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1.1 Introduction

1.1.1 Project Overview

The U.S. Army Corps of Engineers (USACE) Wilmington District (District) is conducting a storm damage reduction
study for the Bogue Banks (Carteret County) shoreline. The study area includes the majority of Bogue Banks,
approximately 23 miles, from Bogue Inlet on the west to the western end of Fort Macon on the east (Figure 1).
Communities included within the study area are Atlantic Beach, Pine Knoll Shores, Salter Path, Indian Beach and
Emerald Isle. A portion of Fort Macon State Park on the eastern end of the barrier island is also included within the
study area. The ultimate goal of the project is to formulate the beach maintenance plan for Bogue Banks over the
next 50 years that maximizes net economic benefits and is feasible from both an environmental and
constructability standpoint.
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Figure 1: Project Location

The Beach-fx software was utilized to analyze the physical performance of storm damage reduction alternatives in
the Bogue Banks study area as well as the economic benefits and costs. Beach-fx is an event-based, Monte Carlo
life cycle simulation tool capable of estimating storm damage along coastal zones caused by erosion, flooding, and
wave impact. The software also calculates the economic benefits and costs associated with the alternatives.
Inputs are required from meteorology, coastal morphology, economics, and management processes. Within
Beach-fx, data elements are stored in a relational database where rules for applying the data elements are
inherent in the program (Gravens et. al. 2007). The data necessary to run a Beach-fx project provide a full
description of the coastal area under study. The software requires an inventory of structures susceptible to
damage, a set of historically-based possible storms that can impact the area, the estimated morphology response
of the beach to each storm in the storm set, and damage-driving parameters for estimating inundation, erosion,

and wave impact damages on the structures. The collection of beach profile responses to various historical storms
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was developed using SBEACH (Storm induced BEAch CHange), a cross-shore beach morphology program within the
CEDAS (Coastal Engineering Design & Analysis System) package.

The unit of analysis in a shoreline storm damage reduction project is the shoreline area. Within the Beach-fx
planning context, the project is divided into reaches, which are defined as contiguous, morphologically
homogeneous areas. Reaches are defined and grouped by profile, or cross sections of the beach which
characterize the beach morphology. Each reach contains a given number of lots and each lot contains one or more
damage element, such as a residential home or nonresidential structure.

The purpose of this appendix is to describe, in detail, the Coastal Engineering input driving the Beach-fx software
for the Bogue Banks study area. This includes developing the representative reaches for the Bogue Banks study
area, a historical storm suite, historic shoreline change conditions, and profile response to the array of storm
events using SBEACH.

1.1.2 Longshore Sediment Transport

As part of the June 2001 Section 111 study (USACE, 2001) a sediment transport study was conducted for Bogue
and Shackleford Banks. Results from the study show that the east end of Bogue Banks, between the east town
limit of Atlantic beach and Beaufort Inlet, have a high degree of variability resulting from complex wave
transformation across the ebb tide delta of Beaufort Inlet. The predominant direction of net littoral transport on
Bogue Banks near Beaufort Inlet is to the east, while the remainder of the island experiences net transport to the
west. The location of the reversal in net transport is located approximately 2.3 miles west from the shoulder of
Beaufort Inlet. Sediment transport along Shackleford Banks is primarily toward the west, or Beaufort Inlet. Net
transport is highest near the shoulder of the inlet flowing west. Transport rates decrease with increased distance
from the inlet to a point 3.2 miles east of the inlet where potential transport is calculated to be nearly zero. East of
this point the transport rates are lower and more erratic varying between easterly and westerly transport up to 6
miles east of the inlet. The remaining approximate half mile of the island experiences eastward net transport
toward Barden Inlet.

A-2
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2.1 Data Requirements

This section provides a description of the data collected to populate the Beach-fx databases and to execute the
Bogue Banks Storm Damage Reduction Study as well as all assumptions inherent in the methodology.

2.1.1 Profiles

Coastal process models require a detailed characterization of the beach profile (distances vs. elevation). A
simplified representation, or profile, is required for Beach-fx and depicts the following shore features: dune width,
dune height, dune slope, foreshore slope, upland elevation, upland width, berm width, and berm height. For the
Bogue Banks study area, the shoreline is defined by thirteen unique profile areas, grouped as shown in Figure 2. A
schematic of the simplified Beach-fx profile is provided in Figure 3. Figures 4 through 16 provide the generalized
representative cross shore for the existing condition (current conditions) for Profiles 1 to 13, respectively. The
process for developing the idealized profiles is described in detail in Section 3 of this appendix.
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Figure 2: Representative profile areas 1 to 13 along the Bogue Banks study area
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30 - Profile 2

25 -

20 A

e
w

Elevation(fy

o 100 200 300 400 500 600

Distance Offshore {ft)

700 Eo0

Figure 5: Generalized Cross Shore Morphology for Profile 2

A-6
Bogue Banks, Carteret County, NC, Final Feasibility Report and Environmental Impact Statement




30 Profile 3

L]
L)
L]
i
L]
o o o o [1
L]
L]
]
L]

