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SUMMARY

Sand deposits on the continental shelf of the western Gulf of Mexico are potential sources of
fill material to nourish recreational beaches in Texas. Demand for beach nourishment sand is
increasing as the combined effects of relative sea-level rise and reduced sediment supply cause
rapid erosion and accelerated loss of recreational beaches. Particularly promising for leasing and
commercialization in the near term are offshore deposits of sand that form shoals on the inner
continental shelf. Preliminary geological and engineering analyses indicate that these sand deposits
are suitable for beach replenishment because sediment textures of the shoals are generally
compatible with those of native beach sand. Also, offshore sand extraction may be economically
feasible if onshore or nearshore sources of beach-quality sand are volumetrically limited. .

In Texas, Sabine and Heald Banks are two offshore sand deposits that have the greatest
economic potential for near-term exploitation because they are (1) suitable for beach replenishment,
(2) the largest sand deposits located offshore of some of the most rapidly eroding developed '
shores, (3) relatively close to potential markets in both southeastern Texas and western Louisiana,
and (4) relatively close to major ports that can support offshore mining activities.

A prior geological investigation demonstrated that large volumes of sand-rich sediments are
associated with Sabine Bank and Heald Bank (Morton and Gibeaut, 1993). The total volume of
sandy sediments, estimated at more than 1.8 billion m3, constitutes a large hard-mineral resource.
‘Most of that material would be suitable for beach replenishment and other construction activities
‘that can use well-sorted fine sand with some shell and some sediments finer than sand. The
previous study also showed that the offshore sand depoSits are located in water depths ranging
from 4.5 m to about 16 m and the greatest thicknesses of beach—quahty sand generally comCIde
with the shallowest water depths. '
~ The second phase of this study was directed principally toward assessing the quality and
volume of Sabine and Heald Bank sediments. To accomplish this, the banks were cored, sediment
textures and mineralogy were determined, and sand volumes were estimated usihg bathymetry and
iithologic information. Geographic locations and attributes of all the pertinent offshore data
sources were incorporated into ARC/INFO, a widely used Geographic Information System (GIS).
An additional task of the second phase evaluated the potential environmental impact of mining the
sand deposits by examining the pbtential changes in wave refraction patterns if large volumes of
sand were removed from Sabine and Heald Banks. Another task analyzed the wave heights and -
wind patterns near the Banks to estimate the maximum number of working days for shallow-draft

' drédges working in the Gulf, and we also conducted a preliminary investigation of dredging costs
based on experience with the 1995 Galveston Beach replenishment project and two other beach
-nourishment projects planned for the western Gulf of Mexico.



INTRODUCTION
Regional Overview

Potentially economic concentrations of sand and shell have been identified in the western Gulf
of Mexico during decades of exploration and research on the continental shelf. On the Texas
portion of the continental shelf, significant sand accumulations at or near the seafloor occur as
shore-aligned sand bodies and patchy accumulations of transgressive sands that were deposited
during the most recent rise in sea level (Paine et al., 1988). Fluvial sand and gravel occur within
late Wisconsin stream courses that extend across the continental shelf, but these valley-fill deposits
are typically covered by tens of meters of overburden and are not exploitable considering the
current economic constraints.

There are potential markets for offshore sand along the western Gulf of Mexico. Sand
contained in submerged shoreline and nearshore deposits has the greatest near-term economic
potential because it can be used for beach replenishment projects. Beach replenishment can be
justified where large recreational, residential, and industrial investments would be damaged or
destroyed by continued coastal erosion and storm impacts.

Long-term erosion of beaches and heavy beach use near population centers in the western Gulf
make beach replenishment an attractive alternative to other methods of shoreline stabilization. The
City of Galveston recently (spring 1995) completed a beach nourishment project using offshore
sand dredged from a borrow area on the adjacent shoreface. The Town of South Padre Island is
also planning for a beach nourishment project in the near future, and a feasibility plan and
environmental impact statement are being prepared for mining Ship Shoal in coastal Louisiana.
The history of coastal development in Texas and widespread beach erosion suggest that other
beach communities such as North Padre Island and Freeport will likely need beach nourishment in

the near future.
Objectives of the Study

The assessment study of Sabine and Heald Banks (Figure 1) accomplished several objectives.
First, it provided information that could stimulate interest in offshore sand resources, thus bringing
closer the time when leasing and commercial utilization in the western Gulf of Mexico are a reality.
Second, the study quantified the sediment textures of Heald Bank, which contains the largest sand
deposits that are closest to Galveston Island, a primary site for future beach replenishment. Third,
the study characterized the wave conditions that offshore mining equipment might encounter.
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Figure 1. Locations of vibracores collected from Sabine Bank and Heald Bank.



Fourth, the study examined if sand extraction will significantly alter wave propagation and thus
possibly accelerate erosion of beaches along the southeastern Texas coast. Finally, the study
provided a preliminary cost analysis of mining sand from Heald and Sabine Banks.

One of the primary objectives was to determine the suitability of offshore sand for
replenishment of beaches along the southeastern Texas coast. To reach this objective, the
following physical attributes were determined for Sabine and Heald Banks: (1) the three-
dimensional geometry of the deposits and their approximate volumes; (2) the textural characteristics
of the deposits, including composition, grain size, sorting, and lateral and vertical variations; and
(3) the degree to which the compositional and textural characteristics of the banks match
characteristics of nearby beaches. The detailed sedimentological data provided a basis for
calculating sand volume, determining its suitability for beach replenishment, and providing a basis
for evaluating the costs of extracting sand from these deposits. '

The second phase of the study was designed and organized to (1) obtain vibracores on Heald
Bank and to quantify textures of sediments associated with that poorly defined sand deposit,

(2) acquire meteorological and oceanographic data near the proposed mining sites as they relate to
the physical climate of mining activities and the potential problems that might be encountered
because of bad weather, high waves, or strong currents, (3) determine if sand extraction at Sabine
and Heald Banks might alter wave refraction patterns and possibly exacerbate erosion of nearby
beaches, and (4) estimate the cost of mining and transporting the sand to nearby beaches.

