the Dare
County Beach Nourishment Committee states in their April 2000 report and
recommendations, "...the economic costs of dismantling a vibrant coastal
community simply do measure up versus the cost of stabilizing the shoreline and
allowing it to thrive."

The non-structural plans that were evaluated for the Dare County beach
communities are not economically feasible. Further, they do not fully address the
problem of long-term beach erosion and storm damage. The relocation plan is
i mpractical because of a lack of available real estate for relocation, as well as the
environmental consequences of clearing and developing what remaining property
there is on the barrier island. The evacuation plan is even more expensive than the
relocation plan. Finally, neither plan has community support. And, funding and
means of implementation for such plans do not exist.

3.3.3 Beach Berm Plans

The berm is a fill extending seaward from the existing profile, with an elevation of 7
feet NGVD, approximately the elevation of the natural vegetation line along the Dare
County Beaches. Berm width is measured seaward along the top of the berm from
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the point where the top of berm intersects the natural profile. Seaward of the
designed berm width, the with-project profile parallels the existing profile out to the
closure depth of -27 feet NGVD. The widths evaluated were 50, 100, 150, and 200
feet. The elevation of each berm was 7 feet NGVD and each was established from
a construction line tied to both the existing shoreline and the existing development.

3.3.4 Dune and Berm Plans.

Existing dunes were assumed to remain in place, with the designed dunes tying into
them where appropriate. Designed dune templates were tied to a construction line,
which is based on both the existing shoreline and the existing development. The
landward slope of the dune template is 5 horizontal to 1 vertical, the top of the dune
is 25 feet wide, and the seaward slope is 10 horizontal to 1 vertical. The berm
elevation is 7 feet NGVD, with berm width measured from the toe of the constructed
dune. Seaward of the designed berm width, the with-project profile parallels the
existing profile out to a closure depth of -27 feet NGVD. Top of dune elevations of
11, 13, and 15 feet NGVD were evaluated with a 50-foot berm at elevation 7 feet
NGVD. Later in the formulation process two additional dune and berm alternatives
were evaluated to ensure that the NED Plan was properly bracketed. These last
two alternatives, both with a top of dune elevation of 13 feet NGVD, have berms of
25 feet and 100 feet at elevation 7 NGVD. They were not evaluated over the entire
20 miles of study area, rather only over the project area.

3.4

	

Benefits of the Alternative Plans

Three categories of benefits were analyzed for the initial evaluation of the structural
plans over the 20-mile study area. These benefit categories include: (1) hurricane
and storm damage reduction, including land loss; (2) emergency costs and other
damage reduction; and (3) recreation. A fourth NED benefit category, benefits
during construction, was computed later in the analysis and only for the NED Plan.
Finally, a fifth category, regional benefits, was developed for the local sponsor's
information, but was not used for project justification since it is not considered an
NED account.

3.4.1 Hurricane and Storm Damage Reduction

Hurricane and storm damages are calculated under with and without project
conditions for damages to structures and contents, roadways, and land lost due to
long term erosion. Land lost to long term erosion is computed by multiplying the
expected annual loss of land in acres by the value of nearshore upland.

Damages to structures and contents are computed by running each structure
i ndividually through the model GRANDUC under the without project condition and
again under the with project condition. Total hurricane and storm damage reduction
benefits for the 13/50 dune and berm plan for the entire 20 miles are about $31.5
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million as shown in table H-4. Residual hurricane and storm damages would then
be about $6.3 million if this project were to be built. More on the derivation of
hurricane and storm damages follows in section 5.1 of this appendix. GRANDUC is
described in detail in appendix F.

TABLE H-4. Hurricane and Storm Damage Reduction
Expected Annual Benefits (EAB) for the 13/50 Dune and Berm Plan

Primary Study Area
(in millions of dollars)

3.4.2 Emergency Costs and Other Damage Reduction

Emergency costs prevented refer to expected annual expenditures that residents
and governments are experiencing under the without project condition that a project
would preclude. Other damages prevented include storm damages that are not
covered under the National Flood Insurance Program, but represent financial drains
on public and private storm victims that a large beach nourishment project could
prevent. The categories lumped into this benefit called emergency costs and other
damages prevented include (1) beach scraping/pushing; (2) sandbagging: (3)
emergency costs incurred by the North Carolina Department of Transportation; (4)
damages to public property; (5) damages to private property other than structures
and contents; and, (6) post-storm recovery expenses.

The expected annual totals of emergency costs and other damages that any of the
beach fill plans would prevent for the entire 20 miles of beach are estimated at
$168,000 for Kitty Hawk, $147,000 for Kill Devil Hills, and $406,000 for Nags Head.
More on the derivation of emergency costs and other damage reduction benefits
follows in section 5.2 of this appendix.

3.4.3 Recreation

The value of the improved recreation beach at the Dare County beaches is analyzed
using the unit-day value method. The unit-day method assigns a point value to
various aspects of the recreation experience to determine the change in recreation
values as a result of a project. Recreational values for the without project condition
reflect a narrow, eroded beach having a pronounced escarpment and little width for
picnicking, fishing, playing beach games, and sunbathing. The beach will likely be
especially narrow or nonexistent at high tide.
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TOWN EAB
Kitty Hawk $4.09
Kill Devil Hills $5.31
North Nags Head $11.30
South Nags Head $ 10.85
TOTAL $31.55



Recreation in the area protected by all of the plans of improvement would have
better recreation opportunities and a higher experience value. All of the alternatives
would provide a berm of adequate width to accommodate the peak seasonal use
expected by the towns of Nags Head, Kill Devil Hills, and Kitty Hawk. The
recreational experience under the with project condition would provide excellent
conditions for swimming, fishing, sunbathing, walking, beach games, and other
recreational activities. The average point value for this condition would be 41
points. This equates to a FY2000 unit day value of $5.17.

Recreation benefits for the plan of improvement are the difference in the value of a
recreation experience of $5.17 per user day with the project and $3.87 without it, or
$1.30 per user day, times the estimated annual beach visitation for each town.
Thus, breaking down recreation benefits for each town for the entire 20 miles of
beach results in $2,267,000 for Nags Head, $2,934,000 for Kill Devil Hills, and
$1,145,000 for Kitty Hawk. More on the derivation of recreation benefits follows in
section 5.3 of this appendix.

3.5

	

Costs of the Alternative Plans

The cost figures used at this point in the formulation process are the sum of the
prorated costs of protecting each segment of beach. These segment costs were
based on the total cost for extending the alternative plans of protection to the entire
20-mile study area. This method ensured that each alternative beachfill was
evaluated on an equal basis.

3.6

	

Results Of Initial GRANDUC Runs

I nitially, seven beachfill alternatives were run at this stage of formulation. They were
the four berm only plans at 50, 100, 150 and 200 feet wide, plus three combination
dune and berm plans, the 11/50, 13/50 and 15/50. Entered into the GRANDUC
model at this point were the structural data base for the 20-mile primary study area,
the value representing emergency costs reduction, the value of increased recreation
opportunities, and the costs of constructing each of the seven beachfill alternatives
for the entire 20 miles of shoreline. GRANDUC output, namely the present value of
net benefits for each segment of beach and each alternative, is shown in figures 1-4
for Kitty Hawk, Kill Devil Hills, North Nags Head, and South Nags Head,
respectively.
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Kitty Hawk - Net Benefits By Segn~ent
(50Berm, 100Berm, 150Berm, 200Berm, 1150BD, 1350BD, 1550BD)
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Kill Devil Hills - Net Benefits By Segment
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4.0

	

Recommended (NED) Plan

4.1

	

Selection of Project Length

Figures 1-4 were used to determine the length of feasible project reaches since it is
evident that providing a project in many of the beach segments is not economically
feasible. Determining the length of projects is accomplished by focusing on
continuous segments of beach with positive net benefits.

	

Segments of beach with
positive net benefits were combined to formulate two distinct project reaches, a
North Project Area and a South Project Area, each with transitional zones to the
north and south and a distance of about three miles between them. The primary
factor in determining whether a project is justified over a given segment of beach is
the density of the development. Wherever relatively inexpensive, single unit
housing dominates a segment, the potential for damaged property within that
segment probably fails to cover the costs of its protection. Other contributing factors
are the erosion rate, wave energy, existing dune structures, and distance from the
borrow source. Overall project constructibility is another important consideration.
The project should have a constructible and maintainable geometry, which
encompasses the longest length of shoreline for which there are positive net
benefits. Sections of contiguous shoreline, which have negative net benefits and
sufficient length to stop and start a project are not included. Sections of shoreline at
the ends of projects that have negative net benefits are not included in the plan of
improvement. The remains, i.e., those sections of contiguous shoreline segments
that are economically feasible, become the boundaries for the plan of improvement.
Once these project boundaries are established, the alternative beach fill
configurations are run again with transitions and refined cost data to more
accurately reflect the net benefits associated with each plan.

4.2

	

Selection of the NED Plan

Also evident in figures 1-4, the alternative that maximizes net benefits in nearly
every segment of beach is the plan that combines a 50-foot wide berm with a dune
at 13 feet NGVD, hereafter referred to as the 13/50 dune and berm. At this point in
the formulation process, the 13/50 dune and berm appeared to be the NED Plan.

At this point in the plan formulation process after determining the feasible project
lengths and apparent NED Plan, two additional berm and dune plans, namely the
13/25 and 13/100, were added to the alternatives to be evaluated. This was done to
ensure that the NED plan was properly bracketed and that another combination of
dimensions would not maximize net benefits over either the North or South Project
Area. Also, cost estimates of each of the nine alternative were refined to include
transition areas and best represent how the two project reaches would be
constructed. The 200-foot wide berm alternative was dropped from further
consideration at this point because its costs exceeded its benefits.
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The present value of the net benefits for the North and South Project Areas for the
remaining eight alternatives are shown in table H-5. Again, the 13/50 plan out
performed all other plans based on yielding the highest net benefits over both
project segments and is designated as the NED Plan. This is further demonstrated
with the volumetric plots of the two projects in figures 5 and 6.

