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INTRODUCTION

The Virginia Institute of Marine Science, together with
other state agencies, has a céntinuing interest in preserving the
coastline of Virginia, particularly, the Atlantic coastline in
the vicinity of the resort city of Virginia Beach. Because a
well maintained beach can serve several purposes, e.g., (1)
providing public recreational areas, (2) protecting valuable
properties that are located near coastline, and (3) reducing the
rate of land loss, a great deal of efforts has been devoted to
understand the processes that affect the change of shoreline.
Among several erosion forces, waves are especiélly important
elements as they can alter the shoreline significantly.

To have a beach properly maintained, one may use several
approaches, and perhaps use all available approaches in parailel
to obtain the best results. In the costal sector of Virginia
Beach, beach nourishment using material from inland borrow‘pit
have been done constantly dﬁring last two decades. The ability
to find land sources of good beach-quality sand has become more
difficult. The sand loss due to both shore normal and longshore
transport creates the need to find a reliable source of good

quallty sand for future supply.

Sandbrldge Shoal (see Fig. 1) located approx1mately 20 miles

south of Virginia Beach and 3 miles offshore, has been identified
as the potential source of good beach-quality sand (Kimball and
Dame 1989). Use of the sand resources there, however, causes a
great deal of concern that dredging may cause severe beach

1l
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erosion at Sandbridge dﬁe to alternation of wave transformation
process. To understand the possible change of shoreline due to
dredging at the shoal requires a comprehensive unaerstanding of
the wave climate, the wave transformation process, and the

associate shoreline responses.

From other studies of wave transformation (e.g., Berkhoff et

al. 1982), we understand that a shoal may functional as a convex
lens that tends to converge wave energy and cause more beach ero-
sion. The degree of convergence, however, depends on the size,
shape, and location of a shoal as well as the wave conditions.
Thus, we proposed to do a-basic statistical analysis of the wave
climate using nearly seven years (from Feb. 1985 to Dec. 1992)
wave records from a nearby wave station CHLV2 and 1.6 years wave
records from another station 44014. We‘also proposed to examine
the possible effects of dredging at Sandbridge Shoal on the wave
transformation process and associated impact on the nearby

shoreline stability. The follqwings are results from this study.

WAVE STATISTICS
Data Sources
The National Data Buoy Center (NDBC) has 16 stations located
along the east coast of the United States (Wang and Mettlach
1992). There are two wave stations off the Virginia coast: A
mbored buoy station, 44014 (sponsoredAby the U.S. Army, Coastal
Engineering ResearChJCentef), located near the continental shelf

break with water depth of 48 m ( Latitude 36°34'59", Longitude -
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74°50/01"), and a Coastal-Marine Automated Network (C-MAN)
station, CHLV2, located on a shoal approximately 25 km east of
the Chesapeake Bay mouth (Latitude 36°54'18", Longitude 75°42‘'48")
with water depth of 12 m. Around the.shoal, the ambient water
depth is about 20 m. Fig. 1 shows the locations of these two
stations.

The wave measurement system at station 44014 used
accelerometer to record the buoy’s heave, pitch, and roll

motions. A NDBC onboard Wave Data Analyzer computed the wave

‘spectral information from the time series of buoy motion and

transmitted the results to the Stennis Space Center in

7 TR

Mississippi for further analysis and quality assurance. This
station also provided wave directional information by'using the
approach proposed by'Longguet—ﬁiggins et al. (1963).
Wave measurements at station CHLV2 were carried out with the .

Infrared Laser Wave Height Sensor, which measured the surface

PunEn————

displacement. The overall accuracy of all systems for significant
wave height, wave period, and wave direction is 0.2 m (or 5%), .
1.0 s., and +5° respectively (Meindl'and Hamilton 1992). Details
of the NDBC wave measurement system and data processing technique
can be found in Steele et al. (1990). All processed data were
achieved in National Oceanic Data Center (NODC) in Washington,
D.C. using a special ASCII format. These data‘were stored in CD-
ROM and are eas1ly retrleved

We developed computer software to analyze the data and

stored the basic information such as date, time, significant wave
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heights, zero cross periods, peak energy wave periods, and wave

spectrum information into separate disk files for later uses.

Statistical Analvsis

We studied the joint distribution of significant wave height

and peak energy wavevperiod for the two stations. Because of the

short record duration at station 44014 and far away from the

project site, we could not use the statistics of wave height and
period from that station. We used the wave direction information
from station 44014 only for guidance.

