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STUDY OF SHORELINE IMPACTSDUE TO
PROPOSED DEEPENING OF THE SABINE PASS
ENTRANCE CHANNEL, SABINE, TX

. INTRODUCTION

The navigation channel leading to the port of Sabine, TX, currently extends some
18.1 miles (29.2 km) into the Gulf of Mexico and has an authorized depth of 40 ft (12.2 m). The
US Army Engineer Digtrict, Gaveston, (SWG) is studying three proposas to deepen the
channd: to 45 ft (13.7 m), to 48 ft (14.6 m), or to 50 ft (15.2 m). These three dternatives would
lengthen the current channel to 30.5 miles (49.1 km), 31.3 miles, (50.4 km) or 32 miles (51.5
km), respectively. This study examines potentid project impacts on adjacent shorelines due to
changesin waves and sediment transport caused by the proposed channe modifications.
Specificdly, the study focuses on the changes that would occur in wave heights, wave angles,
sediment transport rates, and shoreline positionsif a degper channd were constructed.

The spectra near shore wave transformation moddl, STWAVE, was gpplied to examine
wave conditions within a bathymetry grid extending 20 miles (32 km) along shore (centered at
Sabine Pass) and extending 45.5 miles (73.2 km) offshore. Input waves for this model were
developed from a 10-year hindcast of Gulf of Mexico wave conditions. The wave conditions
near the shordine, which were an output of the STWAVE modd, were used asinput to the
shordine change model, GENESIS.

Thisinvestigation examined the 45 and 50 ft channd dterndivesin detail. The 48 ft
channel was not specifically addressed. However, in al cases, the project-induced changesin
going from a 40 to a 45 ft channd were less than the corresponding changes in going from a40
to a50 ft channdl. It isreasonable, therefore, to assume that the changesin going to a 48 ft
channe would be intermediate to the changes quantified for the 45 and 50 ft design dternatives.

IIA. DATA SOURCES-BATHYMETRY

Bathymetry data were obtained from NOS hydrographic surveysthat were available in
eectronic format from the Geophysical Data System (GEODAS, ver. 4.0) developed by the
Nationa Geophysica Data Center. GEODAS is an interactive database management system for
use in the assmilation, storage, and retrieva of geophysica data. There was good bathymetric
coverage of the area offshore of Sabine Pass collected in the 1960's and 1970's, 0 these surveys
were sdected as the primary bathymetry data sets, with earlier 1937 surveys used to fill gaps.
These surveys arelisted in Table 1. Vertica survey datums were adjusted from MLW to
NAV D88 using the correction from the Galveston Pleasure Pier (NOAA Tide Station 8771510,
Latitude 29° 17.1' N, Longitude 94° 47.3' W) by adding 0.19 feet of depth. Horizontal survey
datums were converted to NAD83, Texas State Plane Coordinate System, South Centrd Zone
4204.



NGDC # | Survey | Soundings | Date | Datum | Datum Ref | Location

3071075 | HO8712 14557 1962 | MLW NAD27 SABINE BANK

3071077 | HO8737 5599 1963 | MLW NAD27 HEALD BANK

3071078 | HO8738 12359 1963 | MLW NAD27 SOUTH OF SABINE BANK

3071079 | HO8739 11672 1963 | MLW NAD27 SABINE BANK

3071080 | HO8767 4214 1962 | MLW NAD27 SABINE BANK

3071082 | HO8795 16438 1964 | MLW NAD27 SABINE BANK

3071083 | HO8796 23068 1964 | MLW NAD27 SABINE BANK

3091061 | HO9765 23172 1978 | MLW NAD27 OFFSHORE GILCHRIST, TX

3091062 | HO9769 1049% 1978 | MLW NAD27 VICINITY OF HIGH ISLAND

3091063 | HO9774 20025 1978 | MLW NAD27 OFFSHORE GALVESTON

3091064 | HO9775 23060 1978 | MLW NAD27 WEST OF HEALD BANK

3091066 | HO9784 23285 1978 | MLW NAD27 SOUTHEAST OF GALVESTON

3091067 | HO9785 12371 1978 | MLW NAD27 CALCASIEU PASSTO SABINE PASS

3091072 | HO9851 22 1979 | MLW NAD27 OFFSHORE GALVESTON

3071042 | HO6251 11561 1937 | MLW NAD27 BOLIVAR PENIN TO HEALD BANK

3071045 | H06294 4094 1937 | MLW NAD27 SOUTHEAST OF SABINE BANK

Table 1- Hydrographic data sour ces.

Recent channel surveys were supplied by SWG. These were converted from MLT datum
to NAVD88 by adding 0.80 feet of depth. The surveys showed typica channel depthsto be
about 46 ft. dong the length of the channel. This represents the present authorized depth of
40 ft., plus 2 ft. of advanced maintenance, 2 ft. dlowance for wave action, and 2 ft. of dlowable
over-depth. For the proposed 50 ft channd, the bathymetry was modified to include a 56 ft deep,
800 ft wide channd dong the first 18.1 miles (the present channel length) and a 56 ft deep, 700
ft wide channel out to 32.0 miles. For the proposed 45 ft channd, the bathymetry was modified
to include a 51 ft deep, 800 ft wide channd for the first 18.1 miles, and a 51 ft deep 700 ft wide
channd out to 30.5 miles.

Using the bathymetry, a study grid was laid out that extended 105,600 ft (20 miles, 32
km) aong shore, centered at Sabine Pass, and extended 240,000 ft (45.5 miles, 73.2 km) offshore
to approximately the -66 ft (-20 m) bathymetry contour. To properly resolve the 800 ft (244 m)
wide channdl, the grid spacing in both the along-shore and offshore directions was set at 160 ft
(48.8 m). Thus, the grid was 661 cells wide in the dong-shore direction by 1501 cdlslong in the
offshore direction. The bathymetry and the grid are shown in Figure 1.

