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North Carolina DOT Vessel Collision Risk Assessment Report
NCDOT STIP# HB-0001 Replacement of Alligator River Bridge

Executive Summary

The Alligator River Bridge on US 64 over the Intracoastal Waterway between Dare and Tyrell County, NC
has been determined by NCDOT to be structurally deficient and is in need of replacement. The
replacement of the existing structure will greatly improve safety, and overall efficiency of the corridor.

Using the Method Il analysis procedures from the 2020 AASHTO LRFD Bridge Design Specifications, an
analysis was conducted to determine the design vessel impact forces for the proposed substructure
units of the replacement bridge in the event of a vessel collision. The following three vessel collisions
scenarios were evaluated:

Case 1: A Full vessel impact under normal waterway conditions to achieve a minimum return
period of 10,000 years (critical bridge)

Case 2: A Drifting empty barge impact under 100-yr. storm event conditions.

Case 3: A Minimum design impact of an empty hopper barge drifting at the yearly mean current

speed.
Design Force Summary

Bent Case 1: Design Case 2: 100 yr. Barge | Case 3: Min. Barge

Impact Force (kips) | Impact Force (kips) | Impact Force (kips)
4-45 - --- 34
46 500 885
47 1200 885
48 1800 885
49 2200 885
50 2500 1010
51 2500 1010 ---
52 2200 885
53 1800 885
54 1200 885
55 500 885
56-130 34

Design Force Summary

Piers 47 through 54 are governed by normal waterway conditions (Case 1). Piers 46 and 55 are governed
by 100-yr flood barge collision (Case 2). Piers 4 through 45 and 56 through 130 are governed by the
minimum impact force at a mean current speed (Case 3).
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1.0 INTRODUCTION

1.1 General

Vessel Collision Risk Assessment Report
Replacement of Alligator River Bridge

This vessel collision risk assessment report associated with a replacement Alligator River Bridge was
authorized by the North Carolina Department of Transportation (NCDOT) under contract LSC
#700020524, Task Order #3 in October 2021. Earlier in 2021, a Navigation Impact Report was prepared
and submitted to the United States Coast Guard (USCG). Portions of that previous work have been
incorporated into this report where appropriate relating to assessing risk to vessel collision.

The Alligator River Bridge on US 64 over the Intracoastal Waterway between Dare and Tyrell County, NC

has been determined by NCDOT to be structurally deficient and

has reached the end of its service life.

The existing bridge requires costly, heavy maintenance on a regular basis. In addition to regular
maintenance, NCDOT Division 1 is required to perform regular work to maintain the swing mechanism,

which has a history of malfunction. The mechanical parts, gears,

and controls are not readily available

and require custom fabrication. The replacement of the existing structure will greatly improve safety,
and overall efficiency of the corridor. Figure 1-1 shows the bridge location.

Figure 1-1: Project location
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1.2 Report Objective

This report evaluates the risk of vessel collisions at the replacement bridge. The report focuses upon risk
factors and analyzes the considerations regarding the channel and bridge characteristics. The vessel
impact study was conducted to evaluate the type, size, and frequency of vessels transiting the
Intracoastal Waterway near and through the proposed bridge site, and to determine the design vessels
and impact forces imparted on the bridge in the event of a transiting vessel colliding with the structure.
Refer to Figure 1-2 for the alignment of the proposed replacement bridge.

Aerial View of Bridge Site
Alignment of the proposed replacement bridge

Google Earth

Figure 1-2: Aerial view of bridge site

1.3 Methodology

The vessel collision risk analysis was performed in accordance with Article 3.14 of the of the 2020
AASHTO LRFD Bridge Design Specifications, 9™ edition (LRFD) and the 2009 AASHTO Guide Specifications

and Commentary for Vessel Collision Design of Highway Bridges, 2™ edition (Vessel Guide
Specifications).

M&M completed a Method Il vessel impact study for the proposed bridge. Method Il is a probability-
based analysis procedure which uses an idealized mathematical model to describe the bridge, channel
geometry, waterway characteristics, and vessel traffic transiting through the bridge to estimate the
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probability of bridge collapse. Method Il was used because it is the method used in AASHTO LRFD and is
the most comprehensive method.

General information regarding the proposed bridge is included in Appendix A of this study. Reference
material collected to develop the vessel fleet for the project location is provided in Appendix B.

Because US 64 is one of only two access points to the Outer Banks and because of the long detour that
would be required around this river crossing, NCDOT has designated the replacement bridge to be
“critical” for the purposes of this risk analysis. In accordance with LRFD Article 3.14.5, critical or essential
bridges shall have a maximum annual frequency of collapse (AFC) of 0.0001, which equates to a return
period of 10,000 years.

2.0 VESSEL CHARACTERISTICS

The data collection portion of the study is an essential element in the determination of the impact force.
Waterway characteristics, structure information, and vessel fleet data used in the vessel impact study
were collected from the following sources:

2.1 Published Data

e Publication: United States Coast Pilot, Atlantic Coast: Cape Henry to Cape Lookout, Volume 4,
52" Edition, 2020, U.S. Department of Commerce, National Oceanic and Atmospheric
Administration (NOAA), National Ocean Service (NOS) (See Appendix B)

e Nautical Chart 11553, Intracoastal Waterway Albemarle Sound to Neuse River, 31 Edition,
December 2020, U.S. Department of Commerce, National Oceanic and Atmospheric
Administration (NOAA) (See Appendix B)

e AASHTO. 2009 with 2010 interim. Guide Specifications and Commentary for Vessel Collision
Design of Highway Bridges, 2" Edition. Washington, DC: American Association of State Highway
and Transportation Officials.

e AASHTO. 2020. LRFD Bridge Design Specifications, 9" Edition. Washington, DC: American
Association of State Highway and Transportation Officials.