Figure 2 shows the joint‘distribution of significant wave
height and peak energy period at station CHLV2. Unfortunately;
we have to point that déta from station CHLV2 are not available
for 1993 and 1994 because of instrument and data quality

problems. The available information indicates that the most

frequent wave has a wave height of 0.7 meter and wave period of 9

seconds.‘ Notice that there is a lot of swell (small wave heights
with long wave period) at this station. The same data are alSO‘.
displayed in Table 1. To understand the distribution of recorded
significant wave height and\peék energy period, we plot the last
row and last column data from Table 1 to show the felative

abundance of each wave height and period. <Fig.'3 shows the

results. Based on this diagram, wé_can-determine the design

waves for fair weather and northeaster storm wave conditions.
We do not have a long enough wave record to accurately

estimate the most severe hurricane wave condition for a return

5
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Table 1.

Joint distribution
Wave Energy Period

of Significant Wave Height and Peak
at Wave station CHLV2.
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= 02/01/85
End date = 12/31/92
Total observations = 50215
Wave H_1/3 Wave peak-energy period (s) Sum

0 2 4 6 8 10 12 14 16 18
{m) 2 4 6 8 10 12 14 16 18 20
0.0-0.2: O 4 .0 1 4 1 0 0 0 0 10
0.2-0.4: O 115 166 314 1013 160 123 70 14 0 975
0.4-0.6: O 886 1286 1774 4064 769 477 262 57 1 9576
0.6-0.8: 0 1218 2320 2387 4132 910 356 213 63 13 :11612
0.8-1.0: O 694 2595 2116 2677 650 282 78 87 2 : 8181
1.0-1.2: O 262 1961 1593 1490 469 225 28 5 0 6033
1.2-1.4: O 39 1371 1125 885 326 203 45 1 0 : 3995
l1.4-1.6: O 7 840 759 569 191 133 34 1 0 2534
1.6-1.8: 0 2 515 610 350 143 86 29 1 1 1737
1.8-2.0: O -0 237 434 222 86 62 14 -0 0. 1055
2.0-2.2: 0 1 111 281 185 77 62 11 0 0 728
2.2-2.4: O 1 47 197 130 47 27 15 3 0 : 467
2.4-2.6: 0 0 18 139 93 29 122 7 2 0 : 310
2.6-2.8: 0 -0 6 98 49 22 33 16 2 0 227
2.8-3.0: O O 1 92 48 31 28 12 6 0 218
3.0-3.2: O 0 0 46 49 17 16 12 5 0 145
3.2-3.4: 0 0 2 32 39 16 8 8 6 0 111
3.4-3.6: 0 0 0 19 35 6 5 3 0 0 68
3.6-3.8: .0 0 0 17 49 11 1 3 2 2 85
3.8-4.0: 0 0 -0 6 37 7 2. 0 1 1 54
4.0-4.2: O 0 0 3 31 4 1 1 0 1 41
4.2-4.4: 0 0 0 1. 19 2 2 1l 0 0 25
4.4-4.6: 0 0 0 0 10 2 0 0 0 0 12
4.6-4.8: O 0 0 0 2 1 0 3 0 0 6
4.8-5.0: 0 0 0 0 1 2 2 1 1 0 7
5.0-5.2: .0 0 0 0 0 0 0 0 1 0 1
5.2-5.4: 0 0 0 0 0 0 0 0 0 0 0
5.4-5.6: 0 0 0 0 0 0 0 0 0 0 0
5.6-5.8: 0 0 0 0 -0 0 -0 0 -0 0 0
5.8-6.0: O 0 0] 0 0 0 0 0 1 0 1
6.0-6.2: O 0 0 0 0 0 0 0 0 0 0
6.2-6.4: 0 0 0 0 0 0 0 0 0 1 1
6.4-6.6: 0 0 0 0 0 - 0 .0 0 0 0 -0
6.6-6.8: 0 0 0 0 0 0 0 0 0 0 0
sUM 0 3229 11476 12045 16183 2156 866
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period of 20 years or more. Table 2 shows the maximum significant wave

heights that occurred during each of the 7 years. The recorded maximum

significant wave height (6.2 m with a peak wave period of 20 seconds,

occurred on 9/27/85) probably qualifies as the most severe storm wave.

