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Executive Summary

The Minerals Management Service (MMS) needs environmental information to make lease
decisions at sand borrow sites used for beach nourishment. Long-term dredging from shoals and
sand deposits has the potential for negative impacts to the nearshore wave climate.

This study employed the wave spectrum propagation model MIKE21.NSW (.7anish
Hydraulic Institute) to calculate wave transformations landward of the Sandbridge Shoal, sand
borrow site in the Atlantic Ocean near Virginia Beach, Virginia as the test case. A clearly defined
and rational methodology has been developed to quantify the change in wave climate (energy) before
and after long-term sand dredging at the borrow site. The methodology defines the wave climate
and how it is employed to determine the location of a reference line landward of the borrow site.
Less than one percent of waves break seaward of the line so that linear, wave transformation
processes can be modeled by a unit wave height at the offshore model boundary. The wave climate
is then condensed to about 50 direction/period band combinations and wave height multiplier
coefficients determined along the reference line for each combination. The weighted, total wave
energy variation along the reference is then calculated for before and after sand is dredged to meet
the long-term volume requirement of the borrow site. The percent change in total wave energy can
then be found along the reference line as well as change in wave direction. This methodology is a
rigorous, defendable way to quantify wave climate change.

We then employ the statistical theory of the null-hypothesis to test the significance of the
difference of two medians in wave energy at the 95 percent confidence level for various locations
along the reference line which is always long enough so that zero difference exists at both ends.
Some positions along the reference line are acceptable and some are rejected by the null-hypothesis
meaning the wave climate median energy has been significantly altered by the borrow site at that
position. When more than 50 percent of the total reference line length is negatively impacted, we
suggest that the borrow site, or the total volume of sand removal, and/or the dredging plan be
rejected. Modifications can then be implemented and the process repeated to meet the MMS
management criteria.

The above methodology and criteria has been labeled the Decision Tool Algorithm (DTA)
for routine calculation by computer. The DTA is the final product of this research effort
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and can be used to help the MMS determine which sites (if any) have potential negative impacts.
Applied to the Sandbridge Shoal and 50-year, sand volume needs of the borrow site, we have
concluded that the wave climate, will be negatively impacted. At this site and wave climate
wherever the wave energy change exceeded 3-4 percent, the null-hypothesis was rejected so that
about 63 percent of the reference line was negatively impacted. We recommend that the sand
volume removed and/or dredge plan (area, depth, etc.) be modified and re-analyzed by this method
to determine that which meets the MMS management criteria.

Other sites and wave climates may not correlate rejection and wave energy change percentage
at the 3-4 percent level so that this result for Sandbridge Shoal should also be viewed with caution.
Further research is required at other sites. We also recommend further research to incorporate

changes in wave direction in the decision algorithm.
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Criteria to Assess the Impact of Sand Volume
Removed in Federal Waters

on the Nearshore Wave Climate

1.0 Introduction

The search for suitable sand resources for beach nourishment projects has moved o::shore
into Federal government waters. The Minerals Management Service (MMS) of the Department of
Interior needs environmental assessment criteria to make lease decisions. Long-term dredging with
significant sand removal from shoals and sand deposits in federal waters has the potential for
negative impacts to the nearshore, water wave climate (Fig.1).

Numerical models are useful for assessment of water wave modifications as waves travel
over the areas dredged by sand mining activities. Under the National Environmental Policy Act
(NEPA) the MMS is only required to assess the impacts to the waves resulting from the mining
activities. This study employed the wave spectrum propagation model MIKE 21.NSW (Danish
Hydraulic Institute, DHI) to determine wave climate change landward of the Sandbridge shoal, sand
borrow area off the Southeastern Virginia coast as a test case. The main cobjective was the
development of assessment criteria and the hypothesis for acceptance or rejection to quantitatively
determine which sand borrow sites (if any) have potential negative impacts.

Section 2 briefly reviews the available literature. A summary of open coast wave models and
details regarding the MIKE 21. NSW model are presented in Section 3. Then, in Section 4, we have
asked a series of key questions regarding haw to quantify wave climate change. The Sandbridge
Shoal as a test case is then examined in detail in Section 4 including our answers to these questions.
We then develop a standard, quantifiable, and statistically defendable method labeled the Decision
Tool Algorithm (DTA) in Section 5. The DTA is the product of this research effort and can be used

to help determine which sites (if any) have potential negative impacts at the 95% confidence level.
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2.0  Literature Review

Theoretically, deeper water nearshore (submarine canyon, hole, bathymetry) spreads and
hence reduces wave energy in the lee area landward of the depression. As shown in Fig. 2(b) (from
Shore Protection Manual, 1984, Fig. 2-25, p. 2-73) wave rays are further apart directly landward,
nearshore but also closer together in the adjacent, side regions. The canyon or hole focuses
(increases) wave energy in both side areas.

Fig. 2(a) shows the exact opposite trend of a submarine ridge (shoal, mound, bathymetry, etc)
causing wave focusing in the lee area. The wave tank experiments of Berkhoff, Booij and Radder
(1982) employed an elliptical shoal superimposed on a plane beach. The shoal acts as a lens and
focuses incoming wave energy into a strong convergence zone. These physical experiments are
often employed to test numerical wave transformation models (see, e.g. Ebersole, et al., 1986 for
tests of the RCPWAVE model of the Corps of Engineers). Fig. 3 displays the elliptical shoal case
and some numerical mode! and observed data results for cross-section 3 behind the shoal. Removal
of offshore shoals has the potential for significant modification of the leeward wave conditions.

Motyka and Willis (1974) studied wave refraction changes and resulting longshore sediment
transport and shoreline change ina numerical model of a dredged area (hole) about 880m long, 305m
wide and 4m deep in 7m water depth about 500m offshore. A schematic diagram of the expected
changes in wave height is sketched in Fig. 4 to produce the cffects on the original shoreline showing
erosion and aceretion areas as in Fig 5 (from Motyka and Willis, 1974). Deeper water nearshore
produces larger breaking waves nearshore and gradients in sediment transport with a nodal zone
causing sediment to move away in both directions from the erosion area. These littoral drift and
geometric changes of the shoreline produced by nearshore, dredged holes are beyond the scope of
this study. The erosional embayment and adjacent Accretronial cusps that developed on the
shoreline of Grand Isle, Louisiana in response to offshore dredging appear to correspond to that
obtained in the numerical model of Fig. 5 (Combe and Soileau, 1987).

The Cotps of Engineers employed the monochromatic version of the numerical model
REF/DIF (Dalrymple and Kirby, 1991) to study nearshore wave change by sand mining offshore
shoals near Ocean City, Maryland {Corps of Engineers, 1996). They introduced a nearshore
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reference line and employed a unit wave heij

height (multiplier) change along the referenc

direction showing both wave height and dire

City Inlet. Then, after shoal removal by d

direction change along the reference line. N

zero at both ends of the reference line. How

wave climate and did not attempt to define

relative change found in the modeled results.

Maa and Hobbs (1998) studied the 1
Southeastern Virginia on the wave patterns
numerical mode!l RCPWAVE (Ebersole,
investigate breaking wave height change
concluded that the modified shoal produced
but the criteria to make this judgement was 1
of the shoal for long petiod waves coming
shoal. The historic, natural, severe erosion
be related to a wave energy convergence z9

Boon and Hobbs (1998) also studied
Sandbridge Shoal near the City of Virginia
REF/DIF, S (Kirby and Azkan, 1992) to qus
after dredging one area of the Sandbridge §
considered (Hmo =4 to 7m, Tp = 12 to 15s)
the spectral significant wave height {about {

the surf zone. No information was provid

sht (1.0m) along the offshore boundary to study wave
» line. Fig. 6(a) is an example for one wave period and
ction variation along the reference line south of Ocean
redging, Fig. 6(b) displays wave height change and
bte that both the height and direction changes return to
ever, this study did not consider all waves present in a
criteria to quantitatively assess the magnitude of the
npact of dredging the Sandbridge Shoal off the coast of
and resulting sediment transport along the coast. The
1985) for monochromatic waves was employed to

and breaking angle change after dredging. It was

! “insignificant” physical impact on the adjacent coast
hot defined. Wave ray convergence in the leeward zone

from the NE was found to diminish after dredging the

rate at Sandbridge (-3m/yr) was suggested to possibly
ne leeward of the Sandbridge Shoal.
changes in wave conditions after sand removal fromthe

Beach, Virginia. They employed the spectral version

\litatively display color maps of wave heights before and

hoal to -3m. Only three extreme wave conditions were

and the effect of dredging was again found to decrease

‘5m max) in the down-wave, shadow-zone approaching

.d on wave direction.
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3.0 Theory and Numerical Models

31

Various wave theories based on two

within each concept are available for mode

displays six wave modeling systems avail
Danish Hydraulic Institute, Horsholm, Dem
(or action density) concept including classi

in the conservation of momentum (and ma

in the model. All energy-based wave models

that are included in the underlying physics g
Each model h

most numerical models.

applications.

