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Executive Summary

This report presents the methodology and reswit astorm surge analysier the Charleston Harbor

Post 45 Deepening Projedthe Post 45 Project will deepen and widen the federal navigation channel to
accommodate larger veskseln generaldeepening river channelray affect water levels in thever

during extreme hurricane events.

The objective of the study is to assist the South Carolina Ports Authority (SCPA) and the US Army Corps
of Engineers (USACE) Charleston Districompleting storm surge modeling in order to ensure

compliance with EO 11988, Floodplain Management. This executive order requires federal agencies to
avoid to the extent possible the long and shtetm adverse impacts associated with the occupancy and
modification of floodplains and to avoid direct and indirect support of floodplain development wherever
there is a practicable alternative. In this case, modification of the federal channel constitutes a
modification of floodplains. To comply with EO 1&98e project impacts must be identified. To this

end, this analysis wil(1) estimate the potential impacts of the proposed project on storm surge water
levels in the estuary; and (2) determine if the potential impacts are significant enough to aiéefitbdd

hazard zones designated by the FIRMs for the area.

To meet this objective/Vater Environment Consultants (WEC) was contracted by the SCPA to use the
ADvanced CIRCulatioAlCIRIhydrodynamic model to estimate potential project impacts to storm
surge levels. WEC modeled extreme storm surge water levels approaching from the ocean and the
resulting extreme water levels inside the estuary both before and after the proposed project.

TheADCIRC model grigsed for this analysis based on the grid delaped for the ongoing FEMA flood
map revisions for South Carolinader a Cooperating Technical Partner agreement between the South
Carolina Department of Natural Resources (SCDNR) and FEMA RegiorSIMDNIRegrid wasmmed

to focus on Charleston Harbaand the grid was refined to adequately resolve the federal navigation
channel. The ADCIRC model was then validated by comparing to observed surge heights at Customs
House during Hurricane Hugo.

Representative input 50and 100yr return period storm coditions were developedor this analysis.
Historical storm data from Hurricane Hugo was modified such that the modeled surge levels at Customs
House are about equal to the 58nd 100yr flood levels determined by FEMA.

For eactstorm surge conditionWEC modeled both the existing navigation channel and the Post 45
project channeivith the recommended wideners from ship simulation resUREC then calculatedhé
differences in maximum water levels@ightlocations throughout the harbor. These locations
correspond to US Geological Survey water level gage locdfiansge ES).

Theresults of the modeling analysis indicate that the Post 45 project will dasgmificantincreases in
peak storm surge water levels in the estuas/compared to the totasurgelevels estimated by FEMA
The maximum increases to storm surge caused by the project are 0.1 feet or less.
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As discussedbove in addition to quantifying the potential impacts to sto surge levels, the second

goal of this study is to determine if the potential impacts are significant enough to affect the flood
hazard zones designated by FEMA in the FIRMs for the area. This raises the question: how would the
increased channel depsiaffect the SCDNR storm surge model resuks@view of the SCDNR model
indicates thathe SCDNR modelould beless sensitive to changes in navigation channel depth than the
model used for this analysi§herefore, fithe deepened channel bathymetry wemgeérpolated onto the
SCDNR grid used for the new flesiddies, then the SCNDR modeduld show even smaller impacts

than those shown by the model analysis in this repBirthermore the potential impacts from the

channel deepening aran order of magnitde smalkr than the level othe uncertainty in the flood

maps. Adjustment of the flood maps to incorporate the small effects from the channel deepening is
unwarranted given the uncertainty in the SCDNR storm surge modeling and resulting stillwater
estimates.Based on this analysis, the impacts from the project are sufficiently small that they would not
affect the effective flood hazard zones designated in the FIRMs for the area.