4.3

	

Transition Zone Benefits

Benefits along the 3,000-foot long transition zones are computed within the
GRANDUC framework just like any other segment of beach. However, the further
from the main project fill, the less protection that segment of beach receives. In
other words, the beachfill alternative being evaluated is tapered from full project
dimensions where the transition zone begins all the way down to the existing
shoreline at the end of the transition. Transition zone benefits are included in the
project benefit totals and consist of all three benefit categories-hurricane and storm
damage reduction, emergency costs and other damage reduction, and recreation.
For further explanation of how transition zone benefits are calculated, see the
Coastal Engineering, appendix G.

4.4

	

Construction Schedule and Cost Refinement

When it became apparent that the13/50 dune and berm was the NED Plan, a
revised cost estimate based on the project limits was prepared and is presented in
table H-6. Also incorporated in table H-6 costs are a more refined estimate of real
estate costs. The total real estate cost is estimated to be $5.4 million, of which $1.6
million is for the North Project Area and $3.8 million is for the South Project Area.
Various construction schedules and the monthly production rates were evaluated to
determine the best way to balance costs, environmental resources, and to put the
project in place quickly so that structures on the beach will not continue to be
vulnerable to storm damages. The schedule selected begins with construction of
the North Project Area in Kill Devil Hills and Kitty Hawk 16 November of the first year
of construction. The North Project can be constructed in 14 months. The North
Project will be nourished from borrow area S1 by hopper dredge, beginning 1 Jan,
and will be accomplished over a two-year period. Initial construction and periodic
nourishment for the South Project Area is scheduled to be performed over three
years, with each phase beginning on Nov 16. These initial construction time periods
become the basis for the Interest During Construction (IDC) calculations, which
follow in section 4.5.
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TABLE H-5. Present Value of Net Benefits-All Structural Plans
(in millions of dollars)

50BERM 100BERM 150BERM 1150BD 1350BD 1550BD 1325BD 131 00BD

NORTH PROJECT

PV Tot Benefits 96.7 105.2 111.1 108.1 115.6 117.7 110.6 116.4
PV Total Cost 87.0 93.6 101.5 93.7 99.1 105.0 95.8 106.4
PV Net Benefits 9.7 11.6 9.6 14.4 16.5 12.7 14.8 10.0

SOUTH PROJECT

PV Tot Benefits 286.3 311.6 328.2 320.6 342.6 355.3 323.4 346.9
PV Total Cost 119.0 136.1 153.0 130.1 142.1 155.6 134.1 159.1
PV Net Benefits 167.3 175.5 175.2 190.5 200.5 199.7 189.3 187.8

TOTAL PROJECT

PV Tot Benefits 383.0 416.8 439.3 428.7 458.2 473.0 434.0 463.3
PV Total Cost 206.0 229.7 254.5 223.8 241.2 260.6 229.9 265.5
PV Net Benefits 177.0 187.1 184.8 204.9 217.0 212.4 204.1 197.8
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TABLE H-6. Cost of NED Plan
(October 1999 Price Level)

Type of Expenditure South Project
North Project Phase I Phase II Phase III

Initial Construction $22,713,000 $16,286,000 $14,143,000 $18,532,000

Periodic Nourishment $15,323,000 $6,418,000 $5,524,000 $7,726,000

Annual Costs $200,000 $200,000 $200,000 $200,000

Environmental Costs, not
associated with initial $36,000 $28,000 $28,000 $28,000
construction or periodic
nourishment, 5, 10, and
15 years after the first
year of construction



4.5

	

Interest During Construction

The cost of tying up construction capital during a period of time in which no
immediate benefits are produced is accounted for in table H-7 as the item "interest
during construction" (IDC). IDC costs are added to construction and other initial
costs to determine investment costs. Average annual costs are determined based
on investment costs which include I DC. The economic evaluation treats the North
Project Area and South Project Area as a single project with a common base year.
Real estate costs, less lands, are spread over the 6-month period before
construction of a given phase.

	

Another line item in table H-7 that requires an
explanation is non-Federal average annual repair cost. This refers to the sponsor's
expense of repairing the berm, replacing any destroyed beach access walkways
following storms, and replanting and fertilizing dune vegetation as necessary.

TABLE H-7. Interest During Construction-NED Plan

PROJECT:

	

Dare County Beaches, 13/50 Dune & Berm North Project

MONTHS

Appendix H-25

I NTEREST RATE:
NUMBER OF PERIODS:
NET CONSTRUCTION COST =

0.06625
72

$19,386,000
I DC= $3,752,289

PERIOD MONTHS EXPENDITURE PW AMT.
0.5 Oct 1.482387 $24,250 $35,948
1.5 nov 1.474248 $24,250 $35,751
2.5 dec 1.466154 $24,250 $35,554
3.5 jan 1.458104 $24,250 $35,359
4.5 feb 1.450098 $24,250 $35,165
5.5 mar 1.442136 $24,250 $34,972
6.5 apr 1.434218 $24,250 $34,780
7.5 may 1.426344 $24,250 $34,589
8.5 jun 1.418512 $24,250 $34,399
9.5 jul 1.410724 $24,250 $34,210

10.5 aug 1.402978 $24,250 $34,022
11.5 sep 1.395275 $24,250 $33,835
12.5 Oct 1.387615 $78,083 $108,349
13.5 nov 1.379996 $78,083 $107,754
14.5 dec 1.372419 $78,083 $107,163
15.5 jan 1.364884 $78,083 $106,574
16.5 feb 1.35739 $78,083 $105,989
17.5 mar 1.349937 $78,083 $105,407
18.5 apr 1.342525 $78,083 $104,828
19.5 may 1.335154 $78,083 $104,253
20.5 jun 1.327823 $78,083 $103,680
21.5 jul 1.320533 $78,083 $103,111
22.5 aug 1.313282 $78,083 $102,545



TABLE H-7. Interest During Construction-NED Plan
(continued)
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PERIODS MONTHS EXPENDITURE PW AMT.
23.5 sep 1.306072 $78,083 $101,982
24.5 oct 1.298901 $78,167 $101,531
25.5 nov 1.291769 $78,167 $100,973
26.5 dec 1.284677 $78,167 $100,419
27.5 jan 1.277623 $78,167 $99,868
28.5 feb 1.270608 $78,167 $99,319
29.5 mar 1.263632 $78,167 $98,774
30.5 apr 1.256694 $78,167 $98,232
31.5 may 1.249794 $78,167 $97,692
32.5 jun 1.242932 $78,167 $97,156
33.5 jul 1.236108 $78,167 $96,622
34.5 aug 1.229321 $78,167 $96,092
35.5 sep 1.222571 $78,167 $95,564
36.5 oct 1.215859 $872,767 $1,061,161
37.5 nov 1.209183 $1,434,258 $1,734,280
38.5 dec 1.202544 $1,434,258 $1,724,758
39.5 jan 1.195941 $1,434,258 $1,715,288
40.5 feb 1.189375 $1,434,258 $1,705,870
41.5 mar 1.182845 $1,434,258 $1,696,504
42.5 apr 1.17635 $1,434,258 $1,687,189
43.5 may 1.169891 $1,434,258 $1,677,926
44.5 jun 1.163468 $1,434,258 $1,668,713
45.5 jul 1.15708 $1,434,258 $1,659,551
46.5 aug 1.150727 $1,434,258 $1,650,439
47.5 sep 1.144409 $2,004,658 $2,294,148
48.5 oct 1.138126 $0 $0
49.5 nov 1.131877 $0 $0
50.5 dec 1.125662 $0 $0
51.5 jan 1.119482 $0 $0
52.5 feb 1.113335 $0 $0
53.5 mar 1.107222 $0 $0
54.5 apr 1.101143 $0 $0
55.5 may 1.095097 $0 $0
56.5 jun 1.089085 $0 $0
57.5 jul 1.083105 $0 $0
58.5 aug 1.077158 $0 $0
59.5 sep 1.071244 $0 $0
60.5 oct 1.065362 $0 $0
61.5 nov 1.059513 $0 $0
62.5 dec 1.053696 $0 $0
63.5 jan 1.04791 $0 $0



TABLE H-7. Interest During Construction-NED Plan
(continued)

PERIODS
64.5 feb
65.5 mar
66.5 apr
67.5 may
68.5 jun
69.5 jul
70.5 aug
71.5 sep

total

MONTHS EXPENDITURE
1.042157 $0
1.036435 $0
1.030744 $0
1.025085 $0
1.019457 $0
1.013859 $0
1.008293 $0
1.002757 $0

$19,385,996

TABLE H-7. Interest During Construct! on-NED Plan

PROJECT:

	

Dare County Beaches, 13/50 Dune&Berm South Project
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PW AMT.
$0
$0
$0
$0
$0
$0
$0
$0

$23,138,289

MONTHS

I NTEREST RATE:
NUMBER OF PERIODS:
NET CONSTRUCTION COST =

0.06625
72

$48,883,000
IDC= $5,893,345

PERIODS MONTHS EXPENDITURE PW AMT.
0.5 oct 1.482387 $21,917 $32,489
1.5 nov 1.474248 $21,917 $32,311
2.5 dec 1.466154 $21,917 $32,133
3.5 jan 1.458104 $21,917 $31,957
4.5 feb 1.450098 $21,917 $31,781
5.5 mar 1.442136 $21,917 $31,607
6.5 apr 1.434218 $21,917 $31,433
7.5 may 1.426344 $21,917 $31,261
8.5 jun 1.418512 $21,917 $31,089
9.5 jul 1.410724 $21,917 $30,918