ADDITIONAL INVESTIGATION OF SABINE AND HEALD BANKS
Sources of Data
Vibracores

In addition to the eight vibracores collected during the first phase of study, 24 vibracores
(Figure 1) were collected to determine the quality and suitability of the bank deposits for beach
replenishment or other construction uses. Coring sites were selected by analyzing and integrating
the bathymetric, seismic, and lithologic data that were available from the first phase of the project.
Core site criteria included anticipated thicknesses of the sand deposits, seismic characteristics of the
sand bodies and underlying reflections, water depth, potential variable mining characteristics
(presence or absence of hardgrounds), and any limitations imposed by the vibracoring equipment.

Vibracores were collected using standard aluminum irrigation tubes, which are 6 m long and
7.6 cm in diameter. Each tube is fitted with a brass core catcher and is attached to a pneumatic
vibrator head that is part of a rigid steel frame. The frame is lowered by cable to the seafloor where



it rests on four pads. Compressed air rapidly vibrates the head, which drives the core tube into the
unconsolidated sediments. A track on the frame guides the vibrator head and keeps the core tube
vertical as it penetrates the sediments and is recovered. After the core is retrieved, it is sealed and
marked for later processing. Geographic coordinates of the vibracores (Appendix A) were
provided by a dual-channel GPS navigation receiver.

Considering both phases of the investigation, a total of 25 vibracores were collected from
Sabine Bank and 7 vibracores were taken from Heald Bank (Figure 1). Penetration depths of the
vibracores were controlled primarily by sediment composition. Soft mud with only a few scattered
and broken shells allowed complete penetration of an entire 6 m core tube. In contrast, well-sorted
sand or shelly sand was the most difficult sediment to penetrate. Core tubes encountering these
sediments penetrated less than 2 m below the seafloor.

The vibracores were transported to the Core Research Center of the Bureau of Economic
Geology in Austin, Texas, where they were inventoried, split into equal halves, trimmed with an
osmotic knife, and physically described using standard core description sheets (Appendices B
and C). Information recorded on the sheets included core depth, sediment color, sediment type, -
nature of contacts, textural trends, sedimentary structures, and presence of accessories (organic
material, shells). The cores were then photographed (large format color prints and 35 mm slides)
and sampled for textural and compositional analyses. The photographed half and sampled half of
the core were wrapped in plastic and placed in separate core boxes and are stored in a climate-
controlled room. The archived core half serves as a permanent record of the sediment types
encountered and the types of material sampled.

Sediment Textures

To assess textural characteristics of the sand deposits and their compatibility with native beach
sediments, 120 sediment samples from 32 vibracores were analyzed for gravel, sand, silt, and clay
content. Because shell dominates the gravel fraction, the two classifications (size and composition)
are used interchangeably in the discussion.

Textural analyses of the cores collected in 1994 were conducted at the Soils and Physical
Geography Laboratory at the University of Wisconsin, Milwaukee. A set of standard sieves were
used to analyze the sand and gravel fractions, and hydrometer techniques were used to analyze the
clay and silt fractions. Numerical and graphical results of the textural analyses are presented in
Appendix D.



Data Management

Data generated in conjunction with the sand assessment project are being manipulated and
stored in a geographic information system (ARC/INFO) so that archiving and future retrieval will
be facilitated. Most Federal and State agencies use a GIS to store locational information and to
create maps that superimpose several layers of information. The GIS component of this study
anticipates the need for a digital data base so that information can be readily transferred to other
users.

Major components of the sand assessment GIS include a digital base map with shoreline
features and bathymetry, locations of seismic lines and shotpoints, values for the thickness
between the seafloor and ravinement surface, locations of pipelines and platforms, and locations of
subsurface lithologic information including foundation borings, cores, and rotary borings, which
were compiled from several sources (unpublished data; Nelson and Bray, 1970; Thomas, 1990;
this study). Maps showing the locations of seismic profiles, offshore petroleum facilities, and
other subsurface data for the Sabine Bank Heald Bank area were presented by Morton and Gibeaut
(1993).

SAND RESOURCE ASSESSMENT OF SABINE AND HEALD BANKS
Bank Morphologies

Sabine Bank is delineated by the 10 m isobath. The Bank extends S0 kmina
northeast-southwest orientation and is about 7.5 km wide (Figure 1). A few small shoals detached
from Sabine Bank exist to the east but are not considered in this study. The shallowest portions of
Sabine Bank are on the eastern end between the spoil areas and west of the ship channel. This
shoal area is marked by the Sabine Bank lighthouse. Depths are as shallow as 4.5 m but deepen to
more than 9 m to the southwest.

The bathymetric map (Morton and Gibeaut, 1993) shows that the 10 m and 8 m isobaths are
smooth on the landward side of Sabine Bank relative to the seaward side, and on the eastern part of
the bank, the landward side is steeper than the seaward side. On the seaward side, however, the
10 m and especially the 8 m isobaths display a digitate configuration oriented southeast-northwest,
which is normal to the alignment of the long axis of the Bank. The 6 m isobath outlines small
shoals, which are aligned normal to the axis of the Bank, on top of the eastern half of the Bank.

On the Louisiana inner shelf, near the filled former incised valley of the Calcasieu River, the
eastern extension of Sabine Bank trends almost 90° to the main axis of sand body. This abrupt



change in orientation is easy to explain in terms of former shoreline deposits when sea level was
lower, but it is difficult to explain using only alongshelf currents and a depositional model that
requires complete subtidal deposition.