Table EQ. Modeled differences in maximum water levels

Difference in Max. Water

Level (ft)
gtit(izo i D Description 50-yr 100yr
2172020 West Branch Cooper River at Pimlico near Moncks Cc 0.0 00
2172050 Cooper River near Goose Creek 0.0 0.0
2172053 Cooper River at Mobay 0.1 0.1
2172067.7 Cooper River at$26 0.1 0.1
2172069.8 Wando River above Mt. Pleasanb@6) 0.1 0.1
2172070.9 Cooper River at Hwy 17 0.0 0.0
2172071.1 Cooper River at Custom House (AUX) 0.0 0.0
2172086.9 Ashley River neadorth Charleston {5626) 0.0 0.0
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1 Introduction

This report presents the methodology and reswit astorm surge analysier the Charleston Harbor
Post 45 Deepening Projedthe Post 45 Project will deepen and widen the federal navigatiannel to
accommodate larger vessels. The project includes:

1 Deepening of the offshore entrance channel from a project depth of 47 feet to 54 feet mean
lower low water (MLLW) and extension of the channel approximately three miles seaward to
the 54 ft MLLWtontour;

1 Deepening of the inner harbor from an existing project depth of 45 feet to 52 feet from the
entrance channel to the confluence of the Wando and Cooper Rivers, about two miles up the
Wando River to the Wando Welch container facility and about tinndes up to the Cooper
River to theHugh Leathermaferminal, and to a project depth of 48 feet over the five mile
reach leading from thélugh Leathermaierminal to the North Charleston container facility;

1 Expansion of the existingruing basins at th&/ando Welcrand North Charlestoiierminal and
the permitting turning basin at the Hugh Leatherman Termiaat

1 Widening of selected channel reaches recommended by the ship simulation study

In general, deepening a rivehannel may affect water lewein theriver during extreme hurricane
events.Deepening the channel increases the cresstional area andecreases the hydraulic frictipn
whichallows a slightly greater volume of storm surge water to intrude intortber during an extreme
hurricane event.

Earlier in 2016, Water Environment Consultants (WEC) completed a scrégrehgnalysis of potential
storm surgampactsusing the EFDC hydrodynamic model. The EFDC model was developed for the
project Environmental Imgict Statement and Feasibility Study (EIS) and it was used to evaluate project
impacts to water quality and sediment transport in the harbor. The EFDC model does not include
floodplain areas above the normal high tide shoreline, and as a result, the rrsuattshat analysis are
considered conservative (i.e., theyerestimatethe project impacts)Based on th&eFDC resultshe
screeninglevel analysigstimated that the Post 45 project would increase the maximum-y@ar

return period storm surge wateeVels by an average of 0.1 feet in the harbor assalit would causea
maximum impact of up to 0.3 feet in certain are&gcause thesestimates werdarge enough to
potentially affect flood map elevations,tliey wereto be incorporated into the stiater elevations
dzZaSR T2NJ 0KS CSRSNI}If 9YSNHSyOe alyl3aSySyd ! 3SyoeQ
the US Army Corps of Engineers (USACE) decided to proceed with a more refined and more accurate
analysis to quantify the potential project impgacSubsequentiyWWEC was contracted to conductmore
detailed assessment of the potential storm surge imp&gtsising a hydrodynamic model that includes
the floodplain areas surrounding the Charleston Harbor estuary
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The objective of the study is tosist the SCSPA/USACE Charleston District in completing storm surge
modeling in order to ensure compliance with EO 11988, Floodplain Management. This executive order
requires federal agencies to avoid to the extent possible the long and-sfrontadversempacts

associated with the occupancy and modification of floodplains and to avoid direct and indirect support
of floodplain development wherever there is a practicable alternative. In this case, modification of the
federal channel constitutes a modificati@f floodplains. To comply with EO 11988, the project impacts
must be identified. To this end, this analysis:wil) estimate the potential impacts of the proposed
project on storm surge water levels in the estuary; and (2) determine if the potentiadrs are

significant enough to affect the flood hazard zones designatetidyIRMs for the area
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2 Methodology

The overall approach of the analysis is to model extreme storm surge water levels approaching from the
ocean and determine the resulting extreme water levels inside the estuary both before and after the
proposed projectTo accomplish this, WEGedthe ADvanced CIRCulatioADCIRhydrodynamic

model The ADCIRC hydrodynamic moidea depthintegrated time-dependent long wave

hydrodynamic circulation mod¢lLuettich and Westerlink 2004; Luettich et al. 1992)

The first step in the analysis wdsvelopnent of an ADCIRC model grid that encompasses the western
Atlantic Ocean basin and has high resolution in the project area.d&¥lopedthis model grid by using

the ADCIRC model grid developed for the ongoing FEMA flood map revisions for South Gadelire
Cooperating Technical Partner agreement between the South Carolina Department of Natural Resources
(SCDNR) and FEMA Regiormhé Charleston Harbor areasextracted from this high resolution South
Carolina grid and merged with a coarser Westatiantic ADCIRC grid in order to redube total

number of grid nodes and thmodel run time. The gridzasthen refinedto adequately resolve the

federal navigation channel. The ADCIRC madsthen validated by comparing to observed surge

heights at Cusms House during Hurricane Hugo.