10.5 aug 1.402978 $21,917 $30,749
11.5 sep 1.395275 $21,917 $30,580
12.5 oct 1.387615 $83,348 $115,654
13.5 nov 1.379996 $83,348 $115,019
14.5 dec 1.372419 $83,348 $114,388
15.5 jan 1.364884 $83,348 $113,760
16.5 feb 1.35739 $83,348 $113,135
17.5 mar 1.349937 $83,348 $112,514
18.5 apr 1.342525 $83,348 $111,896
19.5 may 1.335154 $83,348 $111,282
20.5 jun 1.327823 $83,348 $110,671
21.5 jul 1.320533 $83,348 $110,063



TABLE H-7. Interest During Construction-NED Plan
(continued)
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PERIODS MONTHS EXPENDITURE PW AMT.
22.5 aug 1.313282 $83,348 $109,459
23.5 sep 1.306072 $83,348 $108,858
24.5 oct 1.298901 $144,695 $187,945
25.5 nov 1.291769 $144,695 $186,913
26.5 dec 1.284677 $144,695 $185,887
27.5 jan 1.277623 $144,695 $184,866
28.5 feb 1.270608 $144,695 $183,851
29.5 mar 1.263632 $144,695 $182,842
30.5 apr 1.256694 $144,695 $181,838
31.5 may 1.249794 $144,695 $180,839
32.5 jun 1.242932 $144,695 $179,846
33.5 jul 1.236108 $144,695 $178,859
34.5 aug 1.229321 $144,695 $177,877
35.5 sep 1.222571 $144,695 $176,900
36.5 oct 1.215859 $1,064,139 $1,293,843
37.5 nov 1.209183 $1,526,895 $1,846,295
38.5 dec 1.202544 $1,526,895 $1,836,158
39.5 jan 1.195941 $1,526,895 $1,826,077
40.5 feb 1.189375 $1,526,895 $1,816,051
41.5 mar 1.182845 $1,526,895 $1,806,079
42.5 apr 1.17635 $1,526,895 $1,796,163
43.5 may 1.169891 $1,526,895 $1,786,301
44.5 jun 1.163468 $1,526,895 $1,776,494
45.5 jul 1.15708 $1,526,895 $1,766,740
46.5 aug 1.150727 $758,539 $872,872
47.5 sep 1.144409 $94,612 $108,275
48.5 oct 1.138126 $961,275 $1,094,052
49.5 nov 1.131877 $1,588,733 $1,798,250
50.5 dec 1.125662 $1,588,733 $1,788,376
51.5 jan 1.119482 $1,588,733 $1,778,557
52.5 feb 1.113335 $1,588,733 $1,768,792
53.5 mar 1.107222 $1,588,733 $1,759,080
54.5 apr 1.101143 $1,588,733 $1,749,422
55.5 may 1.095097 $1,588,733 $1,739,817
56.5 jun 1.089085 $675,475 $735,650
57.5 jul 1.083105 $39,431 $42,708
58.5 aug 1.077158 $39,431 $42,473
59.5 sep 1.071244 $39,431 $42,240
60.5 oct 1.065362 $1,072,727 $1,142,843
61.5 nov 1.059513 $1,726,949 $1,829,725
62.5 dec 1.053696 $1,726,949 $1,819,679



4.6

TABLE H-7. Interest During Construction-NED Plan
(continued)

Cost Summary with Period Maintenance

Initial and periodic maintenance costs are summarized in table H-8 below.

TABLE H-8. Cost Summary-NED Plan With Periodic Maintenance
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North Project
Initial Construction:
Total Initial $22,713,000
Construction
I nterest During $4,181,000
Construction
Total Investment Cost $26,894,000
Expected Annual
Costs:
I&A-50 years $1,856,869
Period Maintenance $5,251,459
Other Annual Costs $200,000
Annual Environmental Monitoring $4,618
Total Expected Annual Cost $7,312,946
Periodic
Maintenance:

Year Expenditure Ann cost Env'I Tot expend PW PW- PW-
cost factor dredging Env'I

2007 $7,959,500 $200,000 $8,159,500 0.937866 $7,464,944
2008 $7,363,500 $200,000 $7,563,500 0.879593 $6,476,883
2009 $298,000 $200,000 $36,000 $534,000 0.824941 $245,832 $29,698
2010 $7,661,500 $200,000 $7,861,500 0.773684 $5,927,580

2011 $7,363,500 $200,000 $7,563,500 0.725613 $5,343,051
2012 $298,000 $200,000 $498,000 0.680528 $202,797

PERIODS MONTHS EXPENDITURE PW AMT.
63.5 jan 1.04791 $1,726,949 $1,809,688
64.5 feb 1.042157 $1,726,949 $1,799,752
65.5 mar 1.036435 $1,726,949 $1,789,871
66.5 apr 1.030744 $1,726,949 $1,780,043
67.5 may 1.025085 $1,726,949 $1,770,270
68.5 jun 1.019457 $1,726,949 $1,760,550
69.5 jul 1.013859 $1,726,949 $1,750,884
70.5 aug 1.008293 $732,727 $738,804
71.5 sep 1.002757 $0 $0

total $48,883,032 $54,776,345



TABLE H-8. Cost Summary-NED Plan With Periodic Maintenance (continued)
Year

	

Expenditure Ann cost

	

Env'I

	

Tot expend

	

PW

	

PW-

	

PW
cost

	

factor dredging Env'I
2012

	

$298,000 $200,000

	

$498,000 0.680528

	

$202,797
2013

	

$7,661,500 $200,000

	

$7,861,500 0.638244 $4,889,906
2014

	

$7,363,500 $200,000 $36,000 $7,599,500 0.598588 $4,407,703 $21,549
2015

	

$298,000 $200,000

	

$498,000 0.561395

	

$167,296
2016

	

$7,661,500 $200,00

	

$7,861,500 0.526514 $4,033,887
2017

	

$7,363,500 $200,000

	

$7,563,500 0.493799 $3,636,089
2018

	

$298,000 $200,000

	

$498,000 0.463118

	

$138,009
2019

	

$7,661,500 $200,000 $36,000 $7,897,500 0.434343 $3,327,719 $15,636
2020

	

$7,363,500 $200,000

	

$7,563,500 0.407355 $2,999,559
2021

	

$298,000 $200,000

	

$498,000 0.382045

	

$113,849
2022

	

$7,661,500 $200,000

	

$7,861,500 0.358307 $2,745,169
2023

	

$7,363,500 $200,000

	

$7,563,500 0.336044 $2,474,460
2024

	

$298,000 $200,000

	

$498,000 0.315164

	

$93,919
2025

	

$7,661,500 $200,000

	

$7,861,500 0.295582 $2,264,601
2026

	

$7,363,500 $200,000

	

$7,563,500 0.277217 $2,041,287
2027

	

$298,000 $200,000

	

$498,000 0.259992

	

$77,478
2028

	

$7,661,500 $200,000

	

$7,861,500 0.243838 $1,868,165
2029

	

$7,363,500 $200,000

	

$7,563,500 0.228687 $1,683,937
2030

	

$298,000 $200,000

	

$498,000 0.214478

	

$63,914
2031

	

$7,661,500 $200,000

	

$7,861,500 0.201152 $1,541,126
2032

	

$7,363,500 $200,000

	

$7,563,500 0.188654 $1,389,154
2033

	

$298,000 $200,000

	

$498,000 0.176932

	

$52,726
2034

	

$7,661,500 $200,000

	

$7,861,500 0.165938 $1,271,334
2035

	

$7,363,500 $200,000

	

$7,563,500 0.155628 $1,145,967
2036

	

$298,000 $200,000

	

$498,000 0.145958

	

$43,495
2037

	

$7,661,500 $200,000

	

$7,861,500 0.136889 $1,048,775
2038

	

$7,363,500 $200,000

	

$7,563,500 0.128384

	

$945,356
2039

	

$298,000 $200,000

	

$498,000 0.120407

	

$35,881
2040

	

$7,661,500 $200,000

	

$7,861,500 0.112926

	

$865,183
2041

	

$7,363,500 $200,000

	

$7,563,500 0.105909

	

$779,861
2042

	

$298,000 $200,000

	

$498,000 0.099329

	

$29,600
2043

	

$7,661,500 $200,000

	

$7,861,500 0.093157

	

$713,722
2044

	

$7,363,500 $200,000

	

$7,563,500 0.087369

	

$643,342
2045

	

$298,000 $200,000

	

$498,000 0.08194

	

$24,418
2046

	

$7,661,500 $200,000

	

$7,861,500 0.076849

	

$588,779
2047

	

$7,363,500 $200,000

	

$7,563,500 0.072074

	

$530,717
2048

	

$298,000 $200,000

	

$498,000 0.067596

	

$20,144
2049

	

$7,661,500 $200,000

	

$7,861,500 0.063396

	

$485,708
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TABLE H-8. Cost Summary-NED Plan With Periodic Maintenance (continued)