Table 2
Date Time H_significant T_Peak
(m) (sec)
9/27/85 10:00 6.2 20
12/02/86 21:00 4.2 10
3/10/87 15:00 4.5 10
2/19/88 20:00 3.3 5.6
2/24/89 22:00 4.9 12.5
10/26/90 17:00 4.0 10
11/10/91 03:00 4.6 10
1/04/92 11:00 4.9 14.3

Model Waves

Based on the measurements at station CHLV2, Table 3 shows the total

hours (and percentage) in each year that the measured wave height

exceeded 2 and 3 m.

Table 3
Hours (percentage) that H_sign

Year >=2.0m ' >=3.0m
85 350 (4.0%) 34 (0.4%)
. 86 229 (2.6%) 55 (0.6%)
- 87 341 (3.9%) 73 (0.8%)
88 129 (1.5%) 4 (0.0%)
89 - 568 (6.5%) 166 (1.9%)
90 216 (2.5%) 20 (0.2%)
91 510 (5.8%) 118 (1.3%)
92 542 (6.2%) 150 (1.7%)
average 2885 (4.1%) 77 (0.9%)

prers e ey e
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This table indicates an average about 5% of the total time in each
year that the wave height exceeds 2 m. The percentage decreases to only

about 1% if the selected wave height is 3 m.

Table 4
Hours (percentage) that T_peak
Year >=12 s >=14 s
85 483 (5.5%) 262 (3.0%)
86 406 (4.6%) 173 (2.0%)
87 . 254 (2.9%) 14 (0.2%)
88 254 (2.9%) 89 (1.0%)
89 331 (3.8%) 114 (1.3%)
90 581 (6.6%) 184 (2.1%)
91 1069 (12.2%) 116 (1.3%)
92 506 (5.8%) 195 (2.2%)
average 485 (5.5%) 143 (1.5%)

Table 4 indicates an average about 5% of the total time inAeach
year that the wave period exceeds 12 s. This ratio also decreases to
about 1% if the selected wave period is 14 s.

From Fig. 3a, we can identify that a significant‘ﬁave height of i.9
m exceeds 95% of the observations (50215 records), and thus may be
selected to represent the Northeast storm wave condition. From Fig. 3b,
we found the corresponding wave period (11.8 s) that also exceeds 95% of
the observed wave periods. This selection is very close to that giveh
in Table 3 and 4. |

If we select a representative wa#e that occurred only 1%‘of_£he
total time in a year,ka wave height of 3 m and period of 14 sec. can be
picked from Fig.‘3; This result also is close to thaﬁ shown in Tables 3

and 4. This wave condition can be classified as a severe sea which

10
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occurredlonly 1% (88 hours) of the total time in one year.

For the fair weather condition, we selected a significant wave.
height of 0.72 m as 50% of the total observed wave heights are less than
this value. The correéponding wave period is 6.7 seconds. Table 5

shows all the four wave conditions.

Table 5
Wave Height Wave Period Remark
(m) (sec)
6.2 20 Most severe sea
3.0 14 . Severe sea
1.9 12 Northeaster
0.72 6.7 Fair weather wave

Wave Direction

Although we have the above stated Wave height and period
information, we do not have the direction information because the
measurement’system at station CHLV2 is not capable of measuring wave
direction. From the wave measurements at station 44014, however, a best
estimation can be made.

Figs. 4 and 5 show the wave height and wave period roses for
station 44614. The orientation of the coéstal.line at Sandbridge is
also plotted as a reference. The wave height-rose indicates that wave
height’s directional distribution is relatively uniform froﬁ SSE to NNE,
and the most common wave direction is ESE. 'The waves coming.frqm NNE to
ENE are mainly large waves caused by Northeasters. Their wavé period,
however, are not long ekcept the ENE direction. Most of the waves in

11
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NNE and NE are less than 8 sec. Long period waves are mainly came from
ENE and E because of the long fetch length. Thus, waves coming from ENE
are most important because of the possible large wave height and long
wave period. Waves coming from SSE to ESE directions could have all
kind of wave heights, but their wave periods were rather short. Con-

sidering the water depth at Sandbridge Shoal is more than 10 meter, it'’s

influence to short period waves is minimal and may be ignored.