Representative input 50and 10Gyr return period storm conditiong/ere developedfor this analysisin

the effective FEMA Flood Insurance Study (FIS) for Charleston County (effective November 17, 2004),

the 50- and 100yr return period stillwater levels are015 and 1L feet NAVD88respectively. Stillwater

levels listed in the FIS vary spatially throughout the harbor, and therefore the above values are based on

' OSYdNXft t20FdA2y Ay (RY I AKEINSKANIS2 Tt A 2SR X ¥ v
of the FIS).

The ADCIRC model can synthesize hurricane wind and pressure fields at every grid-thediyarsing
the dynamic Holland wind model. The required model input storm information includes staok, t
central pressure, radius to maximum winds and maximum wind speed. Historical storm data from
Hurricane Hugo was modified, through iterative scaling of the wind speed velocities, such that the
modeled surge levels at Customs House are about equaktalbove 50and 100yr flood levelsat the
Customs House gage.

Table2-1 FIS stillwater elevationgn Charleston Harbor

Return Period Stillwater Elevation Stillwater Elevation

(ft NGVD29) (ft NAVD88)
50 11.5 10.5
100 12 11

The analysis includes modeling for two channel scenarios: existing conditions, afuiqjest
conditions. The posproject conditions include thproject channel witithe recommended wideners
from ship simulation resultand themaximum deepening (includir®jfeet ofadvance maintenance and
2 feetover-depth dredging,which is consistent with the EIS and Feasibility study EFDC analyses)

AL € 3
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3 Model Grid

WEC developed the model grid by combining Ai2CIRC model grid developed the ongoing FEMA
flood map revisions for South Carolina with a coarser Western Atlantic ADCIRIigrighid was then
refined to adequately resolve the Charleston Harbor federal navigation channel.

The model grid for the ongoing remapping was pdedi by(i K S { /cdhtbastd®, SAECONMand
hereafter it is referred to as thE CDNRrid. TheSCDNRrid was developed by URS Corporation (which
is now affiliatedwith AECOM) and the grid development process is described in deSaliin Carolina
Storm Stge Project Deliverable 1: Grid Development RefuiR2009)and South Carolina Storm Surge
Project Deliverable 2: Validation RepWRS 2012)

TheSCDNRrrid includes a coarse grid encompassing the Western Atlantic basin and Gulf of Mexico, and
a highresolution grid along the South Carolina shoreline (Figet® Bhe model grid elevations for the

high resolution areas along Georgia, South Carolina and North Carolina are shown in-igline §rid

mesh is not shown in FigureZ3because the fine gfidensity would not be legible at this plot scaldis

grid hasl,073925elements andb42809nodes.The highresolution portion of the model consists of
approximately 440,000 nodes with a minimum resolution of 100 meters (URS X0id®h South

Carolina, theSsCDNRrid extends inland to about th@m elevation, which extends beyond the

inundation level of the 0-percent annuakthance (i.e., 509r return period) stillwater elevation.