0 100 200 300 400 500 600 foo 800

Distance Offshore (ft)
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Figure 7: Generalized Cross Shore Morphology for Profile 4
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Figure 16: Generalized Cross Shore Morphology for Profile 13

2.1.2 Reaches

Reaches are contiguous stretches of the shoreline that share a common morphological makeup with a particular
profile (Rogers et. al. 2009). The Bogue Banks study area is divided into 118 reaches that correspond with Profiles 1
to 13, as shown in Table 1. The following data are reach specific within Beach-fx: applied erosion rate, back-bay
flooding, planned nourishment, emergency nourishment, flooding threshold, control line offset (threshold distance
from the lot centroid to the seaward toe of the dune at which lots in the reach will be marked as condemned
prohibiting the rebuilding of damage elements in that lot), and berm width recovery factor. For calibrating Beach-
fx, reach-specific historic erosion rates are also needed, as discussed in Section 2.2.

No back-bay flooding or emergency nourishment is assumed in the study area. The berm width recovery factor is
assumed at 95 percent for Reaches 1 to 117. The berm width recovery factor was adjusted to 99% for reach 118
during the calibration process.
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Profile Reaches
1 1-10
2 11-15
3 16-21
4 22-29
5 30-42
6 43-52
7 53-58
8 59-73
9 74-85
10 86-92
11 93-110
12 111-117
13 118

Table 1: Reach/Profile Cross Reference

Control line offsets differ in the study area depending upon structure square footage. According to the state legal
requirements, structures less than 5,000 square feet (sq ft) have a minimum setback factor equal to 30 times the
erosion rate from the vegetation line. Structures between 5,000 and 10,000 sq ft have a minimum setback factor
equal to 60 times the erosion rate from the vegetation line. As structures increase in size to 100,000 sq ft or
greater, the erosion standard increases incrementally, reaching a maximum setback of 90 times the erosion rate.
The minimum erosion rate is set at 2 feet per year (ft/yr). Thus, it was necessary to analyze the weighted average
control line offset for each reach. Assumptions were made regarding the average square footage of structure types
in the study area. High rise hotels were assumed to fall within the 90 times erosion rate category. Club houses,
apartments/condos, 1 to 2 story motels, warehouses, and large footprint single-family homes were assumed to fall
within the 60 times erosion rate category. All other structures were assumed to fall within the 30 times erosion
rate category. Given these assumptions, a weighted setback factor was calculated for each reach. This value was
multiplied by the historical erosion rate in the reach (no less that 2) to determine the Reach specific weighted
average control line offset input for Beach-fx.

2.1.3 Lots

In Beach-fx, a lot is an organizational container used by the software for damage elements and are designed in a
way that best fits the specific study need. The following data are Lot specific: type (residential or vacant), lot
description (typically address), armoring status and additional armoring specific data.

There were 1,847 lots created for the study area and no lot armoring is assumed within the study area. An example
lot from Reach 1 is shown in Figure 17. The boundary of Reach 1 is red while lot boundaries within the reach are
black. The blue dots represent damage elements.
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Figure 17: Lots within Reach 1

2.1.4 Damage Elements

A damage element is any physical structure that can endure storm damages, including a residential home, deck,
pool, restaurant, pier house, etc. Damage elements are represented by X,Y coordinates in Beach-fx. Damage
elements types, or categories, are defined by the user and are project specific. Foundation and construction
categories for damage elements are also project specific and defined by the user. Critical vertical erosion amounts
that compromise the structure are defined by foundation type. Damage element specific data include: type,
description (typically address) foundation type, construction type, armor data, coordinates, number of rebuilds
allowed, and triangular distributions of content value, structure value, rebuilding time, and first floor elevation.

For the Bogue Banks study area, the above mentioned data requirements were collected for nearly 2,000 damage
elements by the Wilmington District. Construction types include wood or masonry, with all but one structure being
built of wood. Foundation types include slab, 8-foot deep pile, or 16-foot pile with critical erosion amounts of 0.5,
4, and 8 feet, respectively. Nearly 80 percent of damage elements in the study area are built upon 8-foot deep
piles. Damage element type codes cover the range of structures in the study area, as shown in Table 2.
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Code Description Code Description

SF1 1 story SF on slab SF1_SM SF 1 story on piles with small footprint
SF2 2 story SF on slab SF2_SM SF 2 story on piles with small footprint
MF1 apartments/condos SF1_LG SF 1 story on piles with large footprint
CondoHOA | condo, HOA SF2 LG SF 2 story on piles with large footprint
MOBHM mobile home POOLH pool house, garage

