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PREFACE

1. The Corps of Engineers, through its Civil Works program, has
sponsored, over the past 23 years, research into the behavior and charac-
teristics of tidal inlets. The Corps' interest in tidal inlet research
stems from its responsibilities for navigation, beach erosion prevention
and control, and flood control. Tasked with the creation and maintenance
of navigable U.S. waterways, the Corps routinely dredges millions of
cubic yards of material each year from tidal inlets that connect the ocean
with bays, estuaries, and lagoons. Design and construction of navigation
improvements to existing tidal inlets are an important part of the work
of many Corps' offices. In some cases, design and construction of new
inlets are required. Development of information concerning the hydraulic
characteristics of inlets is important not only for navigation and inlet
stability, but also because inlets play an important role in the flushing
of bays and lagoons.

2. A research program, the General Investigation of Tidal Inlets
program, was developed to provide quantitative data for use in design of
inlets and inlet improvements. It is designed to meet the following
objectives:

To determine the effects of wave action, tidal flow, and related
phenomena on inlet stability and on the hydraulic, geometric,
and sedimentary characteristics of tidal inlets; to develop the
knowledge necessary to design effective navigation improvements,
new inlets, and sand transfer systems at existing tidal inlets;
to evaluate the water transfer and flushing capability of tidal
inlets; and to define the processes controlling inlet stability.

3. The GITI is divided into three major study areas: (a) inlet
classification, (b) inlet hydraulics, and (c¢) inlet dynamics.

a. Inlet Classification. The objectives of the inlet classifi-
cation study are to classify inlets according to their geometry, hydrau-
lics, and stability, and to determine the relationships that exist among
the geometric and dynamic characteristics and the environmental factors
that control these characteristics. The classification study keeps the
general investigation closely related to real inlets and produces an
important inlet data base useful in documenting the characteristics of
inlets.

b. Inlet Hydraulics. The objectives of the inlet hydraulics
study are to define the tide-generated flow regime and water level fluc-
tuations in the vicinity of coastal inlets and to develop techniques for
predicting these phenomena. The inlet hydraulics study is divided into
three areas: (1) idealized inlet model study, (2) evaluation of state-of-
the-art physical and numerical models, and (c) prototype inlet hydraulics.

(1) The ldealized Inlet Model. The objectives of this model
study are to determine the effect of inlet configurations and structures




on discharge, head loss and velocity distribution for a number of realistic
inlet shapes and tide conditions. An initial set of tests in a trapezoidal
inlet was conducted between 1966 and 1970. However, in order that subse-
quent inlet models are more representative of real inlets, a number of
"idealized" models representing various inlet morphological classes are
being developed and tested. The effects of jetties and wave action on the
hydraulics are included in the study.

(2) Evaluation of State-of-the-Art Modeling Techniques. The
objectives of this portion of the inlet hydraulics study are to determine
the usefulness and reliability of existing physical and numerical modeling
techniques in predicting the hydraulic characteristics of inlet/bay systems,
and to determine whether simple tests, performed rapidly and economically,
are useful in the evaluation of proposed inlet improvements. Masonboro
Inlet, North Carolina, was selected as the prototype inlet which would be
used with hydraulic and numerical models in the evaluation of existing
techniques. In September 1969 a complete set of hydraulic and bathymetric
data was collected at Masonboro Inlet. Construction of the fixed-bed
physical model was initiated in 1969, and extensive tests have been per-
formed since then. In addition, three existing numerical models were
collected at Masonboro Inlet in August 1974 for use in evaluating the
capabilities of the physical and numerical models.

(3) Prototype Inlet Hydraulics. Field studies at a number
of inlets are providing information on prototype inlet/bay tidal hydrau-
lic relationships and the effects of friction, waves, tides, and inlet
morphology on these relationships.

c¢. Inlet Dynamice. The basic objective of the inlet dynamics
study is to investigate the interactions of tidal flow, inlet configura-
tion, and wave action at tidal inlets as a guide to improvement of inlet
channels and nearby shore protection works. The study is subdivided into
four specific areas: (1) model materials evaluation, (2) movable-bed
modeling evaluation, (3) reanalysis of a previous inlet model study, and
(4) prototype inlet studies.

(1) Model Materials Evaluation. This evaluation was initiated
in 1969 to provide data on the response of movable-bed model materials to
waves and flow to allow selection of the optimum bed materials for inlet
models.

(2) Movable-Bed Model Evaluation. The objective of this study
is to evaluate the state-of-the-art of modeling techniques, in this case
movable-bed inlet modeling. Since, in many cases, movable-bed modeling
is the only tool available for predicting the response of an inlet to
improvements, the capabilities and limitations of these models must be
established.

(3) Reanalysis of an Earlier Inlet Model Study. In 1957, a
report entitled '"Preliminary Report: Laboratory Study of the Effect of
an Uncontrolled Inlet on the Adjacent Beaches' was published by the Beach




Erosion Board (now CERC). A reanalysis of the original data is being
performed to aid in planning of additional GITI efforts.

(4) Prototype Dynamics. Field and office studies of a number
of inlets are providing information on the effects of physical forces and
artificial improvements on inlet morphology. Of particular importance
are studies to define the mechanisms of natural sand bypassing at inlets,
the response of inlet navigation channels to dredging and natural forces,
and the effects of inlets on adjacent beaches.

4. This report is concerned primarily with presentation and analysis
of data collected during a field study of Corpus Christi Water Exchange
Pass, Texas, during 1973-75. However, selected results for the first
year of study at the pass (1972-73) (reported previously by Behrens,
Watson, and Mason; in preparation, 1976), are also presented. The data
collected provide information on both the long- and short-term stability
of the pass and on the processes affecting the dynamics of the pass and
adjacent beaches.
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CONVERSION FACTORS, U.S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

U.S. customary units of measurement used in this report can be converted to metric (SI)
units as follows:

Multiply by To obtain
inches 254 millimeters
2.54 centimeters
square inches 6.452 square centimeters
cubic inches 16.39 cubic centimeters
feet 30.48 centimeters
0.3048 meters
square feet 0.0929 square meters
cubic feet 0.0283 cubic meters
yards 0.9144 meters
square yards 0.836 square meters
cubic yards 0.7646 cubic meters
miles 1.6093 kilometers
square miles 259.0 hectares
acres 0.4047 hectares
foot-pounds 1.3558 newton meters
ounces 28.35 grams
pounds 453.6 grams
0.4536 kilograms
ton, long 1.0160 metric tons
ton, short 0.9072 metric tons
degrees (angle) 0.1745 radians
Fahrenheit degrees 5/9 Celsius degrees or Kelvins'

'To obtain Celsius (C) temperature readings from Fahrenheit (F) readings, use formula: C = (5/9) (F - 32).
To obtain Kelvin (K) readings, use forumla: K = (5/9) (F — 32) +273.15.




HYDRAULICS AND DYNAMICS OF NEW CORPUS CHRISTI PASS, TEXAS:
A CASE HISTORY, 1973-75

by

Richard L. Watson and E. William Behrens

I. INTRODUCTION

The Corpus Christi Water Exchange Pass (Fig. 1) extends from Corpus
Christi Bay to the Gulf of Mexico through Mustang Island, Texas. The
pass was dredged by the Texas Parks and Wildlife Department to promote
water exchange and fish migration between the two water bodies. Studies
of sedimentation in and around the pass and its tidal hydraulics and
stability began with its initial opening in August 1972, and continued
intermittently for 3 years to August 1975.

The design, construction, environmental setting, and behavior of
the inlet during its first year of existence were reported by Behrens,
Watson, and Mason (in preparation, 1976). The objectives in continuing
this inlet study were to:

(a) Document bathymetric changes at the gulf mouth of the inlet,
especially in relation to bar-trough topography in the adjacent surf
zone;

(b) record bathymetric changes of the inlet channel in response
to increasing and decreasing tidal discharges which accompany seasonal
climatic changes;

(¢) record bathymetric changes at the bay mouth of the inlet and
thus to continue to trace the development of the flood tidal delta in
this area;

(d) obtain tidal current time histories by applying Manning's
equation to continuously recorded tidal differential data between the
gulf and bay;

(e) verify discharge and velocity computations by direct
measurement in the channel over a maximum range of meteorological
conditions and through any changes in channel morphology, and to try
to define causes producing variations in instantaneous discharge-tidal
differential correlations; and

(f) apply hydrographic, longshore sediment transport, and tidal
discharge data to existing theories on inlet stability, and to evaluate
these theories.
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II. TIDAL DYNAMICS

1. Introduction.

One of the most important natural agents affecting an inlet is the
tidal flow, because of its predominant influence on the sediment
transport patterns which determine the size and morphology of the inlet.
The tides in the Gulf of Mexico are a complex mixture of diurnal, mixed,
and semidiurnal. The ranges and heights are controlled by daily and
seasonal meteorological conditions as well as by monthly, annual, and
longer astronomical cycles.

Predicted tides reveal the astronomical effects and the major
seasonal and 2-week cycles which sedimentological changes might be
expected to reflect. Comparison of observed with predicted tides
reveals effects of small differences between the study site and the
reference station tides and larger and more significant effects of
local winds on the tide levels and flows. Short-period tidal current
velocity measurements were made to determine a friction factor necessary
to calculate longer term flow characteristics from tide gage data. The
flow patterns and discharges should also be reflected in the sediment
transport distribution patterns. The velocity measurements also suggest
some sedimentological and hydraulic factors affecting significant channel
friction variations through the tidal cycle.

2. Predicted Tides.

a. Source. The predicted tides were used for the study site
(National Oceanic and Atmospheric Administration, 1972-75) at Aransas
Pass.

b. Types. At the latitude of the study site, diurnal tides occur
when the moon is at its maximum northern and southern declinations, and
semidiurnal tides occur when it crosses the equator each 2-week period.
Either tide may coincide with any lunar phase, e.g., diurnal tides occur
with new and full moons at the solstices but with quadratures at the
equinoxes.

c. Ranges. Although syzygy and quadrature affect the tidal ranges
through the 2-week cycle, the declinational effect is greater so that
diurnal tides always have larger ranges (1.8 to 2.8 feet or 55 to 85
centimeters) than semidurnal tides (0.8 to 1.4 feet or 24 to 43
centimeters). Seasonally, ranges are largest when syzygies coincide
with maximum declinations at the equinoxes (Fig. 2) and smallest when
syzygy and declination effects are opposed at the solstices. Similar
tides occurring 2 weeks apart may have ranges which differ by 1 foot
(30 centimeters) depending on whether one tide coincides with perigee
and the other tide with apogee. Long-term astronomical cycles cause
this inequality to shift from diurnal to semidiurnal phases over a
period of about 1.5 years. An effect of this shift was a decrease in

15
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maximum, spring, and diurnal tidal ranges through the study period
(Fig. 2).

d. Levels. Like tidal ranges, mean water levels have an annual
cycle of two highs and two lows. However, the levels are not in phase
with the ranges (Fig. 2). Highest water levels occur in October when
gulf-wide steric expansion is greatest, and lowest water levels are in
January and February when steric contraction is greatest (Whitaker,
1971). A second high occurs in April and May and a second low in July.
These secondary fluctuations have no correlations with seasonal
barometric pressure or steric effects but do correlate qualitatively
with winds. The monthly onshore component of wind (calculated as the
product of the monthly resultant windspeed and the sine of the angle
between the shoreline and the wind direction) is small due to strong
winter storms with predominantly offshore winds from September to March,
has an annual maximum in April, and remains fairly large from June to
September (Fig. 2). Thus, the high April water levels appear to be due
to gulf wind setup.