TheSCDNRrid resolution inCharleston Harbosishown in Figures-3through 36. For reference, the

federal navigation channel is shown by a red polyline in these figures. As shown by Figuheswgjh

3-6, the grid iot aligned with the federal navigation channel. Therefore, grid refinemetjsired

along the navigation channel in order to accurately assess the effects of the channel deepening. Also, as
shown in Figure-3, the inlet jetties are not included in the SCDNR grid. This likely has minimal impact

on predicted surge levels. URS (2D0®@l not specifically mention the harbor jetties, but URS did note

that dresolution and inclusion of topographic features took precedence over bathymetric features since

local bathymetric features (below MHWIean High Watep]tend to flood quickly in theimulation and

0Kdza KIFI @S fSaaSNJ AYLI OG 2y TFAylLE adatt ol GSNIfS@S

TheSCDNRrid was trimmed to retain only the high resolution grid surrounding Charleston Harbor and
adjacent areas to the north and south. The high resolution areas in othergfa®@uth Carolina are not
necessary for evaluating storm surge in Charleston Harbor and were therefore removed in order to
reduce the model run time. This grid was merged wittomparatively coarse griof the Western North
Atlanticand Gulf of Mexicareated byWesterink and Luettich (1997) thaicludes 39,812 node3he

grid was then refined tbe aligned with andesolve the federal navigation channelCharleston

Harbor. The resulting grid includeX)1,232 nodes. The model grid for the entire domiaishown in

Figure 37. The grid elevations are shown in Figus@i8 the vicinity of Charleston Harbor. For

reference, the harbor shorelines and the federal navigation channel area shown as black lines.

The model bathymetry was also updated in the Clstide Harbor estuaryith the datasetusedfor the
EFDC modeAs described by the USACE (20153, bathymetry data set includes new mtggam and
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bathymetricdigital elevationmodelfor Charleston Harbor was used. The NOAA data set was published
in 1998 and is derived from seventeen historic surveys of the estuary. The aahid@thymetry data

1. SCDNRnodel grid mesh
singlebeam survey data along the navigatiomannel collected by the USACE Charleston District. Data
(i.e., the USACE, CCU and NOAA data) are shown in FRjurbese data were merged with the SCDNR

Figure3

’

outside the federal channel was supplemented by NOAA survey data collected in 2009 and bathymetric
newer surveys, the NaA 2 y | §

data collected by Coastal Carolina Univer€@¢ZU)n 2010 under contract with the USACHEe
bathymetry in the upper Cooper River was updated with survey data collected by the USACE Charleston

District in 2013 irareasupstream from the federal channdtor areas outside the coverage of these
model grid elevations by deleting the SCDNR data in overlapping areas, and the combined data set was

then interpolated onto the new gricheshas shown irFigure 310 through Figure-3.3.
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4. SCDNRnodel grid in the harlor entrance (navigation channel shown by red Iines)
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Figure3-7. Model grid mesh
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Figure3-8. Model gridelevationssurrounding the Charleston Harbor estuary
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Figure3-9. Charleston Harbor estuary bathymetry

As shown irFgure 311, the grid incorporateshe entrance channel jettieS.he jetties may have a lesser
impact on flood levels than topographic features above MHW, but they were included for completeness.
Black (1893ylescribes the construction efarious South Adintic Coast harbor improvements, including
construction of the Charleston Harbor jettiaad the approximate crest elevations of the structures. The
jetties include a shoreward submerged weir and a seaward raised section. The submerged weir section
was comstructed only a few feet above the bottom. The outer raised section of the northyetty
constructed withan average crest elevation of +7 to +8 feet mean low water (MLW), and the outer
raised section of the south jetty had an average crest elevationrate-10 feet MLW. A 1966 inspection
found general subsidence of 1.5 to 3.5 feet along the raised portions of the jetties (Sargent 1988). There
has been no history of maintenance or repair to the jetties following their initial construction (Sargent
1988).

The jettieswereimplemented in the moddby assuming the elevatiomd the submerged sectiorare 3

feet above the ambient grade. The outer section of the north jetty was assigned an elevation of 0.8 ft
NAVD88, and the outer section of the south jettysressigned an elevation of 2.8 ft NAVD88. This
includes a offset of1.2 feet ofhistoricsea level rise, plus 2.5 feet of subsidence.
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Phase IIStorm Surge AnalysisPost 45 Project, Charleston, SC

Figure3-12. Refined model grid near Daniel Island (navigation channel shown by red Iines)‘

X

Figure3—13. Refined model grid near North Charleston (rigation channel shown by red lines)
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Phase lIStorm Surge AnalysisPost 45 Project, Charleston, SC