HOTEL hotel or hi-rise STRT street / highway

MOTEL motel (1 to 2 stories) PARK parking lot

OFFIC office Building DECK decks

POOL_TEN | swimming pool, tennis court DUNE dune walkovers

CLUB private club PU_ACC public access--improved

RESTU restaurant WAREH storage building / warehouse

BAR tavern PIERHOUSE pier house or storage

Table 2: Damage Element Types

Quiality checks were performed on the damage elements through the coordinate checking process in Beach-fx. Data
discrepancies were investigated using GIS and resolved as appropriate. As a result of the coordinate checking
process in Beach-fx, several errors were identified within the damage element database. Approximately 100
damage elements were reported by Beach-fx as not falling within the assigned lot and/or reach. These errors were
investigated using GIS. The given damage element description (i.e. address) was compared to nearby lot addresses.
In nearly all instances, the proper lot was located and the damage element coordinates were corrected accordingly.
Three damage element locations could not be verified and were thus inactivated in the database. The coordinate
checking process also reported incidents where the input first floor elevation was below the calculated profile
elevation at that point for a given damage element. The cause of this error is likely due to the generalization of
reach elevation. These errors were corrected by adjusting the given damage element elevation to be an
appropriate distance above the profile elevation of the reach in which it falls. Additionally, the coordinate check
revealed that 142 damage elements are located landward of the SBEACH line and thus never experience damage in
the model. These damage elements were marked as inactive in the database.

After rectifying the damage element errors, the Bogue Banks study area has 1,764 active damage elements
remaining. A summary of these damage elements by type are provided in Table 3. Large footprint single-family
homes constitute the majority of the structures in the study area. Total structure values for all damage elements
are estimated at $714.8 million and total contents are valued at $290.6 million for a total $1 billion in property that
could potentially be damaged from incoming storms.
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Damage Sum of Structure Sum of Contents Sum of Total
Element Type Count Value (ML*) Value (ML) Value (ML)
BAR 1 123,600 51,418 175,018
CLUB 7 3,181,200 1,233,024 4,414,224
CondoHOA 2 1,200,000 480,000 1,680,000
HOTEL 3 3,435,600 3,698,654 7,134,254
MF1 12 44,882,400 17,952,960 62,835,360
MOBHM 4 1,290,000 620,040 1,910,040
MOTEL 14 8,824,800 3,991,560 12,816,360
OFFIC 4 353,700 355,723 709,423
PARK 13 7,044,100 3,039,400 10,083,500
PIERHOUSE 6 1,058,400 1,767,528 2,825,928
POOL_TEN 37 2,858,400 428,760 3,287,160
POOLH 2,526,000 444,576 2,970,576
RESTU 1,077,600 1,788,816 2,866,416
SF1 56 5,145,600 2,058,240 7,203,840
SF1 LG 451 71,716,920 28,686,768 100,403,688
SF1_SM 111 27,562,950 11,025,180 38,588,130
SF2 92 50,412,000 20,164,800 70,576,800
SF2_LG 802 367,432,848 146,923,790 514,356,638
SF2_SM 137 112,862,940 45,097,416 157,960,356
UA 2 1,200,000 480,000 1,680,000
WAREH 3 597,600 298,800 896,400
Grand Total 1,764 714,786,658 290,587,453 1,005,374,111

*ML = most likely

Table 3: Damage Element Summary Data

2.1.5 Meteorological Data

The project area is impacted by both tropical and extra-tropical (also called “nor’easter”) storm events. An analysis
of historical storm climatology resulted in identification of 35 tropical storms from 1893 to 1999 giving an annual
probability of tropical storm occurrence of 0.33. Twenty-three extra-tropical storms occurred from 1978 to 1992
giving an annual probability of extra-tropical storm occurrence of 1.44. These 58 historical storms, shown by arrival
date in Figure 18, were expanded to a plausible storm suite consisting of 696 storms by combining the historical
storm surge hydrograph with three statistically defined tidal ranges (high, mean, and low) and combining the storm
surge hydrograph at four phases of the astronomical tide such that peak surge is aligned at high tide, mid-tide
rising, mid-tide falling, and low tide. In terms of relative probability of occurrence, those plausible storms
associated with mean tidal ranges are given a relative probability of 2 whereas those storms associated with high
and low tidal ranges are given a relative probability of 1.

Beach-fx requires specification of user defined storm seasons. Using the historical storms dataset, six seasons were
defined and probabilities for tropical and extra-tropical storms were calculated. Minimum inter-storm arrival times
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were also calculated and the maximum allowable tropical and extra-tropical storms within a season were set. These
data are provided in Table 4.
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Figure 18: Historical Storm Dataset

Probability Min Max

Extra- Probability Storm Extra- Max
Season Tropical Tropical Arrival | Tropical | Tropical
Jan-Mar 0.688 0.000 13 3 0
Apr-May 0.000 0.000 30 0 0
Jun-Aug 0.000 0.113 5 0 2
Sept 0.063 0.132 17 1 1
Oct 0.125 0.075 30 1 1
Nov-Dec 0.563 0.009 24 2 1

Table 4: Storm Seasons
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2.1.6 Coastal Processes Model Data

A shoreline damage reduction study requires inputs from a coastal process model that captures how the beach
responds to wave action and water levels caused by storms as well as long-term processes. For the Bogue Banks
project, the Storm Induce Beach Change model (SBEACH) was executed external to the Beach-fx environment. The
beach profile responses estimated in the SBEACH simulations are used to populate the Shore Response Database
(SRD) in Beach-fx. Details on the SRD development are provided in Section 3.