TABLE H-8. Cost Summary-NED Plan With Periodic Maintenance

Appendix H-31

Year Expenditure Ann cost Env'I cost Tot expend PW factor PW-dredging PW-Env'I
2007 $6,891,000 $600,000 $7,109,900 0.937866 $6,462,835
2008 $5,525,000 $600,000 $6,097,450 0.879593 $4,859,751
2009 $7,725,000 $600,000 $84,000 $8,685,600 0.824941 $6,372,669 $69,295
2010 $6,418,000 $600,000 $7,109,900 0.773684 $4,965,504
2011 $5,525,000 $600,000 $6,097,450 0.725613 $4,009,012
2012 $7,725,000 $600,000 $8,642,600 0.680528 $5,257,079
2013 $6,418,000 $600,000 $7,109,900 0.638244 $4,096,250
2014 $5,525,000 $600,000 $84,000 $6,140,450 0.598588 $3,307,199 $50,281
2015 $7,725,000 $600,000 $8,642,600 0.561395 $4,336,776
2016 $6,418,000 $600,000 $7,109,900 0.526514 $3,379,167
2017 $5,525,000 $600,000 $6,097,450 0.493799 $2,728,239
2018 $7,725,000 $600,000 $8,642,600 0.463118 $3,577,587
2019 $6,418,000 $600,000 $84,000 $7,152,900 0.434343 $2,787,613 $36,485
2020 $5,525,000 $600,000 $6,097,450 0.407355 $2,250,636
2021 $7,725,000 $600,000 $8,642,600 0.382045 $2,951,298
2022 $6,418,000 $600,000 $7,109,900 0.358307 $2,299,614
2023 $5,525,000 $600,000 $6,097,450 0.336044 $1,856,643
2024 $7,725,000 $600,000 $8,642,600 0.315164 $2,434,642
2025 $6,418,000 $600,000 $7,109,900 0.295582 $1,897,045
2026 $5,525,000 $600,000 $6,097,450 0.277217 $1,531,624

Year Expenditure Ann cost Env1
cost

Tot expend PW
factor

PW- PW-
dredging Env'I

2050 $7,363,500 $200,000 $7,563,500 0.059457 $437,812
2051 $298,000 $200,000 $498,000 0.055763 $16,617 $66,883
2052 $7,661,500 $200,000 $7,861,500 0.052298 $400,681
2053 $7,363,500 $200,000 $7,563,500 0.049048 $361,165

South Project
I nitial Construction:
Total Initial Construction $48,961,000
I nterest During Construction $5,920,000
Total Investment Cost $54,881,000
Expected Annual
Costs:
I &A-50 years $3,789,204
Periodic Maintenance $6,521,755
Other Annual Costs $600,000
Annual Environmental Monitoring $10,775
Total Investment Cost $10,921,733
Periodic
Maintenance:



TABLE H-8. Cost Summary-NED Plan With Periodic Maintenance (continued)
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Year Expenditure Ann cost Env'I cost Tot expend PW factor PW-dredging PW-Env'I
2027 $7,725,000 $600,000 $8,642,600 0.259992 $2,008,438
2028 $6,418,000 $600,000 $7,109,900 0.243838 $1,564,952
2029 $5,525,000 $600,000 $6,097,450 0.228687 $1,263,496
2030 $7,725,000 $600,000 $8,642,600 0.214478 $1,656,843
2031 $6,418,000 $600,000 $7,109,900 0.201152 $1,290,994
2032 $5,525,000 $600,000 $6,097,450 0.188654 $1,042,313
2033 $7,725,000 $600,000 $8,642,600 0.176932 $1,366,800
2034 $6,418,000 $600,000 $7,109,900 0.165938 $1,064,990
2035 $5,525,000 $600,000 $6,097,450 0.155628 $859,845
2036 $7,725,000 $600,000 $8,642,600 0.145958 $1,127,526
2037 $6,418,000 $600,000 $7,109,900 0.136889 $878,554
2038 $5,525,000 $600,000 $6,097,450 0.128384 $709,322
2039 $7,725,000 $600,000 $8,642,600 0.120407 $930,144
2040 $6,418,000 $600,000 $7,109,900 0.112926 $724,759
2041 $5,525,000 $600,000 $6,097,450 0.105909 $585,147
2042 $7,725,000 $600,000 $8,642,600 0.099329 $767,317
2043 $6,418,000 $600,000 $7,109,900 0.093157 $597,882

2044 $5,525,000 $600,000 $6,097,450 0.087369 $482,714

2045 $7,725,000 $600,000 $8,642,600 0.08194 $632,987
2046 $6,418,000 $600,000 $7,109,900 0.076849 $493,217

2047 $5,525,000 $600,000 $6,097,450 0.072074 $398,209

2048 $7,725,000 $600,000 $8,642,600 0.067596 $522,179

2049 $6,418,000 $600,000 $7,109,900 0.063396 $406,876

2050 $5,525,000 $600,000 $6,097,450 0.059457 $328,500

2051 $7,725,000 $600,000 $8,642,600 0.055763 $430,769
2052 $6,418,000 $600,000 $7,109,900 0.052298 $335,649

2053 $5,525,000 $600,000 $6,097,450 0.049048 $270,990

2054 $7,725,000 $600,000 $8,642,600 0.046001 $355,358

Total $94,457,949 $156,061



4.6

	

Summary of Benefits for the NED Plan

The expected annual benefits by category and North and South Project Areas are
summarized in table H-9. Benefits during construction are addressed in section 5.4.

TABLE H-9. Summary of Expected Annual Benefits-NED Plan

4.7

	

Economics of the NED Plan

Table H-10 compares the expected annual benefits and costs and computes the
benefit-to-cost data for the13/50 dune and berm plan, i.e., NED Plan. As shown in
table H-10, the benefit-to-cost ratio for the North Project Area, South Project Area,
and total project are all favorable at 1.3, 2.4, and 1.9, respectively. Section 11 in
Appendix D describes how risk and uncertainty principles are incorporated in the
GRANDUC model, and the degree of risk that the two project segments have a
favorable benefit-to-cost ratio. For instance, there is a 99.9 percent chance that the
South Project NED Plan has a favorable benefit-to-cost ratio, while the North Project
has a 76.7 percent chance.

Appendix H-33

Benefit
Category

North
Project

South
Project Total

Hurricane and Storm
Damage Reduction $5,997,100 $21,351,000 $27,348,100

Emergency Costs Reduction 139,600 361,400 $501,000

Recreaction 1,843,700 1,944,000 3,787,700

Benefits During Construction 1.329.200 2.436.300 3.765.500

TOTAL $9,309,600 $26,092,700 $35,402,300



4.9

	

Summary of the NED Plan

TABLE H-10. Economics of the NED Plan

The NED Plan consists of two distinct dune and berm projects to be constructed at
elevation 7.0 feet NVGD and a width of 50 feet measured from the toe of the
constructed dune. The top of dune elevation is to be 13 feet NGVD. The South
Project Area is about 10.1 miles long including 3,000-foot long transition zones on
each end. Its northern transition zone begins near Blackman Street in North Nags
Head to the southern limit of South Nags Head. The South Project will cost about
$48.9 million to construct and has a benefit-to-cost ratio of 2.4. The North Project
Area is about 4.1 miles long including 3,000-foot long transition zones on each end.
From its northern transition zone to its southern transition zone, the North Project
Area runs from about 500 feet south of Historic Street in Kitty Hawk to the vicinity of
Woodmere Avenue in Kill Devil Hills. The North Project will cost about $22.7 million
to construct and has a benefit-to-cost ratio of 1.3. The overall benefit-to cost ratio
for the entire project is 1.9, and it will cost about $71.7 million to construct. With no
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Summary of Project Economics North
Project

South
Project

Total
Project

Total Initial Construction $22,713,000 $48,961,000 $71,674,000

I nterest During Construction $ 4.181.000 $5,920,000 $10.101.000

Total Investment Cost $26,894,000 $54,881,000 $81,775,000

Expected Annual Cost

I nt. & Amort @ 6-5/8%-50 yrs. $1,856,900 $ 3,789,200 $ 5,646,100

Period Nourishment $5,251,500 $ 6,521,800 $11,773,300

Other Annual Costs $ 200,000 $ 600,000 $ 800,000

Annual Environmental Monitoring $ 4,600 $ 10.800 $ 15,400

Total Expected Annual Cost $7,313,000 $10,921,800 $18,234,800

Total Expected Annual Benefits $9,309,600 $26,092,700 $35,402,300

Net Benefits $1,996,600 $15,170,900 $17,167,500

Benefit-to-Cost Ratio 1.3 2.4 1.9



locally preferred plan identified by the local sponsor, the NED Plan is the
recommended plan.

4.10 Effectiveness of the NED Plan

For the overall primary study area, the effectiveness of the NED Plan at reducing
hurricane and storm damages is about 72 percent (1 - $10,511,000 / $37,863,000)).
The residual expected annual damages along the 20 miles of shoreline are
estimated at $10,511,000.

The effectiveness of the NED Plan at reducing hurricane and storm damages for just
the area protected by the project is about 84 percent (1 - ($5,026,000 /
$32,374,000)). The residual expected annual damages along the shoreline
protected by the project are estimated to be $5,026,000.

4.11

	

Public Parking and Access

The shoreline within the study area is generally unrestricted and accessible to the
general public. There are about 50 existing public access points along the 14.2
miles of project area. Public parking within the project area is provided at many of
the public access ramps and bathhouses. The majority of the beach users do not
require public parking accommodations since they are primarily seasonal residents
i n the area, who either own a second home or occupy a rental unit. Only about 8
percent of the peak daily visitation depends on public parking.

The local governments have made providing public access a priority and have never
attempted to preclude public access within the primary study area. Public access
and parking within the project area far exceeds the State of North Carolina's
requirements for publicly financed beach nourishment projects.

	

However, a public
access point every one half-mile is a general Corps of Engineers standard, but not a
rigid requirement. There are three areas within the South Project Area and one
area within in North Project Area where no public access exists for more than one-
half mile. The adequacy of public access will be revisited before the signing of a
Project Cooperation Agreement. If additional access points and parking are
deemed necessary, the Wilmington District and local sponsor will work together on
the local sponsor's plan to provide these. Ultimately, the local sponsor will be
responsible for providing adequate parking and access.