The RCPWAVE and REF/DIF mod
mild slope equation of Berkhoff(1972). Beg
can be used to estimate wave energy spread
and coastal islands, headlands, etc. How

significant (see, e.g. Komen, et al., 1994). I

facilities and expense of running the “comp

resources available for the intended applic

Fully discrete, spectral models bas
speed available on digital computers. Th

includes 10-15 discrete spectral (frequency|

warranted for this application. The fully d
Coastal Engineering Research Center (CE

Recently, the fully discrete, spectra
Holthuijsen and Ris, 1996) has been iden
Research (ONR) and is now available ove
Water Environments (WISE) group has &

coupling, numeric’s, measurements and

Open Coastal Area Wave Modeling

fundamentally different concepts and approximations
ling waves in the open coastal environment. Fig. 7
able in the class called MIKE21 as developed by the

ark. Three are based on the conservation of wave energy

o wave ray tracing methods. A second three are rooted

s5) that permit wave phase relationships to be resolved
are phase-averaged. The vertical column lists features
f the theory and/or added empirically (e.g. breaking) in

as certain strengths and weaknesses for particular

t1s cited above are parabolic wave models based on the
ause wave diffraction effects are included, these models
ing behind coastal structures (breakwaters, jetties, etc.)
vever, in open coastal areas, wave diffraction is not
L some cases, (¢.g. the Boussinesy model) the computing
ete” models are well beyond the accuracy and econonuc
ation.

ed upon energy concepts require maximum space and
e directional wave spectrum at each computation node
) components. This full computational effort may not be
iscrete spectral model (SHALWV) is available from the
RC) of the Army, Corps of Engineers.

| model (SWAN) as developed in the Netherlands (Booij,

tified as a “community model” by the Office of Naval

r the Internet (Holtuijsen, 1997). The Waves in Shallow
nnual meetings dedicated to discussions of the physics,

alll aspects of wave modeling in ghallow water. The most




" ENERGY/WAVE ACTION CONCEPT MOMENTUM CONCEPT
FULLY PARAMETRIC/ MILD
DISCRETE . DISCRETE RAY SLOPE SLOPE BOUSSI—
SPECTRAL SPECTRAL MODEL . NESQ
MODEL MODEL PARABOLIC ELUPTIC
MIKE 21 MIKE 21 REFRACTION MIKE 21 MIKE 21 MIKE 21
OSW NSW MODEL EMS BW
® { ] | | | @
TIME VARYING I [ ; | I
sl bkl s bty Mt e fr——— G —— = ————
DIRECTIONAL | | | | |
SPREADING b 1 g ] [ ! [ ot
-'_:R —————————————— +———t———— fm———— t————— p————— ]
EQUENCY | | [ l [
SPREADING o ' 1 l l ! o
e ——— = =TT T T T T T T T qem————— T
SHOALING o : | il L } ll ® : ®
- ——————— =TT T T T T T T T T T i T
REFRACTION ® : e Il ® ll { o : o
- —————— T T T TOTT T T T T~ i T T T
DIFFRACTION : ‘l { 'l o 'l L
T T T T T T T T T T e S T T T T T T
REFLECTION &
SACK SCATTER d : 1! || ‘l L : ®
T T T T T T T T T T T i e I T T T
80TTOM FRICTION ® I L | @ | | @ | @
___...____‘_______._,L__-“__i_______L___,__i ______ [
| I | i |
SREAKING Q | @ l @ | | @ i
________________ J._______I______L_______l_.____._I___J___‘
1 t i i l
WIND GENERATION ® [ ¢ ! | | i
________________ _L__.___._.J_______._.L_____u_'______.l________
| - f | {
NON—UNEAR WAVE | 1 1 | 1 ®
________________ J..____.___l___._.__J_.,__._.__J.__...___I____._._.__
WAVE~WAVE l | [ i ‘
INTERACTION o | A ! | ! o
________________ Tede et e
WAVE--CURRENT I ® | I [ !
INTERACTION | | ! | |
———————————————— IR D SEEP Ry SRR ST Ee Rt b
WAVE~SHIP { ] i | ! P
INTERACTION i ! ! | !
1 ! 1 L
@  INCLUDED
4 ) PARTLY INCLYDED
Fig. 7 Wave modeling systems available at the Danish Hydraulic Institute, Horsholm,
Denmark
o




recent meeting in Annapolis, MD (March, 1
this writing, it is not clear whether or not
computational mode is warranted for this app
comparing the fully discrete and parametric

the open coastal ocean. Relatively small

599} included many papers on the SWAN model. At
the ability to fully model the spectral shape at each
lication. The writer is not aware of any studies directly
discrete spectral models under identical conditions in

increases in the bottom depths over large arcas as

performed by hydraulic dredges for sand minjing should have little or no major impact on the g;wctral

shape. For this reason, we believe that the parametric, discrete spectral model is best suited for this

application.

3.2 Parametric, Spectral Model

Parameterization of the spectral shape while retaining the directional spreading reduces the

computational effort. A parametric, spectral, numerical model for the hindcasting of waves in

shallow-water was first developed by Holthuijsen, Booij and Herbers (1989) at Delft University of

Technology, the Netherlands and was the forerunner of the SWAN model. The model is based on

an Eulerian presentation of the spectral action balance of the waves propagating across a grid rather

than the Lagrangian presentation along waye rays. The model accounts for refractive propagation

of short-crested waves (seas) over arbitrary bottom topography and across current fields. The effects

of wave growth and dissipation due to wind|generation, bottom dissipation and wave breaking (both

deep and shallow water) are representgd as source terms in the action balance equation.

Computational efficiency 1s enhanced by removal of time as an in dependent variable to obtain a

steady state model. Thisis justified by the relatively short travel time of waves in coastal regions.

A second simplification is the par smeterization of the basic balance equation in terms of

mean frequency and a frequency-integrated action density, both functions of the spectral wave

directions. The complete spectral representation of wave directionality is retained. The version of

the model as developed at the Delft University is called HISWA (Holthuijsen, Booij and Herbers,

1989). The developers of both the paramettic version (HISWA) and the full spectrai model (SWAN)

at Delft University have concluded that in lerms of significant wave height HISWA and SWAN will

not be very different for open ocean condi

jons (Holthuijsen and Booij, personal comm., 5/12/99).

The Danish Hydraulic Institute also produced a software package labeled the Nearshore




Spectral Wind-Wave module (_MH(EZI.NS.W, 1991). With respect to the basic equations and
description of the source terms, MIKE21.NSW is based on the approach proposed by Holthuijsen,

Booij and Herbers (1989).
Both HISWA and MIKE21.NSW have been tested against analytic solutions and under

laboratory conditions (Booij, 1985; Dingerpans et al., 1986; Booij et al,, 1988; Bondzie, 1992;
Bondzie and Panchang, 1993) and against exttensive field data sets (Holthuijsen, Booij and Herbers,
1989; Bondzie and Panchang, 1993; den Adel et al., 1990; Ris et al., 1994; and Trindade et al., 1993)
from the Netherlands, Canada, Australia and the US. The USGS has conducted field verification
of HISWA in Florida and Louisiana on Lake Ponchatrain (List, 1996).

3.3 Review of Theory

In the presence of an ambient cutrent the relevant wave parameter for modeling purposes is

action density A defined as {(e.g. Whitham,|1965)

Al@,0.x.0.1) = Elo.6.x5.1)/ 0 (1)

with the intrinsic wave frequency, o defined relative to coordinates moving with the local current
velocity, . In Equation (1), E is the wavp energy density typically modeled in an energy balance
equation as a function of absolute frequency, @ and direction, © and considered a slowly varying
function in space (x, y) and time t. The absolute frequency, o relative to fixed coordinates is
w=oc+k U @)
with £ , the wave number vector (magnitude k and direction ). Equation (2) can be considered as

the Doppler equation since the second term on the right (dot product) produces a scalar that 1s
equivalent to the Doppler shift. In an Eulerian reference frame, the action balance equation then

becomes (here dropping the independent variable notation for A)

f%Jri((m%i(c A) i(CA) i(c A =T 3)
71 &\ x A\ O T\t T

where the first term on the left side is the local rate of change of action density (for non-stationary

problems) and the other terms on the leff represent net transport of action density in space (X, ¥),

12




direction 8, and absolute frequency domair)

X, Ya

and current blocking of action are all reprg

function terms are also a function of x, ¥, t,

In a typical application of the actio
1991) first order Stokes linear wave theory
frequency

0.2

where k is the wave number, d is the water

energy flux

CE

Here, the direction of the absolute group

general not equal to the wave direction, 8 (1
space direction, propagation speeds (C,, (
of the action propagation speeds, 1.e. the gr

(5) relative to a fixed coordinate system (f

The propagation speed Cq In the d

Cg = -

where d is the local water depth and nist

direction 6. This term represents refractiol

energy density is used in the formulation
The propagation speed C, represel
to time variations in the propagation medium (variations in the water depth or current speed and

direction). It is given by

0 and o independent variables. The to

1
k

s, respectively. C denotes the propagation speed in the
'l effects of wave generation, interaction, dissipation

sented by the action source function, T. The source

0 and o.
h balance equation for modeling {e.g. Tolman, 1988;

is used to give the dispersion equation fot the intrinsic

gk tanh{kd) (4)

depth and the absolute group velocity, C, for wave

SN
| &

79
ck

+ U (5)

velocity, g is altered by the current direction and in

lormal to the wave crest of wave component (8 @)). The

) in Equation (3) are simply the x- and y- components
pup velocity components (Cex 1 Cyy) as given by Equation