Winds measured at the onshore weather station may have a similarly
high onshore component during the summer low water level period, but
may produce less setup because of shorter fetch. The spring winds are
probably more a part of the prevailing trade wind system with an
effective fetch of the whole Gulf of Mexico than are the summer winds
which have a large component of daily sea breezes with effective
fetches of only a few tens of miles.

3. Observed Tides.

a. Procedures. Tide data were gathered continuously with two
Bristol nitrogen bubbler water level gages. One gage (identified as
CCWEPG) was installed on the north jetty with the orifice in the channel
at a depth of about -1.6 feet (0.48 meter) mean low water (MLW) and
about 500 feet (150 meters) from the gulf end. The other gage (CCWEPp)
was located on the north bank with the orifice in the channel about
500 feet (150 meters) inside the bay mouth. The bay gage had a 0- to
5-foot (0 to 1.5 meters) diaphram and began operation on 11 June 1974;
the gulf gage had a 0- to 10-foot (0 to 3 meters) diaphram and began
operation on 12 July 1974.

Two adjustments were made to these installations. Periodic
sedimentation around the bay gage orifice during strong northers from
December to March necessitated relocating the gage farther toward the
center of the channel on 26 February 1975. On 4 November 1974, a
damping reservoir was installed in the gulf gage to produce a more
precise record by removing the effects of short-period wave action.

Orifice elevations were surveyed upon installation and three times
subsequently when the records showed sharp displacements suggesting
movements of the orifices. The tide records were read at 1l-hour
intervals, and orifice elevation corrections were made by a computer
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which also determined hourly gulf-bay differences and water surface
slopes.

Daily highs and lows and differences from predicted highs, lows,
and times thereof were determined from these data; monthly averages
were calculated by hand.

b. Observed Tide Levels and Ranges. To assess gage accuracy, the
observations were compared with two National Ocean Survey (NOS) gages
located near Port Aransas, Texas. The Horace Caldwell Pier (HCP) gage
is located on a fishing pier spanning the surf zone about one-half
mile southwest of the Aransas Pass jetty, and the Aransas Pass Channel
(APC) gage is located inside the jetties about 6,000 feet (1,800 meters)
from the gulf end (Fig. 1).

From July 1974 to February 1975, CCWEPG levels were higher than
both those of APC (by 0.75 foot or 23 centimeters) and HCP (by 0.31
foot or 9 centimeters) (Fig. 3). However, the differences were quite
consistent, especially between HCP and CCWEP; where they varied by no
more than 0.04 foot (1 centimeter) for 8 months. The average differences
between CCWEPg and both NOS gages changed significantly (>99.S5-percent
confidence level) after February 1975 with CCWEPG>APC becoming 0.375
foot (11 centimeters) and CCWEPG<HCP becoming 0.26 foot (8 centimeters).
Although this suggests a calibration change of roughly one-half foot
(15 centimeters) from the CCWEP; gage, no alteration of the data has
been made because of two other considerations: (a) Correction of the
CCWEPg data in the suggested direction would also require a simultaneous,
arbitrary change in the CCWEP bay gage data by the same amount, or else
calculated flow based on the water surface slopes between the two gages
would have only 53 hours of ebbtide over a subsequent period of over
46 days (i.e., a flood:ebb ratio of 20:1 or only 1 hour of ebbtide per
day on the average); and (b) both NOS gages show data discrepancies at
the time of change. The APC gage was out for February 1975. Differences
between observed and predicted tide levels for a 9-month period before
it went out averaged over 0.2 foot (8 centimeters) greater than
differences for an equivalent 9-month period after its operation was
resumed (T-test difference confidence level >95 percent). Additionally,
the HCP gage was discontinued in May 1975 due to malfunctioning 2 months
after its relations to CCWEPG changed sharply. A plot of the correction
factor applied to the HCP observations (Fig. 4) shows a sharply
anomalous trend beginning when the relationship first changed (March
1975) and ending when the malfunction caused gage readings to be
discontinued (May 1975). However, monthly differences between observed
and predicted tide levels at the CCWEPG gage averaged 0.37 foot (11
centimeters) before and 0.33 foot (10 centimeters) after the apparent
change (Fig. 5). No statistical significance can be assigned to this
difference.

Tide levels and tide ranges observed at CCWEPg, HCP, and APC follow
the predicted seasonal trends quite well (Fig. 3). Deviations from
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predicted values show a very weak trend of higher than predicted tides
mostly during September to March (Fig. 5). This weak trend as well as
the average differences between predicted and observed tides may be due
to differences between long-term averages of steric, barometric, and
wind effects and the actual conditions during the study period.
Therefore, Corpus Christi climatological data were compared with
differences between predicted and observed tides (Table 1).

Steric effects are difficult to analyze, but since air temperatures
(herein assumed to be an indirect measure of water density) for
November 1974 to February 1975 were below normal (i.e., density above
normal) when tides were higher than predicted, this was not the cause.
Below average barometric pressures which occurred in September 1974
and from December 1974 to April 1975 may have been a contributing
factor to the high tides during this period. However, sharply higher
than average pressures for October 1974 did not correlate with the
positive differences between actual and predicted tides which occurred
then. Similarly, winds which might cause gulf setup and positive
differences between actual and predicted tides if their onshore
component were above average, actually had an onshore component about
1 mile per hour less than average for the September 1974 to May 1975
period of high tides.

While these climatological factors do not seem to account for the
monthly or seasonal differences between observed and predicted tides,
local winds are often strikingly correlated with daily and weekly tidal
variations. Figure 6 shows the best example of such correlations. The
effect seems to be that the channel acts like a part of Corpus Christi
Bay especially during early fall, midwinter, and spring northers, i.e.,
the offshore winds associated with strong northers create setup in the
southeastern part of the bay and raise water levels in the entire
channel. Likewise, strong onshore winds pile up water in the
northwestern part of the bay and tide levels in the southeastern part
and in the channel are reduced. Wind effects on tidal discharges are
discussed below.

c. Predicted Versus Observed Times. Observed times of high
tides occurred an average of 14 minutes earlier than the times
predicted; observed low tides occurred an average of 42.5 minutes
later than the times predicted. The observed time differences
would produce shorter floods and longer ebbs than predicted. How-
ever, other evidence supports a flood dominance in tidal discharges.

d. Bay Observed Tides. The average of all hourly tide level
observations shows that at the pass, the mean bay water level is 0.25
foot (7.6 centimeters) below the mean gulf water level. This is about
half the difference between the NOS gages at Port Aransas (0.46 foot or
14 centimeters), where the mean levels (DTL) were taken as the average
of the daily higher highs and lower lows.
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Table 1. Differences between observed and predicted tides
compared to differences between average and
actual climatological factors,

2 Barometric | Onshore

Month Tidel Temperature pressure wind4
(ft) (°F) (in) (mi/h)

1974

July -0.08 +4.1 -0.02 -0.5

Aug. +0.06 +0.1 0.0 +3.6

Sept. +0.40 +0.6 +0.07 -2.9

Oct. +0,65 +1.9 -0.12 +0.1

Nov. +0.47 -2.0 -0.02 -2.0

Dec. +0.34 0.0 +0.02 -2.8

1975

Jan. +0.55 -0.7 +0.04 +0.5

Feb. +0.58 -1.0 +0.05 -2.0

Mar. +0.21 +3.2 +0.09 -0.3

Apr. +0.50 +1.0 +0.02 +0.4

1. CCWEPG minus predicted value.

2. Observed minus average

3. Observed minus average

pressure.

4. Observed minus average

wind.

monthly mean air temperature.

monthly mean barometric

onshore component of resultant

Note: Comparisons were made so that all (+) values correlate
with water levels above the predicted value and all (-) values
correlate with water levels below predicted values.
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The annual cycle of bay tide levels shows clearly the seasonal
trend of fall and spring highs and winter and summer lows. The gulf
levels exceed the bay levels most during low and rising Seasonal tides,
and least or are actually reversed during high or especially during
falling seasonal levels (Fig. 7). This pattern suggests that there is
a slight lag in bay response to the seasonal cycle similar to the lag
in a daily tidal cycle.

Bay ranges are less than gulf ranges by about 1 foot. The seasonal
variations in gulf ranges are absent in the bay data. In the process
of reducing all tidal ranges, about one-third of the smaller semidiurnal
and mixed tides is eliminated completely in the bay. Smith (1974) found
a similar filtering out of the semidiurnal tidal components between Port
Aransas and Corpus Christi Bay, e.g., '"the semidiurnal M; constituent
decreases from an amplitude of 0.25 foot (7.6 centimeters) at Port
Aransas to very nearly zero in the bay."

A detailed analysis of the bay tides was considered beyond the
scope of this study. However, it is assumed that their responses to
wind stresses and setups are basically the same as that which explains
the deviations from predicted tides observed in the records from the
gulf gage. Discharges observed directly and computed from gulf and
bay gage data support this assumption.

4. Diurnal Discharge Measurements.

Twelve diurnal discharge measurements were made at cross-section
station X7 during 1974-75. These data were gathered to determine
maximum and minimum tidal discharges and prisms, maximum mean flow
velocities, and Manning's n for two sections of the channel.

a. Procedures. Water level data for each discharge measurement
were gathered by the water level recorders previously described. For
the eight studies from June 1974 to February 1975, the following
procedure was followed. A 3/4-inch nylon line was stretched between
two anchors across the pass. At intervals of 1 hour for a period of
25 hours, a boat was positioned at seven premarked stations along the
taut rope. Current velocity was measured at each station with a
Gurley-Price current meter at depths of 0.2, 0.6, and 0.8 foot of the
total depth. Current velocity was measured at 1-foot intervals at the
channel center. The total water depth was recorded hourly at each
station. Measurements at each station took approximately 3 minutes.

The above data and water levels recorded at each of the three water
level recorders were used to determine (a) the mean velocity for each
profile; (b) the mean velocity, hydraulic radius, wetted perimeter, and
area of the channel cross-section; and (c) Manning's n values for the
entire channel and for the two reaches from bay to bend and from bend
to gulf.
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During February to May 1975, velocities were measured only at the
channel center but were taken at 15 minutes rather than hourly intervals.

b. Discharge. Instantaneous discharge was computed as the product
of average channel velocity times cross-sectional area. The area was
measured at the beginning of each study period and adjusted according
to the tide level at the time of each veclocity measurement. Tidal
prisms were computed as the average of flood and ebb integrated
discharges over a 25-hour period. Tidal differentials and discharges
are plotted against time for each of the diurnal study periods in
Appendix A, and a summary of the hydraulic data is given in Table 2.

Although measured spring tidal prisms averaged about 82 X 106 cubic
feet (2.3 X 109 cubic meters) during the 1972-73 study (Behrens, Watson,
and Mason, in greparation, 1976) the prisms averaged only 48 X 106 cubic
feet (1.4 X 10° cubic meters) for the studies from June 1974 to May 1975.
However, the difference is largely an artifact since few of the spring-
tides chosen for study in the latter period coincided with maximum lunar
declination and thus maximum diurnal ranges (Table 2). Monthly maximum
tidal prisms computed from long-term tidal records show an average value
of 75 X 106 cubic feet (2.1 X 109 cubic meters). This smaller decrease
from 82 X 10 cubic feet was prcbably a function of the reduction in the
average cross-sectional area of the channel to a stable value of about
1,000 square feet (93 square meters) beginning about June 1974, and a
greater decrease in the minimum monthly cross section over that same
time period (Fig. 8).