2.2 Interviews and Correspondence

Additional vessel information and waterway data related to the Alligator River Bridge was obtained from
discussions with the following companies/ organizations, which are familiar with this particular reach of
the ICW and the vessels transiting it.

e Stevens Towing Company

e Albemarle Commission

e Nucor Steel

e MiTek

e |ntracoastal Marine, Inc.

e Alligator River Bridge Tender(s)

Discussions were conducted via phone interviews and email correspondence between June and
September 2021. A summary of these interviews is provided in Appendix B of this report. In addition to
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the interviews, bridge tender logs from 2019/2020 were provided by NCDOT. The tender logs aid in the
development of the vessel fleet used in the risk assessment.

2.3 Vessel Data

The vessel types using the waterway in this location include deck barges, hopper barges, commercial
trawlers, private recreational boats, ferries, and cruise ships. A wide variety of cargo ranging from
construction materials, scrap metals, machinery, dredging equipment, and more are transported
through this site. As shown in the table below, most of the large vessels transiting this portion of the
Intracoastal Waterway are barges, which make frequent trips through the bridge location. Based on the
obtained information, the vessels were catalogued by estimated size and combined with known vessel
sizes to arrive at a design vessel database. The design vessel database includes characteristics such as
vessel type, weight, dimensions, speed, and trip frequency, similar to those listed in the AASHTO Vessel
Guide Specifications. If possible, the design vessel characteristics were confirmed with the vessel
owners/operators. A summary of the vessel data obtained is provided in Appendix B.

Table 2-1 summarizes the categorized vessels for use in the vessel collision risk analysis. Vessels were
grouped based on similar Deadweight Tonnage (DWT) or their estimated loaded displacement and
dimensions. Ships are typically categorized by DWT based on impact tests. The formulas for barge
impact are based on the loaded displacements. Smaller sized ships such as recreational vessels, small
yachts, and small fishing vessels were not included in the analysis because the relatively small force
which they can apply to the substructure units does not contribute to the probability of collapse of the
structure. The bents away from the channel in at least 2 feet are still vulnerable to drifting vessels. The
bents are designed for the impact of an empty hopper barge drifting at the 1-year storm water velocity.
Table 2-2 shows the characteristics of an empty hopper barge which is used to determine the minimum
impact force.

DWT Dimensions (ft) No. of Trips
No. Vessel Type (tons) (per year)
Length Width Draft North South
1 Class BH Barge 3500 295 54 10 11 12
2 Class SJ Barge 3000 260 52.5 10 157 163
3 Class JH Barge 1500 200 35 10 56 58
4 Trawler 210 116 30 13 503 528
5 Ferry 1100 220 50 6.5 1 2
6 Cruise Ship 1400 217 43 10.83 1 1
Table 2-1 Vessel Characteristics
No. Vessel Type (E[)g/r\::') Dimensions (ft)
Length Width Draft
1 Empty Hopper Barge 200 195 35 1.7

Table 2-2: Vessel Characteristics for Minimum Impact Requirements (per AASHTO)
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3.0 BRIDGE AND CHANNEL CHARACTERISTICS
3.1 Existing Structure

The total existing bridge length is approximately 14,928 feet with 343 spans: 341 concrete girder
approach spans of approximately 50 feet each and a 261’-2” steel swing span over the Intracoastal
Waterway (ICW) providing a 100’-0” clear channel on each side of the pivot pier. Due to years of coastal
weather conditions coupled with traffic loads, the bridge has deteriorated to the point where it has
received an unsatisfactory sufficiency rating and has been deemed structurally deficient. The term
structurally deficient indicates a structure is in overall poor condition and/or has unsatisfactory load
carrying capacity but does not mean the structure is unsafe. The structure does not have a load posting.

Figure 3-1: Existing Structure

3.2 Proposed Structure

The existing swing span bridge will be replaced with a high-level fixed span bridge with no center pier,
140 feet of horizontal clearance, and 65 feet of vertical clearance (measured above MHW). The new
bridge will be approximately 2,000 feet north of the existing swing span bridge. The 17,388-ft (+/-) long
bridge will carry two 12-ft travel lanes with 8-ft shoulders. From the beginning to the end of the
structure, the 134 spans will be made up of approach spans ranging from 80 ft to 170 ft with a span of
170 ft over the channel. Spans will be supported by a combination of 54”, 72” and 96” precast,
prestressed concrete girders. Bents 1 to 38 and 64 to 133 are planned to be pile bents with (7) 30” x 30”
precast concrete piles. Bents 39 to 46 and 55 to 64 are anticipated to be either single column or two-
column reinforced concrete piers supported by a waterline pile cap with 30” x 30” precast concrete
piles. The bents most susceptible to vessel collision—Bents 47 to 54—are anticipated to be single
column reinforced concrete piers supported by a waterline pile cap and 30” x 30” precast concrete piles.
No fender system or other pier protection system will be used. Non-sparking plastic lumber material will
be used on the channel-side face(s) of the footings of the navigation span.
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3.3 Water Depths and Ground Elevations

North American Vertical Datum of 1988 (NAVD 88) is used throughout this report to be consistent with
the other portions of this project. Table 3-1 summarizes the water elevations and mean channel
velocities used in the risk analysis. The elevation and current speed for mean high water and the 100-
year flood event was provided by Moffat and Nichol, a consultant performing hydraulics-related services
on the project.