€c 2

is dropped for ease of notation).

he subscript “g

rectional domain is given by linear wave theory as

do dd E | a (6)
ad on k on

he coordinate in (x, y) space normal to the spectral wave

1 including current effects since action density rather than

ts the shift of action density in the frequency domain due

13




Co

For the HISWA (Holthuijsen et al., 1 9
field, the water depth and the current fields 3
the first and the fifth term on the lefi-hand s
A parameterization of the equation in

zeroth and the first moment of the action

Jo d
ad
89) and MIKE 21 NSW (DHL, 1991) models, the wave

M

re considered as constant in time. In such a situation
de of the action balance equation vanish.
the frequency domain 1s performed by introducing the

spectrum as dependent variables. This lead to the

following coupled partial differential equatipns
J 0 [ ) d ( j
- —_ - - 8
(Coxmo) + Coymo + P Co PN To (8)
I o
= - - - 9
(Clxml) + §B(C]yml) + ﬁg(Clgml) = T ®
and the moments of the action density spectrum are defined as
(10)

mn(9) = I

where  is the absolute frequency, A is the
the first moment of the action spectrum.
Equation (9) are the group velocities thro
hand side of the basic equations (Equation
shoaling. The source terms T,and T, take int
dissipation due to bottom friction and wav
are also included.
3.4  MIKE 21 NSW Model

The basic transport equations are so
first moment of the action spectrum are ca
discrete directions, 8 as a third “dimens
il

procedure is applied for the predominant

Three types of boundary conditions

© o' Ao, 8) do

spectral action density and n=0 and 1 for the zeroth and
Cox Coy and Cypin Equation (8), and C,, C,, and C,y in
ugh (x, y, 8) -space of m, and m,, respectively. The left

8 and 9) takes into account the effect of refraction and

o account the effect of local wind generation and energy

e breaking. The effects of currents on these phenomena

Ived using the finite difference method. The zeroth and

lculated on a rectangular grid (Fig. 8(a)) fora number of
on” depicted in Fig. 8(b). A once-through marching

irection of wave propagation (Fig. 8).

 can be applied: essential, symmetry and absorbing types.
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The essential type are in the form of wave parameters: significant wave height, mean wave period,

mean wave direction, standard deviation from mean direction, and directional spreading index. The

directional spreading index, n defines the width (i.e. narrow or broad) of the directional distributional
spreading function for narrow (index n=2) and broad (index n=64) directional spectrums using the
standard cosine power function. The symmetry boundary condition involves the derivative normal
to the boundary and both gradients for the geroth and the first moment are set equal to zero. The
absorbing boundary condition is that ne energy enters the model area and energy propagates out of

the model area without reflections propagating back into the model area.

Bottom energy dissipation is based on the conventional quadratic friction law to represent

bottom shear stress. The dissipation expression for one single frequency (Dingemans, 1983) has

been extended by Holthuijsen et al. (1989)

influence of currents. This extended formul

can be specified directly or calculated using

using a Nikuradse roughness parameter. Int

maps to vary the bottom roughness over th

Wave breaking is formulated for larg

(shallow water) and based on the formulat

breaking on the mean wave period can also t

of energy in breaking waves is concentrate
Hence, the wave breaking has the effect of 1
breaking is included in the source terms,

Finally, in MIKE 21 NSW the sourc
from the Corps of Engineers, Shore Protect
growth in deep water. A stationary spati
currents, no waves) at time t = 0. Wind
dimensional map over the model area.

In this application, if the ambient

balance equation reduces to the energy bals

to include directional distribution of wave energy and
ation is used in MIKE 21 NSW. The friction coetficient
an empirical expression (Johnson, 1966; Swart, 1974)
»oth cases, values can be constant or as two-dimensional
e model area.

re wave steepness (deep water) and limiting water depth
on of Battjes and Janssen (1978). The effect of wave
»e included. Here, the assumption is that the dissipation
d on the low frequency side of the frequency spectrum.

bwering the mean wave period. Current effects on wave

- terms for the local wind generation are derived directly
on Manual (1984) formulation for fetch-limited, wave-
ally uniform wind starts to blow over deep water (no

speed and direction can also be specified as a two-

current field is assumed zero, the fundamental, action

ance for total wave energy density, E. The basic output
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Fig. 8(a) Rectangular grid in MIKE21 NSW model
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Fig. 8(b) Grid cell showing discrete directions, 6 as third “dimension”.
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products from MIKE 21 NSW consist of twg-dimensional arrays containing the following integral

wave parameters. The spectrally significant wave height, H,,, is defined by

H_ -4JE b E = | E0)a0 an

mo 0

where E and E, are the wave energy density|and total wave energy, respectively, and © is the wave

direction. The mean wave period, T, is defined by

el (12)

Tm o,

where,

LM _[ncuE(a), 8)dow d6

®, = T (13)
L[] Elw, 0)dods

and @ is the absolute frequency. The meanwave direction, 0,,, and the directional standard deviation

are also calculated. Results from MIKE 21 NSW can also be obtained in the form of two-

dimensional arrays containing the x- and yr components of a vector showing mean wave direction

in the model area.
In summary, the model propagates irregular, directional, spectral wave action density over

arbitrary bathymetry across an X, ¥ grid| and each node contains the following integral wave

parameters:

« spectral significant wave height, H,
» mean wave period, T,

« mean wave direction, 8,
« directional standard deviption; &,

« radiation stress components, S.,, Sy, and S,,.

Gradients in the radiation stress field drive the longshore currents which in turn cause sediment
transports in the surfzone. But this area is beyond the scope of work for this study. Fig. 10 displays

the menu structure for the MIKE 21 Near shore Spectral Wind-Wave model.
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Menu Structure

The followiing menus are used in tie MIKE 21 Nearshore

Spectral Wind-Wave module:
BATHYMETRY
SPECIFICATION
| | smea/mME
DESCRIP TION
_} boussimnesa ] SURFALE
( WAVES ELEVATION
. E't'l'l’_;‘c | | oiscreTe
SLOPE DIRECTIONS
—_— ] BOTTOM
DISSIPATION
_ Pm;fg‘-’c | | sownos
SLOPE PARAMETERS
| WAVE
BREAKING
WAVE NEAR SMORE MAIN MOOEL | |
MOOELS WIND=WAVES SELECTION PARAMETERS
WAND
GENERATION
||  oFFSHORE | |  oFFSHORE
WIND—WAVES WAVE CONDITIONS
|_| WAVE-CURRENT
INTERACTION
|| LATERAL
WAVE CONDITIONS
t 2
QUTPUT | ouTPUT
SPECIFICATIONS SPECIFICATIONS
1
a
!
3
GUTPUT
SPECIFICATIONS
i
o
!
&
oUTPUT ~N
O For sach output oreo SPECIFICATIONS
Fig. 10 Menu structure for MIKE21.NSW model




35 Calibration and Applications

Basco and Shin (1996) have calibrated the MIKE 21 NSW model against measured wave

data at two locations within the Chesapeake Bay. Experience was obtained regarding the influence

of grid size, directional spreading index, arld bottom roughness on the wave heights for various

storm conditions. This experience was helpful in the open ocean application discussed below.

The model has been applied under fcontract with Hayes, Seay, Mattern & Mattern, Inc.,

consulting engineers in Virginia Beach to deyelop wave design information for the Leeward Marina

breakwater design in the James River. It has also been applied under contract with the Corps of

Engineer, Norfolk District Office to develpp design wave information for the Willoughby Bay

shoreline at Monkey Bottom, Norfolk, VA

The Coastal Engineering Center at N1d Dominion University has a commercial license for

application of MIKE 21 NSW since 1994. [t1s amenu driven, user friendly model that is designed

to improve productivity of the user for multjple runsina consulting engineering environment where

final product accuracy, reliability and color, graphic display of the results is required. The new

release; MIKE 21 Version 5.0 is 1999 will be a fully WINDOWS environment. The MIKE 21.

NSW model is a useful tool for this application.
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4.0 Quantifying Wave Climate Change-Test Case

4.1 Basic Questions

As discussed above in Section 2, a fearshore hole or removal of 2 shoal will spread wave

energy in the lee area directly landward, and|will focus wave energy in adjacent side areas. A large

surface area can be influenced in the “shatlow zone” landward of the sand mining site. In our

research to assess the impact of sand volumd removed on the nearshore wave climate we have asked

the following questions:

1. How do you specify a wave climate? Do you use hindcast wave information (18-20

years) or measured wave data (variable time)?
2. How do you calibrate a wave model for wave climate?

3. Should you study wave change over the entire “shadow” area or along a meaningful

reference line?

4 How do you locate a meaningful reference line (water depth)? How long do you make
the reference line?

5. How can you condense the waye climate data set (height, period, direction, and number
of events) to a practical number of numerical model tests to conduct?

6. How do you quantify the size and volume of sand removed over the design life? What
is the design life (25 years, 50 years) of the borrow site? 15 the volume removed from
a shoal area or does it create 4 depression in the bathymetry?

7. How do you quantify wave ¢ imate change for both wave energy and wave direction.

8. Can you develop a standard, quantifiable and statistically defendable methodology to
conclude that the dredging does (or does not) change the wave climate?