Figure 1A shows the shordline (in white) from near High Idand in the west (I€ft), past
Sabine Pass in the middle, to near Cacaseu Passin the east (right). Bathymetry contours are
shown in green. From top to bottom, the first dark green band isthe 15 ft depth contour. The
firg light green band is the 30 ft depth contour. The next light green enclosed areais Sabine
Bank, where the bottom rises to lessthan a 30 ft depth. Seaward of this bank are the 45, 60, and
75 ft depth contours (dark, light, and dark green). The existing channe is shown in red and the
proposed extension in purple (50 ft dternative). The yellow box is the boundary of the
computational wave grid. The blue cirdle is the location of the WIS wave data sation.

Figure 1B shows the bathymetry within the computationa wave grid (the yellow box in
Figure 1A). The shoreis shown in gray, with the shoreline and the proposed channd in brown.
Shdlow bathymetry is shown in yellow, and deep in blue. The depth scaleto theright isin



Figure 1A - Gulf of Mexico Bathymetry Near Sabine Pass. Figure 1B - Computational Wave Grid
Bathymetry.

meters. Note the prominence of Sabine Bank in the middle of the figure. For length scales, the
dimensions of the Figure 1B box are 105,600 ft by 240000 ft. The straight offshore direction is
164° clockwise from North.

[1B. WAVE DATA

The ambient wave climate at the seaward edge of the grid was obtained from a 10-year
hindcast (1990-1999) of wave conditions at WIS station GOM 093, whose location is shown in
Figure 1A. The wave cdimatology offshore of Sabine Pass was characterized by representative
wave eventsin 30 unique wave direction / period bands. Each representative wave event was
developed as the average wave angle and wave period of dl wavesin that angle band and period
band. The frequency of occurrence in each of 30 binsis shown in Figure 2 and Table 2. The
period boundaries for the binsare 3, 4, 5, 7, 9, 11, and 15 seconds. The angle boundaries are 90°,
25°,5°, -5°,-25°, and -90°. Each of these 30 representative wave cases was transformed across
the computationa grid shown in Figure 1B usng STWAVE.

In Figure 2, the numbers in the center of each bin or case are the frequency of occurrence
in percent. Bright yellow cases occur most frequently, bright blue, least frequertly. In thistext,
cases are referred to by their case number, the gray background number in the upper left corner
of each case. The wave angle convention is such that positive angles are those approaching the
coast from the east; negative angles gpproach the coast from the southwest. The zero angleisthe
shore normal direction.
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Figure2 - Wave Direction and Period Binsor Cases.
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Case# Wave period Wave angle % Occurrence Cumulative
% Occurrence
11 5.95 40° 17.0 17.0
6 4.90 40° 9.3 26.3
12 5.95 15° 9.3 35.7
1 3.75 40° 9.1 44.8
5 3.75 -40° 55 50.3
17 7.58 15° 4.7 55.0
16 7.58 40° 44 59.4
14 5.95 -15° 4.2 63.6
7 4.90 15° 41 67.8
13 5.95 0° 4.0 718
2 3.75 15° 3.7 755
4 3.75 -15° 31 78.6
15 5.95 -40° 2.7 81.3
9 4.90 -15° 2.6 83.9
10 4.90 -40° 2.6 86.5
18 7.58 0° 24 88.9
19 7.58 -15° 22 90.2
8 4.90 0° 19 93.0
3 3.75 0° 15 94.5
20 7.58 -40° 14 95.9
22 9.52 15° 13 97.2
23 9.52 0° 0.6 97.8
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24 9.52 -15° 0.6 984
27 1149 15° 0.6 99.0
21 9.52 40° 05 99.5
25 9.52 -40° 0.2 9.7
28 1149 0° 01 99.8
29 1149 -15° 01 99.9
26 1149 40° >0.1 99.9
30 1149 -40° >0.1 100.

Table 2 - Frequency of Occurrence of Wave Period and Direction Bins, Ranked from Most to L east Common.

IHTA. WAVE TRANSFORMATION ANALYSS-IDEALIZED CASE

This section isincluded to ad in understanding why an increase in channd depth will
produce the changes in the wave parametersthat it does. The bathymetry offshore of Sabine
Pass, TX, iscomplicated by Sabine Bank and by the ship channel having severd orientations
aong itslength, and thus the wave refraction patterns can be difficult to interpret. Therefore, a
few STWAVE runs were made with idedlized bathymetry. These runs only modeled the portion
of the channel seaward of Sabine Bank. The idedlized grid was 18.6 by 18.6 miles (30 by 30
km) and had straight and parallel contours starting at a depth of 59 ft (18 m) at the seaward edge,
risng to adepth of 33 ft (10 m), which is approximately the top of Sabine Bank. An 800 ft wide,
46 ft (14 m) deep channd (representing the exigting channel) was cut into this bathymetry as
shown in Figure 3.
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Figure 3 - Idealized bathymetry with 14 m degp channel.

All the waves used in these idedlized examples had one meter heights and 10 second
periods. These waves were transformed over this bathymetry (starting at the bottom, they
propagated upward in the figure, toward land). For waves that traveled up the axis of the
channel (zero incident wave angle), a symmetric pattern of wave refraction occurred. The waves
tended to refract out of the channel, leading to reduced wave heights in the channd and broad
lobes of dightly higher wave heights on eech sde of the channd. Thisis shown in Figure 4.
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Figure4 - Waveheightsof a unit wave transformed over the bathymetry shown in Figure 3. Bright yellow
shows areas of increased wave height, bright blue of decreased height. The scale at the right iswave height in
meters.