Heald Bank (Figure 1) is 27 km southwest of Sabine Bank and 55 km southeast of the
Entrance to Galveston Harbor. Heald Bank is not as well defined as Sabine Bank and has a
relatively small area that is shallower than 10 m. The 14-m isobath encloses a much larger area
extending 30 km to the southwest from the eastern shallow areas. The 10 m isobath encloses two
irregularly shaped areas with no particular orientation.

Scour Depths

To understand sand bank evolution and the history of the bank deposits, it is necessary to

distinguish between sedimentary features that are related to modern processes and bank reworking

~as compared to paleo sedimentary features that originated when the banks first formed. Many of
the cores from Sabine and Heald Banks exhibit upward-fining textures in the upper few meters
(Appendices B, C, and D). The upward-fining patterns are characterized by distinct erosional
bases overlain by gravel-size clasts of whole and broken shell that grade into shelly sand and sand
with only minor amounts of finely broken shell. These cyclical textural patterns are interpreted as
shelf storm deposits and the products of modern shelf processes.

The depth to the base of scour depends partly on water depth (Figure 2) and partly on lithology
of the underlying sediments. Position on the bank surface (crest or margins) is less important than
water depth in controlling scour depth. Wave and current scour greater than 1.5 m is observed
where the upper part of the bank is composed of sand, and water depths are less than 10 m. These
relatively shallow water depths also coincide with the bank crest. Where water depths exceed 11 m
and the sediments are muddy, scour is minimized and essentially no storm deposits are preserved.

Primary Bank Lithofacies

Our initial study (Morton and Gibeaut, 1993) identified six lithofacies that characterize
sediments within and around Sabine and Heald Banks (Appendices B and C). The lithofacies,
which were identified from detailed descriptions of the vibracores, are fine sand (A), shelly sand
and gravel (B), slightly muddy sand (C), muddy sand (D), sandy mud (E), and organic clay (F).
Each lithofacies exhibits different sediment compositions, sediment textures, and preserved fauna.
Also each lithofacies occupies a predictable stratigraphic position within the vertical succession of
lithofacies. The superposition of lithofacies describes an overall upward-coarsening facies
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architecture with progressively more sand and less mud from bottom to top. The attributes of each
lithofacies are described in detail by Morton and Gibeaut (1993). '

Ovevrvibewof Sand Quality

Sand quality of the banks was evaluated using two methods that differed in detail and scale of
the analysis. The large-scale method considered the relationship between sedimentary facies of the
banks determined from the core descriptions and sediment textures derived from the grain-size
analyses. Quantitative textural analyses (Appendix D) were performed on 120 samples taken from
the 32 vibracores obtained for this study. There is good correspondence between the textural data
and the qualitative facies descriptions (Morton and Gibeaut, 1993). This agreement provided a
mechanism for extrapolating the textural data to sections of the cores that lacked textural analyses.
However, qualitative (visual) estimates of shell content based on core descriptions do not agree
closely with quantitative measurements from sieve analyses. In fact, the visual estimates of shell
content are consistently higher than the actual measurements. This discrepancy did not interfere
with evaluations of sand quality. The second method of evaluating sand quality relied just on
textural analyses from the upper 2 m of core. This small-scale, more detailed evaluation of sand
quality considered the depth of dredging that would likely occur on the banks in order to optimize
sand content in the dredged material.

~ The fine sand, shelly sand and gravel, and slightly muddy sand facies (facies A, B, and C)
generally contain less than 15% mud and range in mean grain size from 0.75 ¢ t0 2.98 ¢ (0.13 mm
t0 0.59 mm). The fine sand and slightly muddy sand facies are moderately well to poorly sorted,
whereas the shelly sand and gravel is poorly to very poorly sorted. These are the coarsest facies in
the Sabine Bank area, and mean grain size within and between these facies is prirharily a function
of the relative amounts of coarse shell material and mud.

The muddy sand and sandy mud facies (facies D and E) contain considerably more mud than
overlying facies. The muddy sand averages 23% mud and ranges from 14 to 34% mud, whereas
the sandy mud facies averages 48% mud and ranges from 24 to 71% mud. The mud fraction in
both facies is dominated by clay-size material. The average mean grain sizes of the muddy sand
and sandy mud are 4.29 ¢ (0.05 mm) and 5.70 ¢ (0.02 mm), respectively. Both facies are very
poorly sorted partly because the sediments are highly bioturbated.

The finest grained facies is the organic clay (facies F), which occurs at the bottom of the
sedimentary sequence. Four samples from different cores (3 Sabine Bank, 1 Heald Bank)

- analyzed for this facies yielded very similar textural values with 91 to 95% mud.

The available compositional and textural data indicate that the sand deposits associated with

Sabine Bank and Heald Bank are compatible with the beach sediments of the southeastern Texas



coast (Morton et al., 1995). Beach replenishment using the fine sand, shelly sand, slightly muddy
sand, and muddy sand facies (facies A, B, C, and D) would require only moderate overfill ratios.
The sandy mud and organic clay facies (facies E and F), however, are not appropriate for beach
replenishment. ‘

Overview of Sand Quantity

Revised estimates of sand volume in Sabine and Heald Banks used the three-dimensional
geometry of the sand deposits as determined by nearsurface lithology and bathymetry.
Nearsurface lithology, provided primarily by the vibracores, delineated the lateral extent of sand as
well as the thickness of sand and any overburden (Table 1). Bathymetry also was used to help
define the lateral extent of sand in those areas where core control was not available.