A great preponderance of the studies showed total average flood
prisms exceeded average ebb prisms by 60 percent. Maximum flood
velocities also exceeded ebb velocities by an average of 30 percent.
That this flood predominance is not an artifact of an unsuspected bias
in velocity measurements or selection of study periods is supported by
the greater average elevation of gulf over bay water levels near the
pass and by its clear presence in the long-term discharges computed from
10 months of bay and gulf hourly tide records. Temporary floodtide
enhancement should result from onshore winds, raising gulf water levels
and reducing bay water levels at the lee-shore bay mouth of the pass.
Long-term maintenance of this enhancement is discussed later in Section
) 0 78

Offshore winds should strongly enhance ebb discharges, not only
because such winds create setup at the bay end of the pass and setdown
in the gulf, but also because these winds are usually very intense
(20 to 50 miles per hour) being associated with steep barometric
pressure gradients. The effects of such a ‘‘norther'" were observed on
12, 13, and 14 March 1975. A current meter observation was made every
15 minutes beginning at 1330 hours on 12 March. Strong onshore winds
of 14 to 19 knots blew until 2330 hours. A calm lasted for almost 2
hours until about 0100 hours on 13 March when 34 hours of northerly
winds began. Wind gusts up to 35 knots were common, and resultant winds
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of 20 knots or more persisted for 10 hours.

The effects of this norther may be seen by comparing tidal currents
during three 25-hour periods: (a) 1400 hours on 12 March to 1445 hours
on 13 March; (b) 0200 hours on 13 March to 0400 hours on 14 March; and
(c) 1200 hours on 13 March to 1300 hours on 14 March. The first period
included about 10 hours of strong onshore winds, 2 hours of near calm,
and 13 hours of strong offshore winds. Flood and ebb currents coincided
aimost exactly with onshore and offshore winds, respectively.

The second period began about 2 hours after the norther began and
included only offshore winds and almost no flood currents. Throughout
the third period, winds were offshore but blew at only 7 to 17 knots.

The discharges for these time intervals (Table 3) show that the
onshore winds preceding a norther may have as much effect enhancing
the floodtide as the norther does the ebbtides. Ebbtides clearly
predominate during the norther, but this condition diminishes as
quickly as the northerly wind abates. The maximum flood velocity during
the onshore wind was 1.6 feet per second (0.5 meter per second); the
maximum ebb velocity during the offshore wind was 2.2 feet per second
(0.7 meter per second).

Table 3. Tidal discharges for three 25-hour periods covering different
parts of the norther of 13 March 1975.

Date

Time (h)

Flood discharge2

Ebb discharge2

12 and 13 Mar.
13 and 14 Mar.
13 and 14 Mar.

1400 to 1445
0300 to 0400
1200 to 1300

41
6
12

38!
47!
23

1. Minimal figure; operation of the current meter was impossible
during heavy squalls at the beginning of the norther, and proper
functioning of the meter during the next 6 hours of rough boating
conditions was uncertain.

2. Millions of cubic feet.

A norther also occurred during a 25-hour diurnal study in February.
The wind began to blow from the north after about 6 hours of current

observation and continued through the rest of the study.

Although the

norther was quite mild with maximga sustained winds only 17 miles per
f flood = 13 X 105 cubic feet (0.4
X 10° cubic meters); ebb = 35,5 X 106 cubic feet (1 X 10° cubic meters).

hour, a net ebb discharge resulted:
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Maximum velocities were only 0.9 and 1,2 feet per second (0.3 and 0.4
meter per second) for flood and ebb flows, respectively,

c¢. Channel Friction. The Manning's n friction coefficient was
computed for all diurnal discharge studies to allow calculation of
long-term velocity and discharge time histories. The following
empirical relationship relates the mean flow velocity to channel
geometry, water surface slope, and Manning's n:

v = 1.49 R2/3g% | (1)
n

where V is the mean flow velocity in the channel, R is the hydraulic
radius of the channel, and S may be taken as the water surface slope.
Although this relationship is for steady open-channel flow, the
acceleration of tidal currents is considered sufficiently small that
the flow can be considered to be steady for short-time periods.

Manning's n values were computed each hour for the 1972-73 and
June 1974 to February 1975 discharge measurements, and each quarter-
hour for the February to May 1975 measurements. The 1972-73 studies
were based on water level recorders placed in the bay near the channel
mouth and at the bridge. The mean Manning's n for those studies
increased from 0.019 in December 1972 to 0.030 in June 1973 (Behrens,
Watson, and Mason, in preparation, 1976). The increase in channel
friction is probably due to channel shoaling and the development of
major dune-type bed forms in many reaches of the channel. Tide gages
were relocated for the 1974-75 study s» that friction factors could be
estimated for the entire channel, the simple, straight reach from the
bay to the bend, and the more complex section including the bend, bridge,
and most of the jetties. The n values for the 1973 study are comparable
with those of the bay to bend reach of the channel for 1974-75 shown in
Table 2. Along with stabilization of the mean cross section at near
1,000 square feet (300 meters) since June 1974, the mean n for the entire
channel has stabilized at about 0.028. The mean n for the reach from
the bay to the bend is lower, averaging about 0.025; the bend and the
reach from the bridge to the jetties averages 0.033. If the bay to bend
n and the bend to gulf n are averaged with weighting for their respective
channel lengths of 5,100 and 3,300 feet (1,554 and 1,006 meters), then the
mean n computed for the entire channel is 0.028. This close agreement
implies that the vertical control of the water level recorders is
excellent. The mean Manning's n values presented in Table 2 are for
flow velocities greater than 0.5 foot per second (15 centimeters per
second). For flow velocities less 0.5 foot per second (15 centimeters
per second), the Manning's n values are erratic due to much greater
relative error in measurement of tidal differential and flow velocities,
as well as inertial effects.

To determine if n values vary systematically with the mean flow
velocity, they are compared for selected diurnals (Figs. 9, 10, and 11).
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For flow velocities less than 1 foot per second (30 centimeters per
second), there is no correlation between n and flow velocity, but for
flow velocities greater than 1 foot per second that Manning's n
commonly decreases with increasing velocity. This may be due to
reduction in bed form height at higher flow velocities or to reduction
in shear stress due to sediment motion on the bottom,

During the 1972-73 study period, it was observed that Manning's
n would usually increase throughout a flood or ebb part of the tidal
cycle (Behrens, Watson, and Mason, in preparation, 1976). It was
hypothesized that this unusual variation of the friction factor might
be due to the presence of major bed forms which were reversing their
form with the development of flow during either a flood or an ebb part
of the tidal cycle. A sudden drop in friction would occur at the onset
of the new tidal cycle when flow was reversed over bed forms with
slipfaces oriented upcurrent. This orientation produces the most
streamlined shape to the flow and thus the least downcurrent flow
separation. Model studies of the resistance to reversing flows over
movable beds have demonstrated that as velocity is increased, the
friction factor increases initially and then decreases as the ripples
are flattened (Bayazit, 1969). The model tests were limited by size
to the study of ripples, and the effect of reversing flow on larger
bed forms was not observed.

Manning's n and tidal differential are plotted against time for
each of the diurnal discharge studies for 1974-75 to examine this
phenomenon (Figs. 12 to 21). These figures show friction factor n
increasing through only about one-third of thte tidal cycles studied;
it decreases through about one-half of the cycles with no discernable
trend through the remaining one-sixth. The lack of a significant trend
similar to that observed in the 1973 study may be due to two factors:
(a) The maximum flood and ebb velocities were higher during the 1973
diurnals than during the 1974-75 diurnals and were, therefore, more
likely to produce reversals of bed forms in a single tidal cycle; and
(b) the 1- to 3-foot high (30 to 90 centimeters), dominantly flood-
oriented sand waves occurring throughout most of the channel during
the 1974-75 study were rarely observed during the 1973 study period
when the channel bottom was characterized mostly by small, linguloid
ripples. Reversal of orientation of the sand waves was observed only
in the bend part of the channel during the 28 and 29 December 1974
diurnal study. However, Manning's n values increased during the flood
part but decreased during the ebb part of that diurnal.

5. Time History.

Hourly velocities and discharges from July 1974 to May 1975 were
calculated using equation (1) and measured water surface slopes,
average hydraulic radii, and friction coefficients. The results of
these computations are given in Figures 22 and 23 and Appendix B.
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Figure 12. Tidal differential, velocity, and Manning's n through a
diurnal period, 19 and 20 June 1974. Ebbtide period
is shaded.
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Figure 13. Tidal differential, velocity, and Manning's n through a

diurnal period, 25 and 26 June 1974. Ebbtide periods
are shaded.
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are shaded.
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Figure 15. Tidal differential, velocity, and Manning's n through a
diurnal period, 15 and 16 October 1974. Ebbtide period

is shaded.
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As anticipated from tidal cycle velocity measurements and the
average gulf and bay tide level difference, calculated flood minus ebb
discharges show a net flood which averaged 36.6 X 106 cubic feet (1 X
106 cubic meters) per day.

The resultant, annual net flood discharge volume (13 X 109 cubic
feet or 3.7 X 106 cubic meters) cannot be accounted for by evaporation,
because it exceeds rainfall by only about 20 inches (51 centimeters)
annually (Meyer, 1942), and thus could account for only about 6 X 109
cubic feet (1.7 X 109 cubic meters). Furthermore, Nueces River
discharge into Corpus Christi and Nueces Bays (30 X 109 cubic feet or
8.5 X 10% cubic meters) (Collier and Hedgpeth, 1950) exceeds excess
evaporation sufficiently to maintain salinities in Corpus Christi Bay
below normal marine values except during periods of drought conditions.

Consequently, the excess flood discharge must flow through other
outlets. Two channels could act effectively in this capacity. The
Corpus Christi Ship Channel extends east from Corpus Christi to Port
Aransas across the northern part of the bay. Thus, wind tides
generated by the prevailing south-southeasterly winds could drain out
this channel to the Gulf of Mexico. Corpus Christi Bayou connects the
northeastern corner of the bay with Aransas Bay. Southerly winds would
cause a water level differential between these bays and considerable
northward discharge could take place.

Seasonally, the excess flood discharge is greatest from July to
November (Fig. 22). The wind setups that lead to excess flood discharges
cannot account entireiy for this seasonal high, because the period of
peak onshore winds creating the bay circulation away from the pass mouth
begins sometime in March and extends only through August. However, mean
water levels are rising from July to November due to storing effects
(Whitaker, 1971) and this probably accounts for much of the peak in
excess flooding at this time.

For shorter time intervals the amount of net discharge correlates
both with resultant wind and with lunar positions. Figure 23 shows
that over 70 percent of the short-term peaks in net flood discharge
coincide with similar peaks of onshore resultant winds. Additionally,
about 65 percent of the discharge peaks occurred at time intervals when
the moon was progressing from an equatorial position to a position of
maximum declination (semidiurnal to diurnal tides). The reason for
this latter correlation is not apparent. Individual tidal cycle
discharges are shown in Appendix B.

III. SEDIMENTATION AND EROSION
5 Introductiqg,

The amount of sedimentation and erosion was determined from
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detailed bathymetric surveys within the channel, around the bay and gulf
mouths, and up to 8,000 feet (2,438 meters) from each jetty along the
gulf beach, Monthly surveys included from 19 to 24 channel cross
sections (Fig. 24) and the shorter (500 feet or 150 meters) beach
profiles 200, 400, 800, 1,200, 2,000, 4,000, 6,000, and 8,000 feet (61,
211, 244, 366, 610, 1,219, 1,829, and 2,438 meters) from each jetty.
Bimonthly surveys were obtained of the bay and gulf mouths, and semiannual
beach profiles 2,000 feet (610 meters) long were obtained at the same
sites as the shorter, monthly profiles. Techniques are basically the
same as those used during the 1972-73 study period (Behrens, Watson, and
Mason, in preparation, 1976).

2. Gulf Beach Sedimentation.

a. Wave Climate and Longshore Transport. The most effective
processes in the beach environment are wave action and wave-generated
longshore transport. Consequently, daily visual wave observations
were made 1 mile south of Aransas Pass between September 1972 and June
1975 as part of the CERC Littoral Environment Observation (LEO) program.
These observations include significant wave height, wave period, angle
between shoreline and wave orthogonal (measured from the left facing the
ocean), wave type, longshore current speed and direction, and windspeed
and direction.