A second idedlized bathymetry grid was set up, which was identica to the first, except
that it had a channd with a 56-foot (17 m) depth. Thisgrid isshown in Figure 5.
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Figure5 - Idealized bathymetry with a 17m deep channdl.

Waves that were transformed up this deeper channel refracted (dightly) more strongly to
both sdes of the channel. The results, shown in figure 6, show a pattern Smilar to that seenin
Figure 4 above, but with greater changes.
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Figure 6 - Wave Heights of a Unit Wave Transformed over the Bathymetry Shown in Figure5.

Figure 7 isacontour plot of the wave height differences between Figures6 and 4. The
wave height differences are the proposed (degper channdl) heights minus the existing conditions
heights. Thiswave height difference plot shows that the proposed channd will yield lower wave
heightsin and immediatdly adjacent to the channd and broad lobes of dightly higher wave
heights to the Sdes of the channel.
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Figure 7 - Wave Height Difference Resulting from a Deeper Channel.

Figure 8 shows a cross-section of Figure 7 at the location A-A'. Note the decrease within
the channel and the flat broad lobes out to each Sde. Also note that wave height differences are
less than zero out to approximately 10 channe widths on each side of the channd.
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Figure8 - Cross Section at A-A' in Figure7.

In both channds, the waves bend (refract) away from the channel. In the deeper channd
the refraction is greater. Figure 9 shows the wave angle changes (the proposed deeper channel
minus the shallower channd). The proposed channe will cause waves to bend dightly more
counter-clockwise on the left (west) Sde of the channd and dightly more clockwise on the right
(east) Sde of the channd. In Figure 9 and in dl wave angle difference figures, blue (negative
numbers) represent a relative clockwise rotation of the wave crests and ydlow (postive
numbers) represent a relative counter-clockwise rotation of the wave crests,
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Figure9 - Wave Angle Differencesresulting from a Deeper Channel. The scaleto theright isin degrees.

If the waves approach the channdl a a non-zero angle, the symmetry in the resultsislog.
Wave height difference plots for waves approaching a 20° and 40° angles with respect to shore-
normd (from the bottom right corner of the plots) are shown in Figures 10 and 11. On the up-
wave sde (to theright of the channd in these two figures) the lobe of higher wave heightsis
heightened and pressed againgt the right side of the channdl. Though the greatest decrease in
wave height is dill within the channd, the trough of lower wave heights has spread out from the
channd axisto the down-wave (left) Sde. The lobe of higher waves on the down-wave (l€ft)
sde has diffused out to the point where it essentialy no longer exigts. Thisisthetypicd pattern



seen in the red bathymetry plots discussed in the sections below; increasesin wave height on the
up-wave side and decreases in wave height on the down-wave sde of the channel.
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Figure 10 - Wave Height Differencesfor a 20° Incident Wave.
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Figure 11 - Wave Height Differencesfor a40° Incident Wave.

For oblique waves, the wave angle symmetry isalso lost. The wave angle rotation away
from the channel on the up-wave sde is greater than on the down-wave sde. Thisis shownin
Figures 12 and 13.
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Figure 12 - Wave Angle Differencesfor a 20° Incident Wave.
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Figure 13 - Wave Angle Differencesfor a40° Incident Wave.

These patterns can be seen in the results presented below where the more complicated,
red bathymetry is used.
[11B. WAVE TRANSFORMATION ANALYSIS-50 FT CHANNEL

STWAVE wave-transformation Ssmulations were performed for each of the 30 wave

period / angle cases described in section [1B. First, a spectrum with aHqyo of 1 meter was
generated for each of the 30 cases. These were used as input conditions for the STWAVE

10



simulation which transformed these spectra over the bathymetry shown in Figure 1B. The model
takes into account refraction, shoding, and dissipation and generates an output wave height and
direction at each of the nearly 1 million cdlsin the grid. These wave Smulations were run

twice, firgt for the existing 40 ft channd conditions, and again for the proposed 50 ft channd
conditions. Then, differencesin the output for the two bathymetry conditions were compared.
An example of these difference comparisonsis shown in Figure 14.
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Figure 14 - Height Differencesfor 11.5 sec Period Waves; Cases 26-30, 50 ft Channel.

Figure 14 shows wave height differences (50 ft channd minus 40 ft channd) for 5
conditions (the 5 angle bands at the longest wave period, 11.49 seconds). Bright yellow areas
are where the proposed channd will produce greater wave heights than the existing channd, and
blue shows areas where the proposed channd will produce smdler wave heights. Regions of
dark (muddy) yellow are regions of no change. The scale on the right can be consdered asa
percentage change from exigting conditions. Seaward and to the sides of thetip of the proposed
extension (at the bottom of the figures) the wave height changes are zero, as would be expected.
Generdly, wave heights are (dightly) increased on the Sides of the channel that the waves are
gpproaching from (the up-wave side) and are decreased on the down-wave sde. Figure 14D
shows nearly symmetrica wave height changes to the sides of the seaward leg of the channdl, as
discussed in section [11A, as the direction of wave gpproach is approximately along the channd
axis.

Long period waves are more strongly influenced by changes in the seafloor bathymetry
than are short period waves. The wave conditions shown in Figure 14 are representative of the
longest wave periods expected to occur in thisregion, and thus, this figure represents the
extremes of the wave height changes that are expected to occur. The analysis of the 10-year
hindcast of wave conditions described in section 1B shows that these conditions rarely occur.
Combined, these 5 cases occur 1% of the time a this location in the Gulf of Mexico. Figure 15
shows wave height difference plots for 6.0-second period waves, conditions that occur much
more commonly (gpproximately 37% of the time). These figures show smdler wave height
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changesthanin Figure 14. The rest of the wave height difference plots are shown in the
appendix of this report (Figures A1-AG6).
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Figure 15 - Height Differencesfor 6.0 sec Period Waves, Cases 11-15, 50 ft Channel.