2.1.7 Damage Functions

Damage functions are used within Beach-fx to estimate storm-induced damages sustained by the damage elements.
Damages are estimated separately for the structure and contents of each impacted damage element. Damages are
caused by three processes: erosion, inundation, and wave attack. Beach-fx has an inherent set of rules for
combining damages when multiple damage processes produce damages to a structure or contents during a storm
event (see Rogers et. al. 2009, page 47).

Damage functions are user-defined within Beach-fx. Damage function types and definitions are included but the
specific functions must be developed and defined for each project. A specific damage function must be assigned to
each combination of damage element type, foundation type, and construction type. These functions are expressed
as a percent of the structure or content valuation compromised. In all, the Wilmington District developed 23
damage functions, as shown in Table 5. Triangular distributions were developed for each of the damage functions
representing minimum, most likely, and maximum values at each point along the X-axis. These damage functions
are where uncertainties of the model area accounted for using a Monte Carlo analysis. lllustration of each damage
function developed for Bogue Banks can be found in the Economic Appendix, Appendix B.
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Function Function Description Group Description X-axis Y-axis
ERODP1MCON |Erosion - Pile 16 - MF - Contents

ERODP1SCON |Erosion - Pile 16 - SF - Contents

EROPILECON Erosion - Pile Foundations - Contents

EROSHLCON Erosion - Shallow Foundation - Contents

ERODP1MSTR |Erosion - Deep Piles 1 Floor Medium - Structures

ERODP1SSTR Erosion - Deep Piles 1 Floor Small - Structures Fractional
ERODP2LSTR Erosion - Deep Piles 2 Floors Large - Structures % Footprint | damage to
ERODP2MSTR  |Erosion - Deep Piles 2 Floors Medium - Structures compromised | contents or
ERODP2SSTR Erosion - Deep Piles 2 Floors Small - Structures structure
ERODP3MSTR |Erosion - Deep Piles 3 Floors Medium - Structures

ERODPALSTR Erosion - Deep Piles 4 Floors Large - Structures

ERODP4SSTR Erosion - Deep Piles 4 Floors Small - Structures

ERODPSLSTR Erosion - Deep Piles 5 Floors Large - Structures

EROPILESTR Erosion - Pile Foundation - Structures

EROSHLSTR Erosion - Shallow Foundation - Structures

2SNBC Innundation - 1 - 2 story - Contents

4SNBC Innundation - 4 story - Contents

INUMA4FL Innundation - 4 - 5 floors - Structures Water depth

INUNALLSTR Innundation - All Structures up to 3 floors- Structures above 1°'

WAVENPC Wave - Not On Piles - Contents floor

WAVEPC Wave - On Piles - Contents

WAVENPS Wave - Not On Piles - Structures

WAVEPS Wave - On Piles - Structures

Table 5: Damage Functions for Bogue Banks

2.1.8 Existing Management Measures

Within the Bogue Banks area, no emergency nourishment is assumed to occur. No property is assumed to be
armored. Thus, no existing management measures beyond existing regulatory requirements are assumed in the
analysis.

2.1.9 Sea Level Rise

Beach-fx allows for sea level rise to be specified for a project. For the Bogue Banks project, sea level rise was set at
0.0084 ft/yr (2.57 mm/yr). This rate is based on the long term sea level rise measurement calculated at the
Beaufort Inlet NOAA Tide gauge as shown in Figure 19.

In addition to the base model run using the historic sea level rise trend for the area, Beach-fx allows for relative sea
level rise curves to be simulated in compliance with Engineering Circular 1165-2-212. This circular requires that
“Potential relative sea-level change must be considered in every USACE coastal activity as far inland as the extent of
estimated tidal influence”. Relative sea level rise is a combination of the global sea level changes, due to thermal
expansion and deglaciation, and local geologic changes in land elevation resulting in uplift or submergence. The
relative sea level rise curves were calculated for NRC curves | and lll and are displayed in Figure 20 along with the
projected rise based on the measured historic rate at the Beaufort Inlet NOAA gauge. To incorporate these curves
into the sea level rise analysis using Beach-FX a representative rate based on these curves was chosen. This rate
was selected by calculating the projected sea level rise 30 years from the project base line year of 2010 and
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computing an average of this rise by dividing by 30. The representative sea level rise rates used in Beach-FX were
0.0341 ft/yr for Curve Ill and 0.0145 ft/yr for Curve I.
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Figure 19 Long Term NOAA Tidal Gauge at Beaufort Inlet, NC
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Figure 20 Bogue Banks Relative Sea Level Rise

2.1.10 Planned Nourishment

Development of planned nourishment alternatives requires data beyond the explanation of the existing conditions
in the study area. The present implementation of planned nourishment within Beach-fx involves nourishment
triggers expressed as a percent of specified nourishment template values along with a target nourishment interval,
start date, mobilization threshold, and mobilization costs. Beach-fx requires inputs for these data as well as
nourishment blackout windows, planform rate of change caused by the nourishment, production rate, borrow to
placement ratio, and reach nourishment processing order. This section provides the planned nourishment
assumption for the Bogue Banks study area.