Our efforts to find answers to the above questions have been reported in Basco and Lonza, 1998, in

the M.S. thesis of Lonza (1999) and herejn below using as a test case, the Sandbridge Shoal, sand

borrow area off the southeastern Virgima coast.

42  Sandbridge Shoal
The study area is the mid-Atlantic Ocean, coastal shelf region off southeastern Virginia

21




extending from the entranceto Chesapeake Bay at Cape Herry to the Virgiﬁia/Nonh Carolina border
(and south to Duck, NC) and offshore to the|near edge of the continental shelf where NDBC Buoy
44014 is deployed as depicted in Fig. 11. This was the domain for a coarse grid wave model as
discussed below.

Fig. 11 also shows the location of WIS Atlantic Hindcast Information; station WIS 11 2058
of the Corps of Engineers (Brooks and Brandon, 1995) which was the boundary for the fine grid
model. The Sandbridge Shoal borrow site jocation is also shown. Geophysical exploration in the
late 1980's by the Virginia Institute of Marine Science (Kimball and Dame, 1989} revealed a
moderately-sized sand shoal situated appro ximately three miles east of Sandbridge Beach. About
40 million cubic yards (cy) of clean, medium to coarse sand (ds, = 0.34mm) was found concentrated
in a discrete shoal feature with no overburden. This shoal represents a valuable sand resource for
beach nourishment as a borrow site because pfits economical transport distance to Dam Neck beach,
south of Rudee Inlet, Sandbridge beach, ang the tourist beach for the City of Virginia Beach north
of Rudee Inlet.

Additional vibracore boring data can be found in (Swean, 1998) for the Sandbridge Shoal

borrow site. Further details and a three-dimensional, graphical representation of the shoal region

bathymetry are found in Section 4.7.

4.3  Wave Climate Specification

The wave climate is the historical record of wave conditions: heights, periods, directions and
number of events at a specified location. | Measured wave data is available at three locations in
Figure 1 1, namely (1) the deep water wave bouy NDBC 44014 at the edge of the shelf; (2) the wave
gauges at the CERC, Field Rescarch Faguity at Duck, North Carolina and (3) the directional,
nearshore wave gange VA0O! located in 8m water depth due east of the 15™ street pier in Virginia
Beach (not shown). Some of this data has been employed in the coarse and fine grid model
calibration discussed in the next section. However, in general, the length of record is less than that
needed to specify a statistically valid wave climate. Non-directional wave data is also available at

the entrance to the Chesapeake Bay (Lightower CHLV 2)
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Wave hindcast information for 20 yea
12 as determined by the US Army, Corps of I
Brandon, 1995) for the period 1976-1993 (1
The most applicable 1s the Wave Informatiol
rose diagrams are displayed in Fig. 13 with the coastline orient
shorter period storm waves from the north
period, swell waves come from the southwe

frequency analysis of 20 years of hindcast W

(3 hour intervals). The median height was1.
2058 site. For this study we have employed
general have used the 20 year, wave hindc
4.4  Wave Model Calibrations
4.4.1 Previous Work.  Calibrati
wave data in the Chesapeake Bay has been
300m by 1200m was employed for the §
respectively. Useofa total wave direction

directional spreading index (n = 64) and 1

yxial direction

rs periods is available for the locations shown in Figure

ngineers, CERC for the US Atlantic coast (Brooks and
B years) and updated for the 20 year period 1976-1995.
h Study, WIS 2058 site, and is employed herein. Wave
ed as shown. In general, higher,
cast and east directions prevail, whereas, lov.-r, long
st also in great numbers (Lonza, 1998). An exceedance
ave heights was performed for over 52,600 wave events
1m (4.6ft) and 99.1% were less than 4m (13.11t) for WIS

| some measured wave data for model calibration but in

st “information” to represent the local wave climate.

dn of the MIKE21 NSW model results against measured

out by Basco and Shin (1996). Grid spacings of
(310km) and Jateral direction (155km),

carned

sector of 120°, directional increments of 10°, a narrow

pughness coefficient, ky of 0.0001 produced results that

were in good agreement with measurements taken in the middle of the Bay.

4.4.2 Coarse Grid Model To begin,
15km by 150km region of the southeastern Virginia ocean

spacing of 917m was employed over the 1
region shown in Fig. 14. The MIKE21.N§
so that the orientation of all subsequent r¢
arrow as indicated. Locations of measurefd

and at Virginia Beach (VAOQ1) are also s

employed as the measured, offshore boungdary condition and i

100km offshore of Virginia Beach.

arelatively crude, coarse gnid model with uniform gnd

‘W model requires the left side to be an offshore boundary
sults will be with South at the top and the North direction

wave data at the Corp’s FRF in Duck, NC (gauge NC01)

hown for reference. The NDBC buoy station 44014 was

s located in about 50m water depth and
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? Wave Height Rose — WIS II 2058

TFrom 01/01/1975 to 12/31/1995
Observarions: 22930

%= ——

0.2 <Hs <= LOm

e 10 < Hs <= 20m
B 20 < Hs <= 30m
| PR
/\ -4.0<Hs

Wave height rose for WIS II gtation 2058. Orientation of Virginia coastline alsa shown.

A

N ' Wave Period Rose ~ WIS 11 2058
From 0L/01/1975 to 12/31/1993

Chservations; 22930
58 a F———
—_—50 <Tp<=80 ¢
s 30 < Tp <= 1203

B 120 < Tp <= 16.0s

R o<

Wave period rose for WIS II station 2058.

Fig. 13 Wave roses for heights and periods for WIS 2058 station, 20 years, 1976-1995,
including hurricanes.
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Three storm wave conditions were

Case A was a few days before hurricane B

offshore waves were 3.0m with relatively ¢4
/s wind field. Three conditions were tested for a storm

rare, long period waves of 20 sec witha 10

lasting three days in November, 1996 (Casg

boundary conditions.

The modeled results displayed in T
The discrepancy between measured and moleled results is partly due to the coarseness of the model
grid with spacing on the order of 1km. Th
induced wave breaking nearshore is not

comparison in Table I. A finer grid mod

bathymetry than that shown in Fig. 14 tak

employed for calibration as summarized in Table 1.
FRTHA (July 1996) moved through the region so that
lm local, wind-wave generation. Case B had relatively

C) that turned through three directions for the offshore

able 1 are for the nearest offshore nodes in the model.

le measured waves are in 8m water depth where depth-

properly represented in the model node shown for

L] is necessary nearshore that includes finer resolution

en from NOS bathymetric charts.

4.43 Fine-Grid Model.

(Ax = 50m) in the cross-shore direction an
from true north. Bathymetric survey datay
(VIMS, 1996) which included new detailed
modeled region with selected bathymetri

needed to model a 17.5km offshore re gion

entrance to the Chesapeake Bay (bottom)
59'13.8" and Lon-75° 50' 25.2".

The location of the offshore bound

2058 location for hindcast wave informa|

model could be used for both a fine-grid
dredging effects on the hindcast wave cli
A comparison of measured wave d

cases is displayed in Table II. The coarse
grid but were almost identical with the fan
spectral, significant wave heights and med

are quite good for all five examples. The !

The fi

ne-grid spacing was taken about 20 times smaller

1 10 times reduced (Ay = 100m) parallel to the coast at 17°
vere obtained from the Virginia Institute of Marine Science
measurements in the Sandbridge Shoal area. The fine-grid
¢ contours is shown in Fig. 15. About 350 nodes were
and 500 nodes required to cover S0km stretching from the

o the VA/NC border (top). The originis located at Lat 36°

ary coincided with CERC’s Wave Information Study, WIS
tion in about 18m water depth. In this way, the fine-gnd
calibration using measured wave data and the study of the
ate.

2 and modeled results for the fine-grid using the same wave
grid results were employed along the boundary of the fine
. offshore conditions. The comparison between measured,

n directions versus those obtained with the fine-grid model

"RF, Duck, NC data was outside the fine-grid model domain.
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Table | Comparison of measured and modeled wave height and wave direction for coarse-
grid mode! (Lonza, 1999)

[ Boundary Conditions Gauge VAOL Gauge NCOL
Case (Virginia Beach, VA) (Duck, NC)

Hoo! Tp | 6 | Wind Hono, 1 8, degrees Hao, 8, degrees
m | Sec | deg | M/sec
(dir) | Meas Miod | Meas | Mod | Meas Mod | Meas | Mod

A
7/10/96 | 3.0 {13.0] 150} © 0.8 2l 112 ]132] 14123 112 | 131

B 10
10/31/96} 7.5 120.0] 77 | (330) 26 (#2175 85 | 3.5 | 60 - 79
C1 12.5
11/15/961 3.219.0| 45 (018)} 1.6 | 25 60 701 23 130 54} 65
C2 7.3
11/17/96| 4.0 {13.01 75 G43)| 11 {32 85 82 | 3.1 45| 84 80
C3 46
11/18/96| 6.0 [16.0{ 90 344)| 1.5 |[34 75 86 | 28 | 50| 82 g0

Table I Comparison of measured and modeled wave height and wave direction for fine-
grid model (Lonza, 1999)