4.12 Cost-Sharing

The Federal and non-Federal cost-sharing as of the date of this final feasibility study
appears in table H-11. This table is at constant and rounded October 1999 dollars,
and should be used only for general planning purposes. A total project cost
summary adjusted for inflation can be found in appendix G. A schedule of
nourishment costs adjusted for inflation will be included in the Project Cooperation

Appendix H-35



Agreement. The cost sharing of 65 percent Federal and 35 percent non-Federal
used in table H-11 is appropriate for initial construction since there are no large
tracts of public or undeveloped land along the oceanfront in the primary study area.
The oceanfront is virtually "built-out" other than a few vacant lots that might be found
at any given time, and these should be considered development in transition. The
50-50 cost sharing for periodic nourishment does not include the estimated
$800,000 in non-Federal annual costs for maintaining dune vegetation, walkover
structures, and emergency beach scraping after storms.

5.0

	

Benefit Analysis

TABLE H-11. Cost Sharing Schedule-NED Plan
(in millions of dollars at October 1999 price levels)

*2007 includes design costs for 2006, as well as 2007.

The following paragraphs offer detailed information on the benefit analysis and
methodologies used. These beach fill plans would prevent the progressive erosion
of the shoreline, provide reduction in damages caused by erosion during coastal
storms, prevent emergency expenditures following strom events, and increase the
quality of recreational opportunities in the area. The types of benefits analyzed
include: (1) hurricane and storm damage reduction, including land loss; (2)
emergency costs and other damage reduction; (3) recreation; (4) benefits during
construction; and (5) regional.
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Year Fed Non-Fed Total

I nitial Construction (65%) (35%) (100%)
Yr 1: 2004 $24.8 $13.4 $38.2

2005 11.1 5.9 17.0
2006 10.7 U 116.5

Subtotal: 46.6 25.1 71.7

Periodic
Nourishment

(50%) (50%) (100)%

2007 $7.45 $7.45 $14.9
2008 6.45 6.45 12.9
2009 4.0 4.0 8.0
2010 7.05 7.05 14.1
2011 6.45 6.45 12.9
2012 4.0 4.0 8.0
2013 7.05 7.05 14.1
2014 6.45 6.45 12.9
2015 4.0 4.0 8.0

2016-2054 3-yr.cycle repeats 3-yr.cycle repeats 3-yr.cycle repeats



5.1

	

Hurricane and Storm Damage Reduction Benefits

Damages to structures and contents are computed by running each structure
i ndividually through GRANDUC under the without project condition and again under
the with project condition. Each structure is subjected to the same series of 500
randomly selected storm files under with and without project conditions over a 50-
year life cycle. Hurricane and storm damages to each structure are calculated three
different ways for each storm event and for every year of the analysis to reflect the
various type of damages that could occur. The calculation yielding the highest
amount of damages is used in the benefits-to-costs analysis to eliminate the
possibility of double-counting. The three methods of damage calculations are (1)
inundation damages to structures and contents, (2) storm recession damages from
storm related erosion, and (3) wave impact resulting in total destruction of the
structure and contents. With most structures, GRANDUC assumes total loss of a
structure when the storm recession encroaches beyond 50 percent of the depth of
the structure. Only the values of the first two stories of multistory steel and concrete
buildings are included in the damage analysis. Like another type of structure,
GRANDUC also computes damages to highways and roads.

As shown in table H-12, storm recession damages is the biggest damage
component of this analysis as structures, contents, and roads fall prey to storm
related erosion. These erosion damages account for about 83 percent of the overall
expected annual damages under the without project condition. Under with project
conditions, erosion damages decline to about 54 percent of the residual damages
as innundation increases from about 7 percent without project to about 54 percent
with project. Wave damage and land loss damage is much less significant below 7
percent under either condition.

TABLE H-12. Damage Components--With and Without Project
(in percentages)

As shown in table H-12, GRANDUC keeps track of land losses due to long term
erosion. Long term erosion is accounted for in each year and in each method of
damage calculation. As a structure is lost to long term erosion, the value of the
structure is taken as a loss that year, and the structure is taken out of the calculation
process for the remainder of the period of analysis. Land lost to long term erosion is
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Damage
Component

Without
Project

With
Project

Erosion 84% 54%
I nnundation 7 39
Wave 3 7
Land Loss _6 _0
TOTAL 100% 100%



computed by multiplying the expected annual loss of land in acres by the value of
nearshore upland, which is estimated at $270,000 per acre. As increments of land
erode away, $270,000 per acre represents the decrease in value to the oceanfront
parcels. These increments of land loss are computed linearly and annually in
square feet. For example, the value of an oceanfront lot 100 feet across by 100 feet
deep is about $62,000 when restricted to its nearshore land value. If it is eroding at
5 feet per year, the lot would lose 5 percent, or about $3,100 of its value each year.
This linear assumption is reasonable and non-subjective. Land loss accounts for
about 6 percent of total expected annual damages. Details of GRANDUC, the
comprehensive coastal storm damage model which incorporates risk and
uncertainty principles are found in appendix F.

GRANDUC can also account for hurricane and storm damages to future
development, both during the pre-project and post-project years. However, with
very few oceanfront lots left to be developed in the primary study area, future
development will not be substantially different from the existing development.
Therefore, changes in future development have not been included in this analysis.

Total expected annual hurricane and storm damages to structures and contents,
roadways, and land lost under without project conditions for the 20-mile primary
study area are about $37.86 million. If the 13/50 dune and berm plan were to be
constructed, these damages would be reduced to about $6.31 million. Expected
annual benefits for hurricane and storm damage reduction would be about $31.55
million.

However, the NED Plan calls for constructing the 13/50 dune and berm alternative
for about 14.2 miles of the 20 miles. Total expected annual hurricane and storm
damages along the project area are reduced from about $32.37 million under
without project conditions to about $5.02 million under with project conditions.
Therefore, expected annual benefits from hurricane and storm damage reduction for
the NED Plan are about $27.35 million.

5.2

	

Emergency Costs and Other Damage Reduction Benefits

Emergency costs prevented refer to expected annual expenditures that residents
and governments are experiencing under the without project condition that a project
would preclude. Other damages prevented include storm damages that are not
covered under the National Flood Insurance Program, but represent financial drains
on public and private storm victims that a large beach nourishment project could
prevent. The categories lumped into this benefit called emergency costs and other
damages prevented include (1) beach scraping/pushing; (2) sandbagging: (3)
emergency costs incurred by the North Carolina Department of Transportation; (4)
damages to public property like water and electric utility distribution systems and
public access walkways; (5) damages to private property other than structures and
contents such as walkways, driveways, and cleanup costs; and, (6) post-storm
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recovery expenses and storm related expenses from increased police patrolling,
inspections, and permits. These categories are described in detail below:

(1) Beach scraping/pushing refers to the practice of bull dozing a short
dune or small berm in front of a residence or business so that it might
offer some measure of protection from erosion. These costs are based on
a bull dozer and operator pushing sand during two or three low tides. The
practice requires a permit, and these records were used to help quantify
these expenditures as project benefits. A large shore protection project
would prevent the owners of the residence or business from incurring this
expense;

(2) Sandbagging structures is another emergency measure that has
been fairly commonplace over recent years in this area. This requires a
permit that is only granted if the property is in eminent danger of being lost
to erosion. At an average cost of $12,000 per property, only 23 over the
entire study area have been sandbagged over the past 5 years;

(3) Emergency costs incurred by the North Carolina Department of
Transportation represent its average costs of removing sand from the
ocean front roads in the study area following the storms of the last five
years. Bull dozers push the sand overwashed from the storms off the
roads and deposit it between the ocean front structures. From there,
private home and business owners must pay to have the sand
redistributed in front of their properties;

(4) Damages to public property include things like damages to the
water and electric utility distribution systems, and public access walkways,
bath houses, and parking lots. Since traditional structural and content
damage curves do not apply to these types of damages, this damage
prevented category is based on interviews with public works officials
concerning storm related damages over the last five years that could have
been prevented by a large shore protection project;

(5) Damages to private property other than structures and contents
include storm damages that are not covered under the National Flood
I nsurance Program. These include things like water damage to private
walkways, driveways, steps, landscaping, automobiles, and private
cleanup costs. These types of damages are based on estimating their
averages over the last five years of storms. By preventing ocean
overwashes, a large shore protection project would preclude 100 percent
of these damages;

(6) Post-storm recovery expenses are based on data from interviews
with public officials regarding debris removal costs incurred over the last
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five years of storms, and storm related expenses from increased police
patrolling, inspections, and permits.

All of these expenses would not have been incurred under the with project condition.
The expected annual totals of emergency costs and other damages that a beach fill
project would prevent for the entire 20 miles of beach are shown in table H-13 and
are estimated at $168,000 for Kitty Hawk, $147,000 for Kill Devil Hills, and $406,000
for Nags Head.

TABLE H-13. Emergency Costs and Other Damages Prevented Benefits
Primary Study Area

(in $1,000)

As for the portion of these benefits claimed for the project areas, reduced
emergency costs and other damages prevented benefit totals are distributed by
l ength of project coverage. They amount to about $139,600 annually for the North
Project and about $361,400 for the South Project, or about 1.6 percent of the total
benefits of the North and South Projects.