4 Nodal Attribute Files

The ADCIRC model can optionally include a nodal attribute file that provides spatially variable input data
F2N) 0KS Y2RSt o {/5bwQa ODYIRGAalatiriduENile uséd/fotha > LINE A R
ongoing South Carolina remapping effaftK S y 2RI € F G O0NRodziS FAES oftl oS¢
several variables including:

S
S

Primitive weighting in continuity equation;
alyyAyaQa y i aSlt Ft22NJT
Surface canopy coefficient

Surface directionaffective roughness length; and
Waverefractionin SWANSimulating WAves Nearshore)

= =4 =4 —a -

This analysis essentially used the same nodal attributes as those developed for the SCDNRatiodel.

of the nodal attributes was interpolated from the SCDNR grid tonthe grid, with the exception of the
SWAN wave refraction attributePer the scope of workhts analysis does notdglude a coupled SWAN

wave model, and therefore this nodal attribute was omittéuaclusion of the SWAN wave model is not
necessary for estiating therelativeimpact of the Post 45 project on surge levels in Charleston Harbor
(i.e., the change in maximum flood levels). The Post 45 project will have a much greater effect on surge
levels caused by wind and pressure effdethich are modeled bADCIRGhan it will onsurgelevels

from wave setupeffects (which would require a coupled ADCIRC+SWAN model to quartidygfore,
inclusion of the SWAN model was omitted from the scope of work.

The primitive weighting in the continuity equationaicoefficient (tay) that weights the relative
contribution of the primitive and wave portions of the Generalized Wave Continuity EQU&WCE)
used to solve the ADCIRC governing equations. According to URS (2012), the nodal attributes file
designatesdu, as temporally variable for all nodes with average distances to neighbooidgs less

than 1750 m distant (i.e., for nodes in upland areas and near the coast). For these nodes, ADCIRC
calculates tagibased on local friction and atad 6 I & S ¢  @3. Fodr®defvilith average distances
to neighboring nodes greater than 1750 m distant (i.e., in the ocean), the nodal attributes file directly
designates tagivalues based on depth. In this case,qtafi0.005 applies to depths greater than 10 m,
and 0.02to depths less than 10 m.

Themt yYAYy3Qa y A& | FNAOGAZY O2STFFAOASYd GKFG Aa O2
before the bottom stress is calculated in the modeie sirface canopy coefficient is set to either one or

zero, with ero indicating areas where the surface wind stress is zero because of the shielding effect

from the canopy in heavily vegetated are¥¢hen this variable was interpolated from the SCDNR grid

onto the new grid, the value was rounded to the nearest wholeget (i.e., one or zeroJ.he surface

directional effective roughness length is the level of impediment from ground cover on the wind flow

from each of twelve compass directior@iedevelopment of these inputariablesfor the SCDNR model

isdescribed irdetail by Dhingra and Zhao (20Q9)
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Phase lIStorm Surge AnalysisPost 45 Project, Charleston, SC

5 Model Validation

The model calitation wasconfirmedby modeling the storm surge associated with Hurricane Hugo,
including the effects of wind, pressure and astronomical tides. AMEIRC model was used to
synthesize hurricane wind and pressure fields at every grid node on the fly usidgrtiaic Holland
wind modeloption. Thisis a parametric model that calculates the wind field given ismfhurricane
track location, central gssure, maximum wind speetid radius to maximum wind speedll of these

B NAIFof Say SEOSLIG F2NJ 6GKS fladz

NE | gFEAflofS TNR

speeds werapproximated using a nomograph by Jelesnianski and Taylor (197 3¢ khi@s the radii to

the maximum wind speed and central pressure deficit.

For the Hurricane Hugo model, ADCIRC was started approximately nine days prior to landfall of the
storm, in order to allow sphup of the tidal forcing for the modeSimilar to tlie SCDNR modehe tidal
boundary forcing was supplied by the LeProvost tidal harmonic datadhag®¥ovost et al. 1994), which
provided amplitudes and phases for eight tidal constituents at the open ocean boundary nodes. The

eight tidal constituents inclugd: M2, S2, N2, K1, O1, Q1, P1 and K2.