Two vessel load cases are specified in AASHTO LRFD:

e Design Vessel Impact with typical waterway conditions at mean high water (MHW) and long-
term scour (conservatively estimated).
e  Minimum Vessel Impact (drifting empty barge) with 100-year flood waterway conditions.

Because there is no normal channel flow in this body of water, the 1-year storm water velocity was
conservatively used to determine the parameters used for collision forces and as the drifting velocity for
the minimum vessel design force. For the vessel collision case, vessel speeds are typically added to the
channel velocity to determine the vessel speeds. However, since the velocities below represent the
velocities during a once-a-year storm, they were not added to the typical vessel speeds for analysis.

Reference NAV 88 Elevation Average Navigation Average Channel Velocity
(ft) Channel Velocity (fps) (fps)
Mean High Water (MHW) 0.14 1.2 1.03
100-yr Flood Event 7.1 5.8 5.2

Table 3-1: Water Elevations and Velocities

Table 3-2 summarizes the ground elevations used to determine the pier strengths for vessel impact
based on Preliminary Scour Estimates Memo. Scour depths provided in Appendix A are preliminary and
may change when final analysis is complete. The foundations will be evaluated for the final scour depths
during final design. It is anticipated that the updated scour depth will have a negligible effect on the
foundation design.

Groundline Scour
Bent Elevation Elevation
(ft) (ft)
46 -11.7 -32.2
47 -11.7 -34.3
48 -11.8 -34.4
49 -12 -39.6
50 -14.1 -39.2
51 -14.1 -39.2
52 -12 -39.6
53 -12.3 -34.9
54 -12.4 -35
55 -12.2 -33.2

Table 3-2: Scour Elevations for Vessel Collision
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In accordance with AASHTO LRFD, water depths (Table 3-3) considered in the risk analysis are half of the
total design scour for each bent. Water depths are used to determine the ability of a vessel to strike a
pier and are used in the pier resistance analysis. Water depths should also consider the northbound and
southbound water depths if shoals, sand bars, or natural ground would prohibit a vessel from reaching a
pier. Because the piers at risk to vessel collision are near the center of the river, none of these features
influence the potential for a collision. In accordance with AASHTO LRFD, piers within a distance of three
times the length of the design ship (3*LOA) from the channel are considered in the vessel risk analysis.
For this structure and the design fleet, Bents 46 through 55 are considered in the risk assessment.

Design Scour Water Depth Distance
Scour Depth ] )
Bent () Elevation (Mudline + | (MHW+Scour Elev.) from
1/2 Scour) (ft) (ft) Centerline

46 20.5 -22.0 22.09 765
47 22.6 -23.0 23.14 595
48 22.6 -23.1 23.24 425
49 27.6 -25.8 25.94 255
50 25.1 -26.7 26.79 85
51 25.1 -26.7 26.79 85
52 27.6 -25.8 25.94 255
53 22.6 -23.6 23.74 425
54 22.6 -23.7 23.84 595
55 21.0 -22.7 22.84 765

Table 3-3: Water Depths for Vessel Collision Risk Analysis
3.4 Channel Geometry

The proposed minimum horizontal navigational clearance between channel pier waterline footings will
be 140-ft. and the proposed minimum vertical clearance will be 65-ft. The channel is approximately
straight for at least 13,000 feet on each side of the proposed structure. NCDOT has determined that a
separate fender system will not be used for the replacement structure. As a result, this study does not
include the effects of a fender system.

Due to the relatively low number of vessel trips, the controlling vessels will transit one-at-a-time under
the bridge along the centerline of the channel. As depicted in Figure 3-2, the transit path is used to
determine the distance from the pier in the risk analysis in accordance with the Vessel Guide
Specifications.
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Figure 3-2: Schematic Transit Path in the Channel through Proposed Bridge

4.0 SUMMARY

A detailed vessel collision study was conducted using the Method Il analysis procedures in the AASHTO
LRFD Bridge Design Specifications, 9" Edition (2020) for a “Critical Bridge” operational classification. The
objective of the study was to determine the vessel impact design forces for the proposed structure. A
database of vessels transiting the channel was created and ultimately refined into several distinct design
vessels. The resulting design vessels and their corresponding collision forces were developed for the
relevant substructure units within the theoretical impact zone. All portions of the bridge pier or the
substructure at risk of impact by the design vessel hull (ships or barges) shall be designed to resist the

applied loads.
4.1 Design Vessel Impact Forces

Three vessel collision scenarios were evaluated in this analysis. The first scenario was for full vessel
impact under normal waterway conditions, to achieve a minimum return period. The total annual
frequency of collapse for all piers in the northbound and southbound directions is shown below. The
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total annual frequency of collapse and return period satisfy the minimum acceptance AFC = 0.0001
(10,000-yr return period).

Return Period = 1/AFC = 10,319 years (all piers and vessels)

The second scenario was for a drifting empty barge impact under 100-yr. storm event conditions. The
third and final scenario was for a minimum design impact force of an empty hopper barge drifting at the
yearly mean current speed. Table 4-1 shows the resulting design impact loads that shall be used in the
final design of the proposed bridge.

Design Force Summary

Bent Case 1: Design Case 2: 100 yr. Barge | Case 3: Min. Barge

Impact Force (kips) | Impact Force (kips) | Impact Force (kips)
4-45 34
46 500 885
47 1200 885
48 1800 885
49 2200 885
50 2500 1010
51 2500 1010
52 2200 885
53 1800 885
54 1200 885
55 500 885
56-130 34

Table 4-1: Design Force Summary

The above vessel impact forces shall be applied to the structure in accordance with the 2020 AASHTO
LRFD Bridge Design Specifications and the 2009 AASHTO Guide Specifications.
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APPENDIX A - PROJECT INFORMATION

This appendix includes all existing/proposed bridge information.