Both Sabine and Heald Banks are lenticular sand bodies that cover large areas (Figures 3-10).
Revised estimates of sand volume based on all vibracores indicate that together the banks contain
about 1.8 billion m3 of sand, shelly sand, and muddy sand. Within the overall trends of sand
deposits are elongate lenses where sand and muddy sand deposits more than 3 m thick are
concentrated (Table 1). These elongate lenses would be the optimum sites for sand extraction
because sand concentrations are relatively high. The distribution of sand associated with Heald
Bank is not well defined, and it does not coincide just with the bathymetric highs but extends far:
beyond the small irregular shoals defined by the 10-m isobath (Morton and Gibeaut, 1993).

Sediments of Sabine Bank
Sand Quality '

Most of the vibracores collected for this study, and consequently most of the textural analyses,
are from Sabine Bank (Figure 1, Appendix D). Examination of sediment textures in the upper 2 m
of core from Sabine Bank shows that sediments generally are composed of more than 91% sand.
Shallow shelf sediments containing low concentrations of sand (high concentrations of mud) are
located in relatively deep water and around the margins of the banks at sites such as vibracore
locations 5, 10, 11, 13, and 15 (Figure 1).

Locally high concentrations of shell found in vibracores 2, 7, 12, 14, 16, 20, 21, and 25 range
from 26 to 71% of the sediment sample. These sites of high shell concentration also generally
coincide with physical settings that are subjected to relatively high wave energy such as the crest or
seaward flank of Sabine Bank. The shelly sand facies in Sabine Bank probably consists of lenses
representing less than 12 percent of the total sand facies (Table 1); therefore, locally high shell
concentrations should not limit the use of the sand resource for beach nourishment.

10



Table 1. Thickness of sand facies in each vi

Bank (HB) and Sabine Bank (SB).

bracore from Heald

Core Sand Shelly Sand | Muddy Sand Total
(m) (m) (m) (m)
SBV -1 1.6 0.3 0.8 2.7
SBV -2 1.3 1.4 0.0 2.7
SBV -3 1.6 0.2 0.3 2.1
SBV - 4 1.7 0.2 1.6 3.5
SBV -5 0.0 0.0 2.9 2.9
SBV - 6 1.7 0.3 2.6 4.6
SBV -7 0.7 0.3 3.4 4.4
SBV - 8 0.9 0.2 3.4 4.5
SBV -9 0.0 0.0 0.0 0.0
SBV - 10 0.0 0.0 2.1 2.1
SBV - 11 0.3 0.0 1.4 1.7
SBV - 12 2.8 0.8 1.2 4.8
SBV - 13 0.3 0.0 3.2 3.5
SBV - 14 1.1 0.0 1.5 2.6
SBV - 15 0.3 0.0 0.8 1.1
SBV - 16 0.4 0.8 1.5 2.7
SBV - 17 3.4 1.1 0.0 4.5
SBV - 18 3.0 0.0 2.6 5.6
SBV - 19 1.3 0.0 1.1 2.4
SBV - 20 1.4 0.2 0.0 1.6
SBV - 21 0.0. 0.4 0.3 0.7
SBV - 22 1.3 0.1 3.5 4.9
SBV - 23 0.5 0.5 4.8 5.8
SBV - 24 0.0 0.5 2.4 2.9
SBV - 25 0.6 0.3 4.1 5.0
HBV -1 1.5 1.3 0.0 2.8
HBV -2 1.5 0.1 0.6 2.2
HBV - 3 2.2 0.0 1.8 4.0
HBV - 4 0.8 0.0 0.9 1.7
HBV -5 4.3 1.8 0.0 6.1
HBV - 6 3.1 0.2 0.0 3.3
HBV - 7 1.5 0.3 0.6 2.4

11
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Sand Quantity

The total volume of sand, shelly sand, and muddy sand estimated for Sabine Bank in Texas is
about 1.2 billion m3. This estimate is based on an average sand-body length of 50 km, an average
sand-body width of 7.5 km, and an average sand thickness of 3.3 m. Of this total sand facies that
makes up Sabine Bank, about 562 million m3 is sand and shelly sand with an average thickness of
about 1.5 m (Table 1). '

Sediments of Heald Bank
Sand Quality

Textural analyses of sediment samples from Heald Bank (Appendix D) indicate uniformly good

sand quality. Nearly all samples from the upper 2 m of the Bank contain more than 95% sand.

Most sediment samples contain less than 5% shell, and only one sémple contained 11% shell.
When the thicknesses of sand facies (Table 1) are used to estimate shell concentrations in the Bank
deposits, the shelly sand facies represents from 0 to 46% of the total sand facies in Heald Bank
sediments. However, most of the vibracores from Heald Bank contain less than 12% shelly sand
facies compared to the total sand facies. Considerin g that the shell material is generally dispersed
in Heald Bank and not in thick concentrations (Appendix E), the shell content should not limit the
use of the sand resource for beach nourishment.

Sand Quantity

The total volume of sand, shelly sand, and muddy sand estimated for Heald Bank is
approximately 585 million m3. This estimate is based on an average sand-body length of 13.5 km,
an average sand-body width of 13.5 km, and an average sand thickness of 3.2m. Of this total
sand facies that makes up Heald Bank, more than 458 million m3 is sand and shelly sand with an
average thickness of about 2.5 m (Table 1).

WAVE REFRACTION ANALYSIS, SABINE AND HEALD BANKS
A preliminary analysis was conducted of potential wave transformation that might occur if large

volumes of sand were dredged from the crest of Sabine and Heald Banks. Results of these
analyses were compared with extant wave conditions to determine if wave energy would be
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significantly altered as a result of sand mining. Nine cases of wave refraction were considered
(Table 2). Each case evaluated the differences in wave height between existing water depths and
altered water depths over Sabine Bank. The first seven cases analyzed average conditions for
waves propagating from easterly to southwesterly directions, the eighth case analyied average
conditions for all onshore waves, and the ninth case was a special case that considered storm
waves generated by Hurricane Alicia.