Notice that the wave height and period distributions at station
44014 are mainly from ESE with a large spread from S and N. Waves from
the other side are negligible because of the limited fetch. When closer
to the Virginia coast at station CHLV2, we can assumed that waves are‘
more concentrated in ESE direction. As inaicated before, ﬁowever} wavés
coming from ESE are mainly short period waves. We need to concentrate
on large waves that have a longer wave period. For this reason, we
selected ENE as the main direction of the threatening waves. The next
two imporﬁant directions are E and NE. At Sahdbridge, the shore normal
direction is 73 degrees (counted clockwise from true north). For waves
comihg from this direction, however, we referred as waves go toward 253
degrees from true north. This direction is only 5.5 degrees different
from ENE. Considering the accuracy of wave direction measurement is %5
degrees, there is almost no différence between ENE and 73 degrees. For
convenience, we selected the shore normal direction as the main direc-
tion for the threatening waves. The next two'important wave directions

are 53 and 93 degrees from true north, or moving toward 233 and 273

degrees. In the wave modeling study below, the wave directions given

are the direction that waves are traveling toward.

12
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Fig. 4. Wave Height Rose from Station 44014.
is plotted in the legend.
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POSSIBLE PHYSICAL I.MPACT ON WAVE TRANSFORMATION

Wave rays‘tend to concentrate at the lee side of a shoal because of
the wave refraction and diffraction processes. A typical example of
these two processes can be found from Berkhoff el al.’s (19825 labora-
tory experiment, see Fig. 6. The concentration pf wave rays means wave
energy is higher and may caﬁse severe beach erosion if the shoal is
close to the beach. Because of the size, shape, and location of
Sandbridge Shoal,.the response of wave transformation may not be as
clear as that shown in Berkhoff et al.’s experiment. lWe méy assume,
however, the dredging would reduce the wave convergence because the
shoai could be flattened. However, the actual responses need to be
studied carefuily..,First, we néed to examine the wave transformation
process1f6r the existing bathymetry and the associated longshore
sediment transport. Then we will assumé the bathymetry.is changed by
dredging and do the same exercises again. Notice that examining all
possible waves is nbt necessary because_dhly the severe sea with a
longer wave period may be affected by the‘dredging‘at Sandbridge Shoal
which is located in a relatively deep watér, 10 m. For this reason, the
selected fair-weather wave condition will not be examined. Only the
northeaster; the severe sea, and the most severe sea conditions will be

examined with and without dredging.

Bathymetric Data

The first step in analyzing the wave transformation processes is to
obtain accurate bathymetric data. We obtained all available digital

bathymetric data for this area from NOAA Data Center. After examining

15
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the shoal is located at x=15 m and y = 10 m.

16

Concentrated after an Elliptic shoal.
period,

Fig. 6. Bérkhoff's (1982) Laboratory Experiment Shows the Wave Energy
with 1 s.
- The depth contours are also plotted
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these data, we found several small areas for which digital data are not
available. Fortunately, we were able to obtain original survey charts,
digitized them, and converted the digitized data to NOAA format for
further processing.

After we collected sufficient digital data to cover the study area,
we developed a computer program to convert these randomly spaced data
into regularly spaced data that are suitable for a wave refraction and
diffraction model. We need a large enough spatial domain and a small
enough grid size to analyze wave transformation process. Fig. 7 shows
the bathymetry within the entire grid system. The size of each cell for
this grid is 30 m in the x direction and 60 m in the y direction, res-
pectively. 1In Fig. 7, the small subarea enclosed by dashed line is
replotted in Fig. 8a to show the detail water depth contours at the

vicinity of Sandbridge Shoal. 1In Fig. 8a, the proposed dredging. area

~was ‘identified by a dashed rectangular with 500 m wide and 1500 m lorg.

The coordinates for the lower-right corner of the rectangular are x =
5.08 km énd y = 10.335 km. The water depth within this rectangular are
at least shallow than 11 meters, with some place are shallbw than 9 m.
The proposed dredge would be a uniform two meters in this rectangular.
After‘dredging, the possible water depth contours are displayed as Fig.
8b. It can be seen that the ofiginal two 10-meter contour lines was
replaced by one much smaller 10 m contour line, which may be targeted

for next stage dredging.

*»

Wave Refraction and Diffraction Models

There are two numerical models available at VIMS for simulating

17
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wave refraction and diffraction. They are RCPWAVE and REfDIF-l. The
first one was developed by Ebersole (1985) and the second one wés
developed by_Kirby and Dalrymple (1991). Both models solve the mild
slope eéﬁation given by Berkhoff (1972). The differences are the
computing algorithm and some enhancehents. These two models both have
some adVantages and disadvaﬁtages. It is out of scope of this study to
discuss which model is the better one. Our objective is to employ a
model and examine the possible difference caused by the dredge at
Sandbridge shoal. We chose RCPWAVE model because of the following two
reasons: (1) It considered wave ehergy loss caused by bottom friction,
which is impprtant for estimating breaking wéﬁe‘height when there is a
long wave travel distance, éboﬁt 10 km; (2) We already have all the
computer codes for analyzing RCPWAVE‘output files to study longshore

sediment transport.