Boundary Conditions (5auge VAO1
Case (Virginia Beach, VA) |

Hpo!| T, | 6 | Wind Hmojm 0, degrees
m | Sec | deg | M/sec

(dir) | Meas Mod | Meas | Mod
A
rmox% solizoliso] o | o8 |11} 112 L1116
B 10
10/31/96] 7.5 {200] 77 1(330)| 26 | 29 ] 73 80
Cl 12.5
L1/1si96| 32 9.0 45 {(©18)} 1.6 | 1.8} €0 64
C2 75
Lji7io6] 40 [13.0] 75 [(343)| L1 || 14| B 89
C3 4.6
|11/18/96 6.0 16.0} 90 | (344) 15 191 75 | 81}
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The following model parameters and g

subsequent runs of the MIKE 21 NSW model

« Directional Spreading
= 8 (spreading index)

n
DWD = 45° (maximum deviatio
N =19 (number of wave dir
A =5° (spreading angle in¢

« Bottom Friction

KN = 6.3 * 10 (Nikuradse r¢

+ Wave Breaking

7y = 1.0
75 = 0.8+ Default value
a =10

A detailed, complete “calibration” of the mo
of this study. The above parameters and cg
comparison of wave conditions before and 4
4.5 Wave Climate Change
4.5.1 AreaorReference Line. Fig.15
designed for sand mining the borrow site a
region from all offshore directions will refra
shadow region, Wave climate “change” t
(along the 6.5m depth contour) could be

change resulting from dredging the borToy

employed as a “referenc

alibration coefficients wete therefore employed for all

n, mean wave direction)
ections)

rements)

ughness parameter)

s (Battjes and Stive, 1983)

Pcl for all possible wave conditions was beyond the scope
efficients are expected to produce reasonable results for

vfter dredging the Sandbridge Shoal.

also displays the parallel-piped outlines of the two regions

s detailed in Section 4.7 below. Waves passing over this
ct and shoal further landward to influence a large nearshore,

akes place within the shadow area. The solid, black line

¢” line to quantify wave climate

/ site. Use of one line to quantify change rather than the

entire shadow area greatly simplifies the

landward of this line, all the change is /ine rly modeled by the climat

emp

antification of change. And, if most of the waves break

e. Therefore, we have chosen to

loy a strategically located reference line to quantify wave climate change.
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452 Location of Reference Line.

condition (Hmo = 53m,T=19s,0= 83°)asi

also indicated. Each of the four wave heig
symbols and are equally spaced over a 10km 1

For irregular, spectral representation of wave

breaking criterion of Battjes and Stive {1985) produces th
hoaling and point breaking of monochromatic waves of

curves which are far different than classical, §
linear wave theory. For this wave example, *
‘n about 7-7.5m water depth. Larger waves
wave heights ranging from 3.8 to 6.9m and
learned that waves with Hmo equal or greates
as shown in Section 4.3, this means that 99.

of the 6.5m contour.

Wave transformation processes as 1 odeled are esse

As shown in Fig.16, for one large, long period wave
pput, boundary condition along the fine-grid boundary,
most of the wave energy is lost due to wave bieaking close to shore at shallow water depths which are

kl profiles and depth contour profiles have similar line
each directly landward of the sand borrow site (Fig. 15).
characteristics, the steepness and depth-controtied wave

ese realistic, wave energy decay and breaking

breaking” begins (large gradient of wave energy change)
break” further offshore. Eight examples were studied for
| a range of periods but shore normal direction. It was
than 4.0m break seaward of the 6.5m contour. Therefore,

9%, of the waves in the total wave climate break landward

ntially linear seaward of the 6.5m contour

for 99.1% of the waves in the 20 year wave climate. This means that a unit wave height of 1.0m can

be used at the boundary to represent all wa
for the 1.0m wave will produce a wave m

simply multiplied by the actual wave heig

height along the 6.5m contour that the model would produce for each, actual wave height. In this

the wave climate variation s simplified to wave period and direction variability for a unit (1 .0m) wave

v¢ heights in the climate. Wave transformation processes
ultiplier “soefficient” along the 6.5m contour that can be

ht at the boundary to produce the same variation in wave

way,

height. The 6.5m depth contour line has been chosen as the “reference line” for this study.

453 Length of Reference Line. In the thesis of Lonza (1999) a 10,000m long reference line

was employed centered along the mid-secfion of the borrow site. The wave energy density variation

along the reference line (see next section}) was calculated for existing (before) and dredged (after)

conditions of the bathymetry in the borrow site. T

at the ends of the reference line did not return to zero. Thiss

t was found that the change in wave encrgy density

imply means the reference line of 10,000m

was too short. The shadow zone of wave change produced by the dredging extended beyond the ends
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of the 10,000m reference line. It was then detdrmined that a 20,000m long reference line (Fig. 15) was
required and used for all results reported herein. Note that this length about 3-4 times longer than the
lateral dimension of the borrow site. The chafige in wave height before and after dredging returned to
zero at both ends of the reference line for all pfcriods and directions in the wave climate.
46  Wave Energy Variability
4.6.1 Condensingthe Wave Climate A Corps of Engineers, CERC software prog: «mn called
WHEREWAV was employed to condense thelwave climate to seven period bands (5-23 sec) and seven
direction bands that accounts for practically all the important waves in the hindcast wave climate. The
WHEREWAYV results are found in Appendiy A. Waves with periods less than 5 sec were neglected
because they are negligibly influenced by botfom variations. There were no waves with period greater
than 23 sec. For a shoreline orientation of 343 degrees azimuth, the angle bands relative to shore-
normal of 84.25 to 90° and -73.25 10 -90° ware also neglected. Waves from these very oblique angles
are rare and not modeled accurately for thd required boundary conditions in MIKE21.NSW. This
produced 49 period/direction combinations.
The software program WHEREW A V|distinguishes between “primary”’ or “‘sea” wave conditions
and secondary or “swell” waves as found in the wave hindcast model. For 3-hr intervals over 20 years
a total of 58440 wave records are available.| We have employed the 47,920 primary wave events for
this study with the difference due to offshorg traveling wave events (10,515) and 5 calm wave events.
Neglect of the two peried bands and two angle bands eliminated 2449 wave events so that 45,471
(94.9%) of possible wave climate events were studied in this analysis. These include all waves with
periods greater than 5 seconds that propagate across the Sandbridge Shoal and can be influenced by
dredging the shoal. Table IIT displays the distribution of the number of wave events in the seven period
and seven direction banks selected. The period and directions listed are at the mid-point of each band.
Note that the WHEREWALV results (Appendix A) do not sort the waves in wave height bands.
If 10 wave height bands were employed, atotal of 490 (49 * 10) wave conditions would need to be
modeled for both before and after dredging conditions. This would mean 980 numerical model runs
and a very time consuming process. Locatﬁng the reference line in 6.5m water depth permitted a unit
wave height (1.0m) to represent all the pogsible wave height conditions. This reduced the
number of model runs needed by a factor of 10. Consequently, 98 (49*2) mode! runs were required

to quantify the before and after dredging change on the wave climate. But 49 period/ direction
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combinations and their change along the refetence line is still a large number of individual conditions

to digest.
4.6.2 Condensing the Wave Energy Climate. An example of the wave height multiplier

coefficient variability along the reference 111115 for one case (H = 1.0m, Tp = 11.4sec, 0 = 86.3°) 1s

shown in Fig 17(a) for both before (dotted) pnd after (solid) dredging the shoal. Full details on the

borrow site dredging are in the next section. The multiplier coefficient varies between about 1,12 and

0.85 for this example. Clearly, the wave h right is lower , after dredging, directly landward of the

borrow site (middle zone of reference line), lgrger on both sides, but then returns to the same multiplier

coefficient at both ends of the reference line| Note, that the wave height varies considerably near the
ends of the reference line, but the wave height change near the ends is zero, as required for a meaningful
length of a “reference” line. Fig. 17(b) displays mean wave angle variability crossing the reference line.
The change for before and after dredging shpws a discernable trend but again the change is zero near
both ends, as desired. Forty-eight similar plgts for all other period/direction combinations are possible.

To combine all the possible wave height cases for each period/direction combination, Lonza

{1999) calculated the wave energy density, ¢ defined as

o
-£- (14)
L

where:
E = the wave energy fof a given period
I = the wave length associated with the given period and water depth
p = fluid mass density
g = gravity constant
H= wave height

Each boundary condition wave height in the 49 period/direction bins (Table I1I) was first multiplied by

the coefficient along the reference line andjthen Eqn (14) applied to find e(x). The energy was

then summed and weighted for all waves in gach period/direction band and the change is energy density

for before and after dredging conditions plotted for 49 period/direction combinations. Lonza
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(1999) displays 49 energy density plots in his
Finally, to condense all the 49 combin

energy, E along the reference line. Linear wave

s, we have used Eqn (14) to calculate total wave

theory was employed to calculate the local wave length,

L for each wave period and at water depth, d  6.5m. Hence, we employed

|
E(x) =g pgl (0L

and used the number of waves at each height
weighted, total energy, E(x) along the refereng

cJimate consisting of 45,471 wave events into

and in each period/direction bin (Table II) to find the
¢ line. In this way, we have condensed the 20 year wave
one curve that displays total, wei ghted wave energy along

s, wave directions and number of wave events. To

the reference line for all wave heights, wave p eriod

the writer’s knowledge, this technique has not been applied before o summarize a wave climate.

Before examining the B(x) variability along|the reference line, we shall first define the Sandbridge

Shoal borrow site in detail.