This Appendix contains the following:

e Excerpt from Hydrodynamic and Wave Modeling Memo
e Alligator River Current Velocity

e Preliminary Scour Estimates

e Mean High Water Email

e M&M Preliminary General Plan and Elevation Sheets

e Bridge Tender Logs and Summary—January 2019 through
December 2020



DocuSign Envelope ID: F84FA096-352E-4C29-BAEC-4B6D3C59CA94

Excerpt from Hydrodynamic and Wave
Modeling Memo
Moffitt and Nichol
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4.0 PRODUCTION RUN RESULTS

4.1 Existing Conditions - Without Sea Level Rise

After running all the storm events listed in Table 4 for the HD and SW models, extreme
value analyses using the “Peak Over Threshold” (POT) approach were performed at
several locations along the proposed bridge (Figure 14) to calculate surge levels,
significant wave heights (Hs), maximum wave heights (Hmax), maximum wave crest
heights, wave crest elevations and peak wave periods (Tp). Examples of extreme value
analysis at point COl1 are shown in this section, and results for the other points are
presented in the Appendix.

Figure 14: Locations of production run results along the proposed bridge

Alligator River
M&N Project No. 10586-05
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4.1.1 Hydrodynamic Model Results

An example of extreme value analysis for surge levels at point CO1 is shown in Figure
15. Surge levels for the 10-yr, 25-yr, 50-yr, 100-yr and 500-yr return period events are
listed in Table 6. In general, surge levels are higher on the east end of the proposed
Alligator River Bridge than those on the west end. Surge levels at EO5 are the largest
among all the points ranging from 1.7 ft (10-yr) to 4.7 ft (500-yr) and those surge levels
are approximately 0.5 ft larger than those at W04 where the surge levels are the smallest
among all the points.

8 r — T
Weibull (k=0.75) s : s : : s
7F F(ﬂ?)zlfexp{*(%)k]: ; : ! HEDEIORIE : Lo A
with 4 = 0.361, B = 0.923 | : E 3 C : Do //
gk |B =08969, MIR = 1155, |- - oo L o
DOL passed, REC passed |- - : : R : // : o
. . Lol : . . o . - .
5 Ll .

Water Level, ft
S
T

- T Best-fit curve
L et e - : L — — - 95% non-exceedance
T 3 ST ; : N I 5% non-exceedance
' : : o s Data(A=042)

1 10 100 1000
Return period, yr

Figure 15: Extreme Value Analysis of surge level at point C01

Table 6: Surge levels at points along proposed bridge (ft)

Return Period (yr) | W04 | W03 | W02 | W01 | C01 | EO1 | E02 | EO3 | E04 | E05
10 14 15 | 15|15 | 15 | L5 | 1.6 1.6 1.7 1.7

25 1.9 | 20 | 2.0 | 2.0 | 2.1 | 2.1 | 2.1 2.2 2.2 2.3

50 24 | 24 | 25 | 25| 25 | 25| 26 2.6 2.7 2.8

100 28 | 29 |29 | 30| 3.0 | 3.0 | 3.1 3.2 3.2 33

500 41 | 41 | 42 | 43 | 43 | 43 | 44 4.5 4.6 4.7

Alligator River
M&N Project No. 10586-05
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An example of extreme value analysis for the current speed at point COl is shown in
Figure 16. Current speeds for the 10-yr, 25-yr, 50-yr, 100-yr and 500-yr return period
events are listed in Table 7. In general, current speeds on the east end of the proposed
bridge are higher than those on the west end. Current speeds at EO3 are the largest among
all the points ranging from 4.1 ft/s (10-yr) to 6.5 ft/s (500-yr) and the area with the
highest current speeds (>5 ft/s for 100-yr) is from CO1 to E04.
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Figure 16: Extreme Value Analysis of current speed at point C01

Table 7: Current speed at points along proposed bridge (ft/s)

Return Period (yr) | W04 | W03 | W02 | W01 | C01 | EO1 | E02 | EO3 | E04 | E05
10 1.7 | 28 | 33 | 3.6 | 3.7 | 3.7 | 4.0 4.1 3.8 2.7

25 1.9 134 |39 |42 | 43 | 44 | 46 48 | 44 3.0

50 21 | 38 | 42 | 46 | 47 | 49 | 50 5.3 4.8 33

100 22 | 41 | 45 |49 | 51 | 54| 54 5.7 52 3.5

500 26 | 49 | 50 | 56 | 57 | 63 | 6.1 6.5 5.9 3.9

Alligator River
M&N Project No. 10586-05
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4.1.2 Wave Heights and Periods

An example of extreme value analysis of the significant wave height (Hs) at point CO1 is
shown in Figure 17. Significant wave heights for the 10-yr, 25-yr, 50-yr, 100-yr and 500-
yr return period events are listed in Table 8. In general, significant wave heights on the
east end are higher than those on the west end with the maximum significant wave
heights at E02 ranging from 6.6 ft (10-yr) to 7.7 ft (500-yr). The smallest significant
wave heights occur at E05, ranging from 2.5 ft (10-yr) to 3.9 ft (100-yr), due to wave
breaking where the depth is the shallowest (Figure 14).
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Figure 17: Extreme Value Analysis of Hs at point C01

Alligator River
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Maximum wave heights (Hmax) for the 10-yr, 25-yr, 50-yr, 100-yr and 500-yr return
period events are listed in Table 9. Instead of assuming the Rayleigh distribution and
using a factor near 1.86 to convert Hs to Hmax, Which is more appropriate in a deep water
environment, Hmax was computed in the MIKE-SW model taking shallow water effects
such as wave steepness and wave breaking into account and output directly. As expected,
the pattern of Hmax 1s similar to Hs and the maximum Hmax at EO2 ranges from 9.2 ft (10-
yr) to 10.2 ft (500-yr).