Three years of data on wave climate (Table 4) show that from May
to September waves are generally small, have a short period, and come
from south of directly onshore. In other months the waves tend to be
higher, have longer periods, and come from northeast of directly onshore.
However, the most characteristic part of the data is the great range
of values of all parameters for almost every month. The longer period
winter waves are generally more refracted, the generating winds being
most commonly directly alongshore; the shorter period summer winds
commonly have a significant, short-fetch sea breeze component.

Monthly and annual rates of longshore transport to the north and
south with net and gross rates in cubic yards (Table 5) were computed
using the daily visual wave observation data and methods suggested by
U.S. Army, Corps of Engineers, Coastal Engineering Research Center
(1975). Longshore transport rates for missing days were estimated as
the average of the previous day's rate and the following day's rate to
produce an adjusted rate for entire month.

The pass is located about 30 miles (48 kilometers) north of a
longshore transport convergence point on central Padre Island (Watson,
1971). As a result, the net longshore transport is directed to the
south and is only about 8 percent of the gross rate.

b. Survey Results: 2,000-foot Profiles. Figures 25 to 30 show
the changes in beach volumes determined from various pairs of sequential
beach surveys and the longshore transport volumes computed from wave
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Table 4. osummary of visual wave observations, Port Aransas, Texas, July 1972
to June 1975.

Breaker height Breaker period Breaker angle
At (ft) (s) (degrees)
Month | Observations | Mean | Standard Mean | Standard Mean | Standard
Deviation Deviation Deviation
1972
July 16 . A | 0.8 6.0 1.2 95.4 15.6
Aug. 30 2.1 1.4 5.4 id 102.6 7.2
Sept. 28 2.4 0.9 5.0 0.6 86.2 18.0
Oct. 27 2.6 1.4 5.9 1.0 89.0 11.5
Nov. 18 2.8 1.3 6.8 %] 84.1 4.6
Dec. 27 2.8 1.8 7.4 1.0 85.0 6.9
1973
Jan. 28 3.0 S 6.9 0.7 86.4 9.7
Feb. 27 2.5 1.1 7.3 0.9 85.0 11.4
Mar. 28 2.6 0.7 7.0 0.7 85.1 9.5
Apr. 28 2.7 1.5 6.7 12 83.8 9.5
May 26 2.5 1.5 6.5 0.7 87.9 9.1
June 18 2o 0.8 6.4 0.7 91.4 12.0
July 2.04 1.35 7.03 1.23 94.2 6.8
Aug. 2.5 0.60 7.03 1.10 86.4 7.9
Oct. 11 2.42 0.78 6.95 0.77 85.3 7.0
Nov. 30 3.14 0.95 6.88 0.80 88.6 8.3
Dec. 29 3.03 1.52 6.78 0.65 92.5 8.7
1974
Jan. 28 2.10 1.01 6.49 0.79 86.8 6.8
Feb. 28 2.1} 1.55 6.64 0.45 91.5 6.3
Mar. 25 2.19 0.95 6.92 0.47 90.2 5.1
Apr. 30 357 0.91 7.02 0.72 87.8 6.9
May 28 2,34 0.49 6.44 0.52 90.3 4.5
June 30 3.41 1.37 6.76 0.53 90.1 6.0
July 27 2.52 0.87 6.84 1.29 96.3 4.2
Aug. 26 2.11 1.22 5.80 0.97 93.1 5.4
Oct. 31 2.38 1.31 6.88 2.48 84.2 6.8
Sept . 37 2.47 1.41 6.44 1.71 85.7 10.1
Nov. 30 2.55 0.69 5.99 1.17 86.0 7.0
Dec. 30 2.41 1.29 6.51 1.06 92.0 11.4
1975
Jan. 31 2.43 1.02 6.74 1.2 90.1 9.8
Feb. 25 1.84 1.00 6.50 1.23 88.9 9.2
Mar. 30 3.34 1.41 6.23 0.86 88.4 7.3
Apr. 23 2.91 0.97 6.17 1.21 86.7 3.6
May 27 2.29 1.50 5.36 2.16 92.6 7.8
June 24 - (& 4 1.07 5.51 0.90 96.3 8.0
50
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Table 5. Longshore transport rates, Mustang Island, Texas.
Date Observations To North? To South? Net? Gross?
1972
July 13 - 43.5 66.5 23.0 110.0
Aug. 25 - 71.0 0.0 -71.0 71.0
Sept. 28 - 28.8 65.1 +36.3 93.9
Oct. 26 - 22.6 43.9 #21 .3 66.5
Nov. 18 =" 1.8 58.3 +56.8 59.8
Dec. 27 - 28.4 53.7 +25.3 82.1
1973
Jan. 29 - 47.5 72.9 +25.4 120.4
Feb. 27 -.19.,2 68.3 +49.1 87.5
Mar. 28 = 15.1 49.8 +34.7 64.9
Apr. 30 = §9.5 55.5 - 4.0 115.0
May 26 - 38.9 27.8 -11.1 66.7
June 28 - 35.9 18.4 -17.5 54.3
July 28 - 24.2 .8 -23.4 25.0
Aug. 26 - X1.5 23.5 +12.0 35.0
Oct. 31 - 14.7 37.8 +23.1 S2.5
Nov. 30 - 38.4 39.6 S 78.0
Dec. 29 - 82.2 30.0 -52.2 112.2
1974
Jan. 29 - 9.0 38.9 +29.9 47.9
Feb. 28 - 28.6 12,5 -16.1 41.1
Mar. 25 - 13.7 2.7 -11.0 16.4
Apr. 30 - 29.5 57.6 +28.1 87.1
May 29 - 13.0 6.9 - 6.1 19.9
June 30 - 31.1 38.8 ¥ 77 69.9
July 27 - 37.1 2.5 -34.6 39.6
Aug. 26 - 20.5 11.6 - 8.9 32.1
Sept. 29 - 39.1 61.6 +22.5 100.7
Oct. 31 - 6.5 41.0 +34.5 47.5
Dec. 29 - 45.1 11,1 -34.0 56.2
1973
Jan. 31 - 15.1 41.6 +26.5 56.1
Feb. 23 - 18.1 6.9 -11.2 25.0
Mar. 30 - 9.5 50.4 +40.9 59.9
Apr. 24 - 40.5 30.7 - 9.8 71.2
May 27 - 17.5 10.5 - 7.0 28.0
June 24 - 27.0 9.0 -18.0 36.0
Monthly Mean - 28.3 34,0 5.7 62.3
-329.8 396.4 66.6 726.2

Annual Mean

1. Data from U.S., Army,
Research Center (1975) and CERC LEO program.

Corps of Engineers, Coastal Engineering

2. Thousands of cubic yards.

51




"CL6T dunp 03 uorldnIIsuodaxd ‘uU0TISIIdE YoB3q FIn9g Sz 2and1y
H1NOS (43) JYOHSONOY 30NV1SIO H14ON
000 0009 0ao'y 0002 0 oodz 000 0009 oode
T T T T T T oodz -
"""""""""""""""""""""""""""""""""""""""""""" °
= + 0002 +
¢ 43 wo_ & n: wo_ X 10e+
& m
l
-
m
3 - 8'GZ :SSOu9 oody +
e mnednligy | G TS S U !
= 8'€l : yinog
0°21 : YisoN
- €4 3NN 04 NOILONYLISNOD3Nd Awo_ .I.n +3) L1UOJSNVHL JUOKSONON o0dy +

(340HS440 3 00402 01 0)
NOIL3¥20V Hov38 3N

NOISO¥3

(HOV3E 0 4 I'H) NO11180d430

52




‘HL61 sunge 03 uoTIdNIIsuodaxd ‘UOTISIDOE YdBaqQ (N9 97 2Indig
H1NOS (44) JYOHSONO Y 3ONVLSIO HLY0N
oods oods 000y 0002 0 0002 000 oocd's oods
T : 3 o T =4 o oodz -
A 1L o
e N e e e L L L S S -4 a
= .T —d
P + - 000z +
. i3 wo_ X 2 Dl X lie~ p
b m
-
i
ﬁ m
“» 02t :SSON9 -| ooo¥ +
p——— 13N
L 1'22 : yinog .
661 : YiioN
. 3INNP  ©F NOILDN 1= 4 dSNYH [ i
r L3 O1LONY¥1SNOD3Y¥d Awo ¢ 3) 1HO4SNVYHL 3INHOHSONO 5 » +

(3Y0HS440 ¢
NOIL3¥20V

1 oodz o1 0)

HOV38

479

NOISOY3

(HOV3g jo0 u/tu) NOILISOd3Q

93




-

oode

*bL61 oun{ 03 €6 dunp ‘uUOTIBIDDE ydesq JInN9 /7 SInd1y

(340HS440 {4y 0002 0L 0)
NOIL3HI0V HOV38 N9

H1NOS (+4) JYOHSONOTY 3JONVLSIO HLYON
oode 000y 0002 o oodz oody 00d9 oods
{5 T T =B T 0002z -
llllll e - - ———————— - ———— o
- ..ﬁ — 000z +
¢t g0l X 892+ % ctt 01 X 8IS—
- 3 -t
-4
=
m
- » 0'81 :SSOH9 -] coo +
-~ 80 :: 13N
£ 9'8 : ynog =
$6 : YioN
& pL 3INOAL O0F €2 3INNP Awo_-“.n $1)  LHOJSNVHL 3HOHSONOT - oode +

NOISOY¥3

(HOv3a 40 cucu) NOILISOd30

54




000%

*G/61 YOIBW 03 $L61 2unp “UOTIAIIDR YOBIQ JINH “°8F aand 14
H1NOS (43) JHOHSONOY 3ONV1SIQ H14H0ON
oods oody ood? o 0002 oocy oods oods
| 5 T T

€

¢ 0o+
uwo‘x 120

CL'HVYN 0O}

v<4 3NNOF

(3¥0HS440
NAIL3¥O0V

'
\J

S p———— G111 3P

Aoo_+ $3°Y

€

iy 0002 01 0)

HOV38

N9

' ] 10¢+
ywox Oov

021 :SSO49
s DE 13N
0L : unos
0'C : UiiON

1YOdSNYYL 3¥OHSONOT

1

B

o000y +

000% +

NOISO¥3

(HOV3E 40 44/ 4)) NOILISO43Q

o




'SL6T WIEH 03 Z/61 199030 ‘UOTIBIIOE YIBAQ FINy ‘6z aandTy

o

HLNOS (43) JYOHSONO 1Y 30NVLSIa HL1HON
oocs oods o000y 00072 0 00072 oody oods oods
T T T T T T o000z ~
................... L, i s e e e
+ =
1 - oodz +

nZ oo_ X €9¢+

= S. HVYN 04

¢lL ‘120

(3¥0HS 440
NOIL3¥00V

-t $314430

43

n: wo_ X €20+

L'LY :SSOuS
- €4 : 13N
242 wnog
66! : YioN
( wo | 1.n +4)  1HOJSNWNL JYOHSONO
0002 o1 0)

HOv38 47n9

B

o0dy +

0009 +

NOISON3

(HOV3E o HI:H’) NO111S0d30

56




oods

*SL6T YdIep 03 uorldnaisuodaxd ‘uoriaadde ydeaq jng -°o¢ aandty
H1NOS (43) JYOHSONO Y 30NV1SIQ HL1Y0ON
0009 oody oodz 0 oodz oody 0ods 0ods
T T T T T T oodz - 2
D
o
@
o
=
o

4 0002 4
-
L oo_xvv+ ¥ ntoo_xo_+ 3
— 4
o 2

3 . 2°GG :SS0¥9 - ooctr +
<~ €2 : 13N -
L 8'82 : yinog 3 R
€92 : YiioN >
o
- GL 'YVAN 04 NOILONHLISNOD3INd Awo_.rn +4) JL1HOdSNVH1 3IHOHSONOT - oooc+m
m
a
(3¥0HS440 44 0002 OL 0) =

NOIL3¥22V HOV38 37N

or




records for the same time intervals or from average monthly values when
insufficient waye observations were available, Volume changes for each
profile are also given in Tables 6 and 7, An arbitrary starting time
(preconstruction) was chosen as March 1972, because jetties were under
construction and only beginning to extend significantly into the surf
zone on this date. Since beach profiles were not taken in March 1972,
a composite preconstruction profile was constructed from the earliest,
and least affected, surveyed profiles (4,000 north and 4,000 south),
and from one profile taken on the pass centerline by the design
engineers before construction.