The haght differences in Figure 15 show smilar patterns to those shown in Figure 14,
but smaler. Generdly, wave heights increase on the up-wave sides and decrease on the down-
wave sdes. The other figures in the gppendix al show this generd pattern of increased wave
heights on the up-wave side and decreased wave heights on the down-wave sde. They dso
show decreasing differences as wave periods get smaller.

Table 3 lists the maximum wave height increases and decreases that occur for each of the
30 cases. While Figures A1-A6 show that for amgority of the times and locations, the change
in wave height is essentidly zero, Table 3 shows that the maximum possible changes are
estimated to range from +12% to —22%. The maximum changes dl occur offshore; the
maximum increases are generdly in the vicinity of Sabine Bank, and the maximum decreases
occur within the ship channd. For most of the cases, and for dl of the commonly occurring
cases, the maximum height differences near the shordline are usudly 2% or less. Waves
approaching from the southwest (cases 5, 10, 15, 20, 25, and 30), which are uncommon, are the
only onestha produce more than a4% increase in height near the shordine. These maximum
height increases of up to 10% occur afew mileswest of Sabine Pass. Cases 1, 6, 11, 16, 21, and
26 represent waves that approach at a strongly oblique angle from the east. These cause the
greatest decrease in wave heights near the coadt, up to 9%. Again, the region of maximum
impact isafew miles west of Sabine Pass.



Changein Wave Height
Case# | Wave | Wave % | Shown| % Max % Max % Max % Max % Max
period | angle [ Occur- |infigure| increase | decrease | decrease | increase | decrease
rence # anywhere | anywhere | outside of | near shore | near shore
channel
1 3.75 40° 9.1 AlA 1 2 1 0 1
2 3.75 15° 3.7 AlB 1 2 1 0 0
3 3.75 0° 15 Al1C 0 1 0 0 0
4 3.75 -15° 31 A1D 1 1 0 0 0
5 3.75 -40° 5.5 AlE 2 2 1 0 0
6 4.90 40° 9.3 A2A 4 5 3 0 2
7 4.90 15° 4.1 A2B 3 4 2 0 1
8 4.90 0° 19 A2C 1 3 1 0 1
9 4.90 -15° 2.6 A2D 2 3 1 1 0
10 4.90 -40° 2.6 AZE 5 4 3 1 0
11 5.95 40° 17.0 165A 6 8 4 0 3
12 5.95 15° 9.3 15B 5 8 3 0 2
13 5.95 0° 40 15C 2 6 3 0 2
14 5.95 -15° 4.2 15D 3 7 2 1 1
15 5.95 -40° 2.7 15E 8 7 5 2 0
16 7.58 40° 44 A4A 8 12 6 1 5
17 7.58 15° 4.7 A4B 7 13 7 0 3
18 7.58 0° 24 A4C 3 12 4 0 1
19 7.58 -15° 2.2 A4D 3 13 2 2 2
20 7.58 -40° 14 A4E 10 11 6 6 1
21 9.52 40° 0.5 ABA 10 16 9 1 7
22 9.52 15° 13 AS5B 9 17 11 0 6
23 9.52 0° 0.6 A5C 4 17 6 0 4
24 9.52 -15° 0.6 A5D 3 18 5 2 4
25 9.52 -40° 0.2 ASE 11 16 10 8 1
26 1149 40° >0.1 14A 12 20 12 2 9
27 1149 15° 0.6 14B 11 22 13 0 7
28 1149 0° 0.1 14C 6 21 8 0 4
29 1149 | -15° 0.1 14D 4 23 5 4 4
30 1149 | -40° >0.1 14E 12 20 12 10 2

Table 3- Maximum Wave Height Differencesfor the 30 Different Wave Conditions; 50 ft Channel.

Along with wave height, wave angle near the shoreline is one of the parameters that
influences sediment trangport. 1n genera, along the Sabine coadt, a counter-clockwise changein
the wave angle will increase the sediment trangport thet is moving in awesterly direction and
decrease the eastward-directed transport. A clockwise change in the wave angle will do the

opposite.

Figure 16 shows the changes in wave angle to be expected for 11.5-second wavesiif the
50 ft channel is congtructed. It isthe counterpart to Figure 14. Bright yellow areas (postive
numbers) indicate where wave crests will be rotated in a counter-clockwise direction reative to
their orientation with the existing conditions, blue (negative numbers) indicates areas of rlative
clockwise rotation, and muddy yellow-blue indicates areas of no relative rotation. Figure 16
shows wave angles generdly being rotated away from the channd, with more pronounced
rotation on the up-wave side.
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Figure 16 - Wave Angle Changesfor 11.5 sec Period Waves; Cases 26-30, 50 ft Channel. The scale on theright
hand side indicates the wave angle change in degrees.

The wave angle changes shown in Figure 16 are the most extreme to be expected,
because they are representative of the longest wave periodsin the wave climatology; and again,
as shown in Section 1B, these conditions are rdlatively rare. Figure 17 shows wave angle
difference plots for more common 6.0-second period waves, and is the counterpart to Figure 15.
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Figure 17 - Wave Angle Changesfor 6.0 sec Period Waves; Cases 11-15, 50 ft Channel.

The rest of the wave angle difference plots are shown in the appendix of this report
(Figures A7-A12). The wave angle changes shown in Figure 17 are Smilar to those in Figure

14



16, but consderably smdler. Wave angles are generdly rotated away from the channd, with
more pronounced rotation on the up-wave Sde. The other figuresin the appendix al show this
generd pattern, and show decreasing angle changes as wave periods get smaller.