Wave Pattexrn for‘the Original Bathymetry

Although we have emphasized four wave conditions, the fair-weather
waves are not important. It has been demonstrated in our early study
that Sandbridge shoal will not affect anes with a period shorter thap 9
seconds. |

Fdr'the other three wave conditions (the most severe sea, the
severe sea, and the northeaster wave), we'ran the RCPWAVE model with six
possible wave directions; 223,.233; 233, 253, 263, ;and 273 degrees;
Again these angles are the directions that wave.trains move toward.

Figures 9a, b, and c show the calculated wave rays for the |

Northeaster waves coming from NE, ENE, and E directions, respectively.

18
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a dashed rectangular; (b) After Dredging.
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Only che section from y = 5 to 20 km are presented here for a
clear view. Figures 10 and 11 show similar plots for the severe
sea and the most severe sea that waves coming from NE, ENE, and E
directions, respectively. In general, waves tend to converge
around the coast section near Sandbridge without regard to the
wave directions. As waves are higher in the zone of convergence,
this might explain the severe beach erosion at Sandbridge. Notice
that as the wave period decreases, the wave ray convergence also
decreases.

Among the six important directions, the mcst severe sea with
waves come from NE direction (waves go toward 223 degrees) has
the most convergence at the coastal section of Sandbridge. That
is why‘we see a'large breaking wave height near Sandbridge (see
Fig. 15).. This trend holds for the other two wave periods (iz
and 14 sec.), but the rate of convergence decreases as the wave

period decreases.

Wave Pattern after dredging

As has been discussed, wave convergence after an offshore
shoal is expected because of wave refraction. The offshore shoal
studied here roughly covers a 5 km x 10 km area. The effect of
wave refraction caused by the targeted dredge area (about 0.5 km

x 1.5 km), however, seems not significant. This can be seen by

.observing that wave rays do not have a significant convergence or

divergence at or after the targeted dredge area.

21




Examples of the plot of wave rays for the most severe sea
coming from NE, ENE, and E directions for the case that dredging

has been completed are given in Fig. 12. This diagram depicts

only a minor change of wave rays after'dredging. To further

clarify the dhanges in breaking wave height and breaking wave
angle before and afCer dredging, they were plotted in Figs. 13,
14, and 15 for all the important wave directions along this-
section of the Virginia coaét, y =.5 to 20 km. The proposed
dredge area is located approximately between y = 10 to 12 km.
The solid line in these figure represents the breaking wave
height or breaking angle before dredging, and the dashéd line
represents the same parameter after dredging. ‘

From Fig. 13 (the Northeaster waves), it can be seen clearly
thét the maximum breaking wave height does not changed along this
section of the Virginia coast. Their'locations and breaking
angles do changeva little.

FO: the severe sea, see Fig. 14, waves coming from-the NE

seem not affected by the dredgingﬂ Although the breaking wave

angles changed a little, the maximum breaking wave height does

not change. Waves coming from ENE and E are affected a little by.

the dredging, i.e., their maximum breaking wave height iﬁcreases
from 3.37 m to 3.45 m, about a 2% increase.

For the most severe sea, except fbr the,norﬁally incident
waves (wéves going to 253‘degrees), waves come from all other
directions are affected a little, see Fig. 15. The change of

maximum breaking wave height varies with the direction, i.e.,
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from 2% to 7%. Notice that, however, the maximum change is only
7% for the waves going toward 233 degrees.
It is worth mentioning that the overall accuracy of NOAA’s

wave height measurement is 5%. Our calculation indicates that

the proposed dredging at Sandbridge shoal may only cause a change

I of 2 - 7% on the breaking wave height; This is an indication |
ﬁhat the effect of proposed dredge on wave transformation is

I insignificant._ Thus, we may expect that the longshore-sediment

transport process will not be affected significantly either. The

.‘ following are a further verification of this conclusion.
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POSSIﬁLE IMPACT ON SEDIMENT TRANSPORT

We used an advaneed longshore sediment transport model to
examine the possible‘impaCt of dredging at Sandbridge Shoal. It
is necessary te point out that the ebsolute volume of sediment
transport is irrelevant. Although some models gave the same'
trend.of longshore transport, their absolute value of sediment .
transport can be quite different (Wright et al. 1987). What we

want to examine is the difference before and after the proposed

dredging has been done.