Model Parameters and Input

The wave refraction analysis was designed to address environmental concerns regarding

possible increased erosion of beaches adjacent to the proposed mining sites. To accomplish this,
“the Regional Coastal Processes Wave (RCPWAVE) Propagation Model (Ebersole et al., 1986)
was applied to the region offshore of the southeastern Texas coast (Figures 11-23). This is the
same model that was used by Byrnes and Patnaik (1991) to investigate potential wave
transformation over Ship Shoal. The Waterways Experiment Station of the U.S. Army Corps of
Engineers developed RCPWAVE to predict natural and human-induced coastal change across an
extensive length of shoreline. RCPWAVE can predict linear, plane wave propagation over a
coastal region with varying bathymetry. The model does not include nonlinear effects, and wave
input is monochromatic. RCPWAVE was modified to run on a SUN 1000 workstation. It was
also modified to provide output suitable for input into the CPS-3 mapping and contouring program
(Schlumberger GeoQuest 1994) for graphical display of the results.

RCPWAVE is well suited to measure the effects that mining Sabine and Heald Banks may
have on wave patterns. Because these banks are up to 50 km offshore, a large area must be
considered in the wave model. This analysis includes the southeastern Texas coast between the
Calcasieu River (Louisiana) on the east and Matagorda Peninsula on the west. Using CPS-3
mapping software, we developed a rectilinear bathymetﬁfc grid covering this area that is 300 km in

the alongshore direction and 100 km in the offshore direction out to depths of 30 m. The grid is
not smoothed, and cells measure 500 m alongshore and 125 m normal to shore forming a grid with
600 by 800 cells. ' T

Two types of data are required for the wave transformation analysis: wave climate and
bathymetry. Digital bathymetric data used to construct the grid were obtained from the National
Geophysical Data Center’through the U.S. Geological Survey in St. Petersburg, Florida.
Bathymetry data were compiled from a combination of surveys dating from the 1930’s to the
1970’s. Care was taken to use the latest data available from the National Oceanographic and
Atmospheric Administration for a particular area.
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Table 2. Wave
height, WIS=

78.75 to 236.25 degrees.

parameters used in model runs displayed in figures 1 through 9. Hs= significant wave
Wave Information Study. Frequency is percent occurrence of all waves approaching from

Case

Height [Period

(m)

True
direction

Frequency

Comments

1

1.2

(s
5.4

90.0

12.1%

Mean Hs and mean period for wave directions in a 22.5
degree arc centered around 90 degrees; WIS station #12

2

1.1

5.6

112.5

17.4%

Mean Hs and mean period for wave directions in a 22.5
degree arc centered around 112.5 degrees; WIS station
#12

1.2

6.1

135.0

35.5%

Mean Hs and mean period for wave directions in a 22.5
degree arc centered around 135 degrees; WIS station
#12

1.4

6.1

157.5

23.5%

|degree arc centered around 157.5 degrees; WIS station

Mean Hs and mean period for wave directions in a 22.5

#12

1.2

5.7

180.0

8.1%

Mean Hs and mean period for wave directions in a 22.5
degree arc centered around 180.0 degrees; WIS station
#12

1.1

5.3

202.5

2.4%

Mean Hs and mean period for wave directions in a 22.5
degree arc centered around 202.5 degrees; WIS station
#12 :

1.0

5.1

225.0

1.1%

Mean Hs and mean period for wave directions in a 22.5
degree arc centered around 225 degrees; WIS station
#12

1.2

5.8

131.0

N/A

Mean Hs and mean period for wave directions between
33.75 and 259.75 degrees true; WIS station #12

2.0

8.5

135.0

N/A

|Estimated Hurricane Alicia conditions from CERC-84-

6 Tech. Rpt. Data from Shell Oil platform (Vermillion
22, 25 ft deep). Hs and period are measured but
directions are absent other than statement of
predominantly southeast waves, therefore used

southeast compass direction for model.

24



*o06 =U0noIIp
s $°¢ =pouad ‘w 7T =1yS1oY :SUONTPUOD dABM | 35BS I0F SIYSIay ABM pue Anowkyreq '] amSn]

928.19v0 |

; evl
Gz, OCK SEL OFH
B|nsujued
epioBejep
SleAlY sozelg

mau/pio
s puEJS| UCISBA[RD
. > : £ , W g [eAIsjul JNoJuod oujewA
e apeiier T S9 ™ speoy Jealjog 2 fenseiu inojuoo ouewAueg
Ot 7 QY AR 11e ) mm Ev_ OV
se oy sy 0§ |
e|nsuiuad Jealjog

ssed neiseoje)

ssed ouiqes

o-lo

_E_ 0e

wblay anem
suojeso] ajyoid yoeeg v wisE 2L . 00 020
S]09sSuel} 8UIBI0YS R P

25



. 0§ C1T =uondaap
‘s 9°¢ =powrad W =14319Y :SUONIPUOD 9ABM T 5B 10F SIYSIoY oAem pue Anowhyieg 7] amsLy

0g8L1av0D

&, 0ch SEb vk
oct B|nsulued
epiobejepy

sionY sozeig
M3U/PIO
PUBIS] UO}SAA[RD) =

-

ssed naiseoed =
S9 "™ speoy JeAjog

ssed aulqe
d euiges Bjnsujuad Jeaijog

wbiay anem

suoneoo| ajyoid yoeeg v Wik 01

¥L0  O0v0
sjoasuel} aulIoyS e S

¥s ‘ 4

Zese)

26



"oSET =UondRIIp
*s 1°9 =ponad ‘wr 7'1 =1yS1oy :SUONIPUOD dABM ¢ 95BO 10 SIYSIOY 9ALM puB AnowAyleq g1 amSLy

9v8L1QV0

S e
| OEL SelL Ovk

B|nsujuad
eplobejepy

; slony m_.onmhm
. i . . . sInv ues . mau/pio
ssed neisesen . : : : .