The triggers used to initiate project nourishment were defined as 0.75 for berm width, 0.90 for dune width, and
0.85 for dune height. Model runs were completed with nourishment target intervals defined at 3, 4, and 5 years
with a start date of January 1, 2019 and the mobilization threshold assumed at 1. Project-level mobilization costs
are assumed for two hoppers at $3,200,000 and no mobilization costs are assumed at the reach level. Borrow to
placement ratios for the study area are specified at the reach level and are shown in Table 6.

Due to the size of the storm response database file the project was divided into four roughly equal segments with
the results summarized outside the Beach-fx environment. A summary of these data are provided in Table 6.
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Reach Planned Nourishment |Unit Placement (Borrow To Production [Berm Width Planned|Dune Width Planned |Dune Height Planned
Number Alternative Name Cost Placement Ratio |Rate Nourishment Trigger|Nourishment Trigger | Nourishment Trigger
1|NED_3YRCYCLE 7.6 1.09603(27851.93 0.75 0.9 0.85
2|NED_3YRCYCLE 7.6 1.09603|27851.93 0.75 0.9 0.85
3|NED_3YRCYCLE 7.6 1.09603(27851.93 0.75 0.9 0.85
4|NED_3YRCYCLE 7.6 1.09603|27851.93 0.75 0.9 0.85
5[NED_3YRCYCLE 7.6 1.09603(27851.93 0.75 0.9 0.85
6|NED_3YRCYCLE 7.6 1.09603|27851.93 0.75 0.9 0.85
7|NED_3YRCYCLE 7.6 1.09603(27851.93 0.75 0.9 0.85
8|NED_3YRCYCLE 7.6 1.09603|27851.93 0.75 0.9 0.85
9|NED_3YRCYCLE 7.53 1.09603|28646.00 0.75 0.9 0.85
10|NED_3YRCYCLE 7.53 1.09603|28646.00 0.75 0.9 0.85
11|NED_3YRCYCLE 7.53 1.09603|28646.00 0.75 0.9 0.85
12|NED_3YRCYCLE 7.53 1.09603|28646.00 0.75 0.9 0.85
13|NED_3YRCYCLE 7.53 1.09603|28646.00 0.75 0.9 0.85
14|NED_3YRCYCLE 7.53 1.09603|28646.00 0.75 0.9 0.85
15|NED_3YRCYCLE 7.53 1.09603|28646.00 0.75 0.9 0.85
16|NED_3YRCYCLE 7.53 1.05324)28646.00 0.75 0.9 0.85
17|NED_3YRCYCLE 7.53 1.05324|28646.00 0.75 0.9 0.85
18|NED_3YRCYCLE 7.53 1.05324(28646.00 0.75 0.9 0.85
19|NED_3YRCYCLE 7.53 1.05324|28646.00 0.75 0.9 0.85
20|{NED_3YRCYCLE 7.53 1.05324|28646.00 0.75 0.9 0.85
21|NED_3YRCYCLE 7.6 1.05324|27851.93 0.75 0.9 0.85
22|NED_3YRCYCLE 7.6 1.05324(27851.93 0.75 0.9 0.85
23|NED_3YRCYCLE 7.6 1.05324|27851.93 0.75 0.9 0.85
24|NED_3YRCYCLE 7.6 1.05324(27851.93 0.75 0.9 0.85
25|NED_3YRCYCLE 8.14 1.05324|26103.79 0.75 0.9 0.85
26|{NED_3YRCYCLE 8.14 1.04802(26103.79 0.75 0.9 0.85
27|NED_3YRCYCLE 8.14 1.04802|26103.79 0.75 0.9 0.85
28|NED_3YRCYCLE 8.4 1.04802|24583.72 0.75 0.9 0.85
29|NED_3YRCYCLE 8.4 1.04802|24583.72 0.75 0.9 0.85
30{NED_3YRCYCLE 8.4 1.04802|24583.72 0.75 0.9 0.85
31|NED_3YRCYCLE 8.4 1.04802|24583.72 0.75 0.9 0.85
32|NED_3YRCYCLE 8.4 1.04802|24583.72 0.75 0.9 0.85
33|NED_3YRCYCLE 8.76 1.04802|23977.24 0.75 0.9 0.85
34[NED_3YRCYCLE 8.76 1.04802|23977.24 0.75 0.9 0.85
35|NED_3YRCYCLE 8.76 1.04802|23977.24 0.75 0.9 0.85
36/NED_3YRCYCLE 8.76 1.04802|23977.24 0.75 0.9 0.85
37|NED_3YRCYCLE 8.76 1.05042)|24204.81 0.75 0.9 0.85
38|NED_3YRCYCLE 8.76 1.05042|24204.81 0.75 0.9 0.85
39|NED_3YRCYCLE 8.76 1.05042)|24204.81 0.75 0.9 0.85
40|NED_3YRCYCLE 8.76 1.05042|24204.81 0.75 0.9 0.85
41|NED_3YRCYCLE 8.76 1.05042|24204.81 0.75 0.9 0.85
42|NED_3YRCYCLE 8.76 1.05042|24204.81 0.75 0.9 0.85
43|NED_3YRCYCLE 8.76 1.05252(24204.81 0.75 0.9 0.85
44|NED_3YRCYCLE 8.76 1.05252|24204.81 0.75 0.9 0.85
45|NED_3YRCYCLE 8.67 1.05252(24394.08 0.75 0.9 0.85
46|NED_3YRCYCLE 8.67 1.05252|24394.08 0.75 0.9 0.85
47|NED_3YRCYCLE 8.67 1.05252(24394.08 0.75 0.9 0.85
48|NED_3YRCYCLE 8.67 1.05252|24394.08 0.75 0.9 0.85
49|NED_3YRCYCLE 8.67 1.05252|24394.08 0.75 0.9 0.85
50{NED_3YRCYCLE 8.76 1.05252|24204.81 0.75 0.9 0.85
51|NED_3YRCYCLE 8.76 1.05252|24204.81 0.75 0.9 0.85
52|NED_3YRCYCLE 8.76 1.05252|24204.81 0.75 0.9 0.85
53|NED_3YRCYCLE 8.76 1.05252|24204.81 0.75 0.9 0.85
54|NED_3YRCYCLE 8.76 1.05252|24204.81 0.75 0.9 0.85
55[NED_3YRCYCLE 8.76 1.05252|24204.81 0.75 0.9 0.85
56{NED_3YRCYCLE 8.94 1.05252|23749.66 0.75 0.9 0.85
57|NED_3YRCYCLE 8.94 1.05252|23749.66 0.75 0.9 0.85
58|NED_3YRCYCLE 8.94 1.05252|23749.66 0.75 0.9 0.85
59[NED_3YRCYCLE 8.94 1.05252|23749.66 0.75 0.9 0.85
60|NED_3YRCYCLE 8.94 1.05252|23749.66 0.75 0.9 0.85