Table 4 lists the maximum changes in wave angle to be expected for each of the 30 cases,
if the 50 ft channd is congtructed. While Figures A7-A12 show that for amgority of the times
and locations, the change in wave angle is essentidly zero, Table 4 shows that the maximum
possible changes are estimated to range from 10.5° counter-clockwise to 12.5° clockwise. These
maximum angle changes occur offshore, generdly in the vicinity of Sabine Bank. For mogt of
the cases, and for dl of the commonly occurring cases, the angle changes near the shoreline are
usualy 1° or less. Waves approaching obliquely from the southwest (cases 5, 10, 15, 20, 25, and
30) produce the greatest counter-clockwise wave angle changes near the shore of upto 5° ina
region west of Sabine Pass. Waves approaching obliquely from the east (cases 1, 6, 11, 16, 21,
and 26) cause the greatest clockwise change near the coast, of up to 2.6°.

Change in Wave Anglein Degrees
Case# | Wave | Wave % | Shown| Max counter- | Max clockwise | Max counter- | Max clockwise
period | angle | Occur- |in figure|clockwise changeichange anywhere|clockwise changel change near
rence # anywhere near shore shore
1 3.75 40° 9.1 ATA 0.7 0.6 0.3 0.1
2 3.75 15° 3.7 A7B 0.2 04 0.2 0.2
3 3.75 0° 15 A7TC 04 0.3 0.1 0.1
4 3.75 -15° 31 A7D 0.6 0.2 0.1 0.0
5 3.75 -40° 55 ATE 12 04 04 0.0
6 4.90 40° 9.3 ABA 11 25 0.2 0.5
7 4.90 15° 41 A8B 11 18 0.2 0.3
8 4.90 0° 19 A8C 12 10 0.2 0.3
9 4.90 -15° 2.6 A8D 20 0.5 04 0.0
10 4.90 -40° 2.6 A8E 3.8 18 14 0.0
1 5.95 40° 17.0 17A 2.3 5.2 0.2 0.6
12 5.95 15° 9.3 17B 2.6 3.7 0.3 0.6
13 5.95 0° 4.0 17C 24 2.2 0.2 0.5
14 5.95 -15° 4.2 17D 2.6 14 0.6 0.2
15 5.95 -40° 2.7 17E 7.0 29 2.3 0.0
16 7.58 40° 44 | A10A 4.0 8.3 0.2 10
17 7.58 15° 47 | A10B 4.6 5.8 0.2 11
18 7.58 0° 24 | Al0C 39 3.6 0.2 0.8
19 7.58 -15° 22 | A10D 2.8 2.7 0.8 0.5
20 7.58 -40° 14 A10E 9.6 44 3.2 0.0
21 9.52 40° 05 | A11A 5.1 10.6 04 21
2 9.52 15° 13 [ Al1B 6.3 74 04 14
23 9.52 0° 06 | AliC 5.1 4.7 0.2 10
24 9.52 -15° 06 | A11D 3.6 3.8 0.8 0.5
25 9.52 -40° 0.2 AllE 10.3 5.6 43 0.2
26 1149 40° >0.1 16A 6.5 125 0.5 2.6
27 1149 15° 0.6 16B 7.8 8.8 0.3 16
28 1149 0° 0.1 16C 6.1 54 0.5 10
29 1149 | -15° 0.1 16D 4.7 45 10 0.6
30 1149 | -40° >0.1 16E 105 6.5 5.0 04

Table 4- Maximum Wave Angle Differencesfor the 30 Different Wave Conditions; 50 ft Channel.
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Figures 18 and 19 give the wave height and angle changes for the five most frequently
occurring wave cases. Combined, these five cases represent wave conditions that occur over haf
of thetime. (See Table2.) Thesefive casesdl show zero change or decreased wave heights

N
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Figure 18 - Five M ost Common Wave Height Difference Plots; 50 ft Channel. Case 11 - 17.0%, Case 6 - 9.3%,
Case 12-9.3%, Case 1- 9.1%, Case 5 - 5.5%. Together, these five cases represent 50.3% of wave conditions.
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Figure 19 - Five Most Common Wave Angle Change Plots; 50 ft Channel.
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near the shoreline, with the decrease being perhaps a little greater to the west of Sabine Pass.
These cases show adegree or less of clockwise change in the wave angle a the shordline west of
Sabine Pass, and essentialy no change in wave angle along the shore east of Sabine Pass.

IIC. SHORELINE CHANGE ANALYSIS-50FT CHANNEL

Wave parameters near the shoreline, which were computed by STWAVE, were used as
input to the shoreline change modd, GENESIS. This mode estimated longshore sediment
transport quantities and shoreline changes throughout the 10-year smulation interval, 1990-
1999. GENESIS smulations were run using both sets of STWAVE outputs, those generated
using the exiging bathymetry and those generated using the proposed 50 ft channel bathymetry.
Results of these smulations were used to estimate the average annual rate of shoreline change
and the average annua longshore sand trangport rate dong the 20 miles of shoreline centered at
Sabine Pass.

The top plot in Figure 20 shows the estimated net longshore transport rate around Sabine
Pass for the proposed 50 ft channd and for existing conditions. The net rate isto the west dl
aong this coadtline except for the three milesimmediately east of Sabine Pass. At the scale of
this plot, the transport rates for the existing conditions and for the proposed 50 ft channe
essentidly fal on top of each other. The lower plot in Figure 20 shows the estimated change in
the net trangport rate if the 50 ft channd were congtructed. It isthe differencein thetwo linesin
the top plot. This plot shows that west of Sabine Pass, the net westward transport would be
dightly reduced (by amaximum of about 2800 yds’/yr near the jetties). In thefirst two miles
east of Sabine Pass, the net eastward transport would aso be dightly reduced (by a maximum of
about 1400 yds*/yr), and further east there would be essentially no change.

