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U.S. ARMY

SEA LEVEL CHANGE

Meters

0.60 -

0.45 |

0.30

0.15 -

0.00 -

-0.15

-0.30 -

NOAA tide gage at Wilmington, NC (Station #8658120)
Historic Record 1935- Present

8658120 Wilmington, North Carolina 2.61 +/- 0.34 mm/yr

— Linear Relative Sea Level Trend ;@3
— Upper 95% Confidence Interval | U A
— Lower 95% Confidence Interval "

__Monthly mean sea level with the
- average seasonal cycleremoved | - - - - - - = = = = = = = = = = - = — - —|A = = = = = = = & - =
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U.S. ARMY

SEA LEVEL CHANGE PROJECTIONS

Sea Level Data and Projections for Wilmington, NC (8658120)

Active and compliant tide gauge

Sea level (feet)
Relative to the North American Vertical Datum of 1988

12.00

10.00

8.00

6.00

4.00

2.00

0.00

-2.00

1940

1960 1980

m 19-Year MSL Moving Average @ NOAA et al. 2022-0.3

® NOAA etal. 2022 -2.0

2000

— USACE 2013 - Low

2020

2040 2060 2080 2100 2120

@® NOAA et al. 2022 - 0.5 ® NOAA et al. 2022 - 1.0
— USACE 2013 - Intermediate — USACE 2013 - High

©® NOAA et al. 2022 - 1.5

USACE Sea Level Change Predictions for Wilmington, NC (8658120) using the NAVD88 datum.
Timeframe: May, 1935 - Sep, 2023 (88 years, 5 months).

Timeframe contains 1060 missing points; the longest gap is 0 years, 0 months.

Rate of Sea Level Change: 0.00699 ft/yr (Regional 2006) .

Data points of NOAA point-in-time sources represent the median projection of sea level.



CLIMATE ANALYSIS- PAST

« USACE Timeseries Toolbox

Data with Slope Fits (Traditional and Sen's Slope)

——
-

TR H n.a
[} Vv
1940 2000 2010 2020
— Uploaded_Data  — Traditional_Slope ~ — Sens_Slope
Trend Line Coefficients Trend Hypothesis Test

Method Directionality Slope Intercept Test P-Value
Traditional Slope Pasitive 1 -1404 t-Test 0.27511
Sen's Slope Pasitive 0.3357692308 -176 Mann-Kendall 0.54181

Spearman Rank-Order 0.54942




CLIMATE ANALYSIS- FUTURE

U.S. ARMY

« USACE Climate Hydrology Assessment Tool

Annual-Maximum of Mean Monthly Streamflow

Range & Mean of Historic (1951-2005) & Future (2006-2099) Model Outputs
Future Period Outputs Assume: Both RCP Scenarios

75k

50k

1
1

Simulated Streamflow (cfs)

0
1950 1975 2000 2025 2050 2075 2100
Water Year
= Simulated Historical-Mean Simulated Historical-Range
=== Simulated Future-RCP 4.5-Mean Simulated Future-RCP 4.5-Range

=== Simulated Future-RCP 8.5-Mean Simulated Future-RCP 8.5-Range
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Delft3D Overview

Description

Integrated, open-source software
suite for computing physics of
coastal, estuarine, and riverine
areqas

Multidimensional (2D/3D)
curvilinear grid

Components

Hydrodynamics (flows)

Waves

Sediment fransport & morphology
Water quality

Particle tracking

GUI for pre/post-processing

Stantec

Prime Hook NWR &
Proposed Conditions |

Legend

Wetland Type
Class
tidal flat

low marsh < 18 ppt

low marsh == 18 ppt

high marsh < 18 ppt

5 -
S

high marsh >= 18 ppt |




Delft3D Overview

Features
e Tidal fOI’Ciﬂg, Coriolis force | Flnall Tracer C?ncentratlcTn After ?-IlDay ModellRun 0
« Density-driven flows (temperature, 27.99

salinity) 27.985 0.5

« Space and time varying wind 2o

« Riverine discharges, sources/sinks
« Dynamic coupling of flows, 27.965

waves, and sediment 27.96
Applications 27,958

+ Tide and wind-driven flows (storm i
surge)

27.975 102

27.97

10.15

Latitude {°N)

10.1

0.05
27.945

)

3

concentration (kg/m

27.94 I | ! L I I 0
° 1 1 1 -82.63 - -82.61 -82.6 -82.59 -8258 -8257 -82.56
River flows, salt intrusion Lo ()
« Sediment fransport and
morphology

Stantec



Project Overview

Port of Wilmington Navigation Channel

« Channel deepening/widening
« Future without project (FWOP)
« 2 addifional alternatives
« Modeling idealized (fully authorized) templates
« Sealevel change (SLC) incorporated

BE581Z20 Wilmington, Morth Caralina 239 +/=- 035 mm/yr

0G0
— Linear Relative Sea Level Trend
045 | — Upper 95% Confidence Interval
— Lower 95% Confidence Interval
fonuhly mean sea level with the
030 average seasonal oycle removed
0.15 1
"
B
2 noo
o
=
=015
-0.30
m T | e e R e I
=060 T g
1920 1930 1940 1930 1960 1370 1980 1990 2000 2010 2020

Figure 1-24: Historical Water Levels for Wilmington, NC

@ Stantec
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Study Objectives

Update to NCSPA Section 203 Study and DEIS

« Delineate existing physical conditions — water levels,

wind, waves, SLR, salinity, etc.