Table 6: Reach Specific Planned Nourishment Assumptions
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Reach Planned Nourishment |Unit Placement [Borrow To Production |Berm Width Planned|Dune Width Planned [Dune Height Planned
Number Alternative Name Cost Placement Ratio |Rate Nourishment Trigger|Nourishment Trigger | Nourishment Trigger
61|NED_3YRCYCLE 8.94 1.05252(23749.66 0.75 0.9 0.85
62|NED_3YRCYCLE 9.03 1.05252|23294.52 0.75 0.9 0.85
63|NED_3YRCYCLE 9.03 1.05252(23294.52 0.75 0.9 0.85!
64|NED_3YRCYCLE 9.03 1.05252(23294.52 0.75 0.9 0.85!
65|NED_3YRCYCLE 9.03 1.05252|23294.52 0.75 0.9 0.85
66|NED_3YRCYCLE 9.03 1.05252|23294.52 0.75 0.9 0.85,
67|NED_3YRCYCLE 9.03 1.05042(23294.52 0.75 0.9 0.85]
68|NED_3YRCYCLE 9.03 1.05042(23294.52 0.75 0.9 0.85
69|NED_3YRCYCLE 9.46 1.05042)|22419.48 0.75 0.9 0.85]
70|NED_3YRCYCLE 9.46 1.05042(22419.48 0.75 0.9 0.85
71|NED_3YRCYCLE 9.46 1.05042(22419.48 0.75 0.9 0.85
72|NED_3YRCYCLE 9.46 1.05042(22419.48 0.75 0.9 0.85
73|NED_3YRCYCLE 9.46 1.05042)|22419.48 0.75 0.9 0.85]
74| NED_3YRCYCLE 9.7 1.05042(21539.71 0.75 0.9 0.85
75|NED_3YRCYCLE 9.7 1.05042(21539.71 0.75 0.9 0.85
76/NED_3YRCYCLE 9.7 1.05042(21539.71 0.75 0.9 0.85
77|NED_3YRCYCLE 9.7 1.05042)21539.71 0.75 0.9 0.85]
78 NED_3YRCYCLE 9.7 1.05042(21539.71 0.75 0.9 0.85
79|NED_3YRCYCLE 9.7 1.05042(21539.71 0.75 0.9 0.85
80|NED_3YRCYCLE 9.55 1.10707]22204.56 0.75 0.9 0.85
81|NED_3YRCYCLE 9.55 1.10707|22204.56 0.75 0.9 0.85]
82|NED_3YRCYCLE 9.55 1.10707)22204.56 0.75 0.9 0.85
83|NED_3YRCYCLE 9.55 1.10707|22204.56 0.75 0.9 0.85]
84|NED_3YRCYCLE 9.55 1.10707|22204.56 0.75 0.9 0.85)
85|NED_3YRCYCLE 9.4 1.10707)22849.34 0.75 0.9 0.85]
86|NED_3YRCYCLE 9.4 1.10707)22849.34 0.75 0.9 0.85]
87|NED_3YRCYCLE 9.4 1.10707|22849.34 0.75 0.9 0.85]
88[NED_3YRCYCLE 9.4 1.10707|22849.34 0.75 0.9 0.85]
89|NED_3YRCYCLE 8.94 1.10707)23749.66 0.75 0.9 0.85
90|NED_3YRCYCLE 8.94 1.10707|23749.66 0.75 0.9 0.85
91|NED_3YRCYCLE 8.94 1.10707|23749.66 0.75 0.9 0.85
92| NED_3YRCYCLE 8.94 1.10707|23749.66 0.75 0.9 0.85)
93|NED_3YRCYCLE 8.94 1.10707)23749.66 0.75 0.9 0.85
94|NED_3YRCYCLE 8.76 1.06965| 24204.81 0.75 0.9 0.85
95|NED_3YRCYCLE 8.76 1.06965| 24204.81 0.75] 0.9 0.85
96| NED_3YRCYCLE 8.76 1.06965|24204.81 0.75] 0.9 0.85
97|NED_3YRCYCLE 8.76) 1.06965| 24204.81 0.75] 0.9 0.85
98| NED_3YRCYCLE 8.76) 1.06965| 24204.81 0.75] 0.9 0.85
99| NED_3YRCYCLE 8.76| 1.06965|24204.81 0.75 0.9 0.85]
100| NED_3YRCYCLE 8.67| 1.06965(24583.72 0.75] 0.9 0.85]
101/ NED_3YRCYCLE 8.67 1.06965(24583.72 0.75 0.9 0.85
102[ NED_3YRCYCLE 8.67| 1.06965(24583.72 0.75 0.9 0.85
103| NED_3YRCYCLE 8.67| 1.06965| 24583.72 0.75 0.9 0.85}
104/ NED_3YRCYCLE 8.67 1.06965(24583.72 0.75 0.9 0.85|
105/ NED_3YRCYCLE 8.67| 1.06965(24583.72 0.75 0.9 0.85|
106/ NED_3YRCYCLE 8.67| 1.06965( 24583.72 0.75 0.9 0.85|
107| NED_3YRCYCLE 8.67| 1.41164(24583.72 0.75] 0.9 0.85)
108 NED_3YRCYCLE 8.67| 1.41164(24394.08 0.75 0.9 0.85)
109 NED_3YRCYCLE 8.67 1.41164( 24394.08 0.75 0.9 0.85)
110[ NED_3YRCYCLE 8.67 1.41164( 24394.08 0.75 0.9 0.85)
111|NED_3YRCYCLE 8.67 1.41164(24394.08 0.75 0.9 0.85
112|NED_3YRCYCLE 8.67 1.41164(24394.08 0.75 0.9 0.85!
113[NED_3YRCYCLE 8.67 1.41164)|24394.08 0.75 0.9 0.85
114|NED_3YRCYCLE 8.67 1.41164(24394.08 0.75 0.9 0.85]
115|NED_3YRCYCLE 8.67 1.41164(24394.08 0.75 0.9 0.85!
116|/NED_3YRCYCLE 8.67 1.41164(24394.08 0.75 0.9 0.85!
117[NED_3YRCYCLE 8.67 1.41164)|24394.08 0.75 0.9 0.85
118|NED_3YRCYCLE 8.67 1.41164(24394.08 0.75 0.9 0.85