Table 8: Significant wave height at points along proposed bridge (ft)

Return Period (yr) | W04 | W03 | W02 | W01 | C01 | EO1 | E02 | EO3 | E04 | E05
10 39 | 53 |56 | 56| 60 | 59| 6.6 6.3 5.7 2.5
25 42 | 56 | 59 | 58 | 63 | 6.2 | 6.9 6.6 6.1 2.9
50 44 | 57 | 60 | 60| 64 | 64 | 7.1 6.8 6.4 3.2
100 45 |59 |61 |61 | 66 | 66 | 7.3 6.9 6.6 3.4
500 48 | 63 | 63 [ 63 | 69 | 69 | 7.7 7.3 7.1 3.9

Table 9: Maximum wave height at points along proposed bridge (ft)

Return Period (yr) | W04 | W03 | W02 | W01 | C01 | EO1 | E02 | E03 | E04 | E05
10 55172 |74 |74 | 84 | 7.7 | 9.2 8.4 7.8 2.9
25 57 174 | 76 | 7.6 | 8.6 | 80 | 9.5 8.8 8.3 3.2
50 58| 75 |77 | 7.7 | 87 | 82 | 9.7 9.0 8.5 3.4
100 59176 | 78 | 79 | 89 | 84 | 9.9 9.2 8.8 3.6
500 6.1 | 7.8 | 8.0 | 81 | 9.1 8.7 | 10.2 | 9.7 9.2 4.0
Alligator River

M&N Project No. 10586-05
A-7
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An example of extreme value analysis for peak wave period (Tp) at point CO1 is shown in
Figure 18. Peak wave periods for the 10-yr, 25-yr, 50-yr, 100-yr and 500-yr return period
events are listed in Table 10. In general, peak wave periods on the east end are larger than
those on the west end with the maximum peak wave period at E05 ranging from 4.3 s
(10-yr) to 4.7 s (500-yr). The smallest peak wave period occurs at W02, ranging from
3.9 s (10-yr) to 4.1 s (500-yr).
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Weibull (k=1.4) : S : SN
Y1 _(z=BF]| : o : : o
Flr)=1 eXp{ (‘4)} : S o : R
a1l |with A =0.049, B = 3917 | = R s : e S
’ R = 0.994, MIR = 0.312, - : o P S
DOL passed, REC passed | - : : R -~ :
e S o
2 405}
)]
o
(]
=
]
=
§ 4T
3]
o
3.95 Best-fit curve B
: : — — - 95% non-exceedance
o : N 5% non-exceedance
: ¢ : L : Lol o Data (L =0.28)
3.9 i ; F R S | i ; F S S R | : : T
1 10 100 1000
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Figure 18: Extreme Value Analysis of Tp at point C01

Table 10: Peak wave period at points along proposed bridge (s)

Return Period (yr) | W04 | W03 | W02 | W01 | C01 | EO1 | E02 | EO3 | E04 | E05
10 39 | 39 | 39 | 40 | 40 | 40 | 4.1 4.3 4.3 4.3
25 41 | 40 | 40 | 40 | 40 | 41 | 42 44 | 44 4.4
50 41 | 40 | 40 | 40 | 40 | 41 | 42 44 | 44 4.5
100 42 | 41 | 40 | 40 | 40 | 41 | 43 44 | 45 4.6
500 44 | 42 | 41 | 41 | 41 | 42 | 44 4.5 4.5 4.7

Alligator River
M&N Project No. 10586-05
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After computing Hmax, Tp and total water depth (water depth + surge), maximum wave
crest  heights (n¢) were calculated wusing Stream  Wave  Function
(https://www.oc.nps.edu/~chu/UDapplets/streamless.html) at each point to account for
the non-linear processes for water waves near the bridge. Maximum wave crest heights
for the 10-yr, 25-yr, 50-yr, 100-yr and 500-yr return period events are listed in Table 11.
Similar to what was observed for Hmax, Tp and surge level, maximum wave crest heights
on the east end are larger than those on the west end with the maximum nc at EO2 ranging
from 6.3 ft (10-yr) to 6.8 ft (500-yr). The smallest nc occurs at EO5 ranging from 2.4 ft
(10-yr) to 3.1 ft (500-yr).

Table 11: Maximum wave crest height above still water level at points along

proposed bridge (ft)

Return Period (yr) | W04 | W03 | W02 | W01 | C01 | EO1 | E02 | EO3 | E04 | EO5
10 39 1 49 | 51 | 51 | 57 | 54 | 63 | 59 | 56 | 24
25 40 | 50 | 52 | 53 | 59 | 56 | 65 | 63 | 6.0 | 2.7
50 41 | 50 | 52 | 53 | 59 | 57 | 66 | 64 | 62 | 29
100 41 | 51 | 52 | 54 | 60 | 58 | 67 | 6.6 | 6.4 | 3.0
500 41 | 51 | 53 | 55|61 |59 | 68 | 68 | 6.6 | 3.1

4.1.3  Maximum wave crest elevation

Maximum wave crest elevations relative to NAVD-88 were calculated by adding the
maximum wave crest heights (n¢) in Table 11 and the surge levels in Table 6. Maximum
wave crest elevations for the 10-yr, 25-yr, 50-yr, 100-yr and 500-yr return period events
are listed in Table 12. The spatial distribution of maximum wave crest elevations is
similar to Hmax, and the maximum wave crest elevations at E02 range from 7.8 ft-NAVD
(10-yr) to 11.2 ft-NAVD (500-yr).