Figure 21 shows the estimated rate of shoreline change. The top plot in Figure 21
indicates eroson within ahdf mile on either Sde of the Sabinejetties, with only smaller
fluctuations dsawhere. Again, a the scde of thisplat, it is difficult to see any differencesin the
proposed and exigting conditions. The bottom plot in Figure 21 shows the difference between
the two linesin thetop plot. It isthe estimated change in the shoreline changerate if the 50 ft
channd were built. This plot shows that the erosion adjacent to both sides of the jetties would be
reduced. Between ahdf mile and 3-4 miles on either side of the jetties the erosion would be
increased (or the accretion decreased) by less than 0.5 ft/yr, and further from the jetties than that,
the change in the shordine change would decrease to zero.
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Figure 21 — Net Estimated Annual Rate of Shoreline Change - 50 ft Channel.
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[11D. WAVE TRANSFORMATION ANALYSIS-45FT CHANNEL

STWAVE near shore wave-transformation smulations were performed using the

proposed 45 ft channd bathymetry. These output wave conditions were compared to the
STWAVE output using existing bathymetry. Contour plots of wave height differences and wave
angle changes are given in the Appendix (Figures A13-A18, and A19-A24, respectively) for dl
30 cases.  The contour range and step intervasin Figures A13-A24 are reduced as compared to
Figures A1-A12 in order to illugtrate the consderably smaller wave differences caused by the

45 ft channel dternative compared to those caused by the 50 ft channel.

Table 5 lists the maximum wave height increases and decreases for each of the 30 wave

cases (45 ft channel minus exigting 40 ft channel). For al cases these height changes are less

Changein Wave Height
Case# | Wave | Wave % | Shown| 9% Max % Max % Max % Max % Max
period | angle [ Occur- |infigure| increase | decrease | decrease | increase | decrease
rence # anywhere | anywhere | outside of | near shore | near shore
channel
1 3.75 40° 91 | A13A 1 1 1 0 0
2 3.75 15° 3.7 | A13B 1 1 0 0 0
3 3.75 0° 15 | Al13C 0 1 0 0 0
4 3.75 -15° 31 | A13D 1 1 0 0 0
5 3.75 -40° 55 A13E 2 1 0 0 0
6 4.90 40° 93 | Al4A 3 3 2 0 1
7 4.90 15° 41 | A14B 2 2 1 0 1
8 4.90 0° 19 | Al4C 1 2 1 0 0
9 4.90 -15° 26 | Al4D 2 3 1 0 0
10 4.90 -40° 26 Al4E 3 3 1 1 0
11 5.95 40° 170 | A15A 4 5 3 0 2
12 5.95 15° 93 | A15B 4 5 2 0 1
13 5.95 0° 40 | A15C 1 5 2 0 1
14 5.95 -15° 42 | A15D 2 6 2 1 1
15 5.95 -40° 2.7 A15E 5 5 2 1 0
16 7.58 40° 44 | A16A 6 7 3 1 2
17 7.58 15° 4.7 | Al16B 5 9 5 0 2
18 7.58 0° 24 | AleC 2 9 3 0 1
19 7.58 -15° 22 | Al16D 2 10 2 1 1
20 7.58 -40° 14 A16E 6 8 4 3 0
21 9.52 40° 05 | A17A 7 10 6 1 4
22 9.52 15° 13 | A17B 7 12 7 0 3
23 9.52 0° 06 | Al17C 3 13 3 0 2
24 9.52 -15° 06 | A17D 2 14 3 1 2
25 9.52 -40° 0.2 Al7E 8 12 6 4 1
26 11.49 40° >01 | A18A 9 13 7 2 5
27 11.49 15° 06 | Al8B 8 15 8 0 4
28 11.49 0° 01 | Al8C 4 16 7 0 2
29 1149 | -15° 01 | A18D 3 18 3 2 2
30 1149 | -40° >01 | AI18BE 8 15 8 5 1

Table 5- Maximum Wave Height Differencesfor the 30 Different Wave Conditions; 45 ft Channel.

19



than or equa to those shown in Table 3 (the 50 ft channd dternative), though the patterns of
wave height changes are quite Smilar (compare Figures A13-A18 with A1-A6). The maximum
wave height changes, which al occur offshore, are estimated to range from +%to  —18%.
Near shore the wave height differences are usudly +1% or less. The maximum wave height
increases, of up to 5%, occur afew miles west of Sabine Pass and are produced by waves
gpproaching obliquely from the southwest. The maximum wave height decreases, dso of up to
5% and dso impacting the coast west of Sabine Pass, are produced by waves approaching
obliquely from the eest.