Table 6: Reach Specific Planned Nourishment Assumptions (continued)
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2.2 Beach-fx Calibration

Calibration of the Beach-fx model is essential to ensure that the morphology behavior is representative of the
reaches of the study area (Rogers et. al. 2009). In the absence of nourishment activities, the simulated shoreline
rate of change should, on average and over multiple iterations, equal the historical rate of shoreline change.
Calibration of Beach-fx is achieved through an iterative simulation process in which a balance is reached between
three interrelated model specifications: storm climatology, post-storm berm width recovery, and the applied
erosion rate. It was found that convergence of the model outputs was achieved at approximately 275 iterations and
based on this each of the model runs consisted of 300 iterations (Figure 21a). The goal of the calibration process is
to determine the proper combination of these inputs that will result in the target historical erosion rate.

The Beach-fx calibration process involves two preliminary steps followed by third step that requires multiple
simulation runs. These steps were successfully completed for the Bogue Banks study area. First, the role of the
applied erosion rate was confirmed by creating a simulation in which there were no storms and the only process
causing the shoreline to change was the applied erosion rate. In the second step, the estimated the shoreline rate
of change due to storm processes only was determined. In this step, the combined effect of the post-storm berm
width recovery and storm climatology on the erosion rate was identified by setting the applied erosion rate for all
reaches to zero. The third step was to determine the applied erosion rate that will return the target historical
erosion rate of change after a given number of iterations on a reach by reach basis. This was executed through a
number of simulations where the input applied erosion rates were adjusted according to the output average annual
erosion rate from the previous simulation.