The beach profile data from preconstruction to June 1973 (Fig. 25)
show that net deposition on the north side (3 million cubic feet)
exceeded that on the south side (1 million cubic feet) by almost exactly
the volume of net longshore transport (1.8 million cubic feet or 51,000
cubic meters) for that time period. However, the high gross transport
(25.8 million cubic feet or 731,000 cubic meters) during that period
indicates that an efficient bar bypassing system developed shortly
after the jetties were constructed and the channel dredged (Behrens,
Watson, and Mason, in preparation, 1976).

June 1973 to June 1974 is the only period plotted with net
longshore transport directed toward the north (Fig. 27), making the
north side downdrift and the south side updrift. During this period,
net erosion (5.2 million cubic feet or 147,000 cubic meters) occurred
on the north side and net deposition (2.7 million cubic feet or 76,000
cubic meters) occurred on the south side. Some erosion near the south
jetty was probably due to scour by longshore currents impinging on and
being deflected seaward by the updrift jetty., Figure 26 shows the
effect of north side loss during this unusual period of net northward
longshore transport.

Net transport was southward for the next survey interval (June
1974 to March 1975), and resulted in considerable net deposition on
the north side and only minor net deposition on the south side of the
pass (Fig. 28).

The relatively short survey intervals show that the jetties acted
like groins with greater accumulation on the updrift than on the
downdrift sides. However, data for the entire history of the pass
(March 1972 to March 1975), and especially for the period corresponding
to the dates of the first and last surveys (October 1972 and March 1975),
show that more sediment accumulated on the south or downdrift side of
the pass than on the north or updrift side (Figs. 29 and 30). This has
led to a small but measurable downdrift offset, characteristic of
major unjettied inlets of the Texas coast and of most jettied inlets
before jetty construction,

An explanation for this phenomenon may be in the relationship
between the enhancement of flood and ebb tidal currents and the
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alternating longshore transport created by the bimodal wind system of
the region. Southerly onshore winds enhance flood currents while
generating northward-flowing longshore currents., Thus, littoral drift
carried to inlets from the south would tend to be carried into or
through the inlets, and beaches farther north would be starved. However,
north winds enhance ebb currents while generating southward-flowing
longshore currents, and littoral drift carried to inlets from the north
would be more easily bypassed (and perhaps augmented by bay sediments)
to the beaches farther south,.

It would seem to follow that if the predominant loading of the
channel was by longshore transport from the south, then the load would
be deposited primarily on the south side of the channel. This has,
indeed, been the case since early history of the pass (Behrens, Watson,
and Mason, in preparation, 1976; Section II, 5).

Beach profile data of the 1972-73 study period showed that at
depths of 11.1 feet (3.4 meters) south of the jetties and 11.8 feet
(3.6 meters) north of the jetties, the beach profiles had a stable
bottom elevation with neither accretion nor erosion, although the
bottom elevations changed both landward and seaward of these depths.
Later profiles taken in June and December 1974, and March 1975, showed
no similar nodal point in elevation. This phenomenon may therefore be
coincidental.

c¢. Survey Results: 500-foot Profiles. Although shorter beach
profiles (App. C) do not provide an accurate estimate of quantities of
erosion and deposition, they do reveal some seasonal variations in
beach morphology and processes. Short-term studies by Davis and Fox
(1972, 1975) showed that the innermost bar on Mustang Island beaches
responds rapidly to increases in wave energy by increasing bar to
trough relief and by seaward migration of the bar up to 50 feet (15
meters). Davis and Fox (1972) stated, ''As energy subsides there is
slow landward movement of the bar and filling of the trough';
furthermore, "high-energy conditions generally cause the shoreline to
retreat between 15 and 25 feet. . . with low-energy conditions
permitting the shoreline to return to its original position.'" These
high-energy conditions referred to fall and winter northers, and
observations were based on daily profiles. It might be expected that
monthly profiles taken at random times relative to northers would show
random patterns of bar heights, depths, and positions. However,
examination of time-series diagrams (App. C) reveals several patterns
of gradual change and consistent morphology.

The morphological elements traced were: (a) The backshore, which
was wide near the jetties and narrow to almost nonexistent beyond 2,000
feet (610 meters) from them; (b) the berm crest, which may be either
sharply or poorly defined; (c) the foreshore, of which the inner part
was steepest and the outer part commonly formed a nearly flat toe at
or just below mean sea level; (d) a trough between the toe of the
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foreshore and the first bar; and (e) the first surf zone bar.

The least change took place on the backshore where the only major
event was the widespread growth of small dunes which began in March
1974, the first month of the year when the southeasterly wind mode
becomes dominant. A similar but more gradual development of backshore
dunes occurred from February to April 1975, The berm crest and
foreshore were the next most stable morphological elements. The berm
crest retreated concurrently with a foreshore slope decrease or
retreat shortly after the first strong, fall northers in September 1974.
At the same time seasonal tide levels were rising rapidly (Fig. 7).

The shoreline, the foreshore toe, and the first bar did not always
move in concert, but all showed distinct tendencies to advance seaward
during falling seasonal water levels and to retreat landward during
rising seasonal water levels. These trends are identified in Appendix C
(Figs. C-17 to C-32). The tendency of offshore forms to migrate
landward (especially but not exclusively with rising seasonal tide
levels) is prevalent, but slow offshore migrations, even during rising
tide levels, also occur (App. C, Figs. C-21 and C-31).

3. Gulf Mouth Deposition.

Contour maps of the gulf mouth region are presented in Appendix D.
In the 1972-73 study period, mapping of the gulf mouth indicated that
after initial fill of the deeply dredged channel, scour holes developed
at the end of the updrift jetty during periods of strong wave action
(Behrens, Watson, and Mason, in preparation, 1976). It was hypothesized
that the holes were scoured by a combination of wave action, tidal
currents, and longshore currents. The scour hole at the north jetty
was 19 feet (5.8 meters) in late February 1973 (Behrens, Watson, and
Mason, in preparation, 1976); depths off the south jetty were only 4
to 6 feet (1 to 2 meters). However, by 7 June 1973 (App. D, Fig. D-1)
the hole at the north jetty had filled to -11 feet (-3.35 meters) and
northward longshore currents typical of spring conditions had scoured
a hole 15 feet (4.6 meters) deep at the end of the south jetty.

This pattern was repeated during 1974 and 1975, but to a lesser
extent, perhaps reflecting the slow filling of the pass and reduced
scouring ability of the tidal currents. On 28 June 1974 (App. D, Fig.
D-2), 5- to 6-foot (1.5 to 1.8 meters) depths were at the ends of both
jetties and no scour holes were present. This probably resulted from
the low gross longshore transport rate for May and the low net rates
for both May and June (Table 6). By 1 August 1974 (App. D, Fig. D-3)
the area around the end of the south jetty had deepened to 8 feet (2.4
meters). Due to hazardous surf conditions, the surveys on 30 September
(App. D, Fig. D-4) and 27 November 1974 (App. D, Fig. D-5) did not
extend close enough to the jetties to determine the existence of scour
holes, although they appeared to have been absent in September. In
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February 1975 during very calm conditions, an accurate and detailed map
of the entire gulf mouth area including the shoal inside the jetties

was obtained (App. D, Fig. D-6). A deep scour hole had formed off the
end of the north jetty; depths of only 6 feet (1.8 meters) existed near
the south jetty. Winter waves and longshore currents had caused the
third gulf bar to extend southward across the mouth of the pass seaward
of the north jetty hole, and the main channel of the pass had shifted
southward. A slight trough had developed just seaward of the third bar.
By 12 May 1975 (App. D, Fig. D-7) the hole at the end of the north jetty
had become considerably smaller and shoaled to -12 feet (-3.7 meters);
the northward longshore currents of spring had scoured a hole to a depth
of 9 feet (2.7 meters) off the south jetty. The crest of the third bar,
at a depth of 6 feet (1.8 meters), extended completely across the pass
mouth and the trough seaward of the third bar had disappeared.

A plot of the data given in Table 8 (Fig. 31) shows an initial
period of predominant erosion through March 1973, followed by rapid,
extensive deposition through June 1973. Although data were not
collected between June 1973 and June 1974, subsequent data indicate that
the gulf mouth region was generally shallower than the initial condition
(net deposition between 10 and 20,000 cubic yards or 7,000 to 15,000
cubic meters). The only exception to this trend was in February 1975,
when the large scour hole adjacent to the north jetty and the deep
channel through the third bar contributed to a slight net erosion.

Although the volumetric changes within this region are small, the
bathymetry changes continually with a deep hole usually found at the
north jetty during winter, at the south jetty during summer, and
transitional forms occurring during fall and spring.

4. Baymouth and Flood Tidal Delta.

Contour maps (App. E) derived from the approximately bimonthly bay-
mouth surveys were used to graphically compute erosion and deposition
volumes (Table 9; Fig. 32).

During the 1972-73 study pericd the controlling depth decreased from
8 to 2 feet (2.4 to 0.6 meters); about 63,000 cubic yards (48,000 cubic
meters) of sediment were deposited (Behrens, Watson, and Mason, in prep-
aration, 1976) in the form of a simple, single-lobed flood ramp. Between
May 1973 and August 1974 the small remaining channel from the flood ramp
to the bay disappeared, and a broad lip less than 2 feet (0.6 meter) deep
became continuous around the ramp (App. E, Figs. E-1 and E-2). A shallow
(2 to 3 feet; 0.6 to 1 meter) channel reformed across the lip from October
to November, and a shoal less than 2 feet deep subsequently persisted
around the flood ramp. Until this channel reformed, the flood ramp devel-
oped symmetrically along an extension of the channel axis across the approx-
imately 1,000-foot-wide (300 meters) sandflat between the shoreline and the
open bay. During the winter, the sediment carried to the distal end of the
ramp through this channel was deflected southward by northerly wind-
generated waves until by January the end had curved about 300 feet
(100 meters) to the south and remained curved until the end of the study
period.
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Table 8. Gulf mouth erosion-deposition
Date Erosion-deposition Cumulative
(£t3) (yd3)

1972

15 Sept +121,200! + 4,500

26 Nov. -675,2002 -20,500

22 Dec, +356,400 - 7,300
1973

29 Jan. -672,400 -32,200

28 Feb. +547,600 -11,900
5 Apr. +395,400 + 2,700

16 May +121,200 + 7,200
7 June +217,560 +15,250
1974

28 June -199,560 + 6,400
1 Aug. +491,900 +10,200

30 Sept. + 91,600 +13,600

21 Nov. -467,000 - 3,700
1975

10 Feb. +447,200 +12,900

1. Deposition (+),

2. Erosion (-),
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Table 9. Baymouth erosion-deposition.

Date Erosio?ggggosition Cu?uégtive
yd~)

1972

21 July +999, 4001 37,000

16 Oct. -121,0002 +32,500

27 Nov. -338,200 +20,000

18 Dec. +417,800 +35,400
1973

26 Jan. +898,400 +68,750
7 Mar. -937,200 +34,000

12 Apr. +784,800 +63,200

16 May -209,600 +55,300
1974

13 Aug. -119,800 +50,900
1 Oct. +145,600 +60,000

15 Nov. -193,400 +53,000
1975

13 Feb. -402,600 +37,900

1. Deposition (+).

2. Erosion (-),
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plot of baymouth deposition (Fig. 32) shows that by late winter
the flood tidal delta had apparently filled to approximately
equilibrium dimensions. Later fluctuations in sediment volume seem to

correlate with net floodflow measured during the 1974-75 study period

(Fig. 32). Increasing net floodflow is accompanied by increasing bay-
mouth deposition; decreasing net floodflow is accompanied by baymouth

Within the area surveyed, shoreline retreat varied from 60 to 250
feet (18 to 76 meters) with the most rapid rate occurring from October
to December (up to 1 foot or 0,3 meter per day).