Table 6 ligs the maximum changes in wave angle to be expected for each of the 30 cases,
if the 45 ft channd is congtructed. Again, al of the maximum wave angle changes are less than
or equd to those shown in Table 4 (the 50 ft channe dternative), though the patterns of wave
angle changes are quite Smilar (compare Figures A19-A24 with A7-A12). The maximum angle
changes are estimated to range from 7.1° counter-clockwise to 9.2° clockwise. Near the

Changein Wave Anglein Degrees
Case# | Wave | Wave % | Shown| Max counter- | Max clockwise | Max counter- | Max clockwise
period | angle | Occur- |in figure|clockwise changeichange anywhere|clockwise changel change near
rence # anywhere near shore shore
1 3.75 40° 91 | A19A 0.5 0.5 0.1 0.1
2 3.75 15° 3.7 | A19B 0.2 0.3 0.1 0.1
3 3.75 0° 15 | AloC 0.3 0.2 0.1 0.0
4 3.75 -15° 31 | A19D 04 0.2 0.1 0.0
5 3.75 -40° 55 A19E 0.8 04 0.1 0.0
6 4.90 40° 93 | A20A 0.9 18 0.1 0.2
7 4.90 15° 41 | A20B 0.9 13 0.1 0.2
8 4.90 0° 19 | A20C 0.9 0.8 0.1 0.0
9 4.90 -15° 26 | A20D 13 04 0.2 0.0
10 4.90 -40° 2.6 A20E 2.3 13 0.5 0.0
1 5.95 40° 170 | A21A 17 3.7 0.1 04
12 5.95 15° 93 | A21B 20 2.7 0.2 04
13 5.95 0° 40 | A21C 18 19 0.1 0.1
14 5.95 -15° 42 | A21D 17 13 04 0.1
15 5.95 -40° 2.7 A21E 43 24 11 0.0
16 7.58 40° 44 | A22A 2.6 6.0 0.1 0.9
17 7.58 15° 47 | A22B 3.6 43 0.1 0.8
18 7.58 0° 24 | A22C 39 31 0.2 0.5
19 7.58 -15° 22 | A22D 18 2.7 0.5 0.3
20 7.58 -40° 14 A22E 6.0 3.6 15 0.0
21 9.52 40° 05 | A23A 34 7.8 0.1 13
2 9.52 15° 13 | A23B 4.8 55 0.1 0.9
23 9.52 0° 06 | A23C 3.8 39 0.2 0.6
24 9.52 -15° 06 | A23D 25 35 04 04
25 9.52 -40° 0.2 A23E 6.9 44 18 0.2
26 1149 40° >0.1 | A24A 45 9.2 0.1 20
27 1149 15° 06 | A24B 5.8 6.4 0.1 11
28 1149 0° 01 | A24C 4.6 4.6 0.3 0.7
29 1149 | -15° 01 | A24D 31 4.2 0.6 0.5
30 1149 | -40° >0.1 | A24E 71 5.2 24 0.3

Table 6 - Maximum Wave Angle Differencesfor the 30 Different Wave Conditions; 45 ft Channel.
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shordline, the wave angle changes are usudly lessthan +0.5°. The maximum near shore wave
angle changes, of up to 2.4°, are produced by strongly oblique waves.

IHE. SHORELINE CHANGE ANALYS S-45FT CHANNEL

GENESIS smulations were performed using the STWAVE output that was generated
using the proposed 45 ft channel bathymetry. The GENESIS modd produced longshore
sediment transport amounts and shoreline changes throughout the 10-year smulation interva,
1990- 1999, as had been done previoudy for the proposed 50 ft channd and for exiting
conditions. Results of these Smulations were used to estimate the average annud longshore
sand trangport rate and the average annud rate of shoreline change. Figures 22 and 23 show that
the change in the sediment trangport rate and the change in the shoreline change rate for the 45 ft
dternative would be about half that for the 50 ft dternative (compare Figures 22 and 23 with 20
and 21).

The top plot in Figure 22 shows the net predicted longshore transport rate around Sabine
Pass for both the proposed 45 ft channe and for existing conditions. Thistop figureis
essentidly identical to the top plot in Figure 20. The lower plot in Figure 22 shows the estimated
change in the net transport rate if the 45 ft channd were congtructed. It is the differencein the
two linesin the top plot. This plot shows a curve that has essentidly the same shepe asin the
lower plot of Figure 20, but the amplitude is reduced by about haf. Thus, the 45 ft dternativeis
expected to produce about haf the changes in transport rate that the 50 ft channe would; the
maximum would be areduction of the net westward trangport just west of the jetties of about
1500 yds®/yr.

Figure 23 shows the estimated rate of shordline change. The top plot in Figure 23 shows
aprediction of eroson within ahaf mile on either sde of the Sabinejetties, with only smaler
fluctuations esewhere. Thistop figure is essentidly identical to the top plot in Figure 22. The
bottom plot in Figure 23 shows the difference between the two linesin the top plot. Itisthe
estimated change in the shordine change rate if the 45 ft channd is congtructed. Thisplot is
amilar in shape to the bottom plot in Figure 21, but again, the amplitude is reduced by about
half. This plot shows that the erosion adjacent to both sides of the jetties would be reduced by up
to about two feet per year. Between a haf-mile and 3 miles on either Sde of the jettiesit is
predicted that the erosion would be increased (or the accretion decreased) by less than 0.3 ft/yr,
and further from the jetties than that, the change in the shoreline change rate would decrease to
zero.
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V. CONCLUSIONS