47  Sandbridge Shoal Borrow Site
4.7.1 Split Zones for Dredging.

The oﬁginal borrow site for the Dam Neck beach

nourishment project in 1996 covered about T80 acres on the east end of Sandbridge Shoal ( Fig. 18).

Figure 19 displays the bathymetry in color with the large green area offshore as the shoal. A three-

ore resolution in the colors, clearly

dimensional, close up view looking to the no thwest direction and m

displays the shoal area (orange, brown) in Fig. 20.

It was unfortunate, that on the very first day of dredging, an important underwater cable

belonging to the U.5. Navy was hit and severed. Further operations were delayed until a wide zon

declared as a “prohibited area” for all future excavation, The Sandbridge beach nourishment project

in 1998 specified the areas “B” and “BB” and the prohibited area as shown in Fig. 21 (from Corps of

Engineers, 1998, Sheet C 50). In this study we have used this location and expanded it to meet the 25-

year and 50 year beach renourishment needs of the region.

The design life is 25 years for the Dam Neck

472  Volumes Required for Desjgn Life.

beach and 50 years for both Sandbridge bead h and the Tourist beach of the City of Virginia Beach. The

maintenance requirements for beach renou Hshment have therefore been estimated for both 25 and 50

years for all three beaches. We have emplpyed design information in Basco and Cummings,
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Fig. 18 Original borrow site for Dam Neck beach nourishment project in 1996 covering
780 acres on East side of shoal.
40




e

L)

Fi.

-

LT e

°h

L

-,

Color display of batlwmetry in fine-gnd mode|




" Lo b S

(Uwmoig adueio) oy
adpugpuaey syl jo syguon Fukoeo] mais dn-3801> pU= Loun|osas Jojed pos®EaIu|

0z Mg



30

29+

28—

E 254

=

Fig. 21 Destignated, sand borrow site boundaries for the Sandbridge Beach nourishment
project in 1998 (from Cprps of Engineers, 1998 b, sheet C50) and prohibited

region

43




(1995); COE (1992) and COE (1994) to obtain
for Dam Neck, Sandbridge and the Tourist beaches,

volumes

fill volumes, 1

dredged from project records (Basco

expected fill life and re-nourishment internals (years)
respectively. We have also used the actual sand

1998; COE, 1998) for the Dam Neck and Sandbridge

nitially placed. Table IV summprizes the results.

Table IV Sand Volumes for Design Life

No. Project Initial Interval Maintenance Volume Total Volume, cy (million)
Name Volume years Per Cycle
ey (million) cy 25 yrs 50 yrs. Ranks
(million)
] Dam Neck 0.755M 10-12 0™ 1.5M 3.0M
2 Sandbridge | 1.10M 0.5M 7.1M 13.6M
Subtotal 2.855M 8.6M 16.6M | Probable
3 Tourist beach | 5.0M 0.765M 11.1M 172M
Total 7.855M 19. ™™ 33.8M | Possible

Based on these estimates the total, p{

ssible sand volumes required are 20M and 34M cy for 25

and 50 year periods, respectively. Howeve

come from other, nearby sand sources such|as the

decp draft navigation. Therefore,
and 50 year need of Dam Neck and Sand
separately and neglect the regional, sand
conservative.

To mect these needs, we have deve
with a relatively flat bottom contour at -5
resettlement of sand over the long term. Fi
24 is the perspective, color picture of the
study. lThe total volume of sand excavate
1465 acres totaling 2560 acres. The volurI
22.5 M cy totaling 43.4 M ¢y.

r, the sand requirement needs of the Tourist beach could
Thimble Shoal and Atlantic Entrance channels for
the probaple sand requirements are oM and 17M cy for the 25 year
jbridge beaches. These estimates consider each project

volume movements alongshore between beaches, so are

oped two, split borrow sites A & B as depicted in Fig. 22
Oft (15.24m). The side slopes are 2:1 and we assume no
.23 is a plan, color view of the split borrow area and Fig.
Sandbridge Shoal, dredged borrow area employed in this
is 4.34 * 10°cy. Area A covers 1095 acres and B covers

e of material removed from A is 20.9 M ¢y and from B 1s
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Fig. 22 Split borrow sites in the Sandbridge Shoal to accommodate prohibited region and
Jong-term (50-year) dredging volume requirements
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4.8  Wave Energy Change

As discussed above In Section 4.6, wehl
into one curve that displays total, weighted wi

wave periods, and wave directions. These resy

before dredging bathymetric conditions. The
line is 4.5433 * 10°kg.m
We then use the results of Section 4.

term, sand nourishment needs of the region

computed along the reference line and shown

in Fig. 17a for a unit wave height and one W
(7,000< x 2 12,000m) has less total wave en
The total wave energy remains constant at bo
wave energy over the 20,000m reference lin
percent less than before dredging.

Fig. 26 displays the percentage cha
reference line by this technique. Here, W
Sandbridge Shoal on the nearshore wave
distribution is modified by £ 10-15 percent g

Wave direction is also changed by th
and after dredging (solid) wave angles along
boundary (Tp = 9.46s, 6 = 86.39). The perc
alarger angle afler dredging. Similar result
= 9.46s) but different wave direction (0 =
returns to zero at both ends of the reference
+ 2 percent maximum change in wave ang

We have not attempted to combin

change in wave direction. One possibility

11}

climate. To

ave employed Eqn. (15} to condense 45,471 wave events

we energy along the reference line for all wave heights,
llts are displayed in Fig. 25 as the solid line for existing,

total integrated wave energy over the 20,000m reference

2/ & but varies considerably along the reference line.

7 and modify the bathymetry to accommodate the long

The same wave climate 1s introduced and E(x) again

as the after dredging, dotted line in Fig. 25. Asrevealed

Lve case, the region directly landward of the borrow site

ergy and the side areas have slightly more wave energy.

th ends of the reference line, as required. Totalinte grated

e after dredging is 4.53156 * 10° kg.m¥s* and only 0.26

ge in total wave energy in the total climate along the

e clearly see the impact of the long term dredging of
tal energy remains about the same but 1t’s

r more along a 20km distance landward of the borrow site.

e borrow site dredging. Fig. 27(a) displays before (dotted)

the reference line for one wave period and direction at the
ent difference is shown in Fig. 27(b) with positive meaning
s are presented in Fig. 28(a) and (b) for the same period (Tp
111.8°) at the boundary. In hoth cases, the angle change
line, as desired. Other cases give similar results showing

e along the reference line.

. all the wave events to determine the weighted average

would be to employ the alongshore component of the wave

induced, radiation stress, Sxy along the reflerence line where:

Sxy=EC,sinacosa

(16)
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with, C, = the group celerity;

o = the angle between the

ean wave crest and the reference line;

and E = wave energy for each wave event.

And then, to develop a weighted average Sxy)
(C,) is part of Eqn (16) so that Sxy would giv

value for before and after dredging. Wave energy flux

e a joint contribution from both wave energy and wave

direction. This effort has been left for future research.

In summary, long term dredging alters
but not total energy along a distance that is 3-4
The percent energy change varies from zero i

[s this maximum percentage change in wave

the distribution of wave climate energy (and its direction)

times the maximum lateral dimension of the borrow site.

b = 10-15 percent or more (maximum) over this distance.

climate energy significant? The next section is one way

to answer this question and Question No. 8 in Section 4.1,
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5.0  Decision Tool for Management

5.1  The Null-Hypothesis Theory
5.1.1
has in effect been transformed by the MIKE21

for each of 200 nodes along the 20,000m refex

Fig. 25. The integrated, total average wave ¢
= 226,596 kg-
= 226,011 kg-

Ebefore

Eafier

Average wave energy could be found
225,000 kg-m/sec’. But as demonstrated in
distribution of wave energy is highly-skewg
example is for x = 10,000m and exactly in
number of small wave energy events contril
standard, null-hypothesis, statistical test for

apply to the 45,471 wave data events. Instea

512 Difference Tests for Two Medjans.

of not two (or more) samples came from pq
number such that 50 percent of the events ar
populations can be found in any standard, st:

Tn the analysis, the two data sets (her

Difference Tests for Two Mean

I

t
]

s. FEach wave event of the 45, 471 events for this study
' NSW model to produce a like number of wave “events”
ence line. The total integrated wave energy is shown in

hergy over the 20,000m is

sec’

sec2

for each nodal point and would also be on the order of
Fig. 29(a) before and Fig. 29 (b) after dredging, the
d and not normally-distributed about the mean. This
e middle of the reference line. It's clear that a large

hute to the major share of the total wave energy. The

he significance of the difference of the means does not

d, the difference test for two medians must be applied.

The median test is designed to examine whether
pulations having the same median. The median is the

larger and 50 percent smaller. The median test for two

tistical reference text (e.g., Conover, 1999)

e before and after dredging) are combined and the grand

median (GM) determined which is the combined median. Then each data set is divided into data more

than and less than the grand median. The freq

where C is the total number of samples. 1t’s

1. each sample is random,

2. each sample is independent of al

3. the measurement scale is ordinal

4. if all populations have the sam
observation exceeding the grand

5. The approximate null distributio

uency of events is arranged intoa 2* C contingency table

assumed that:

others,

e median, they all have the same probability, P of an
median (GM),

h is a chi-squared distribution.
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Fig. 29(a) Histogram of wave energy djstribution at center of reference line showing highly
skewed, non-Gaussian, wave energy distribution for 20 year wave climate.

e

(Before dredging)
3000.0 . T
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Fig. 29(b) Same as (a) above but after dredging the shoal.
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A test statistic is computed (Conover, 1999,pg.218) for each population (before and after dredging) and
4 table consulted at the appropriate confidence level (95 percent) for either acceptance of rejection of

the null-hypothesis.