5.3

	

Recreation Benefits

5.3.1 General

The Outer Banks of North Carolina is a favorite vacation spot for visitors from the
Tidewater area of Virginia, where more than one million people live. Driving time
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Dare County is located in the northeast portion of North Carolina. The Dare County
beaches constitute the majority of the North Carolina's Outer Banks and Cape
Hatteras National Seashore. According to the Outer Banks Chamber of Commerce,
the Dare County beach communities are host to more than 7 million visitors each
year, and daily visitation on a peak summer day exceeds 250,000 visitors.

Area Scraping Sandbags DOT
Public
Prop

Other
Private

Prop
Post-Storm
Recovery Total

Kitty Hawk $50 $5 $35 $11 $57 $10 $168

Kill Devil Hills 68 17 15 8 34 5 147

N. Nags Hd. 66 9 10 8 48 6 147

S. Nags Hd. 45 24 40 15 119 16 259

TOTAL $229 $55 $100 $42 $258 $37 $721



from the Tidewater area is less than two hours. Within a four-hour drive are the
North Carolina population center of Raleigh, Durham, and Chapel Hill, as well as,
Richmond, Virginia. Altogether, there are more than 4 million people within a four-
hour drive of the Dare County beaches.

Beach oriented recreation is an extremely popular activity in North Carolina for all
but the winter months. Regional beach access along the Outer Banks is available at
Kitty Hawk, Kill Devil Hills, and Nags Head. These towns' beaches are for the most
part open and accessible to the general public. The towns of Duck and Southern
Shores comprise almost ten miles north of Kitty Hawk. These two towns are largely
private and public access is severely restricted. Therefore, the recreation analysis,
like the storm damage analysis, concentrates on the 20 miles of beach in the towns
of Kitty Hawk, Kill Devil Hills, and Nags Head.

The existing recreation demand for beach activities in Dare County is generated
primarily by seasonal residents and visitors in the area, who either own a second
home or occupy rental units. As erosion threatens the homes and motels in these
beach communities, it also threatens the recreation opportunities enjoyed by owners
and seasonal visitors to the beach. Erosion in the last several years has severely
narrowed the beach and destroyed dozens of cottages. These problems are
expected to continue in the absence of a Federal project, so that by 2004, the value
of recreational experiences of the without project condition will be significantly lower
than that of the with project condition.

5.3.2 Procedure

The value of the improved recreation beach at the Dare County beaches is analyzed
using the unit-day value method. A more sophisticated and costly approach to
recreation analysis, such as contingent value method or travel cost method, was not
considered necessary since the recreation benefits are based on the same visitation
with and without the project, and only about 8 percent of the visitation is dependent
on day users requiring parking. The other 92 percent of the beach users come from
the cottages, condos, motels, and other overnight accommodations along the
primary study area.

The procedure used to estimate recreation benefits for the Dare County beaches
nourishment project is explained in the following four steps. First, the maximum
daily visitation for each town is estimated. With no pre-existing visitation estimates
of Dare County beaches use, the projected maximum daily visitation is based on
filling all of the dwellings available to the beach users. This is shown in table H-14.

Second, this maximum daily visitation is used only for July 4, traditionally the
heaviest beach usage day of the year. Therefore, the rest of the beach season
must be defined and daily visitation adjusted for weather and occupancy rates. This
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is accomplished in table H-15, with the bottom line being the estimated total beach
visitation for the year.

Next, the value of the improved recreation beach is compared to the value of the
without project beach using the unit-day value method. The unit-day method
assigns a point value to various aspects of the recreation experience to determine
the change in recreation values as a result of the project. This is shown in table H-
16.

Finally, the with and without project unit-day point difference is converted to dollars
and multiplied by the annual beach visitation to arrive at a recreation benefit
attributable to the project. It is an important distinction that the recreation benefits
for this project analysis stem from improving the quality of the recreation experience,
not from drawing more people. In general, the supply of beach exceeds the
demand for beach recreation along this 20-mile stretch of beach. The project would
not be the draw; it merely enhances the experience for persons using the beach in
the vicinity of their house or motel.

Under the future without project condition, long-term erosion removes homes,
motels and other accommodations from the structural database. Other things being
equal, this would effectively decrease annual visitation and increase recreation
benefits attributable to the with project conditions. However, given the ever
i ncreasing demand for beach vacations and second homes on the coast, it is not
likely that these lost properties would lead to any net loss in visitation. A more likely
scenario is that the properties that would be lost to erosion would be replaced by
more public parking, and new motels and homes would replace older ones along the
second row of development from the ocean to meet the demand for
accommodations with a view of the ocean. Therefore, no additional recreation
benefits are attributable to the with project conditions due to long-term erosion.

5.3.3

	

Maximum Daily Visitation

Two underlying assumptions are important in estimating maximum daily visitation.
One is that both tourists and residents want to use the beach closest to their
dwelling. The second is that they all use the beach. The Dare County Tax Office
helped determine the number of motel rooms, single and multi-family dwellings, and
parking places. These are shown in table H-14 for the towns of Nags Head, Kill
Devil Hills, and Kitty Hawk, respectively, along with the conversion to maximum
visitation.

5.3.4

	

Public Parking and Access

The shoreline within the study area is generally unrestricted and accessible to the
general public. There are about 50 existing public access points along the 14.8
miles of project area. Public parking within the project area is provided at many of
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the public access ramps and bathhouses. Estimates of number of parking spaces
came directly from the town officials and have been field checked by this office. In
addition, curbside parking is allowed on several streets, primarily in Kitty Hawk. As
shown in the table H-14, a turnover rate of 2.5 per day is used for the public parking
spaces. However, most of the beach users do not require public parking
accommodations since they are primarily seasonal residents in the area, who either
own a second home or occupy a rental unit. Only about 8 percent of the peak daily
visitation depends on public parking.

5.3.5

	

Annual Visitation

Typically, the beach season in North Carolina extends from Memorial Day in late
May to Labor Day in early September. However, due to the excellent fishing
opportunities in the "shoulder seasons" (i.e., March-May and September-
November), the beach season along the Outer Banks is considerably longer. Data
gathered from the motel operators in the area show heavy occupancy rates through
these months. In addition, because most of the visitors stay week by week and the
beaches do not experience a large number of day visitors, similar beach use is
found during summer weekdays and weekends. The derivation of annual beach
visitation for the three principal towns is shown in table H-15. The "seasonal factor"
used in this table is based on monthly occupancy rates as compiled by the Outer
Banks Chamber of Commerce. The "visitation factor" represents the average
visitation adjustment for the day of the week compared to July 4, regardless of the
time of year. The percentages of 64 for weekends and 50 for weekdays were
developed from actual visitor counts from an earlier North Carolina beach study.
The combination of these two factors is used to adjust the maximum visitation day of
July 4.

5.3.6 Unit-day Values.

The value of the improved recreation beach at the Dare County beaches is analyzed
using the unit-day value method. The unit-day method assigns a point value to
various aspects of the recreation experience to determine the change in recreation
values as a result of a project. Using the point value system for general recreation
found in the Planning Guidance Notebook , the average value in this area in the
absence of a Federal project would be about 26 points, having a unit day value in
FY2000 of $3.87. Recreation points are shown in table H-16 below.

As illustrated in Figures 7 and 8, recreational values for the without project condition
reflect a narrow, eroded beach having a pronounced escarpment and little width for
picnicking, fishing, playing beach games, and sunbathing. The beach will likely be
especially narrow or nonexistent at high tide. Under the without project condition,
debris from damaged foundations, sand bags, septic systems, and utilities might
spoil beach aesthetics for months until it is removed either by the owner or by the
town governments.
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Recreation users in the area protected by the plan of improvement would have
better recreation opportunities and a higher experience value. The plan of improvement

provides for a minimum berm width of 50 feet for the entire length of the project,
adequate for the peak seasonal use expected by the towns of Nags Head, Kill Devil
Hills, and Kitty Hawk. Using 100 square feet of beach per person from studies done
at nearby Wrightsville Beach, this with project beach width provides adequate
capacity for the expected seasonal use. The recreational experience under the with
project condition would provide excellent conditions for swimming, fishing,
sunbathing, walking, beach games, and other recreational activities. The average
point value for this condition would be about 41 points. This equates to a FY2000
unit day value of $5.17. Table H-16 shows the with and without project unit day
value points and explains how the 15-point spread is derived.

TABLE H-14. Estimated Daily Peak Visitation--Primary Study Area
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KITTY HAWK KILL DEVIL HILLS NAGS HEAD
Type of I ntensit
Accommodations y per

Unit

Number Estimated Number Estimated
of Units Peak of Units Peak

Visitation Visitation

Number
of Units

Estimated
Peak
Visitation

Single/Multi-family 8 2137 17,096 4,840 38,720 3,496 27,968
Motel/Hotel 3.5 168 588 1,421 4,974 1,234 4,319
Cottage Courts 3 60 180 108 324 336 1,008

'Day Use (Public 2.5
Parking)

Total Estimated Peak
Visitation

140 875 622 3,888

18,739 47,905

600 3,750

37,045

Rounded to 18,700 47,900 37,000

Notes:
Calculations for day use include a turnover factor of 2.5 for each
parking space.
Dare County officials estimate peak visitation at 250,000 visitors per day for the

entire county.
The total estimate above of 102,800 for these 3 towns represents 41 % of the estimated
250,000 for the entire county.
According to Dare County occupancy receipts, these 3 towns account for 49% of the

county's total occupancy.