Table 12: Maximum wave crest elevation at points along proposed bridge (ft-

NAVDSS)

Return Period (yr) | W04 | W03 | W02 | W01 | C01 | EO1 | E02 | E03 | E04 | E05
10 53 164 |65 |66 | 72|69 | 78 | 75|73 |41
25 59 (70 72 | 73 |79 | 777 | 8.6 | 84 | 82 | 49
50 64 | 75 |76 | 78 | 85 | 82 | 92 | 9.1 | 89 | 5.6
100 69 | 80 | 82 | 84 | 90 | 88 | 98 | 98 | 9.6 | 6.3
500 82 |1 92 | 95 | 98 | 104|102 |11.2 | 11.3 | 11.2 | 7.8

Alligator River
M&N Project No. 10586-05
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4.2 Future Conditions - With 4 feet of Sea Level Rise

Results of surge levels, significant wave heights (Hs), maximum wave heights (Hmax),
maximum wave crest heights, wave crest elevations and peak wave periods (Tp) with an
assumed sea level rise (SLR) of 4 ft are presented in this section. Examples of extreme
value analysis at point CO1 are shown in this section, and results for the other points are
presented in the Appendix.

4.2.1 Hydrodynamic Model Results

An example of extreme value analysis for surge levels at point CO1 is shown in Figure
19. Surge levels for the 10-yr, 25-yr, 50-yr, 100-yr and 500-yr return period events are
listed in Table 13. Compared to surge levels without SLR, surge levels with a 4 ft SLR
slightly decreased, with the reductions 0.2 ft or less. Surge levels are higher on the east
end than those on the west end. Surge levels at EQ5 are the largest among all the points
ranging from 1.5 ft (10-yr) to 4.5 ft (500-yr) and those surge levels are 0.2 ft - 0.5 ft
larger than those at W04 where the surge levels are the smallest among all the points.

7 T T T LA S R | T T T L B B T T T LA B B
Weibull (k=0.75) B : : : Sl : B A
) Y : : : R : N
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R = 0.976, MIR = 0.905, |- - - : S R s -
51 |DOL passed, REC passed |- @ . oo O /./.: Dot
+*=
T 4F
?
-
g 3
= 3
=
2 -
Best-fit curve
1k — — - 95% non-exceedance |-
---------- 5% non—-exceedance
: ° Data (A = 0.42)
0 " L i N M | N i L L M | L i H H Lo
1 10 100 1000

Return period, yr

Figure 19: Extreme Value Analysis of surge level at point C01 with4 feet of SLR

Table 13: Surge levels at points along proposed bridge with 4 feet of SLR (ft)

Return Period (yr) | W04 | W03 | W02 | W01 | C01 | EO1 | E02 | EO3 | E04 | EOS
10 1.3 1.3 1.4 1.4 1.4 1.4 1.4 1.4 1.5 1.5
25 1.8 1.8 1.9 1.9 1.9 1.9 2.0 2.0 2.1 2.1
50 23 23 23 24 24 24 2.5 2.5 2.6 2.6
100 2.7 2.8 2.8 2.9 2.9 2.9 3.0 3.0 3.1 3.1
500 4.0 4.0 4.1 4.2 4.2 4.2 43 4.4 4.5 4.5

Alligator River
M&N Project No. 10586-05
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An example of extreme value analysis for the current speeds at point COl is shown in
Figure 20. Current speeds for the 1-yr, 10-yr, 25-yr, 50-yr, 100-yr and 500-yr return
period events are listed in Table 14. In general, current speeds on the east end are higher
than those on the west end. The current speeds at EO3 are the largest among all the points
ranging from 1.2 ft/s (1-yr) to 7.4 ft/s (500-yr) and the area with the highest current
speeds (>5.8 ft/s for 100-yr, >7.0 ft/s for 500-yr) is from CO1 to E03.

As presented in Table 14, the 1-yr current velocities are around 1 ft/s along the bridge
alignment with maximum current velocities of 1.2 ft/s occurring at the center of the
channel (CO1, EO1). These l-yr results are presented for use in the vessel collision
analysis in lieu of “average” velocities since there are negligible tidal currents at this site,

9

Weibull (k=1.4) o s S
sk F(a:):lfexp{f(f) e : : SRR RIS ‘ : -
with A = 1.580, B = 1.770 |: : : s [
|R = 0.996, MIR = 0281, | =& : . S :
DOL passed, REC passed |- - -

Current Speed, ft/s
(8]
T

Best-fit curve

5 : / R : — — - 95% non-exceedance

---------- 5% non-exceedance
° Data (A = 0.42)

1 10 100 1000
Return period, yr

Figure 20: Extreme Value Analysis of current speed at point C01 with 4 feet of SLR

Table 14: Current speed at points along proposed bridge with 4 feet of SLR (ft/s)

Return Period (yr) | W04 | W03 | W02 | W01 | CO1 | EO1 | E02 | EO3 | E04 | E05
1 0.8 0.9 1.2 1.0 1.2 1.2 1.1 1.0 1.1 0.8

10 1.9 3.0 3.6 3.7 3.8 3.9 3.8 3.9 3.7 2.7

25 2.2 3.7 4.4 4.5 4.7 4.7 4.7 4.8 4.5 3.2

50 2.5 4.1 4.9 5.1 53 53 53 5.5 5.0 3.6

100 2.7 4.6 53 5.6 5.8 59 59 6.1 5.5 3.9

500 3.2 5.5 6.4 6.7 7.0 7.1 7.1 7.4 6.5 4.6

Alligator River
M&N Project No. 10586-05
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4.2.2 Wave Heights and Periods

An example of extreme value analysis for significant wave heights (Hs) at point CO1 is
shown in Figure 21. Significant wave heights for the 10-yr, 25-yr, 50-yr, 100-yr and 500-
yr return period events are listed in Table 15. In general, significant wave heights on the
east end are higher than those on the west end with maximum significant wave heights at
E02 ranging from 7.8 ft (10-yr) to 8.6 ft (500-yr), which is significantly higher than the
significant wave height range of 6.6 ft (10-yr) to 7.7 ft (500-yr) at E02 without SLR. The
smallest significant wave heights occur at E05, ranging from 4.6 ft (10-yr) to 5.7 ft (500-
yr), due to wave breaking where the depth is the shallowest (Figure 14).