Calibration was completed after the development of the Storm Damage Database which is discussed in detail in
section three of this appendix. After a number of simulations, the proper combination of berm width recovery and
applied erosion rate was determined for each reach. Berm width recovery was set at 95 percent for reaches 1
through 117 and 99 percent for reach 118. Reach 118 was initially included in the project scope; however, since
there are no structures included within the reach limits it was not included in the final project layout. Figure 21
provides the calibrated average annual erosion rate compared to the target historical shoreline rate of change, thus
confirming a successful calibration. Also included in Figure 21 is the data used as the applied erosion rate within
Beach-fx during calibration.
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Figure 21: Confirmation of Beach-fx Calibration
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3.1 SBEACH Data Requirements

This section provides details on the data collection and methodology employed to develop the storm response
database (SRD) within the Beach-fx context that stores beach profile responses to various historical storms for
lookup. Historical and current data sets applicable to Bogue Banks were collected, which would be necessary in the
development of the storm response database as described here. These data include historical beach nourishment
projects, historical erosion rates, current beach profile data, native beach sediment data, historical storm data, and
economic data.

3.1.1 Historical Beach Nourishment Projects

Multiple data sources were consulted to develop a beach nourishment database for Bogue Banks, encompassing
historical beach nourishment projects from 1978 to 2009. Sources included The Western Carolina Program for the
Study of Developed Shorelines, North Carolina Sea Grant (Spencer Rogers), and the Carteret County Shore
Protection Office. Table 7 shows the historical beach nourishment project locations, volumes, and descriptions.
The historical beach nourishment projects were used to determine background erosion rates of the study area,
which are required for calibration of Beach-fx and were used in discretization of the study area, as discussed in
section 3.1.2 below.

3.1.2 Erosion Rates

The most recent set of erosion rates developed by the North Carolina Division of Coastal Management (DCM) was
downloaded from the coastal hazards GIS data portion of the DCM website
(http://dcm2.enr.state.nc.us/Maps/chdownload.htm). Using the digitized shorelines from a historical database
compiled by DCM, long term erosion rates were calculated every 50 meters along the shoreline. Shoreline change
was calculated based on the distance between the earliest shoreline archived (typically from the 1940s) and the
1998 shoreline. Raw erosion rates were then calculated by dividing the distance between the two shorelines by the
numbers of years between them. The 1998 raw erosion rates calculated by DCM are presented in Figure 22.
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Fiscal Year Placement Location Volume (cy) Project Description
1978 Fort Macon 1,179,600 |Dredge Disposal to Eastern Bogue Banks (MCH Inner Habor Maintenance)
1984 Western Emerald Isle 15,000 Dredge Disposal from Bogue Inlet AIWW Crossing to Western Emerald Isle
1986 Atlantic Beach 4,168,600 [Dredge Disposal to Eastern Bogue Banks (MCH Inner Harbor Maintenance)
1987 Western Emerald Isle 30,000 Dredge Disposal from Bogue Inlet AIWW Crossing to Western Emerald Isle
1989 Emerald Isle 45,399 USACE Navigation Dredging
1990 Western Emerald Isle 56,000 Dredge Disposal from Bogue Inlet AIWW Crossing to Western Emerald Isle
1993 Western Emerald Isle 17,000 Dredge Disposal from Bogue Inlet AIWW Crossing to Western Emerald Isle
1994 Fort Macon 2,192,268 |Dredge Disposal to Eastern Bogue Banks (MCH Inner Harbor Maintenance)
1994 Atlantic Beach 2,472,132 |Dredge Disposal to Eastern Bogue Banks (MCH Inner Harbor Maintenance)
1995 Western Emerald Isle 33,000 Dredge Disposal from Bogue Inlet AIWW Crossing to Western Emerald Isle
1996 Western Emerald Isle 71,000 Dredge Disposal from Bogue Inlet AIWW Crossing to Western Emerald Isle
1997 Western Emerald Isle 39,000 Dredge Disposal from Bogue Inlet AIWW Crossing to Western Emerald Isle
1999 Western Emerald Isle 48,000 Dredge Disposal from Bogue Inlet AIWW Crossing to Western Emerald Isle
2000 Western Emerald Isle 16,000 Dredge Disposal from Bogue Inlet AIWW Crossing to Western Emerald Isle
2002 Fort Macon 209,348 Dredge Disposal to Eastern Bogue Banks (MCH Inner Harbor Maintenance)
2002 Indian Beach (reach 1) 456,994 (total) |Bogue Banks Restoration - Phase | -R1
2002 Indian Beach (reach 2) 456,994 (total) |Bogue Banks Restoration - Phase | -R2
2002 Pine Knoll Shores (reach 3) 1,276,586 |Bogue Banks Restoration - Phase | -R3
2003 Western Emerald Isle 59,000 Dredge Disposal from Bogue Inlet AIWW Crossing to Western Emerald Isle
2003 Eastern Emerald Is