52  Application to Sandbridge Shoal

For this study we have examined 22 positions along the reference line with al', results
summarized in Table V. As shown, some locations are (statistically speaking) from the same median
population, hence the null-hypothesis is acceplted, i.e. the wave energy climate after dredging remains
unchanged. At other positions along the reference line, the null-hypothesis must be rejected signifying
a statistically significant change in median wave energy after dredging. The percent change in total
wave energy (see Fig. 26) is also listed n Table V for each nodal point considered. In general,
wherever total wave energy change is greater than about £ 3 to 4%, the null-hypothesis is rejected,
meaning that a change in total wave energy climate is statistically significant at the 95 percent

confidence level. These zones are indicated in Fig. 30 using 4.0% as the cutoff percentage.

Table V
Nodal Grand Test Null Wave energy
Point Median Statistics Hypothesis difference (%)

1 75896.2 0.000Q0 accept 0.0221
25 74176.8 0.0086 accept 1.129
33 629323 03723 accept 2.921
34 65605.6 10.1800 reject 3358
50 76370.2 65.2510 reject 9.445
63 31091.1 40516 reject 3.940
64 826120 0.6654 accept 3.757
65 82663.8 3.5726 accept 3.670
75 80596.6 03178 accept -1.579
76 82306.5 2.38%6 accept -2.312
77 83229.1 8.5510 reject -3.837
160 82074.9 84.1280 reject -16.89¢6
118 30114.6 11.1180 reject -7.004
119 81015.8 0.0370 accept -5.519
120 811703 0.0022 accept -4.681
121 80848.0 1.3687 accept -4.210
125 83184.8 2.6190 accept 0.760
126 83020.7 12.87p0 reject 2.692
127 81765.2 20.0400 reject 3.613
150 75613.7 10.6040 reject 4.685
179 60460.5 77560 reject 3.456
180 57289.1 3.5726 accept 2.89
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The total length of the reference line with a significant total wave energy change is 12 6 km or 63.0
percent. Therefore, we conclude that since over 50 percent of the reference line experiences a wave

climate modification, long-term dredging of sand from the Sandbridge Shoal will significantly alter the

wave climate.

5.3  The Decision Tool Algorithm (DTA)

Computation of total wave climate energy along the reference line is facilitated by the algorithm
given in Appendix B written in AWK Script. [The median test computations and null-hypothesis test
table could also be programmed so that combingd, a Decision Tool Algorithm (DTA) can be developed
to aid in management decisions for future permit applications. The length of the reference line that
experiences wave climate alteration relative to the total length can become the criteria for rejection (or
acceptance) of an offshore borrow site and the volume of sand removed. Alterations of the sand volume
removed (area, depth, etc.) could influence the length of reference line affected. For this study, we
assume that if 50 percent or more of the referengce line length is significantly modified, than the site and
long-term volume removed should be rejected. —

The Minerals Management Service is ultimately responsible for setting the acceptance/rejection
criteria as some percentage of the modified waye climate along the reference line. This study developed
the methodology to provide the scientifically valid and statistically correct information for the MMS

to set this criteria. The final decision for level of acceptance/rejection criteria is up to the MMS.
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6.0  Generic Studies With Idealized Batymetry

Boon and Hobbs (1998) looked at the ng arshore Sandbridge, VA bathymetric profile represented
by an equilibrium beach profile shape (Dean,1 997) with a mound rising 3m above the surface to
represent the shoal. Lonza (1999) fitted the equilibrium beach profile shape to nearshore bathymetric
charts at six locations (Atlantic City, NIJ; Virginia Beach, VA; Ocracoke Island, NC; Naples, FL; and
Galveston, TX) with 3-mile limit water depth|ranging from 6 to 17m. Lonza (1999) then considered
a dredged hole 3m deep, 2400m long and 1400m wide to represent the future dredging volume of about

10 million cubic meters. Each of these “genjeric studies” with an idealized, model bathymetry was

intended to study how the complex wave model behaved in response to basic elements of bathymetry,

i.e the presence or absence of a shoal or dredged hole in its simplest configuration. These studies

confirmed the basic response of waves to mounds and holes as illustrated in Figures 3 and 4,

respectively.
These studies with idealized bathymetry, while informative cannot replace the study of the

actual bathymetry, proposed borrow sites beyond the 3-mile limit, and proposed, long-term, sand

volume removal demands at actual sites. For this purpose, the MMS issued RFP No. 1435-01-99-RP-

3993 in March, 1999 for numerical wave mbdel evaluations of 25 sand borrow sites in seven, East

Coast state from New Jersey to Florida. The results reported herein should be useful to Applied Coastal

Research and Engineering, Inc., Mashpee, MA who were awarded the contract.
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7.0 Summary
7.1 Conclusions

Long-term dredging with signific

wats

employed the wave spectrum propagation ma

landward of the Sandbridge Shoal borrow site

have considered a s

this effort. As such, they become the method
1. Usethe WIS hindcast information

at the site.

2 Useaspectral, wave transformatig
refraction, bottom friction, way
processes. Wave diffraction phypics ar

model is a menu driven, User friendly mod

ant sand removal from shoals and sand d

ers has the potential for negative impacts

eries of questions the answ

eposits 1n federal

o the nearshore wave climate. In this study, we have

del MIKE21.NSW to determine wave climate change
in the Atlantic Ocean, in southeastern Virginia. And, we
ers of which will form the fundamental conclusions for
s to conduct the work for future sites.

wave climate (Corps of Engineers, CERC) for 20 years

1 model for directional spectrums that includes shoaling,
e breaking and directional spreading transformation

e not required in the model. The MIKE21.NSW

el designed for improved productivity for

multiple runs and is ideal for thig application.

3. Calibrate the model coefficients (spreading index,

bottom friction, wave breaking, eftc.)

using available wave data, wherever possible.

4. Use areference line parailel to th
rather than study the entire shad:
5. Determine the water depth wher
water depth. Make this depth contour the position

will then represent wave transfprmation processes for almo

climate.

e shoreline to calculate wave heights and direction change
w zone landward of the borrow site.

- at least 99 percent of all the waves break landward of this
of the reference line. Linear wave theory

st all the waves In the wave

mation and reduce the data set to a useful number of wave

6. Analyze the wave climate nfon

The software program

direction bands (7-9) to condense the wave climate data set.

WHEREWAYV as developed by CERC is useful for this purpose. Usually, 49 combination

direction/period bands is sufficjent.
7 Use a unit wave height (1.0m) to represent

combination.

all the waves for each direction/period

8. Run the model for each directipn/period band and unit height at the boundary to calculate

wave height multiplier coefficients along the reference line. Repeat for all direction/period
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band combinations and store the wave height multiplier coefficients along the reference line
for each combination.
9. Calculate the wave energy density| the wave length, L and hence the wave energy for each
wave event along the reference line. Use linear wave theory to find L.
10. Determine the total, weighted energy in the wave climate by weighing all wave height
events relative to the total number of waves in the wave climate.

11, Use Corps of Engineers, District Office design memorandum, state and local city reports
and other federal government and|private beach nourishment needs to estimate the 25 and
50 year sand volume requirements for the borrow site. Determine the probable maximum
sand volume needs from the borrow site for the selected design life.

12. Modify the bathymetry for this | volume removal from the site. Dredging depths are
nominally 3 to 6 meters beyond the existing bathymetry.

13. Repeat the above computation offtotal, weighted wave energy along the reference line for
the after dredging bathymetry.

14. Determine if the wave energy change (and wave direction change) is zero at both ends of
the reference line. If not, extend|the length of the reference line until no change is seen in
the computed results.

15. Calculate the percent wave energy change along the reference line.

16. Use the Median Test (¢.g. Conover, 1999) to test the null-hypothesis and significance of the
difference of two medians at thg 95 percent confidence level for about 10 locations along
the reference line.

17. Correlate with percent wave energy change and determine the relative length of the total
reference line that rejects the nujl-hypothesis, i.e. will experience a statistically significant
alteration of the wave climate.

18. Reject the borrow site selected, lor the total volume of sand removed and/or dredging plan
(area, depth, etc.) if more that 50" percent of the reference line is impacted negatively.

19. Modify the borrow site location,total sand volume removed, and/or dredging plan to reduce
the length of reference line neg atively impacted to less than 50° percent.

20. Repeat the process until location, volume and/or dredging plan meets the MMS3

* or the cut-off criteria established by the MMS
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management criteria

In summary, we conclude that a clearly|defined and rational methodology has been developed

to quantify the before and after change in wave energy climate resulting from long-term sand dredging

in federal waters. And, that environmental assgssment criteria has been established for use by the MMS

to make lease decisions that avoid negative impacts t0 the nearshore, water wave climate.