« Numerical modeling of existing and proposed

alternatives
 Hydrodynamics
« Salinity

« Suspended sediment
«  Water Quality

« Offshore waves

« Shoreline evolution

* Inlet morphology

« Vessel wake modeling

@ Stantec

Figure 1-1:
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Study Objectives

Primary objective

« Evaluate mulfiple alternatives for
navigation channel deepening

« Leverage NCSPA 203 study as much as
possible to maximize efficiency and
consistency

« Address unresolved comments of 2020
ASA(CW) Review Assessment
« Climate hydrology
« Sealevelrise
« Tide range impacts

@ Stantec



Update Physical Conditions

Existing Condifions

« Existing project — Monthly Statistics of Precipitation (KILM)
« Waterlevels au Fm e i o //\\ Station KILM =—Mean Precipitation i
. [ ’ = -Max Precipitation !
« Wind ’/ \ 5| [**Min Precipitation £ 5
\
« Waves 25} / \ ! 4 \
L / \ bt |
« Precipitation _ / \ = J .
. . . 'E'EIJ~ / \ =15 I’ \
 Riverine discharge e \ S /s ) \
. . © 2 v \
. Salinity ; e \ ]| - , .
) / \ 810 T S —
«  Water quality N / \ e ~oy \ e
: w0 ./ \~ "
« Dredging -—
. 5 1
- Sealevelrise i _’\/\— v\/‘\—
« Climate hydrology N I O R s s
. . o o — g | 0 ek LLLT 99 : aunsdnannnalgmuss=t®® ; kLl LT T ; ...........
DOTO CO”GCTIOH ?ﬂl Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 3'2’(\ <<é° OGRS é@?\ 5\)0 o %zQ o° éo"\ P
« (waterlevels, currents, et Hionlrs
salinity)

@ Stantec
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Numerical Modeling -
Hydrodynamics

Spatial resolution: 5 m to 90 m, 25 vertical layers
Varying bottom friction

Offshore tidal boundary from OSU Tidal DB
Uniform wind and precipitation
Multiple riverine discharges

Calibrated w/ measured data (2017

O  Maasured
st v20 - mull
< 10° TR12 Calculated
1'5! ! T ! ! T T T T
P e b e 2 ORI SRR G0 WO S
s : o \ : 7o
T R T [ b '{':'""IE ............ T S VO S g
E oo l'. : / \
B oy RRLTETEIEE [ SRERIRREEEE fomsieenns {SEETETPPPY o
[ \ . .'I I| . / 1
\ : o i : f L]
S_U.a ........ l ,ll.....i...:l.' ............. 'II...E....J." ............. L T
LLoae i aoel LT
_1-5 1 1 I

Comparison of discharge measurements to model results

Figure 4-2: Model domain and grid



Numerical Modeling —
Salinity

= 8 ¥

=k
=

Salinky, PSU

« Built upon hydrodynamic model

Surface

Legend
Salinty jpsu) [0 151 - 200
<50 B zoi-250

1-100 [ 251-300
101 -15.0 [ =300

Figure 4-38: Surface (left) and bottom (right) initial salinity conditions for the late

Sta ntec summer 2017 calibration period.




Numerical Modeling —
Suspended Sediment

Built upon hydrodynamics/salinity
Anchorage basin sedimentation
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Figure 4-78: TSS cast at right side of TR11 during ebb tide

@ Stantec

Figure 4-94: Cumulative erosion/sedimentation (ft/vr) for Extremely High Flow
(Extremely High = 3)



Numerical Modeling —

Water Quality

» Built upon
hydrodynamics,
salinity, sediment
output

|I ||| i .'II a'lll p.: L A PO M g R o wel

Figure 4-102: DEL.WAQ model horizontal grid aggregation adjacent to the

Wilmington Port and the Cape Fear River entrance (red — aggregated DELWAQ
grid; gray — hvdrodynamic model grid)



Numerical Modeling —
Offshore Waves

- Get conditions for shoreline evolution and inlet SEESEEEE

morphology
« 3 nested model grids for varying detail
« Calibrated against ADCP wave data

Figure 7-1:

Wave model grids and wave gage locations

Meamshae ADCP Dave Gages
HDBC Viave Gapges
C0-0FS Wiskes Ll Giages

nearshors_wayve wik

b e Wi
aftshone_waea_v03




Numerical Modeling —
Shoreline Evolution

« GenCade 1D shoreline model

Figure 7-26: GenCade model extent

@ Stantec

Figure 7-37: GenCade calibration — Oak Island shoreline changes



Numerical Modeling —
Inlet Morphology

« Smaller, finer model surrounding inlet

« Based on hydrodynamic model results and wave
model results

« Tide schematization — ‘morphological tide’
 Wave schematization — OPTl method (Mol 2007)

« Shoaling volumes and rates

¥ caordinmis —+

AR, B O B e i

i U {0

T-46:

Wave grids for morphelogical modeling

shvans Wese Jrid



Numerical Modeling —

Vessel Wakes

« XBeach model

« Changes in peak
water surface
elevation and
bed shear stresses
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Numerical Modeling — Time
and Computing Requirements

« Delft3D model is extremely detailed in /;\
space, time, and parameters S
« High Performance Computing resources :“ g .- b
necessary fo run models SHY K. 5
b T
« Hundreds of processors and days of ‘wall Login Node . (S
fime’ for each run S

NS
o

W > 1

« Massive storage requirements (16+ TB)
« Parameterized hydrodynamics File Server

(sequencing of select representative |User
scenarios) to simplify and streamline T

computation, minimize resource needs

@ Stantec
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Model OQutcomes

« Compare changes to circulation, morphology,
water quality

« Tidal range impacts

« Hurricane velocities and storm surge
« Salinity, water temp, DO
 Anchorage basin shoaling

Figure 5-1:

Figure 5-1:

Bathyvmetry map near Lilliput Reach (left: FwolP, richt: FwP)



Model OQutcomes

« Spatial resolution as high as 5 m for physical
parameters, 20 m for WQ parameters

« Temporal resolution as high as 1 hr
« Episodic (storm) events

« Long term annual condifions — dry year, typical
year, wet year

« Future without Project, Alternative 1, Alternative 2

Figure 5-1:

Figure 5-1:

Bathyvmetry map near Lilliput Reach (left: FwolP, richt: FwP)



Model OQutcomes

« Compare between FWoP conditions
and proposed project conditions

« Tidal datums (MHW, MLW, etc.)

« Salinity peaks and ranges (summer,
winter, surface, bottom, etfc.)

« Dissolved oxygen peaks and ranges

« Results in graphical form (2D maps,
vertical profiles, time series)

« Results in tabulated form (tables and
spreadsheets of parameters of interest)

@ Stantec
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Numerical Modeling —
Water Quality

« Runs on hydrodynamic/salinity/sediment
output

* Hydrodynamics run in 2 week
‘representative’ segments and stitched
together for long term simulations

« WQ model is computationally intensive

« Grid aggregated (reduced resolution) from
hydro grid - 3x 1o 8x less detailed spatially (20
m to 100 m horizontally, 25 reduced to 14
layers vertically [top and bottom groups
consolidated])

« Balance between smaller spatial resolution
and longer timespan

Figure 4-102: DEL.WAQ model horizontal grid aggregation adjacent to the

Wilmington Port and the Cape Fear River entrance (red — aggregated DELWAQ
Sta nte C grid; gray — hydrodynamic model grid)
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Numerical Modeling —
Water Quality

* Loadings from rivers and point
discharges

* Main parameters — salinity, temperature,
dissolved oxygen

« Secondary - Nitfrogen, phosphorus,
carbon, chlorophyll, BOD, efc.

« Changes in surface/bottom values,
effects to benthic habitat

Legend

#  Model Drainage Point Soures

ini L ————
@ Sta ntec HU12 Subwatersheds draining to model T Lr 55
~ Model Domain



Numerical Modeling —
Shoreline Evolution

« GenCade 1D shoreline model

« Wave input from offshore wave model,
shoreline position, beach sediment
characteristics

 Coastal structures, beach fill, inlet shoal
volumes

« Changes in shoreline position and
longshore transport

—— Cascade
O OCTI (2008) |
& Thompson et al. (1999) |
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Figure 7-34: Historically calculated potential net longshore sand transport rates
west of Cape Fear River (USACE, 2012a)

Figure 7-40: GenCade validation — shoreline change along Bald Head Island
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Project Information

* 403 Letfter Report and EIS Welbsite
https://www.saw.usace.army.mil/Missions/
Navigation/Dredging/Wilmington-Harbor-
403-Letter-Report-and-EIS/

« Interactive GIS webpage:

https.//wilmington-harbor-usace-
saw.hub.arcgis.com/



https://www.saw.usace.army.mil/Missions/Navigation/Dredging/Wilmington-Harbor-403-Letter-Report-and-EIS/
https://www.saw.usace.army.mil/Missions/Navigation/Dredging/Wilmington-Harbor-403-Letter-Report-and-EIS/
https://www.saw.usace.army.mil/Missions/Navigation/Dredging/Wilmington-Harbor-403-Letter-Report-and-EIS/
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