The modeled tideanda dzZNBHS | &G bh! ! Q& / dzaldz2Ya

| 2dza 8 3II 38 6t 201

Charleston Peninsula) are shown in Figufe o achieve good agreement between the maximum surge
levels and the measad surge levels, the boundary layer adjustment factor for the Holland wind model

was reduced from the default value of 0.9 to a value of 0.65.

Measured
Modeled

25K
1.5 F

0.5

WSE (m NAVD838)

-0.5

-1.5

10

Figure5-1. Observed and predicted water levest the Custons Houseduring Hurricane Hugo
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Phase lIStorm Surge AnalysisPost 45 Project, Charleston, SC

6 Project Impacts Analysis

To assess the potential project impacts, synthetic storms were created to represeaicbQ00year

return period (i.e., 2% and 1% annual chance) storm events. These storms were creaiaedsing

the Hurricane Hugo wind speed until the peak water levels in Charleston Harbor at the Customs House
gage matchdthe water levelequal to the 560and 100yr flood levels determined by FEMA. As
discussed in Section 20- and 100yr return perial stillwater levels are 10.5 and 11 feet NAVDS8S,
respectively, for the center of Charleston Harbor in the effective FIS for Charleston County (effective
November 17, 2004). To reproduce these peak water levels for the different representative storm
conditions, the Holland wind model speed witeratively increasedusing the boundary layer

adjustment multiplier in the fort.15 input file) until thenodeled water levels at the Customs House gage
matched the target water level conditions.

The model grid wasodified to represent the preand postproject bottom elevations in the federal
navigation channel. The channel depths are summarized in Tebl€l&se channel depths inclu@e
feet of overdredge allowance an#feet of advance maintenanc¢&vhich isconsistent with the EIS and
Feasibility study analyse

Table6-1 Modeled channel depths
Channel Depth

Channel Reach ft MLLW ft NAVD88 m NAVD88
Preproject

Entrance channel 51 54.1 16.5
Inner harbor towWando TB and Daniel Island = 49 52.1 15.9
Daniel Island Bend to Ordnance Reach 49 52.1 15.9
PostProject

Entrance channel 58 61.1 18.6
Inner harbor to Wando TB and Daniel Island 56 59.1 18.0
Daniel Island Bend to Ordnance Reach 52 55.1 16.8

The modeled water levels were outputgightlocations throughout the harbor that correspond to
USGS gage locatigras shown in Figure b

The results of the analysis are summarized in T&@ewhich lists the differences in maximum water
levels ateach location cased by the proposed projedtorboth the 50- and 100year return period
storms, the increases caused by the project are 0.1 tedess Plots of the water level time series are
shown forthe 50- and 10Gyear return period storms for three locations (Customs HoG@smper River
at I-526 and at Wando River abR6) in Figure$-2 through6-7.
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Phase lIStorm Surge AnalysisPost 45 Project, Charleston, SC

Table6-2 Modeled differences in maximum water leve

Difference in Max. Water

Level (ft)
gitcij) i D Description 50-yr 100-yr
2172020 West Branch Cooper River at Pimlico near Moncks Cc 0.0 00
2172050 Cooper River near Goose Creek 0.0 0.0
2172053 Cooper River at Mobay 0.1 0.1
2172067.7 Cooper River at$26 0.1 0.1
2172069.8 Wando River above Mt. Pleasanb@6) 0.1 0.1
2172070.9 Cooper River at Hwy 17 0.0 0.0
2172071.1 Cooper River at Custom House (AUX) 0.0 0.0
2172086.9 Ashley River near North Charlestob26) 0.0 0.0
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Figure6-2. Modeled 50yr return period event water levels at Customs House
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Figure6-3. Modeled 50yr return period event water levels on Cooper River 26
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12

ok ————— 50-year Post-project
------- 50-year Pre-project

WSE (ft NAVD88)

I L I L L l L 1 L I L L L L I L L L L I L L L I L I L L l L L
8.5 86 8.7 8.8 8.9 9 9.1 9.2 9.3 9.4 9.5
Day

Figure6-4. Modeled 50yr return period event water levels on Wando River a526
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Figure6-5. Modeled 100yr return period event water levels at Customs House
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Figure6-6. Modeled 100yr return period event water levels on Cooper River &26

Figure6-7. Modeled 100yr return period event water levels on Wando River ab26

AL
SR "