Applying the methodology and criteria fo the long-term volume removal needs atthe S andbridge

Shoal, we conclude that the wave climate will be negatively impacted. The total sand volume removed

and/or dredging plan should be modified and re-analyzed by this method to determine the level of sand

volume that meets the MMS management crileria.

72 Recommendations
The above method of analysis and critena for management does not take into account wave

direction change created by the borrow site. Further researchis needed to quantify the composite, wave

climate direction change along the reference|line for all wave events. The radiation stress, longshore

component, Sxy 1s one indicator that could e employed for it combines both wave encrgy and wave

direction in the climate.
The gradient of Sxy drives the time-averaged, longshore current resulting from waves bre

e turbulence to lift sediment, the longshore

aking

at an angle along the shoreline. Together with breaking wav

current produces sediment transport along|the coast. The net sediment transport direction is the

resultant of all wave events in the climate. The change in wave direction along the reference line may

alter the net sediment transport direction along the coast. Ultimately, changes in net sediment transport
quantities and direction will produce changes in shoreline position (erosion and accretion) along the
coast. The cut-off criteria” for acceptance and /or rejection of a borrow site could ultimately be
established by its affect on long-term shordline position.

We also recommend that the correlation between percent wave energy change and rejection by
the null-hypothesis, median test be studied| further at other sites. The methodology developed in this

research effort is recommended for application at all the future borrow sites needing lease decisions by

the MMS.

*Set at 50 percent of the reference line negatively impacted.
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Virginia Beagh, VA WHEREWAYV Results

WAVE CLASSIFICATION & STATISTICS FOR INPUT TIME SERIES: RU2058
THE FOLLOWING CLASSIFICATIONS| ARE BASED CN A SHORELINE QRIENTATION OF:

343.00

NUMBER OF RECORDS PROCESSED. | v vnennrnnrarenmrermrmrrtsnins 58440
NUMBER OF CALM PRIMARY COMPONENT EVENTS «iouwonesrasnornmssss ]
NUMBER OF CALM SECONDARY CCOMPONENT EVENTS ..c.veras eme e 21532
NUMBER OF OFFSHORE TRAVELING |PRIMARY COMPONENT EVENTS . ....- 10515
NUMBER OF OFFSHORE TRAVELING |SECONDARY COMPONENT EVENTS .. - 14329

DEFINITION OF ANGLE BANDS

ANGLE BAND RANGE WITH RESPECT RANGE WITH RESPECT TO
NUMBER TO NORTH SHORE-NCRMAL

1 343.00 : 348.73 80.00 : 84.25
2 348.75 ¢+ 11.25 84.25 61.75
3 11.25 = 33.73 61.75 = 39.25
4 33.75 : 56.23 38.25 16.75
5 56.25 : 78.73 16.75 = -5.75
& 78.75 : 101.25 -5.75 : -28.25
7 101.25 ¢ 123.75 -28.25 1 -50.75
8 123.75 : 148.25 -50.75 : -73.2%
9 146.25 : 163.00 ~73.25 1 —90.00

DEFINITION OF PERIOD BANDS

PERIOD BAND NO. RANGE OF WAVE PERIOLS

1 0.0c T < 5.0
2 5.0< T < 7.0
3 7.0« T < 9.0
4 9,0< T <11.0
5 11.0< T <13.0
e 13.0< T «15.0
7 15.0¢ T <17.0
8 17.0< T <23.0
9 23.0«< T

CLASSIFICATION OF COMBINED WAVE EVENTS BY ANGLE BAND

ANGLE BAND NUMBER OF AVERAGE WAVE ANGLE AVERAGE PERICD
NUMBER EVENTS (W.R.T. SHORE-NORMAL) WAVE HEIGHT BANDS
1 535 87.00 0.99 123
2 4255 73.26 1.01 12345¢
3 3057 50.00 0.98 12345
4 3186 27.57 0.92 123456
5 8531 2.59 1.03 1234567E8
8 26837 -13.83 0.99 1234567883
T 1735¢ -38.86 0.72 12345671489
B 5272 -59,81 0.638 123456
g 1467 -B1.18 0.82 12353

&2




PERIOD BAND NUMBER OF
NUMBER

ANGLE BAND MUMBER OF AVERAGE
NUMBER

1

O - Wk

PERIOD BAND
NUMBER

[CaRe -0 e NS, I SR OV I 0 ) g

W -1on b Wk

Virginia

Beach, VA (continued)

OF| COMBINED WAVE EVENTS BY PERIOD BAND

CLASSIFICATION
AVERAGE
EVENTS PERIOD
9399 3. 64
9878 544
15054 758
16428 9. 486
10601 11].43
5931 13). 39
2269 15[. 37
930 18.06
9 24,00
CLASSIFICATION

EVENTS
234
1786
1244
1384
5733
21636
12707
2650
546

(W.R.T

CLASSIFICATION

NUMBER OF AVERAG

EVENTS
2698
5872
10172
12566
8716
5162
1920
805
E
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WAVE HEIGHT

OHPEFERFEOOHO
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OF PRIMARY WAVE EVENTS BY ANGLE BAND

WAVE ANGLE AVERAGE PERIOD
. |SHORE-NORMAL} WAVE HEIGHT BANDS
87.00 1.25 123
73.64 1.23 12 35
49.91 1.21 12 345
27.63 1.34 12345686
1.36 1.22 123458
+13.74 1.11 123456
-38.69 0.81 123458
-58.84 0.87 1234586
81,48 1.18 12 35
OF PRIMARY WAVE EVENTS BY PERIOD BAND
E AVERAGE ANGLE
PERIOD WAVE HEIGHT BANDS
3.83 Q.72 12345¢867
5.45 1.17 12345¢7
7.59 0.87 123456867
9.47 0.93 3456748
11.45 1.11 23458678
143,39 1.31 45678
ys5.37 1.46 586 7
18.08 1.82 56 7
44.00 0.71 & 7
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EVENTS3

301
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921

CLASSIFICATION OF|

EVENTS
6701
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4882
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769
349
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a
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appendix B

Software

Source Codes
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#1 /usr/local/bin/bash

HEBpARHEREE SR A EREHE B EY

HE#
4
#iH
i
£H#

#44
############################

#
& Setting pathes

shell script for callculating wave enerdgy

Feb 1999
Takashi Ckamoto

#

wis:/home/okamoto/mms/data/WISdata
mik:/home/okamoto/mmsfdata/MIKEdata/expand/morextnt/refline
out=/home/ckamoto/mms/scrip:/longz

4gawk 'END{print NR}’
s s S RS S

# calculating wave energy
#
time=1
dirc=1
while [ Stime -le 7 ]
ao
dirc=1
while [ $dirc -le 7
do

swis/

Fmp /wE* >

th each direction & period

]

############################ﬁﬁﬁ

#EH
#Ha
#aH
#44
H#H#4

###############################

Swis/tmp/number.data

(refer to energy.awk)

awk -f energy.awk -V avh:"swis”/tmp/wt"stime"d”sdirc".data

g
"$mik"/bfd"sdirc"t“stime“
aw
"$mik"/afd"$dirc"t"$time"

done
let time=time+l

done
HHuHHHH AR

#
# adding up each component

#
gawk ‘BEGIN&FS =
{for i=1;1«<=NF;i++)

1t \nl'l ,‘RS: " ‘.\n

|data >>

wsout"/rsltbefor.data
k -f energy.awk -V avh="$wis"/tmp/wt"$time"d"

|data »>> "$out"/rsltafter.data
let dirc=diyc+l

{wh{i]=wh[i]+$i

END{Eor(i=l;i<=NF;i++)
gawk 'BEGIN{(FS - "\n";Rs="|\n"
{for i=1;i<=NF,‘i++)

END{for(i=1;i<=NF;i
i######### HH##

# Calculating the rate ©

gawk -f ratech.awk n=1 "$9

{wh 1}=whii] +51
++)I

£ change

ut"/rb n=2 ngout"/ra > "Sout'"/result

73

print wh[i]i}' ngout"/rsltafter.data

4dirc" .data

rint wh[i]*]‘ vgout"/rsltbefor.data > "Sout"/rh

s> "Sout"/ra



gﬁﬁ#######################################################t
#it

333 awk Script for calculating wave energy $#$
#H# ##d
Hid Feb 1993 Hi#
H## Takashi Okamcto Ri#

#H# Hit#
ﬁ##########################################################
# Calculate wave length

#
BEGIN{
getline < "/home/okamoto/mms/data/WISdata/tmp/number.data“
number=351
pi=3.14159265
d=6.5
i=1
while ( ( getline < avh |} > 0 ) {
wavh[i] =51
timpl[il=8%2
1=100
for ( count=1; count<=1l0; count++)

cosh=(exp(z*pi*dfl)+exp(-2*pi*d/l))/2
sinh:(exp{2*pi*d/1)—exp(-2*pi*d/1))/2
tanh=sinh/cash

£-1-9.8%($272) /2/pi*tanh
df=1+9.8*($2‘2)*d/(l‘2)*(cosh‘2-sinh‘2)/(cosh“2)
1=1-£/4f

)
;eng[i]:l
i++

= —

#4
4H#4## Calculate wave energy
#H#H

for ( wr=l; Wr<=i;wr++
ene[j]:ene[j]+1025*9.81*(wavh[wr]*$1}‘2/8/number*leng[wr]

print eneli]
J++

#i#aHe
END{ print " "}
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