Longshore Sediment Transport Model

The most straight-forward approach to estimate the total
shore-parallel sediment transport rate (ether in mass, J, or in
volume, Q) in the surf zone was simply related to the long shore

breaking wave energy flux, I, as follows:

I =K (ECy), sin o, cos a; ............. e e, e e (1)

where (EC,), is the wave energy flux at the breaking point; C, is
wave group velocity, E = (1/8)pgH? is wave energy, p = 1020 kg/m*
is water density, g‘= 9.8 m/si is the gfavitational acceleration,
H is wave height, the snbsctipt b stands for breaking wave
condition, o is the breaking wave angle between x direction
(also represent the shore normal direction) and the incoming
breaklng wave ray, and K is an empirically determlned constant.

The volume transport rate and mass transport rate are related as
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I=glp,~-p) (1 -pP)Q......... e e e e e (2)

where p, = 2.65, is the sediment density, p = 0.4, is the pore

ratio.

Although Eq. 1 has been widely used in the past two decades

‘(Watts 1953; Savage 1962; Bagnold 1963; Komar and Inman 1970;

Komar 1983) and also selected in the Shore Protection Manual

(CERC, 1984). It is necessary to point out that this formulation

assumes breaking wave energy is totally dissipated in the surf
zone, and the gradient of radiation stress, dS,,/dx, is the only
force that drives longshore current. Thus, Eg. 1 is good for an

ideal coast with straight shoreline and parallel depth contours

"from coast to far offshore.

If we only consider sedimeﬁt transport process for a simple
straight shoreline, parallel depth contours from coast to fﬁrther
offshore, and'assume wave energy is totaily dissipated in the
surf zone, then Eqg. 1 is a godd start becausebeand abafe‘the
samé_along the coast. In reality, however, wave breaking
condition (H, and ¢,) always changes along a coast because of the
irregular bathymetry, e.g., see Figs. 12-15. For this reason,
wave set-up induced by another component -of the radiation stress
(Longuet-Higgins and Steward 1962), 33“/8x, at‘the coast will not
be the same. This varying wave set-up (i.e., water surface |
elevétion)‘along a coast can induce'longshore‘current even for a
hormally incident wave (i;e., Sy = 0). This‘secon&’component of

longshore current can either enhance or diminish the first
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compoﬁent. Therefore both‘the long shore energy flux (caused by
oblique.waves) and the gradient of wave set-up (caused by
changing breaking wave height) should contribute to the longshore
current, i.e., longshore sediment transport.

The three radiation stress components (S,, S,, and S,),
which are second order wave properties that are responsible for

driving long shore current, can be calculated as follows:

Sy = Sy = % Bl SIT 20 & vttt o vt oot oeeencasasssessosacnnanss (3)
S = E[ n (cos’a +1) -—]2:7] ................................ (&)
S, = Bl n (sinf +1) = 3= 1 .oooiiiiiiii i (5)
where |

n=L (142 ) A e o A7)

where E is wave energy, k is wave number, d is water depth, and «

is wave angle defined similar to &, given in Eg. 1.

Based on the above stated principal, attempts have been made

to extend Eq. 1 to include the influence of nonuniform breaking
wave height along a coast (Komar and Inman 1970). Gourlay (1982)
modified Komar and Inman’s model and proposed the following

equation:

I =K (EC), cos o [ sin 2, -

where Tan f is the average beach slope between the breaking point

‘and the shoreline , Ky = 23.7, K' ~ 0.385K,, and m,depehds on

39

R —




L
E=

the Irribaren number, §, gi?en by

£ = 27 Tan f
H, g

When £ = 1.7, K, = 1, but when §{ < 1.7 then K, =0.45¢/K"

Model Results

Based on the Gourlay’s model (Gourlay 1982) for longshore
sediment transport, we calculated the amount of longshore
sediment tranéport based on the calculated breaking wave heights
and breaking angles (using the RCPWAVE model with modification on

counting the effects of bottom friction) before and after the

proposed dredge were made.