Maximum wave heights (Hmax) for the 10-yr, 25-yr, 50-yr, 100-yr and 500-yr return
period events are listed in Table 16, and they range from 11.3 ft (10-yr) to 12.2 ft (500-

yr) at E02
8.4 : . . — —
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Dot T : S S S
6.8 ‘ e : A Best-fit curve _
: : s : — — - 95% non-exceedance
BB LD co Y Bttt 5% non—-exceedance |
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Figure 21: Extreme Value Analysis of Hs at point C01 with 4’ SLR

Table 15: Significant wave height at points along proposed bridge with 4 feet of

SLR (ft)

Return Period (yr)| W04 | W03 | W02 | W01 | CO1 | EO1 | E02 | E03 | E04 | E05
10 56 | 67| 69 ] 69 | 72 71 | 718 | 74 | 71 | 46
25 50 [ 70 | 70 | 7.1 | 74 | 74 | 80 | 78 | 75 | 49
50 60 | 71 | 71 | 72 | 76 | 75 | 82 | 81 | 76 | 5.1
100 62 | 73 | 72 | 73 | 77 | 76 | 83 | 84 | 7.8 | 53
500 6.5 7.6 7.4 7.5 7.9 7.9 8.6 9.1 8.1 5.7

Alligator River
M&N Project No. 10586-05
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Table 16: Maximum wave height at points along proposed bridge with 4 feet of

SLR (ft)
Return Period (yr)| W04 | W03 | W02 | W01 | CO1 | EO1 | E02 | E03 | E04 | E05
10 79 | 95 | 97 | 95 | 105] 98 | 11.3 | 104 | 99 | 54
25 80 | 97 | 98 | 9.7 | 10.7 | 100 | 11.6 | 10.8 | 103 | 5.7
50 81 | 98 | 99 | 98 | 108 | 102 | 11.7 | 11.0 | 106 | 59
100 82 | 99 [ 100 | 99 | 109 | 103 | 11.9 | 11.2 | 10.8 | 6.1
500 83 | 100 | 102 | 10.1 | 11.1 | 105 | 122 | 11.6 | 112 | 65

An example of extreme value analysis for peak wave periods (Tp) at point CO1 is shown
in Figure 22. Peak wave periods for the 10-yr, 25-yr, 50-yr, 100-yr and 500-yr return
period events are listed in Table 17. The peak wave periods at most of the points range
from 4.5 s (10-yr) to 5.0 s (500-yr) and with the maximum peak wave periods at E05
ranging from 4.8 s (10-yr) to 5.3 s (500-yr).
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4.7
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R = 0.980, MIR = 1.212,

Fla) =1-exp [-(552)" B
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4.2
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° Data (h = 0.29)
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Return period, yr

Figure 22: Extreme Value Analysis of Ty at point C01 with 4 feet of SLR

Table 17: Peak wave period at points along proposed bridge with 4 feet of SLR (s)

Return Period (yr) | W04 | W03 | W02 | W01 | C01 | EO1 | E02 | E03 | E04 | EOS
10 4.5 4.5 4.5 4.5 4.5 4.6 4.6 4.7 4.7 4.8
25 4.6 4.6 4.6 4.6 4.6 4.7 4.7 4.8 4.8 4.9
50 4.7 4.6 4.6 4.7 4.6 4.7 4.7 4.8 4.9 5.0
100 4.8 4.6 4.7 4.7 4.7 4.7 4.8 4.9 4.9 5.1
500 4.9 4.7 4.8 4.8 4.8 4.8 4.9 5.0 5.0 5.3

Alligator River
M&N Project No. 10586-05
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The maximum wave crest height (1) for the 10-yr, 25-yr, 50-yr, 100-yr and 500-yr return
period events are listed in Table 18. In general, maximum wave crest heights on the east
end are larger than those on the west end with maximum wave crest heights at E02
ranging from 7.7 ft (10-yr) to 8.2 ft (100-yr). The smallest maximum wave crest heights
occur at EO5 ranging from 4.6 ft (10-yr) to 4.9 ft (500-yr).

Table 18: Maximum wave crest height above still water level at points along
proposed bridge with 4 feet of SLR (ft)

Return Period (yr) | W04 | W03 | W02 | W01 | C01 | EO1 | E02 | EO3 | E04 | EOS
10 5.6 6.6 6.6 6.4 7.2 6.8 7.7 7.4 7.1 4.6
25 5.6 6.6 6.7 6.5 7.3 7.0 7.8 7.6 7.4 4.6
50 5.7 6.7 6.8 6.6 7.3 7.0 8.0 7.7 7.5 4.7
100 5.7 6.7 6.8 6.6 7.3 7.1 8.1 7.8 7.7 4.8
500 5.7 6.7 6.8 6.7 7.4 7.1 8.2 8.0 7.8 4.9

4.2.3  Wave crest elevation

Wave crest elevations relative to NAVD-88 were calculated by adding the maximum
wave crest heights (n¢) listed in Table 18, the surge levels listed in Table 13 and 4 ft of
assumed sea level rise. Wave crest elevations for the 10-yr, 25-yr, 50-yr, 100-yr and 500-
yr return period events are listed in Table 19. The spatial distribution of wave crest
elevations is similar to Hmax where wave crest elevations on the east end are higher than
those on the west end with the maximum wave crest elevations at E02 ranging from
13.1 ft-NAVD (10-yr) to 16.5 ft-NAVD (500-yr).