% ERERaRs
CAVA QY v TAVA O

ssed auiqes Gl oz Sz OE SE oy Sy 0S5 SS

W Z [BAIBJUI INOJU0 opewALieg
va-.Qv 1 1 1 A_v
ejnsuiuad JeAljog \ E_ o T T T T T m
Wbiey anem
suoiedo| ajyoid yoeeg v wszl  60F 260  SL0
Sjossuel} aulBIOYS e ke

s

T €

g esen

27



ssed

neisesjen

ssed euiqes

14

oe SE

gz N
- = \/
oA SOAVAR Y, \* 09

oy gy 0S5 98
gnsuluad Jenljog

suoieoo] ajyoid yoesg v
Sjossuel} suljaIoys - e

0§ LS T =uondaIp
‘s 1°9 =pouad ‘w1 '] =1yS1oy :SUOTIIPUOD 9ABM { 3SBD I0] SIYFIay aAeM pue AnowAyieq ‘p] amSLy

e|nsuiuad
epioberepy

SioAlY sozeig
MoU/PIO
W Z [ensjurIncjuos opewAyreg
wy oy B
1

o —-~o

_E. 0oe

ybiay srepm
wsy'L 621 2Lt S60

¥s 14

¥ asen

28



5081 =UOHOIP
*s L6 =ponad ‘w1 7'T =1yS1oy :suonIpuos sAeMm ¢ 3580 10y SIYSIY ABM puE AnowAyIeg *G1 am3ry

9£0819v0

e[nsuluad
epioberepy
SI9Al] SOZRIg
' i Mau/pIO
ssed neiseoe) . ; ’ — i 2 [en mooo Seuskipeg
~ s ~ i U \Ze\lF \4 V VO ;
se oy sy 05 S wy o 0
Ssed aulqes SL oz S¢ 0g eInsuued JeAlog : L S A - L |
wog 0
suopeoo) ajyoid yoeeg v Wbioy enem
Sjogsuel) auljaioys e " : wgez'k 60t ¢60 SL0

G asen

29



o¥0819qVD

ssed naisesen

"0§"C0T =uonosaxp
's €°¢ =pourad ‘wr '] =1ySroy :sUODIPUOD dATM § 358D IO] $1YS1oy 9AeM pue Anoswkyieq ‘9] am3Ly

evi

WoN_, ogl SEH orlt
.Sk 02k Bjnsuiuad
//\ epiobejepy
SN ssed SI8AlY sozeig
0, S 08 sinq ueg
pUE|S| UO}SBA[eD) 4
. i A speoy Jealjog W 2 [eAsiu] Inojuod oujewAyieg
“ . N ® 17 V7S .
oL og s€ oy Sy 05 93 woyr - 0
ssed auiqes GL 02 SC BInSUUad Jenog r L S RS S i
. W og )
Biay aAeg,
suojjeoo| ajyoid yoeag v oy sAem
Sjossuel) suljaloys e wgk'k 660 ¢8 .o mm. 0

24 €

g esen

30



. "0§CC =U0OnNJ1IP
' 1°¢ =pourad ‘w ('] =1yS1oY :SUOHIPUOD 9ABM £ 3SED IO] s1y31oy oaem pue Anowkyreq L] omSLy

950819v0O

- SLE 02t B|nsuiuad
.-. //\ . epiobejepy
SIoAlY sOzeig
P pue|s| UCJSaAED)
Ssed neiseoje) - W g9~ Speoy JeAljog W g [eAI81Ul IN0jU0o oujewAyleg
. o B ANAT 2V :Oomz mm-.,m 09 : wy o o 0
ssed auiqes gz O0E S€ Oy Sv _ ! R — |
B|nsuluad Jeajjog " 0g T 0
WBlaY anem

suoieoo| ajyjoid yoeeg v wZ0't

'S80
SJO9SUBl) BUIBIOYS e T

¢90  o¥o

He 4

,8sen

31



‘o[€T =uondaIIp

*§ 8°¢ =pourad ‘w 7'T =jySroy :suonpuod sAem g ased 103 s1yS1oy oaem pue Answiyieq gy amsn]

09081QV0
e

vt

| SEL OVl

B[nsujuad
epiobejepy

N

Si1aAlY sozelg
ssed y
sin ueg MaupIo -
pUES| UC}SBAIRD) -
w g [enslu 1009 ouswAyleg

o,w $9 ™ speoy Jeajog
. unj o .
_— T L T : T L 1

L . &

o S& oy Sy OS Wmm e
B|nsuiu Al|O | —
Insuiuad Jealjog W 0g
Em_% aABM

ssed naisese) S \
wge'L 60k 260 SLO

suoneoo| apjoid yoesg v
S]09SURI) BUIBIOYS o
N =
Uy €
g asen

32



oSET =uondIIp
*s ¢'g =pouad ‘wr (' =14S19Y :SUONIPUOD SABM G I5BD 103 Ss1yS1ay 9AeM pue Anowkyieq "g] SmSLy

9/0819V0

. "oz e[nsuiuag
: epioberepy

SIBAY sozeig
MaU/pIO

g

pue|s| UojseAfer

ssed na|sesen

S9 "™ speoy sealjog W g [ensil) Jnojuod oulswAyleg

e
VIV VoW

sy 05 SS
g|nsujued Jealjog

VA

ssed auige Ob gL oz Sz OE SE OF
S

o-l-o

suofeso] eyoid yoeeg v iz zmw.u e o
SJOBSUR) BUIBIOYS e -

BL S

6 asen

33



*ayisoddo oy a1eoTpUT SOpRYS IR

"UOHIPUOS PajeABIXaUOU O} SAHB[SI UONIPUOD PJeABOXS 103 pajorpaxd are s1ySioy aaem 1oysry
QI3UM. 1eIIPUT SIPBYS JANYSTT *,GET =UOHIAIP ‘S ['9 =porrad ‘W 7'] =1yS1ay :¢ 2580 JO SUOTIIPUOD
SATM [EPOUL 10 SUOTITPUOD PIIBABIXIUOU PUE PaJeABIXS 103 dBtl 90UaIaJIIp 1YSI9Y-0AB AN "0Z 2MSL]