A comparison of bay shoreline movements determined by aerial photos
and ground surveys beyond the area used for baymouth volume changes
(App. E, Fig. E-1) showed that considerable erosion in the baymouth
region is not included in the area used to determine flood tidal delta
volumetric changes (Fig. 33). Therefore, an estimate of this erosion
was made from bathymetric and subaerial surveys taken early in the first
study year (Table 10). The results show two things. First, the average
daily rate of shoreline erosion is about twice as much for periods of
dominantly winter months (October to March) as for periods with more
summer months (April to October), This is not surprising because the
winter northerly winds are onshore and the summer southeasterly winds
are offshore for the bay shoreline. Second, except for seasonal
variations, the volumetric rates of erosion have not changed appreciably
throughout the study period. Thus, the decreasing rate of shoreline
retreat does not indicate a decreasing rate of erosion, but rather that
higher elevations of spoil bank and natural dunes are being eroded and
more material must be removed with each increment of shoreline retreat.

The formation of the simple flood tidal delta makes both tidal and
bar bypassing effective at the bay mouth. The outer lip of the flood
ramp reestablished a continuous shoal at the outer part of the sandflat
so that alongshore sediment transport was not interrupted in that region.
On the inner part of the sandflat and along the shoreline, littoral
drift was carried into the channel, and the flood dominance of the tidal
currents carried the material out along the flood ramp where it was
picked up and dispersed again on the nearshore bars and troughs.
Although this material reentered the general system, it was removed from
the immediate vicinity of the baymouth shoreline. Thus, the flood-
dominated currents in the channel at the bay shoreline continuously
remove bay shore materials (i.e., act as a sink for them) and permit
continuous shoreline erosion in that region.

The opening of the bay shoreline into a funnel shape may also have
contributed to the initial increase in the volumetric rate of erosion.
Most material eroded from the shoreline was probably carried alongshore
by wave action rather than offshore across the broad sandflats, Since
the longshore transport rate is directly proportional to the product of
the sine and cosine of the angle of incidence of the waves with the
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Table 10. Baymouth shoreline erosion. !
Interval Change Cumulative Yd3/d
July to Dec. 72 = 5= 525 - 5,325 43
Dec. 72 to May 73 -13,700 -19,025 83
May 73 to Aug. 74 -20,900 -39,925 46
Aug. 74 to Feb. 75 -14 ,000 -53,925 78
Feb. 75 to May 75 - 8,000 -61,925 89

1. From shoreline and subaerial data exclusive of baymouth
survey data (see Fig. 33).
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shoreline, the change in shoreline orientation from the initial right-
angle junction with the channel margin to a funnel-shaped channel
entrance at an angle of about 45° to the open bay increased the
longshore component of wave power to a maximum.

5. ghgnncl.

a. Long-Term Changes. In the 1972-73 study the channel analysis
was subdivided into six morphologically distinct zones which responded
differently tc sedimentological controls (see Fig. 24 for locations and
extent). The volume of water between the bottom contours and +0.8 foot
MSL (24 centimeters) in each zone was computed for each survey to
determine deposition and erosion.

By June 1975, zone I was within 2,000 cubic yards (1,500 cubic
meters) of its original dredged volume and almost never differed from
this by more than 5,000 cubic yards (3,800 cubic meters) (Fig. 34).
Depositional peaks occurred in winter (January to March) when north
winds blowing onto the bay shore caused high longshore trar-nort rates
and increased ebb discharges which prevented material transported to
the unjettied entrance from efficiently returning to the bay surf zone
via the flood ramp. However, in summer, the bay longshore transport
was nearly zero, and flood dominance produced erosional peaks.

Zone II had the most uniform cross section, a trapezoid the smaller
base of which rose and fell to account for most of the sediment
accumulation or erosion. Zone II had the largest volume, and the
changes which correspond almost exactly to changes in the entire channel,
will be discussed later in this section.

Zone II1 (channel bend) reflects many of the short-term (monthly)
changes of the entire channel and zone II. However, a major modification
controlled much of its behavior from mid-1974 to mid-1975. Since the
opening of the pass until mid-1974 the bend behaved as a meander,
migrating southwestward by eroding its outer bank. The erosion
endangered a gas pipeline, requiring the Texas Parks and Wildlife
Department to fill in the eroded part and bulkhead the southwest bank
in June and July 1974. This zone subsequently remained quite stable,
generally less than 3,000 cubic yards (2,300 cubic meters) difference
from its original dredged volume.

Initially, the small bridge section of zone IV compensated for its
narrowness by deepening and eroding about 2,000 cubic yards (1,500
cubic meters). This volume remained until April 1974 when a gradual
shoaling began which reduced the volume to about the original level by
August 1974. A very slight shoaling trend has continued since then
tFig. 35).

Near the gulf mouth there was a seasonal effect opposite to that

at the bay mouth. Zone V shows erosional peaks (or depositional lows)
in winter and depositional peaks in summer and fall (Fig. 35). This
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was probably a simple response to greater sediment supply from the gulf
during periods of floodtide dominance, and a scouring of the channel
or decreased littoral drift supply during northers.

Zone V broadened from about 200 feet (60 meters) to over 350 feet
(100 meters) and shoaled with a broad, central sandbar and marginal
channels (Fig. 35). These drastic changes in the morphology of this
reach of the channel were apparently caused by direction of ebb flow
by the bend bulkhead and by the flow constriction produced by the
riprap at the inner end of the north jetty (X19). Immediately after
construction of the bend bulkhead, the thalweg of the channel west of
the bridge was in the center of the channel and ebb flow was directed
straight through the bridge (Fig. 36, A). However, by April 1975 the
thalweg in the bend area migrated to its present position alongside of
the bulkhead (Fig. 36, B). This orientation and the bridge position
forced ebb flow to impinge on the north bank in zone V (Fig. 36, B),
which caused severe north bank erosion and formation of an ebb channel
adjacent to the bank. Flood currents constrained along the north jetty
by the large sand shoal adjacent to the south jetty were then deflected
by the riprap at the landward end of the north jetty toward the south
bank of zone V where they maintained a small channel rather than
making a sharp turn into the ebh channel.

The problem can probably be corrected either by construction of a
bulkhead or a single short groin seaward of the bridge on the north
side of the channel to reorient the ebb flow into the center of the
channel. This would prevent north bank erosion, erode a new channel
through the center channel shoal, and probably provide a new path for
floodflow such that south bank erosion would cease.

The most striking change in zone VI was the growth of a large sand
shoal adjacent to the south jetty which filled about half of the
original channel. This change is detailed in discussions on gulf
beaches, gulf mouth, and inlet stability by Behrens, Watson, and Mason
(in preparation, 1976).

b. Entire Channel. In the 1972-73 study, erosion and deposition
in the entire channel correlated closely with waxing and waning
seasonal tidal ranges, respectively, and deposition was strongly
enhanced by high gulf surf conditions. The survey data were compared
to predicted monthly mean tidal parameters (e.g., diurnal tidal ranges
or maximum monthly range). However, short-term fluctuations in tidal
ranges (e.g., from diurnal to semidiurnal) are larger than the seasonal
variations, and monthly surveys taken at random times relative to lunar
positions will show more short-term scatter than long-term trends.
Unfortunately, this was not realized until data analysis was well
underway. Therefore, monthly erosion-deposition data were compared
with differences in predicted daily tidal ranges between each pair of
successive survey dates (Fig. 37).
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lhe results show that peaks in tidal range correlate very well
with peaks in erosion (especially April and October 1973; January 1974)
and low tidal ranges correlate well with peaks of deposition (especially
May, November, and December 1973; February and September 1974).
Furthermore, when these correlations are poor, there is usually an
obvious gulf surf effect, e.g., the coincidence of depositional peaks
with high-surf conditions in July 1974 and April 1975 and coincidence
of erosional peaks with low-surf conditions in June 1974 and March 1975.
It appears that during periods when each tidal discharge was less than
the preceding one (waning range) there was less sediment moved with
each succeeding cycle, thus more remained behind (i.e., deposited).
Conversely, during waxing ranges each succeeding discharge was greater,
could carry more sediment, and thus eroded the channel.

In addition to these short-term effects, the trend seems to have
changed from a slow, net erosional phase from 1972 through the fall or
winter of 1973 to a long-term, net depositional phase in 1974 and 1975
(Fig. 38).

Correlations for this pattern were sought in long-term trends in
breaker height, computed longshore transport rate, observed longshore
current speed, northerly wind frequency, and annual rainfall. Two
parallel trends were found (Fig. 39). Annual rainfall was high at the
beginning of the study and increased while the channel expanded in
1973. Decreases from wet to normal to almost dry conditions through
1974 and 1975 diminished runoff enhancement of ebbtide scouring
capacity and correlate with the period of channel filling.

Observed gross longshore current speeds also parallel sedimentation
by decreasing during channel erosion and increasing during channel
filling (Fig. 39). An explanation for this correlation might be that
faster longshore currents carry more sediment to the channel mouth.

If this is true, a more direct measure of potential sediment supply,
computed longshore transport rates should also show this correlation.
However, the rates do not show the correlation, and it remains
unexplained at this time.

¢. Short-Term Changes. Weekly channel surveys were made from 29
October to 25 November 1974 to evaluate the magnitude of short-term
erosion-deposition responses to environmental variables. The diurnal
tidal ranges, resultant onshore winds, lunar positions, gulf wave
heights, and daily discharges are plotted on Figure 40.

c

During the beginning of the first study period (29 October to 5
November) two opposing conditions existed: (a) Two days of high gulf
waves favoring deposition; and (b) tidal ranges waxing from semidiurnal
to diurnal and favoring erosion. Thus, little net effect might be
expected. Little further change might also have been predicted because
tidal ranges, although predicted to wane toward another semidiurnal tide
in the next week, actually stayed high to the end of the period,
probably because of wind tide effects of an intense norther on 4
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resultant

Environmental conditions for short-term channel studies.
Alternate study periods are shaded. Tidal ranges are
from CCWEPG gulf gage: discharges are computed from

gulf and bay gage data; wind data are from Corpus Christi;

gulf waves are from daily beach ohservations (periods of
time when waves were higher than 1 meter are horizontally
lined) ; and lunar data are from National Oceanic and
Atmospheric Administration (1972-75).
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November. However, the norther produced a net ebb tidal discharge of
69 million cubic feet (2 million cubic meters) which should have moved
sediment in the channel gulfward. Apparently this was the case (Fig.
41, A), since material eroded from zones I and 11 was deposited in zones
ITI to VI. Net erosion of 5,000 cubic yards (3,800 cubic meters)
indicates the incapacity of bay shore longshore transport to replace
material removed rapidly from the bay end of the channel.