Figure 16 shows the calculated longshore sediment transport
rate, Q, in M*/hr for the Northeaster waves that coming from NE
to Eldirection.' In the figure, the legendt’a12;223’ stands for
Northeaster wave with representative.wave period 12‘s. (11.8 s.)

and traveling 223 azimuth degree (i.e., coming from the NE). The

solid line represents calculated longshore transport rate before .

dredging, and the dashed line is for after dredging. The phase
‘y+ transport’ represents,north—géing transport, and ‘y-
transport’ fepresenté south-going transport. Fig. 16 indicates.
that the Northeaster waves coming from NE aﬁd ENE directions
don’t héve any significant effect on the changing of longshore
sediment transport. The results from waves that go to 233 and
243 degrees were altered in sﬁch a manner that the souﬁh—going

sediment tfansport rate will be reduced. The amount of north-
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goinglsediment transport, caused by waves that go to 263 and 273
degrees, increases a little after dredging. In eombining the
results from Northeaster waves, the net amount of south-going
sediment will be reduced by the dredging. Notice that, however,
the possibly affected area is located on the north of Sandbridge.
On the south side, the influence is insignificant.

For the severe sea, Fig. 17 shows the calculated transport
rate. The legend ‘bl4.223° stands for the severe sea with
representative wave period 14 s. and traveling toward 223 azimuth

degrees. It reveals that for waves going toward 233 and 243

B

degrees, the south going amount has been reauced; For other
directions, there are only minor local changes. Again, the
affected area is located on the north side of Sandbridge.

For the most severe sea, Fig. 18 shows the results. The

legend ‘'c20.233' stands for the most severe sea with a wave

vy

period of 20 s. and traveling toward 233 azimuth degrees. Notice

- T

that there are only small local change and no significant
difference for all‘directions~between before and after dredging.

Considering the fact that there is only about 5% of the

TR ol SmmrTroTTiT T

total time in a year that waves may reach the level of the
Northeaster waves, and only about 1% of the totai‘time in which
waves reach the level of the severe sea, the calculated possible
change of longshore sedlment transport may be cons1dered

insignificant. If affected . the area would be 2 to 5 km north of

Sandbridge.

41



Q a12.223

y+ transport

Sandbridge :
8 — y— transport
— T T T T T T T
|
T
o~

y+ trénsport )

0
T

Q (m®/hr)
~75

Sandbridge

o o
el — y— transport
- ) 1 I | i I i
!
Te)
-

y+ transport

T PRGN T T - T e e =

—

1

o o

~

[

\Elg
|

<
8 . M , y— transport
— ] T ; T T— T T L
18 15 12 9 . 6

Y (km)

Fig. 16. Comparison of Longshore Sediment Transport Before and

After the Proposed Dredging at Sandbridge Shoal for

Northeaster waves.

.42




(
|
| l
i
!

(e
[tp}
o=

d a12.253 y+ transport
—~~ '
L‘ -
< )
(]
N
(W)
.
Sandbridge
. — y- transport
IT i 1 T T T =T T
o
2
e/f\a12.263 II'|‘ ,'\ y+ transpor't
—~ !
—
£&F
(]
E
«4
Sandbridge
Y [ amaae— y— transport
lT i s 1 | T T T - o
Te)
N .
« f a12.273 . y+ transport
after
~—~
~ o
b
™~
<«
E,
I~
2
Sandbridge
o 1.
I | T . T " T T
18 15 . ‘ 12 _ 9 ‘ 8
Y (km)
Fig. 16. (continue) Comparison of Longshore Sediment Transport

Before and After the Proposed Dredging at Sandbridge
Shoal for Northeaster waves. -

43




30

+
Q b14.228 y+ transport

*10
15

0
)
»

Q (m®/hr)
~15

S Sandbridge
| — y— transport
T T T T T T .

-30

30

y+ transport

*10
15

0

-15

Q (m?/hr)

[ ——

y— transport
1 ¥ T T T - T —

30

30

» y+ transport

C b14.243
| S o
j *H - [ after
N I‘
o \\ Y AN
o N AW Ay NI A WA WA X
E o »i'j W= A g viv b
< b .
~ \ \/I \\,/
[ <]
é 2 o before
l B
<
= Sandbridge :
= b 1 y~ transport
L "l" T T ; : — - '
18 : 15 12 \ 9 B
g Y (km)

Fig. 17. Comparison of Longshore Sediment Transport Before and
' After the Proposed Dredging at Sandbridge Shoal for the
Severe Sea.