Table 19: Maximum wave crest elevation at points along proposed bridge with 4
feet of SLR (ft-NAVDS88)

Return Period (yr) | W04 | W03 | W02 | W01 | C01 | EO1 | EO2 | EO3 | E04 | EOS
10 109 | 11.9 | 12.0 | 11.8 | 12.6 | 12.2 | 13.1 | 12.8 | 12.6 | 10.1
25 114 | 124 | 126 | 124 | 13.2 | 129 | 13.8 | 13.6 | 13.5 | 10.7
50 12.0 | 13.0 | 13.1 | 13.0 | 13.7 | 134 | 145 | 142 | 141 | 113
100 124 | 135 | 13.6 | 135 | 142 | 14.0 | 151 | 148 | 148 | 11.9
500 13.7 | 147 | 149 | 149 | 15.6 | 153 | 165 | 164 | 163 | 134

Alligator River
M&N Project No. 10586-05
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Sea Level
Rise 4 feet Add 3' General Scour
W04 W03 W02 Wwo1 co1 EO1 EO2 EO3 EO4 EO5

Elevation ft-NAVD -83 -12.2 -123 -116 -141 -120 -159 -125 -11.2 -1.9
Return

Type | Period (yr)

Seven Piles 100 10.8 12.9 13.6 - - - 14.1 14.3 16.8 13.9
500 11.4 13.8 14.6 - - - 15.2 15.5 18.1 15.1
Return

Type Il Period (yr)

2x5 100 - - - 13.9 - 14.2 - - - -
500 - - - 15.1 - 15.5 - - - -
Return

Type Period (yr)

3x6 100 - - - 17.5 - 18.0 - - - -
500 - - - 19.3 - 19.8 - - - -
Return

Type IV Period (yr)

4x8 100 - - - - 19.6 - - - - -
500 - - - - 21.6 - - - - -
Return

Type V Period (yr)

5x12 100 - - - - 24.6 - - - - _
500 - - - - 27.2 - - - - -
Return

Type VI Period (yr)

4x15 100 - - - - 22.1 - - - - -
500 - - - - 24.4 - - - - -
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Loflin, Bryan J.

From: Doughty, Jason R.

Sent: Friday, October 29, 2021 4:56 PM

To: Loflin, Bryan J.; Boruta, Jason D.; Nifong, Matthew D.; Corman, Collins C,; Dutta, Animesh
Subject: FW: HB-0001 Sea Level Rise Discussion

FYI, related to a preliminary MHW elevation.

JRD

Jason Doughty, PE
Associate / Office Manager

%, 919.831.4765, ext: 13302
[J 919.757.4858

#& Use this link to send files to Jason Sharefle
i@ www.modjeski.com

From: Shelden, Jeff <JShelden@moffattnichol.com>
Sent: Friday, October 29, 2021 4:52 PM

To: Doughty, Jason R. <JRDoughty@modjeski.com>
Cc: Lauffer, Matthew S <mslauffer@ncdot.gov>
Subject: RE: HB-0001 Sea Level Rise Discussion

Jason:

There is no tide at the project site, so we’d recommend the following on a preliminary basis.

MSL (2022) = +0.14 ft-NAVD with MHW / MLW ~ MSL

This accounts for the rise in MSL from the most recent tidal epoch data which is centered around the early 90’s. NOAA

intends to update the tidal datums in a few years — they are doing the analysis now. Thus, | think it prudent to make
some adjustment from the old datums which we have done in the above.

moffatt & nlchol

Best regards,

Jeff Shelden, P.E.
Vice President

4700 Falls of Neuse Rd, Ste 300, Raleigh, NC 27609
P 919.781.4626 x. 12135 | C 919.656.0640

moffattnichol.com
Creative People, Practical Solutions.®

Per Title VI of the Civil Rights Act, Moffatt & Nichol will not discriminate on the grounds of race, color, or national origin in the selection and retention of
subconsultants, including procurement of materials and leases of equipment. Moffatt & Nichol will ensure that minorities will be afforded full opportunity
to present proposals and will not be discriminated against in consideration for an award. For additional information go to:
http://www.moffattnichol.com/content/small-business-outreach.
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EXISTING ALLIGATOR RIVER BRIDGE — TENDER LOGS
JANUARY 2019 — DECEMBER 2020
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Alligator River Bridge Replacement
Tender Log Summary

Vessel Passages
Vessel Type Total Per Year | % Total Vessel
Pleasure Craft (Sportfish, Sail, Yacht) 7103 3551.5 70%
Fishing Vessel (Trawler, Commercial) 2062 1031 20%
US Army 60 30 1%
Tug (Pulling Barge) 913 453 9%
Survey Ship 2 1 0%
Ferry 6 3 0%
Coastgaurd 3 2 0%
Cruise Ship 4 2 0%
Salvage Ship 4 3 0%
Bridge Openings
Month 2019 2020
January 98 110
February 40 59
March 156 199
April 433 303
May 628 477
June 520 484
July 259 278
August 170 184
September 205 230
October 451 538
November 512 446
December 225 226
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