In the second period (5 to 11 November; Fig. 41, B) apparently
the opposite sediment movement took place as there was erosion in zones
IV, V, and VI and deposition in zones I, II, and III with a large net
deposition of over 36,000 cubic yards (28,000 cubic meters). Deposition
was highly favored during the first part of the period when waning tidal
ranges coincided with 3 days of gulf wave heights over 3.3 feet (1
meter). A mass of sediment probably moved into the gulf end of the pass
at that time and was subsequently carried bayward by flood-dominated
tides (flood exceeded ebb by about 52 million cubic feet (1.5 million
cubic meters) per day); low-wave conditions did not enable much sand
to enter the channel the last 2 days of the period.

In the third period (11 to 18 November; Fig. 41, C) tidal ranges
were high during the first 4 days and then waned the last 3 days. Two
days of gulf waves over 3.3 feet (1 meter) during the waning part of
the period should have caused sedimentation in the pass, but there was
net erosion of about 17,000 cubic yards (13,000 cubic meters). The
net erosion probably resulted from transport of the material deposited
in zones I, II, and IIT during the previous period to the flood tidal
delta. At the same time, material from the surf zone was being
deposited at the gulf mouth. Flood dominance averaged 24 million cubic
feet (0.68 million cubic meters) per day.

Tides during the last period (18 to 25 November; Fig. 41, D) were
like those of the second, in that first waning then waxing tidal ranges
bracketed a low-amplitude, semidiurnal tide. However, low gulf waves
persisted throughout the period, and winds were more onshore leading
to greater flood dominance than in the preceding period (51 million
cubic feet or 1.4 million cubic meters). Consequently, the material
deposited in the gulf end of the channel during the previous period
was apparently distributed bayward throughout the rest of the pass
resulting in only a small net erosion (2,400 cubic yards or 1,800 cubic
meters).

These short-term studies not only support the general correlations
of deposition with high gulf waves and waning tidal ranges and erosion
with waxing tidal ranges, but also show some of the detailed movement
of sediment from one zone to another within the channel and how the
direction of movement correlates with the wind-affected discharge
asymmetry. The large magnitude of the changes illustrates the
importance of basing longer observations on surveys made during
equivalent parts of the monthly lunar tidal cycle and of strict
attention to shoirt-term wave climate.
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IV, INLET STABILITY CONSIDERATIONS
1. Introduction.

The factors controlling inlet stability include: (a) bed material
size; (b) tidal prism; (c) longshore sediment transport rate; (d) wave
characteristics; (e) inlet and bay geometry; and (f) flood-to-ebb
current ratio. Parameters of several of these variables have been
compared to see if consistent relationships correlate with equilibrium
conditions at apparently stable inlets.

2. Tidal Prism-Cross-Sectional Area Relationships.

To determine whether or not differences exist between the tidal
prism-inlet area relationships for inlets on the Atlantic, gulf, and
Pacific coasts of the United States, Jarrett (1976) used and supple-
mented data of O'Brien (1931) to form empirical relationships of:

A = CPM,

where A is the minimum cross-sectional area below MSL in square feet,
P is the spring tidal prism in cubic feet, and C and n are constants

which differ for all inlets, unjettied and single-jettied inlets, and
twin-jettied inlets. Furthermore, he grouped Pacific, Atlantic, and

gulf coast inlets separately.

To determine if the pass conformed to one of these relationships,
spring tidal prisms were used to calculate minimum areas according to
each equation (Table 11). Two spring tidal prisms were used: (a) The
average value for the prisms measured during spring tides inclgded in
the diurnal discharge studies (49 X 100 cubic feet or 1.4 X 10° cubic
meters); and (b) the average maximum monthly prism computed from tide
gage records (75 X 10® cubic feet or 2.1 X 106 cubic meters). The
difference results from the lack of coincidence of the measured spring-
tides and maximum lunar declinations. The minimum monthly cross section
(731 square feet or 68 square meters) is the average of all those
measured, and this varies from less than 300 to over 1,000 square feet
(28 to 93 square meters).

The comparisons show that the pass most nearly fits Jarrett's
(1976) relationship for all unjettied inlets, and that the minimum
cross-sectional area seems to be much less than an equilibrium value.
The similarity to unjettied inlets is reasonable, because the short
jetties do not cross the entire sur{i zone, surf processes are not
excluded from the pass mouth region, and the entire inlet is not lined
with jetties.

3. Comparisons with Other Empirical Relationships.

Harwood (1973) found that for Pass Cavallo, Texas, and other Texas
inlets that the ratio of maximum discharge to channel length ranged from
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4 to 7 square feet per second (0.37 to 0.65 square meters per second)
and that longer relative channel lengths tended to shoal. With a
maximum discharge of 2,500 cubic fect per second (71 cubic meters per
second) and a channel length of 10,000 feet (3,048 meters), the ratio
for the water exchange pass is 0.25 and thus the pass may be unstable,
with shoaling tendencies.

Bruun and Gerritsen (1960) and Bruun (1966) related inlet stability
to the ratios between annual gross littoral drift rate, M, and maximum
discharge, Qpax, and between spring tidal prism and maximum discharge
as follows:

M/Quax &reater than 200 to 300 impliesbar bypassing;
M/Qu.y less than 10 to 20 implies tidal bypassing;

where M is the annual gross littoral drift (cubic feet per year) and
Qnax is the maximum discharge (cubic feet per second). From Section
IIT, 2, the annual gross littoral drift rate at the water exchange pass
is about 19.5 million cubic feet per year (55 million cubic meters).
Maximum spring tidal discharge is about 2,000 to 2,500 cubic feet per
second (57 to 71 cubic meters per second) yielding a M/Qu.yx ratio of
about 7,700 indicating that the pass is strongly bar bypassing.
Similarly, Bruun and Gerritsen (1960) found that the ratio Q x/M
greater than 0.01 implied stability; a ratio of less than 0.8? implied
instability. The Qu,,/M ratio for the pass is 1.3 X 10-4 implying that
the pass is highly unstable with regard to shoaling by littoral drift.
Bruun and Gerritsen also defined stability on the basis of the ratio
between spring tidal prism, @, and annual littoral drift as follows:

{2/2M greater than 300, highly stable;
§)/2M less than 100, unstable and barred.

This ratio for the water exchange pass is 1.26 indicating instability.
It is suggested that although the ratio of spring tidal prism and
discharge to the littoral drift rate suggests extreme instability, the
pass has remained open because it is partially protected from the
littoral drift by short jetties. If the beaches were to accrete
seaward to the ends of the jetties so that they no longer functioned,
the pass would probably close immediately.

Regardless of the tidal prism and maximum discharge, the flow
velocity and channel dimensions must be such that the bottom shear
stress is adequate to initiate and sustain sediment transport or the
pass will not be self-scouring. Bruun and Gerritsen {(1960) suggest that
the minimum shear stress should be 0.092 to 0.103 pounds per square foot
(44 to 50 dynes per square centimeter). Assuming a maximum mean velocity
of 2 feet per second (61 centimeters per second), hydraulic radius 4.76
feet (145 centimeters) Manning's n of 0.028, and the following
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relationship for shear stress:

1
_29.0 n2 Vpax?

R ol . T
2 r1l/3

the maximum shear stress is equal to 0.075 pounds per square foot which
is less than the minimum required for marginal stability.

4. Escoffier Diagram Analysis.

Escoffier (1940) presented a unique concept of inlet stability,
relating the maximum mean velocity in the channel to the cross-sectional
flow area for a given spring tidal prism (Fig. 42). Above a critical
area, Ag, a reduction in cross-sectional area is accompanied by an
increase in velocity, and the section tends to be self-scouring. Below
the critical area a decrease in cross section results in a further
decrease in flow velocity with closure as a result. If the initial or
equilibrium area is far to the right of the critical area, the pass
can support considerable shoaling during periods of reduced tidal flow
or excessive longshore transport, since with the next spring tidal
prism, flow velocity will increase and scour the inlet. O'Brien and
Dean (1972) utilized the tidal prism-cross-sectional area relationships
of O0'Brien (1969) and the inlet hydraulics of Keulegan (1967) to define
a method to produce the Escoffier diagram for real inlets. They also
developed relationships to compute additional curves to indicate the
stability of a pass which is undergoing cross-sectional area reduction
along any channel length, Al. This enables one to start with an
equilibrium cross-sectional area and evaluate the effect of hypothetical
shoaling on the ability of the inlet to remain self-scouring. Finally,
O'Brien and Dean (1972) defined a stability index, R, as:

2 A £
] :Jn*ce (Vmax'vt)SdAc ’ (2)
Ac

where V.. is the maximum mean velocity from the Escoffier diagram, Vg
is the threshold velocity to erode the pass sediment, A. is the pass
minimum cross-sectional area, A; is the critical area previously defined,
and Ac, is the equilibrium cross section defined by O'Brien's
relationship or through measurement of the prototype.

Although the equations used for the calculation of a stability
curve were developed for the simplified system of a bay with a single
inlet, the method was attempted to see what empirical relationships
might exist between its predictions and the observed behavior of the
pass,

In construction of an Escoffier diagram the ordinate, Vp,,, is
calculated from:

86




: & | T

Unstable Areas | Stable Areas

Note: Change in channel cross - Note:

sectional araa results in f

changes which further
accentfuate change.

Change in channel cross -
sectional area results in
changes which tend to
restore original area.

i
i
l
= 4 | l
- |
~ 1
- 1
- i ;vmax ve Ag
: »
3 - +
1 s &
1 |~ Critical Area A
- |
s |
E I
>

| (RPN S p——— B e o i

t+

No scour, thus no stability
below some grain-sized

dependent thresho!d velocity

10° 10% 104

(after O'Brien and Dean,

87

10®

Inlet Channel Cross-Sectional Flow Area A, (”x)

Figure 42. Illustration of Escoffier's stability concept
1972) .




s e 2nae Ay

Vmax = Vmax i Ac
T = diurnal tidal period (89,280 seconds)
a = ocean tidal amplitude measured at the CCWEP; gulf gage

(mean = 0.717 foot; diurnal = 1.3 feet)

Ac = minimum cross-sectional area plotted on the abscissa
(square feet)

A, = effective bay area calculated from the diurnal tidal
prism (75X10® cubic feet) divided by the diurnal bay
tidal range (0.79 feet) equals 95X106 square feet.

The bay tidal range and thus the effective bay area are governed by the
tidal flows at the much larger Aransas Pass. Therefore they are more
independent variables and satisfy the necessary assumption that Ap
remains constant as the channel cross section changes better than in
the case of a single inlet.

Vmax 1s determined graphically (O'Brien and Dean, 1972, Fig. 3)
from its relation to the Keulegan repletion coefficient, K, where
, 1
R 2gao o
Zra, - Ay ik, , bk #(1-a1)
k2 4 Kk Rok2 4R,
Ace = mean of over 2 years of monthly averages of cross-
sectional area (1,061 square feet)
g = acceleration due to gravity (32.2 feet per second)
k = parameter of cross-sectional area reduction equals
Ac divided by Acq
- PR | s _ 116 n?
f = Darcy-Weisbach friction factor = i Vi B (0.054 for n = 0.028)
R -
Re = equilibrium hydraulic radius (mean of over 2 years of
monthly means = 4.76 feet)
1 = length of channel between tide gages (8,900 feet)
Ke = coefficients of head losses due to acceleration of flow

at channel irregularities such as the entrances, bridge,
and bend (5).