44

b - A

TIr

I A

T ]




Fig.

45

d b14.253 y+ transport
o
- QL
x O
—~
E e
~
o
E_
e
S id
w M y- transport
| T 1 i J i | 1
o
©
@ b14.263 y+ transport
o
— 0
* ﬁ‘
ll\\
— after 1oy
£8 P\
~
€
E,
o
Sandbridge
o  ama——
1 T 1 ) 1 1 )
=)
i + t ort
f bra273 y+ transp
o
— 0
*
o
£ 8
~
[ ]
E,
-1
€
Sandbridge
o | S —
, i i 1 . 1 ] ] i
18 15 12 9
Y (km)

(continue) Comparison of Longshore Sediment Transport
Before and After the Proposed Dredging at Sandbridge

Shoal for the Severe Sea.

45

B i SR 1 T

o

1 VT D T T R T e S S Rl O -



40

a Q c20.223 y+ transport
k o
‘ = o
*
l —~~
—~ O
| 53
~
L)
i
| E.
I
o
. [ .
{ S ' 1-5-31————1dbndge y— transport
—r T 3 T T T T T
|
( o
@

- b ¢20.233 y+ transport

*10
40

- o
L’ f o0 A\
~ \’\’
. - 9
| Ee
) [ } I
‘“ &2
8 . EM y- transport
ai i ] T T T T T
i (@]
© - —
} C c20.243 y+ transport
t (&
= - O
= s e
~— ~on . "
Eo .{\/’\v[\ /I/\/W-:‘\ o~ ‘lf‘\ ‘
\ [3 ) AN V—v \\J
o N /l g
l Eql
1
o
g 8 'San_d_bfxd_g? y— transport
{ 1 1 ] T T T T
Y (km)

‘ Fig. 18. Comparison of Longshore Sediment Transpcrt Before and
! After the Proposed Dredging at Sandbridge Shoal for the
Most Severe Sea. -

{ 46

R I ) P




[l i i

(=]
Y]
a d ¢20.253 y+ trensport
o
—_ Q. L
» ©
o
S
~ »
© ! (SAY ,
Ny P 7 \\. .
E AN ; S e fuf“\\
IS T‘K”/\»Jw/c’ ¥ =/
o
Sandbridge
= — y- trensport
T T T T T T I T
(=]
N .
- @ c20 263 y+ transport
o
—_ Q b
* w
~~
—~
Mo
™~
(]
E
o
Sandbridge
=4 —— y— transport
T ' J J T — ! T
]
3V,
- f c20.273 y+ transport
o
— Q L
* m
N
St
o
™~
(]
B
o
Sandbridge
g : ' — y—- transport
T ' ' ' ' a L T
18 i5 12 9
Y (km)

Fig. 18. (continue) Comparison of Longshore Sediment Transport
- Before and After the Proposed Dredging at Sandbridge

Shoal for the Most Severe Sea.

47

iy

R |G U L

v 1B




CONCLUSIONS
The study of near seven years wave records from station

CHLV2 indicates that long period waves (period T > 12 s.) mainly

‘come from NE to E Directions. Because short period waves will

not be affected by the presence of the Sandbridge Shoal, they are
not studied. Three categories of wave conditions were examined
in this report, and the possible influence by the proposed
dredging are evaluated as follows.

‘The respénses (oh the longshore sénd transport) to the
pfoposed dredging at Sandbridge Shoal for the most severe sea
(Wave Height H = 6.2 m and T = 20 s.) are insignificant for all.
the selected six diréctions,lfrom NE to E. |

For the severe sea (H = 3vm and T = 14 s.), which has a 1%

chance of occurrence every year, the shoreline change will be

reduced by the dredging for waves coming from ENE direction. The

change for this kind of wave that comes from other 5 directions

ére insignificant. Thus, the dredging actualiy protects the beach
behind the shoal, although only on the north side of Sandbridge.
For the Northeaster‘waves (H=1.9m, T = 11.8 s), which has
a 5% chance of occurrence every year, the dredging decreases the
iongshore sediment transport rate for‘these waves that come from
ENE direction, and thus; is favorable, - For the waves coming‘from
E directidn, the dredging increases. the north—going sand\trans;
port, which is nét‘faVorable. Notice that, however, the change
6ccurred mainly at‘the north side of Sandbridge, ahd thué, the

impact on the south side beach of Sandbridge is insignificant.
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