TABLE H-15. Estimated Annual Visitation--Primary Study Area
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Weighted Visitation
Month Type No. of

Days
Seaso

nal
Factor

Visitation
Factor

Kitty Hawk Kill Devil
Hills

Nags Head

January Weekend 8 0.02 0.64 1,915 4,905 3,789
February Weekend 8 0.03 0.64 2,872 7,357 5,683
March Weekday 21 0.075 0.5 14,726 37,721 29,138

Weekend 10 0.075 0.64 8,976 22,992 17,760
April Weekday 21 0.132 0.5 25,918 66,389 51,282

Weekend 8 0.132 0.64 12,638 32,373 25,006
Holiday 1 0.132 0.64 1,580 4,047 3,126

May Weekday 21 0.333 0.5 65,385 167,482 129,371
Weekend 9 0.333 0.64 35,868 91,876 70,969
Holiday 1 0.333 0.64 3,985 10,208 7,885

June Weekday 21 0.709 0.5 139,212 356,592 275,447
Weekend 9 0.709 0.64 76,368 195,616 151,102

July Weekday 22 1.00 0.5 205,700 526,900 407,000
Weekend 8 1.00 0.64 95,744 245,248 189,440
Holiday 1 1.00 1 18,700 47,900 37,000

August Weekday 21 0.904 0.5 177,500 454,667 351,204
Weekend 10 0.904 0.64 108,191 277,130 214,067

(September Weekday 21 0.325 0.5 63,814 163,459 126,263
Weekend 8 0.325 0.64 31,117 79,706 61,568
Holiday 1 0.325 0.64 3,890 9,963 7,696

October Weekday 23 0.174 0.5 37,419 95,848 74,037
Weekend 8 0.174 0.64 16,659 42,673 32,963

'November Weekday 19 0.077 0.5 13,679 35,039 27,066
Weekend 10 0.077 0.64 9,215 23,605 18,234

Holiday 1 0.077 0.64 922 2,361 1,823

December

Total

Weekend 8

299

0.0321 0.64 3,064

1,175,057

7,848

3,009,905

6,062

2,324,979
Multiply by weather factor of
.75

881,293 2,257,429 1,743,734

ANNUAL BEACH VISITATION,
Rounded to

881,000 2,257,000 1,744,000

'` Seasonal factor is based on monthly occupancy rates.



FIGURE H-7. Photo of a family recreating on the beach at South Nags Head.
Debris from damaged structures, exposed septic systems and torn sand bags are
some of the problems contributing to lower aesthetics under the without project

condition.
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Figure H-8. Taken along the beach at Kill Devil Hills, this photo shows the narrow
and heavily sandbagged beach typical of the without project condition.
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TABLE H-16. With and Without Project General Recreation Point Values

Remarks

I ncreased land available
for such general activi-
ties as picnicking, play
ing beach games, launching
sailboats, sunbathing, and
fishing

Opportunity is available
at several other locations
along Outer Banks

I ncreased beach width so
that user expectations for
facilities can be provided

I mproved access to beach
and protects oceanfront
road and access points
from erosion damage

'' I mproved aesthetic quality
from low aesthetics of a
narrow and eroding beach
to high aesthetics of a
wide beach

5.3.7 Total Recreation Benefits

Recreation benefits for all of the plans of improvement are the difference in the
value of a recreation experience of $5.17 per user day with the project and $3.87
without it, or $1.30 per user day, times the estimated daily beach visitation for each
town. Table H-17 shows the expected annual recreation benefits for the entire
primary study area. For the Town of Nags Head expected annual recreation
benefits would be $2,267,000 ($1.30 X 1,744,000). For the Town of Kill Devil Hills it
would be $2,934,000 ($1.30 X 2,257,000). And, for the Town of Kitty Hawk it would
be $1,145,000 ($1.30 X 881,000).
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Category

Recreation

Without
Project
Points

With
Project
Points Change

Experience 7 9 2

Availability of
Opportunity 3 3 0

Carrying Capacity 3 7 4

Accessibility 8 10 2

Environmental
Quality 5 12 7

Total Points 26 41 15



TABLE H-17. Estimated Annual Recreation Benefits--Primary Study Area

5.4 Benefits During Construction
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Kitty Hawk

	

Kill Devil

	

Nags Head
Hills

Again, the beach fill plan of improvement does not cover these entire towns.
Therefore, the recreation benefits for the project areas are proportioned by the
segments of beach that are part of the plan. About 60 percent of the potential
recreation benefits for the primary study area is captured by the two project reaches.
The recreation benefits attributable to the NED Plan, as well as the other alternative
plans, are estimated at $1,843,700 for the North Project and $1,944,000 for the
South Project. Recreation benefits comprise about 23 percent of the total benefits
of the North Project, and about 8 percent of the South Project, or about 12 percent
of the total benefits for the two project areas.

The with project condition is not expected to bring an increase in visitation to the
Dare County beaches. However, along with the continual development of these
beaches, there will undoubtedly be some additional visitation demand placed on
these beaches under both the with and without project conditions. As visitation
continues to soar in the future, a case can be made for claiming future recreation
benefits based soley on the enhanced quality of the recreation experience
attributable to a beach nourishment project. However, these future recreation
benefits have not been developed since they are an incidental type benefit and do
not affect the recommendation.

Benefits during construction (BDC) are those benefits that accrue to the project
before its completion. In other words, as the beach fill is constructed, the benefits to
the newly improved shoreline are essentially claimable from that time forward. The
economic evaluation treats the North Project Area and South Project Area as a

Estimated annual beach visitation 881,000 2,257,000 1,744,000
"Without Project" FY2000 unit day value at 26 $3.87 $3.87 $3.87
points
Expected annual without project value of $3,409,500 $8,734,600 $6,749,300
recreation

"With Project" FY2000 unit day value at 41 $5.17 $5.17 $5.17
points
Expected annual with project value of $4,554,800 $11,668,700 $9,016,500
recreation

Expected annual recreation benefit $1,145,300 $2,934,100 $2,267,200



single project with a common base year. Because it takes three years to construct
the Dare County NED Plan and BDC begin coming on as the segments of the
overall project are built, BDC are significant. The North Project is scheduled to be
complete in the first 14 months of the three-year construction period, while the
middle of three segments comprising the South Project Area will be completed in the
first 10 months of the period. Another segment of the South Project will be
completed in the second year of construction. BDC are applicable until the final
segment of the South Project is completed in the third year of construction. About 12
percent of BDC are attributed to recreation benefits, while the remainder is all
hurricane and storm damage reduction. As shown in tables H-17 and H-18, BDC for
the North and South Projects amount to about $1.3 million and $2.4 million,
respectively.
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TABLE H-18. Benefits During Construction-North Project NED Plan
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North
Project

DARE COUNTY @ 6-58%

BENEFITS DURING CONSTRUCTION
MONTH BENEFITS PERIODS FACTO

_
R BDC

1 $0 33.5 1.202551 $0
2 $49,625 32.5 1.195948 $59,349
3 $99,249 31.5 1.189381 $118,045
4 $148,874 30.5 1.182851 $176,096
5 $198,499 29.5 1.176356 $233,505
6 $248,124 28.5 1.169897 $290,279
7 $297,748 27.5 1.163473 $346,422
8 $347,373 26.5 1.157085 $401,940
9 $396,998 25.5 1.150732 $456,838

10 $446,622 24.5 1.144414 $511,121
11 $496,247 23.5 1.13813 $564,794
12 $545,872 22.5 1.131881 $617,862
13 $595,496 21.5 1.125666 $670,330
14 $665,033 20.5 1.119486 $744,495
15 $665,033 19.5 1.113339 $740,407
16 $665,033 18.5 1.107226 $736,342
17 $665,033 17.5 1.101146 $732,299
18 $665,033 16.5 1.0951 $728,278
19 $665,033 15.5 1.089087 $724,279
20 $665,033 14.5 1.083108 $720,303
21 $665,033 13.5 1.077161 $716,348
22 $665,033 12.5 1.071246 $712,414
23 $665,033 11.5 1.065364 $708,503
24 $665,033 10.5 1.059515 $704,613
25 $665,033 9.5 1.053697 $700,744
26 $665,033 8.5 1.047912 $696,896
27 $665,033 7.5 1.042158 $693,070
28 $665,033 6.5 1.036436 $689,264
29 $665,033 5.5 1.030745 $685,480
30 $665,033 4.5 1.025086 $681,716
31 $665,033 3.5 1.019457 $677,973
32 $665,033 2.5 1.01386 $674,250
33 $665,033 1.5 1.008293 $670,548
34 $665,033 0.5 1.002757 $666,867

TOTAL $19,251,671
I &A 0.069044

ANNUAL EXPECTED- B C $1,329,212



TABLE H-19. Benefits During Construction-South Project NED Plan

DARE COUNTY @ 6-58%
URING CONSTRUCTION

PERIODS FACTOR

	

BDC
33.5 1.202551

	

$0
32.5 1.195948 $98,154
31.5 1.189381 $195,231
30.5 1.182851 $291,238
29.5 1.176356 $386,185
28.5 1.169897 $480,081
27.5 1.163473 $572,934
26.5 1.157085 $664,753
25.5 1.150732 $755,546
24.5 1.144414 $751,398
23.5 1.13813 $747,272
22.5 1.131881 $743,169
21.5 1.125666 $739,088
20.5 1.119486 $822,279
19.5 1.113339 $904,534
18.5 1.107226 $985,861
17.5 1.101146 $1,066,267
16.5 1.0951 $1,145,761
15.5 1.089087 $1,224,349
14.5 1.083108 $1,302,040
13.5 1.077161 $1,294,891
12.5 1.071246 $1,287,781
11.5 1.065364 $1,280,710
10.5 1.059515 $1,273,678
9.5 1.053697 $1,266,685
8.5 1.047912 $1,349,295
7.5 1.042158 $1,430,960
6.5 1.036436 $1,511,688
5.5 1.030745 $1,591,486
4.5 1.025086 $1,670,362
3.5 1.019457 $1,748,324
2.5 1.01386 $1,825,379
1.5 1.008293 $1,901,536
0.5 1.002757 $1,976,801

$35,285,717
0.069044

$2,436,267B C
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South Project BENEFITS DMONTH BENEFITS 1 $0 2

$82,072 3 $164,145 4 $246,217 5 $328,289 6 $410,362 7 $492,434 8 $574,506 9 $656,579 10 $656,579 11 $656,579 12 $656,579

13

$656,579 14 $734,515 15 $812,452 16 $890,388 17 $968,324 18 $1,046,261 19 $1,124,197 20 $1,202,134 21 $1,202,134 22 $1,202,134 23 $1,202,134 24 $1,202,134 25 $1,202,134 26 $1,287,604 27 $1,373,074 28 $1,458,545 29 $1,544,015 30 $1,629,485 31 $1,714,956 32 $1,800,426 33 $1,885,896 34 $1,971,367 TOTAL ANNUAL EXPECTED



5.5 Regional

Although Regional Economic Development (RED) benefits can not be included as
part of the NED computations and used for project justification, they can have a
material bearing on Federal water resource decision-making and they are extremely
i mportant to the non-Federal sponsors of the project. In this case, one of the factors
that Dare County officials can use in determining local support of the project is the
multiplier effects as a portion of the project cost is injected into the local economy.