29661qV0 . ‘

0 B[nsuiuad
w epiobejepy

il PUEIS| UCISBA[ED

ssed neiseoje)

W g [ensju] Jnojuod opewAyieg

> \ ot S9 ™ speoy Jenljog wy oy 0
: oS S T t — —
SSed eulqes e|nsuluad Jealjog lwoe 0
Wbisy saem
suoneoo) ajyoid yoeag v w400 00 02°0-
Sj09suBl} BUNRIOYS e " : o
¥ 100 200- 90°0-

€ ase) — 0| 9se)

34




Case 3

Comparison of wave heights at the
4m Isobath for non-excavated and .
excavated conditions. Sabine Pass

Bolivar Roads

................. Non—-excovated

Excavated

Wave height (m)
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Figure 21. Wave heights along the landward 4-m isobath. Comparison of excavated and
nonexcavated conditions for wave conditions of case 3: height= 1.2 m; period= 6.1 s; dlrectlon—
135°.
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Case 9 (storm

N\ 350 L
£ 325 4 Comparison of wave heights at the
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Figure 23. Wave heights along the landward 4-m isobath. Comparison of excavated and
nonexcavated conditions for storm wave conditions of case 9: height= 2.0 m; period= 8.5 s;
direction= 135°,
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- To measure the effects of mining sand, we used a dredging scenario that would result in the
maximum effects on wave propagation. Excavated conditions were simulated by subtracting two
rectangular solids from the bathymetric grid, thereby increasing water depths. Each solid
measured 4,000 m in the alongshore direction, 1,000 m in the shore normal direction, and 2.5 m
deep. The hypothetical sand volume was removed from the shallowest portions of Sabine and
Heald Banks to simulate dredging of 10 million m3 from each bank. The model was run with
excavated and non-excavated conditions for comparison.

Wave parameters are from the Coastal Engineering Research Center’s Wave Information
Study for the Gulf of Mexico (Hubertz and Brooks, 1989). This data set is a hindcast of wave
conditions for coastal and offshore locations for the kperiod from 1956 to 1975. Tropical storm and
hurricane conditions are excluded from the hindcast. Data from station number 12, located 70 km
- offshore of Bolivar Peninsula and in 20 m water, was used in this study. Station 12 is about
20 km seaward of Heald and Sabine Banks. The Wave Information Study provides 20 years of
hindcast wave conditions computed every three hours and compiled in percent occurrence tables
for specified directions of wave propagation. For wave cases one through seven in this study, the
mean significant wave height (Hs) and period were used for each onshore wave direction interval
spanning an arc of 22.5° (Table 2). Case eight uses a mean Hs, period, and direction for all
onshore directions, and case nine estimates Hurricane Alicia conditions in 1983 based on data
- presented in Garcia and Flor (1984).

Results of Wave Refraction Analysis

The influence of offshore shoals on wave refraction is readily apparent when contour maps of
wave height are viewed (Figures 11-19). Minimum water depths are 6 to 10 m over Heald and
Sabine Banks and related smaller shoals. Waves focus landward of the shoals causing zones of
relatively high and low wave heights along the shoreline (Figures 11-19). These zones of
constructive and destructive interference shift along the coast as wave directions change. For the
more common wave directions (Figures 12-16 and 18-19), the variance in alongshore wave
heights caused by the shoals only occufs east of Bolivar Roads. West of Bolivar Roads
(Galveston Island, Follets Island, and Matagorda Peninsula), wave heights are relatively constant
except for local variations caused by ebb-tidal deltas at Bolivar Roads and San Luis Pass and at the
Brazos River delta. '

Cases 3 and 9 both have a wave direction of 135° but case 9 represents high long-period
waves associated with storm conditions (Figures 13 and 19). The variance in alongshore wave
height along Bolivar Peninsula is about 1.0 m for hurricane conditions or 50% of the initial wave
height of 2 m. Wave heights for case 3, on the other hand, range about 0.3 m, or 25% of the
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initial wave height of 1.2 m. Wave-height zones are also shifted about 4 km to the east for long-
period hurricane conditions compared with nonstorm conditions.

Cases 3 and 9 were run with the bathymetric grid reflecting post-extraction conditions as
described above. For each case, a wave-height difference map was created by subtracting wave
heights computed for the excavated condition from the wave heights computed for the non-
excavated condition. Figure 20 shows the wave-height difference grid for the modal wave
condition of case 3. The simulated dredging caused wave heights to change less than 3 cm
landward of the Heald Bank dredge site and less than 10 cm landward of the Sabine Bank site in
the direction of initial wave propagation. Wave heights are lower in the landward “shadow” of the
excavated sites, but higher on each end. Wave heights along the landward 4-m isobath were also
plotted, and excavated versus nonexcavated scenarios compared (Figure 21). For case 3, the only
measurable change at the 4-m isobath is produced by dredging Sabine Bank, which predicts
lowering of wave heights by 5 cm just southwest of Sabine Pass.