The Keulegan repletion coefficient can also be estimated independently

from tidal records giving the timelag (¢) between high or low water and
the following slack. For diurnal tides at the pass this averaged 5.4
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hours or 799 which is equivalent to K = 0.16. The sum of head loss
coefficients is estimated from this repletion coefficient by:

ke = (L 25%mean cose hc o fL
4R

L K Pnean

A family of curves (Fig. 43) for various values of Al (Fig. 43)
presents tie relationship between the mean velocity and the cross-
sectional area for values of A. between 100 and 1,000 square feet (9
and 93 square meters respectively). Useful information about the

potential stability can be gained by comparing the cross-section history
of the pass to the Escoffier diagram (Figs. 8 and 43; App. F). The
minimum areas reflect the field observations that since May 1974, there
has been a significant constriction about 200 feet (61 meters) long

in the vicinity of X19, and a less severe constriction for another 800
feet (244 meters) between the jetties (X20 and X21).

During June 1975 the section at X19 was reduced to 277 square feet
(26 square meters) and the longer section to about 700 square feet (65
square meters). For all depositional lengths less than 1,000 feet (305
meters), the critical area is less than 200 square feet (19 square
meters) (Fig. 43). Interpolating between the curves in the figure
indicates that a cross-section reduction to about 300 square feet (28
square meters) would lead to a current velocity over 3 feet per second
(0.9 meters per second) which should scour quite effectively. Reduction
to 700 square feet (65 square meters) would produce, at most, about
one-half this velocity which would probably scour only against a moderate,
continued wash load from longshore currents and waves. Thus, the 277-
square~foot (26 square meters) cross section should have been reexpanded
rapidly, and it was by the following month (586 square feet or 54 square
meters by 2 July 1975), while the 700-square-foot (65 square meters) reach
remained well below the.equilibrium area. At the longer Al's, such as
3,000 feet (914 meters) and 5,000 feet (1,524 meters), the increase in
flow velocity with increasing channel constriction is very slight due to
the high frictional losses, and self-scouring is far less likely than
for Al's of 100, 500, or 1,000 feet (30, 152, or 305 meters, respectively)
where the increase in velocity is high for a small decrcase in channel
section.

S. Future Inlet Stability.

All indices of stability indicate that the water exchange pass is
marginally stable or unstable with a tendency toward closure. Survey
data support this by showing summer shoaling and winter scouring
resulting in a net reduction in average and minimum cross-sectional area
each year. Closure by restriction of short reaches is unlikely as shown
by Escoffier diagram analysis and observed recovery of cross-sectional
areas reduced to less than 300 square feet (28 square meters).

Since the tidal flow was flood dominated, more littoral drift
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entered the channel on floodtides than was removed on ebbtides.
Continuation of this phenomenon will probably lead to closure by
restriction of cross-sectional areas over a greater length of channel.
This will probably be the bridge to gulf section (zones V and VI), but
shoaling may extend farther bayward, especially into the bend zone where
some meander point bar morphology already exists. Since shoaling is
most favored by waning tidal ranges and strong, southerly, onshore winds
predominate in summer, closure is most likely then.

Total self-scouring ability can probably be achieved only by the
construction of long jetties to keep littoral drift out of the pass.
However, this might eventually require installation of a bypassing plant
or regular dredging with downdrift disposal to prevent beach erosion and
continued growth of the beach to the end of the jetties.

V. CONCLUSIONS

1. The location of Corpus Christi Water Exchange Pass relative to Corpus
Christi Bay is such that each of the two wind modes in this region
creates gulf and especially bay water surface slopes that enhance
one direction of tidal flow. The dominance of the onshore, southerly
wind leads to the dominance of flood over ebb tidal discharge by
about 1.6 to 1.

0o

While the first year's study (Behrens, Watson, and Mason, in
preparation, 1976) documented the well-kncwn groin effect on the
gulf beaches of the newly created pass jetties, subsequent studies
have revealed the potential danger of updrift beach erosion due to
the formation of a downdrift offset at the gulf mouth of the pass.
This formation was apparently due to the tidal discharge asymmetry
caused by intracoastal wind tidal circulation and by longshore
transport reversals such that net northward (updrift) transport
coincided with maximum flood discharges and net southward (downdrift)
transport coincided with maximum ebb discharges. Monthly, inner surf
zone and beach changes seem to reflect both widespread shoreward
migration of inner bars and troughs, and upward and downward
migration of forms in response to seasonal changes in mean water
levels.

3. Earlier conclusions by Behrens, Watson, and Mason (in preparation,
1976) that low gulf surf and waxing tidal ranges cause channel
erosion, and high surf and waning tidal ranges cause channel
deposition continue to explain most of the bathymetric changes
occurring within the channel and its several parts during both
weekly and monthly intervals. A third factor, local winds, explains
much of the short-term, detailed, erosion-deposition observations
because of its control on the direction and amount of discharge and
on surf conditions.
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4.

A simple, single-lobed, flood tidal delta seems to have contributed
to a stable bypassing system at the bay mouth. However, material
eroded from the bay shoreline entered this system through the small
ebb channels and was flushed out of the pass by the dominant flood
discharges to be deposited on the outer bay bars or be transported
away from the area by longshore currents. Thus, the eroded material
was lost to the system and the bay shore continued to erode at a
constant volumetric rate.

Although most stability indices suggest that the pass is not stable,
it has maintained itself for 3 years. Escoffier diagram analysis
gives the greatest indication of stability and explains some
critical, short-term fluctuations in cross-sectional area. Thus,

it seems to be the best predictor of the Corpus Christi Exchange
Pass behavior.
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APPENDIX A

DIURNAL DISCHARGE STUDIES RESULTS

Plots of instantaneous tidal
discharge and differential versus
time.
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Figure A-12. Instantaneous tidal discharges (solid line) and tidal
differentials (dotted line) through diurnal study
period 25 and 26 April 1975.
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APPENDIX B

COMPUTED TIDAL DISCHARGE

Tidal discharge and mean velocity computed from
gulf and bay gage data for each tidal cycle. Dis-
charges are connected in ebb to flood sequence to
show ebb and flood cycles. Velocities are connected
in ebb to ebb or flood to flood sequence to show
monthly trends.
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In Figures C-17 to C-32, the small, horizontal arrow touching each
profile represents mean sea level; numbered arrows refer to the fol-
lowing observed trends:

(1) Onshore migration of SHORELINE with rising seasonal water levels;

(2) onshore migration of FORESHORE TOE with rising seasonal water
levels;

(3) onshore migration of OFFSHORE BAR with rising seasonal water
levels;

(4) offshore migration of SHORELINE with falling seasonal water
levels;

(5) offshore migration of FORESHORE TOE with falling seasonal water
levels;

(6) offshore migration of OFFSHORE BAR with falling seasonal water
levels;

(7) other landward bar migration;

(8) other seaward bar migration.
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APPENDIX D

GULF MOUTH BATHYMETRIC MAPS

Area used for computation of sedimentary
volume changes is outlined in Figure D-1.
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Figure D-1. Gulf mouth survey, 7 June 1973.

154




Contour interval=1 ft. 3
feet i

Figure D-2. Gulf mouth survey, 28 June 1974.

155




-

Contour interval=1 ft.

|2/

Figure D-3.

Gulf mouth survey,

1 August

1974.




Contour interval=1 ft.
feet

Figure D-4. Gulf mouth survey, 30 September 1974.
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APPENDIX E

BAYMOUTH BATHYMETRIC MAPS

Area used for computation of sedimentary
volume changes is outlined in Figure E-1.
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APPENDIX F

CHANNEL AREAS AND HYDRAULIC RADII
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Table G-1. Weekly water temperatures and salinities at
Aransas Pass inlet for 1974.
Temperature (°C) Salinity (parts per thousand)
Week Month ebb flood ebb flood
1 8.0 11.0 21.0 27.0
2 13.0 14.0 27.5 24.5
3 Jan. 13.0 12.0 24.5 21.5
4 14,5 25.0
S 17.0 16.5 20.5 238
6 15.5 21:5
7 Feb. 18.0 16.0 28.5 27.0
8 18.0 28.0
9 16.0 30.0
10 19.5 32.5
11 21.0 28.5
12 Mar. 21.0 25.0
13 17,0 16.5 26.5 25.5
14 21.0 29.0
15 21.0 30.5
16 Apr. 20.5 31.0
17 23.0 25.5
18 24.5 25.5 22.0 23.0
19 25.0 26.0
20 May 27.0 26.5 26,5 26.0
21 27.5 28.0 26.0 23.0
22 28.5 28.0 25.0 28.0
23 28.5 28.0 3.8 32.5
24 June 29.0 27.0 28.0 29.5
25 29.5 28.0 32.0 33.0
26 28.0 33.0
27 28.5 28.5 33.0 335
28 29.0 28.5 34.0 34.0
29 July 29.5 28.3 35.0 34.5
30 29.0 28.5 35.0 35.5
31 27.5 36.0
32 28.0 28.5 37.0 37.0
33 Aug. 29.0 37.5
34 29.5 29.5 ST 5 37.5
35 29.5 29.5 3745 37.5
36 27.0 37.0
37 Sept. 26.5 26.5 36.0 36.0
38 28.0 30.5
39 24.5 26.0
40 24.5 27.0
41 25.5 278
42 Oct. 24.0 22.0 26.5 22.0
43 24.0 22.0
44 24.0 27.0
45 20.5 23.0
46 Nov. 17.0 19.5
47 19.5 26.0
48 16.0 20.0
49 15.5 29.5
50 Dec. 13.5 5.5
51 15.0 31.0
52 13.5 17.0 24.0 28.5
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Table 0-2. Weekly water temperatures and salinities at Aransas Pass
and Corpus Christi Water Exchange Pass for 1975.
Temperature (°C) Salinity (parts per thousand)
Week Month ebb flood ebb flood
1 12.2 12.9 27.0 25.8
2 15.6 16.0 25.5 30.0
3 Jan. 12.5 13.4 27.2 26.8
4 12.8 13.0 24.0 29.0
5 X2.5 18.7 30.0 30.8
6 14.0 17.0 25:.7 25.0
7 Feb. 15.8 16.1 26.7 275
8 15.0 14.2 28.0 28.8
9 15.9 16.9 27.8 315
10 16.6 18.5 29.0 28.5
11 Mar. 15.2 16.1 29.5 28.7
12 17 .6 27.5
13 20.5 18.0 27.0 31.0
14 17.2 18.4 24.5 26,5
15 20.2 20.0 25.7 25.8
16 Apr. 20.6 275
17 21.4 23.1 26.0 26.0
18 239 23.9 24.0 21,5
19 25.6 25.8 21.0 20.0
20 May 26.1 25.8 21,5 22,0
21 25.6 25.8 30.0 29.5
22 27.8 26.9 28.0 28.5
23 4755 26.9 28.0 25.5
24 June 26.4 33.0
25 26.4 35.5
26 29.4 28.9 33.0 33.0
27 29.4 29.0
28 28.9 27.2 53.5 36.5
29 July 29.2 25.8 35.5 35.5
30 28.1 36.0
31 29.4 28.9 36.5 36.0
32 26.9 37.0
33 Aug. 28.1 28.1 36.5 36.0
34 28.9 29.2 37.0 37.0
35 28.9 36.0
36 28.9 29.8 28.5 aT.5
37 29.1 28.9 27.0 27.0
38 Sept. 28.7 29.0 27.0 27.0
39 24.4 23.0
40 25.5 24.5 25.5 26.0
41 25.7 24.3 29.0 275
42 Oct. 26.7 25.9 28.5 24.0
43 24.7 24,6 28.5 27.0
44 23.3 24,0 27.0 27.0
45 24.2 24.6 27.0 29.0
46 Nov. 22.9 19.6 26.5 24.0
47 17.4 22.5 24.5 29.5
48 16.7 18.9 26.5 29.5
49 17.7 16.8 27.0 28.0
S0 Dec. 17.0 18.6 25.3 29.5
51 12.6 17.6 23.5 28.0
52 18.5 13.0 26.5 26.0
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