5.5.1 Scope

To estimate the regional economic impacts of the Dare County beach nourishment
project, the Wilmington District contracted with the East Carolina University Regional
Development Institute (RD[). The RDI study examines the development scenario of
the dredging work and related activities that would take place over the fifty years of
the project. It then projects the total amount of potential dollars that will impact the
local economy from those identified work activities over the life of the project. RDI's
work accounts for both the direct and indirect economic impact as it considers a
contractor's locally-based investment and spending as well as the local payroll
spending of the projected labor who are directly or indirectly impacted by the
infusion of money into the local economy. The identification of the types of local
expenditures is based upon survey information from firms involved in large-scale
dredging operations and conceptual work plan estimates offered by the Wilmington
District.

The scope and methodology of the work bases the initial estimate of dollars upon
the survey information and the types of previous investment and spending
accounted for in similar beach nourishment projects. This information and the
i nformed estimates provide a hypothetical basis for this work's projections. The
i nformation was collected and applied to an available economic impact model by
RDI. The model is explained in the following section. Based upon the stimulus of
the initial dollars and the categories most likely to be impacted, the model
establishes an indication of the potential economic impact on the local economy.
The estimated dollars (output of goods and services, earnings) and numbers
(employees) will offer insight into the project's potential influence on the economy of
Dare County.

5.5.2 Economic Impact Model

The Regional Input-Output Modeling System (RIMS) is the basis for the
development of the models used by RDI. It is patterned by the United States
Department of Commerce's original model (Regional Industrial Multiplier System) of
the mid 1970s. The model is used to determine the extended level of impact
brought about by changes in federal expenditures. The model was modified to take
into account the extended, spin-off impact that additional payroll spending prompts
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i n an economy. After the first level of impact is determined, the proportional change
in local payrolls is determined as the "spin-off' associated with the initial change in
economic activity. This cumulative effect represents the direct and indirect levels of
economic impact fueled by the identification and delivery of more dollars into an
economy.

The findings of this study utilizing the RIMS model were limited by three factors: 1)
the amount of available, historical detail concerning similar projects, 2) a better
sense of potential local contracts/purchases expected in Dare County, 3) Project
details that may vary related to ocean dredging. The lack of local labor estimates
and salary breakdowns for the project as well as specific spending patterns within
the market area will also affect the bottom line of the findings.

5.5.3 Development Scenario

The following section represents the type of development scenario anticipated for
the beach nourishment project in Dare County. The scenario is based upon similar
projects that have taken place and the best understanding of the needs of the Dare
County beaches. The project will involve continuing off-shore dredging operations
that will focus on two distinct areas of the Dare County beaches between south
Nags Head and Kitty Hawk. The project would concentrate on these areas and
rotate between them for the next 50 years and would seek to replenish beach areas
that have experienced loss or substantial erosion over the past.

The contractor for the project would bring a work crew from their home location to
the area as well as supplement their labor needs with some local labor personnel.
The labor involved in the project would be rotated from the off-shore vessels to land
over a period of time. A certain amount of local lodging as well as business supply
needs would be met by the local economy. The contractor would make local
purchases as necessary to sustain a successful operation over the course of the
project. These purchases could involve but not be limited to certain equipment and
repair, construction materials, office supplies, trucking services, warehousing,
petroleum products, as well as services that involve equipment maintenance,
research, testing, and office support. The amount and types of these purchases
would be expected to vary within the calendar year and by the stages of project
activities.

5.5.4 Methodology

The best possible description of contractor expenditures was established through
discussions and conversations with firms experienced in large-scale dredging
operations. Their comments and insights were used to estimate the amount and
types of local spending which could be anticipated in the project. A list of potential
expenditure items was provided along with a total project cost estimate.
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The local expenditures were identified as "direct impact" since these would be
demands directly placed on the local economy. Lodging and subsistence
expenditures of the transient labor force was also included in these impacts. The
projection of the local direct impact "earnings" was then factored to determine the
"spin-off' of indirect goods and services, earnings, and related employment that
would be experienced given the initial level of direct economic impact. These two
amounts combine to establish the extent of economic impact.

5.5.5 Findings

Table H-20 shows the direct and indirect projections based upon the application of
the project's cost annually on the economic model of Dare County.

TABLE H-20. Direct and Indirect Regional Impacts-NED Plan

DIRECT I NDIRECT

	

TOTAL

Based upon a fifty year life of a project averaging over $13 million in total costs a
year the local impact would exceed $52 million in increased purchases of goods and
services. This estimate translates into $17.2 million in additional payroll spending
for local employees either directly or indirectly affected by the project's economic
activities. Nearly 70 local jobs a year would be impacted by the infusion of project-
related expenditures. This is in addition to the contracted labor force who would be
entering the area.

Because of the limited diversity in the Dare County economy that results in a smaller
turnover of local spending the impact figures may look small compared to the
project's total cost estimates. These figures still represent a sizable amount of
constant economic stimulus to a tourist-oriented economy. The projected direct and
indirect figures constitute a positive, local economic infusion of new money
prompted by economic activities related to the proposed dredging operations. This
analysis is limited to the business activities of the dredging work and does not take
into account the extraordinary economic impact that could occur in a loss in tourism
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TOTAL
ADDITIONAL ADDITIONAL ADDITIONAL ADDITIONAL AFFECTED
GOODS & EARNINGS GOODS & EARNINGS LOCAL
SERVICES SERVICES EMPLOYEES

$31.98 mill. $11.12 mill. $20.62 mill. $6.10 mill. 3894 persons



should the oceanfront continue to be diminished along this section of North
Carolina's coastline.

5.6 Summary of Project Benefits (including Regional Benefits)

The expected annual benefits including regional benefits for additional earnings and
goods and services are summarized in table H-21. Again, the regional benefits can
not be claimed as National Economic Development (NED) benefits and used for
project justification. The NED benefits used for project justification (without the
regional benefits) are discussed in section 4.5.

6.0

TABLE H-21. Summary of Expected Annual Benefits
Including Regional Benefits-NED Plan

Socioeconomic Conditions

The following is an overview of economic and social conditions of Dare County,
North Carolina. The towns of Kitty Hawk, Kill Devil Hills, and Nags Head are beach
communities located in Dare County. These towns represent the primary market for
recreational usage, while Dare County constitutes the overall socioeconomic study
area.

6.1

	

Base Socioeconomic Conditions

The population of Dare County grew at an annual rate of about six percent from
1980 to 1990, compared to the State of North Carolina's annual growth rate of 1.2
percent for the same period. The population of Dare County was 22,746 persons
according to the 1990 census, but in 1998 was estimated to be 24 percent higher at
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Benefit
C toaory

Total
Project

Hurricane and Storm
Damage Reduction $27,348,100

Emergency Costs Reduction $501,000

Recreaction 3,787,700

Benefits During Construction 3,765,500

Regional (Direct and Indirect) $69.830.000

TOTAL $105,232,300



28,140. About 50 percent of the residents live in one of the county's municipalities.
With its overwhelming economic emphasis on tourism, retail sales in Dare County
comprise the most important source of jobs and income for the county's economy.
I nterestingly, Dare County has the smallest agricultural base of any North Carolina
county, and its manufacturing sector is also one of the smallest of any county in the
State.

The North Carolina Office of State Budget and Management estimates Dare
County's 1998 employment at 15,925, with about 36 percent in retail jobs and 20
percent in services. In 1997, per capita income in Dare County was estimated at
$21,624, somewhat higher than the North Carolina per capita income of $20,217.

The 1980's was a decade of rapid growth for the Dare County beaches. Table H-22
shows the populations of the towns and Dare County since 1980. The total
permanent population for the three principal towns in 1998 is estimated at 10,160.
However, peak daily population in the summer can swell to more than 100,000 in
these three towns and 250,000 for the entire county.

TABLE H-22. Population Statistics, Dare County

6.2

	

Projected Population

Dare County population projections for 2000 - 2020 are shown in table H-23.

TABLE H-23. Population Projections, Dare County

2000

	

01

	

2020

29,569

	

36,674 43,765

Source: Office of State Planning, State of North Carolina.
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Town

Nags Head

1998
Population

2,241

1990
Population

1,838

1980
Population

1,020
Kill Devil Hills 5,429 4,238 3,737
Kitty Hawk 2,490 1,937 N/A

Dare County 28,140 22,746 13,377