The storm condition of case 9 was also run with and without excavated bathymetry; Figure 22
is the wave-height difference map for the two scenarios. Changes in wave heights caused by
dredging are less than 10 cm at Heald Bank and less than 20 cm at Sabine Bank. The pattern of
change in the lee of each bank is the same as described for case 3. For case 9, the greatest
predicted change at the 4-m isobath is produced by dredging Sabine Bank. The model predicts
lowering of wave heights by 10 cm just west of Sabine Pass (Figure 23). Similarly, the model
predicts that dredging Heald Bank will cause a lowering of wave heights by less than 5 cm
northeast of Bolivar roads.

Implications of Results

As waves propagate across the shallowest portions of Sabine and Heald Banks, they converge
and wave heights increase landward of shoals. This wave-focusing effect of the offshore shoals
causes variation in the distribution of wave heights arriving at the shoreline east of Bolivar Roads.
These offshore shoals, therefore, are expected to have a significant effect on shoreline change.
West of Bolivar Roads, variation of alongshore wave heights is caused by the more local effects of
wave refraction around tidal inlets and river deltas, which would not be influenced by dredging at
Heald or Sabine Banks. ‘

Dredging the crests of Heald and Sabine Banks probably would decrease their wave-focusing
effect only slightly. The wave propagation model predicts that during average wave conditions,
wave heights will be lowered by less than 10 cm in the lee of the banks and by less than 5 cm at the
4-m isobath. During storm conditions, lowering of wave heights probably would be less than
20 cm in the lee of Sabine Bank and less than 10 cm at the 4-m isobath. The borrow scenario used
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in this analysis is for a volume of sand that is approximately 10 times the amount used in a typical
beach nourishment project. If Sabine and Heald Banks become offshore mining sites, it is
conceivable that this volume could be dredged over several years because of the initial needs of
several projects and continued maintenance nourishment. Based on the wave refraction analysis,
the effects of dredging Heald Bank on wave propagation and coastal sedimentation are negligible.
The effect of dredging Sabine Bank is greater, but also small, and is not expected to alter
sedimentation patterns away from the dredge site.

POTENTIAL WEATHER-RELATED DREDGING RESTRICTIONS

Successful offshore mining operations depend on understanding the physical processes in the
Gulf of Mexico near the Banks and the potential influence of those processes on sand extraction
operations. The preliminary work by Morton and Gibeaut (1993) only reported average conditions
for waves and tides. Those statistical averages provide some limited information about wave
heights and periods, but they are inadequate with regard to planning a sand extraction operation.
More important than averages are the distributions of wave heights, wave periods, wave
directions, current speeds, and current directions as well as the seasonality of all these processes.
An analysis of inner shelf processes was conducted to determine if dredging equipment would be
able to operate uninterrupted throughout the year or if mining operations would be suspended
during certain months when wave energy is greatest. This analysis indicates how the mining
operations might be effected by weather patterns and meteorological factors (wind, barometric
pressure, rain, and fog) and how the offshore physical oceanographic conditions are linked to the
meteorological forces. Another possible application of the physical processes analysis has to do
with predicting the direction and distance that suspended sediment will be transported away from
the mining site. Movement and dispersion of the suspended sediment plume will depend on the
sea state and shelf currents at the time of dredging.

The results of this task provide a better understanding of offshore mining conditions and the
annual cycle of environmental energy that would be encountered in the western Gulf of Mexico. It
also provides a basis for determining the annual durations of mining, which are needed for the
economic analysis.

The physical processes task was accomplished by examining historical records of tides, waves,
and weather patterns. A primary objective of this task is developing a summary of seasonal
characteristics of the critical offshore parameters including wind directions, wind speeds, wave
directions, wave heights, and identifying unusual circumstances (water spouts, hurricanes) that -
might disrupt mining activities. Because offshore weather data are sparse or difficult to obtain
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(proprietary data), we used available National Weather Service records either from nearby coastal
sites such as Port Arthur and Galveston or offshore monitoring buoys.

Oceanographic records for coastal tide gauges and wave gauges or hindcast wave data were
ordered from the National Ocean Survey and the Corps of Engineers and examined. Principal
investigators for the MMS-funded Louisiana-Texas Shelf Circulation program (LATEX) were
contacted to see if any of their monitoring stations and data sets would be suitable for our analysis
of oceanographic conditions near Sabine and Heald Banks. Each data set was analyzed
independently using time-series methods that reveal trends in the data such as seasonal variability
and yearly maximums. The data sets were also examined to see if they cover the same time
periods. Because the data sets coincide temporally, additional statistical analyses were performed
to investigate the relationships among the measured variables. The results of this work could be
used to determine the optimal periods of mining and the duration of uninterrupted mining activities.
This type of mining restriction analysis is needed before an economic analysis of the operation can
be conducted.

A practical approach to understanding offshore mining conditions was also included in this
task. We contacted marine operators working in the Gulf of Mexico to determine what conditions
currently alter or interrupt offshore activities such as dredging, laying pipelines, or towing barges.
We also discussed with dredging companies the potential mining problems associated with
changing weather while working in the Gulf of Mexico.

Wind and Wave Analysis

Wind and wave data from several sources in the vicinity of Heald and Sabine Banks (Table 3)
were analyzed to describe the likely sea conditions that a dredging operation would encounter.
Both measured and hindcast data are presented. The hindcast data are from the Wave Information
Study (WIS) conducted by the U.S. Army Corps of Engineers (Hubertz and Brooks, 1989). For
the hindcast, a wind field is computed from an atmospheric pressure field and merged with
observed wind data (Resio et al., 1982). A discrete spectral model then uses the merged wind field
to determine the generation of waves (Resio, 1982). The results of the hindcast are time series of
directional wind and wave data for discrete locations, including a location near Heald Bank
presented in this study (Figure 24).

Measured wind and wave data are available from moored buoys and coastal stations operated
by the National Data Buoy Center (NDBC) of the National Oceanographic and Atmospheric
Administration (NOAA). Coastal stations are referred to <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>