- For dl of the project design dternatives, the largest predicted impact on the shoreline will
be the beneficid reduction of eroson within ahaf mile of the Sabine jetties.
For dl of the design dternatives, some changesin the existing average annud net
longshore sediment trangport rate are expected. These will be mostly confined to a
region of gpproximately 3 to 4 miles on ether side of the Sabine Passjetties. West of the
jetties the net westward transport will be decreased, and east of the jetties the net
eastward transport rate will be decreased.
Congtruction of the 50 ft channel design dternative is expected to result in wave height
changes near the shore ranging from extremes of —9% to +10%, with typica vaues
ranging from —3% to +2%. These numbers represent the maximum predicted changes
anywhere dong the shore for various offshore wave conditions, not the average changes
aong the entire length of shordine. These maximum changes will generdly occur within
3-4milesof the Sabinejetties. Typica near shore wave angle changes are predicted to
be lessthan 1.0°.
For the 50 ft channd design dternative, the rate of shordine erosion within ahdf mile on
either Sde of the jetties is expected to decrease by up to 3.5 ft/yr. Between ahdf mile
and 3-4 miles from the jetties, the project-induced changes in the present shordine
erosion and accretion rates are predicted to be no more than 4-6 inches ayear. Further
than 3-4 miles from thejetties, the project-induced shoreline impacts are predicted to
essentidly diminish to zero.
Congtruction of the 45 ft channel design dternative is expected to result in wave height
changes near the shore ranging from extremes of —8% to +9%, with typica vaues
ranging from —2% to +1%. Again, these are the maximum, not average predicted
changes. These vaues will generdly occur within 3-4 miles of the Sabine jetties.
Typica near shore wave angle changes are predicted to be less than 0.5°.
For the 45 ft design dternative, the rate of shoreline erosion within ahaf mile on either
sde of thejetties is expected to decrease by up to 2 ft/yr. Between ahdf mileand 3-4
miles from the jetties, the project-induced changes in the present shordine eroson and
accretion rates are predicted to be no more than 2-4 inchesayear. Further than 3-4 miles
from the jetties, the project-induced shoreline impacts are predicted to essentialy
diminish to zero.
Congtruction of the 48 ft channel adternative is expected to produce shoreline impacts that
are greater than those found for the 45 ft channel and less than those found for the 50 ft
channd.
A navigation benefit of reduced wave heights within the channd of typicaly 2to 10% s
anticipated, with the larger percentage reductions generally occurring during times of
bigger waves.
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APPENDI X

Some figures presented in the main text are repested here for ease of comparison.
Figures A1-A6 are height difference plots for the 50 ft channel compared to the exigting channd.
Periods increase from A1to A6. Figures A7 - A12 are the corresponding wave angle difference
plots. Figures A13 - A24 are the height (A13-A18) and angle (A19-A24) difference plots
comparing the 45 ft channd to the existing channdl.
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Figure A 1 - Height Differencesfor 50 ft vs. Existing Channel for 3.8 sec Period Waves, Cases 1-5.
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FigureA 2 - Height Differencesfor 50 ft vs. Existing Channel for 4.9 sec Period Waves, Cases 6-10.
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Figure A 3 - Height Differencesfor 50 ft vs. Existing Channel for 6.0 sec Period Waves, Cases 11-15.
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Figure A 4 - Height Differencesfor 50 ft vs. Existing Channel for 7.6 sec Period Waves, Cases 16-20.
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Figure A 5 - Height Differencesfor 50 ft vs. Existing Channel for 9.5 sec Period Waves, Cases 21-25.
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Figure A 6 - Height Differencesfor 50 ft vs. Existing Channel for 11.5 sec Period Waves, Cases 26-30.
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Figure A 7 - Wave Angle Changesfor 50 ft vs. Existing Channel for 3.8 sec Period Waves, Cases1-5. Bright
yellow indicates areas where wave crests will be rotated in a counter-clockwise direction relative to their orientation
with the existing channel, blue indicates areas of clockwise rotation, and muddy yellow-blue indicates areas of no
relativerotation. The scale on the right hand side indicates the rotation in degrees.
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Figure A 8 - Wave Angle Changesfor 50 ft vs. Existing Channel for 4.9 sec Period Waves, Cases 6-10.
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Figure A 9 - Wave Angle Changesfor 50 ft vs. Existing Channel for 6.0 sec Period Waves, Cases 11-15.
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Figure A 10 - Wave Angle Changesfor 50 ft vs. Existing Channel for 7.6 sec Period Waves, Cases 16-20.
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Figure A 11 - Wave Angle Changesfor 50 ft vs. Existing Channel for 9.5 sec Period Waves, Cases 21-25.
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Figure A 12 - Wave Angle Changesfor 50 ft vs. Existing Channel for 11.5 sec Period Waves, Cases 26-30.
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Figure A 13 - Height Differencesfor 45 ft vs. Existing Channel for 3.8 sec Period Waves, Cases1-5. The scale

on theright can be considered a percentage change from existing conditions. Note that the scaleis different thanin
Figures A1-A6.
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Figure A 14 - Height Differencesfor 45 ft vs. Existing Channel for 4.9 sec Period Waves, Cases 6-10.
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Figure A 15 - Height Differencesfor 45 ft vs. Existing Channel for 6.0 sec Period Waves, Cases 11-15.
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Figure A 16 - Height Differencesfor 45 ft vs. Existing Channel for 7.6 sec Period Waves, Cases 16-20.
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Figure A 17 - Height Differencesfor 45 ft vs. Existing Channel for 9.5 sec Period Waves, Cases 21-25.
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Figure A 18 - Height Differencesfor 45 ft vs. Existing Channel for 11.5 sec Period Waves, Cases 26-30.
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Figure A 19 - Wave Angle Changesfor 45 ft vs. Existing Channel for 3.8 sec Period Waves, Cases 1-5. The
scale on the right hand side indicates the rotation in degrees. Note that the scale is different than in Figures A7-A12.
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Figure A 20 - Wave Angle Changesfor 45 ft vs. Existing Channel for 4.9 sec Period Waves, Cases 6-10.
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Figure A 21 - Wave Angle Changesfor 45 ft vs. Existing Channel for 6.0 sec Period Waves, Cases 11-15.
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FigureA 22 - Wave Angle Changesfor 45 ft vs. Existing Channel for 7.6 sec Period Waves, Cases 16-20.
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Figure A 23 - Wave Angle Changesfor 45 ft vs. Existing Channel for 9.5 sec Period Waves, Cases 21-25.
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Figure A 24 - Wave Angle Changesfor 45 ft vs. Existing Channel for 11.5 sec Period Waves, Cases 26-30.





