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10 INTRODUCTION

Because of concerns about the impacts of dredging and placement of mamtenance material
from the Gulf Intracoastal Waterway (GIWW) in the Laguna Madre, an Interagency Coordination Team
(ICT) was formed to determine areas where there was madequate information to address concerns In
August 1994, at the request of the ICT and through a Memorandum of Agreement between the U.S. Army
Corps of Engineers (USACE), Galveston District and the Texas A&M Research Foundation, personnel from
the Conrad Blucher Institute for Surveying and Science (CBI) at Texas A&M Umversity-Corpus Christi
(TAMU-CC), the Marme Science Institute of the University of Texas (UTMSI), and the Center for Coastal
Studies (CCS) of TAMU-CC mitiated a multi-disciplnary, multi-year study (the CBI Study), the first year
of which has been described in Brown and Kraus (1997) and Militello et al. (1997).

The CBI study included the collection (and, originally, the reduction and interpretation) of
the followmng types of data current velocity, turbidity, salinity, pH, temperature, dissolved oxygen,
chlorophyll-a, incident and underwater light irradiance (photosynthetically active radiation or PAR), total
suspended solids (TSS), particle-size distribution, ard, for the most recent data set, water-level data These
data were supplemented by water-level and wind measurements from Texas Coastal Ocean Observation
Network (TCOON) platforms located at Port Isabel, Arroyo Colorado, and South Padre Island. The
objectives of this multidisciplinary study were to assess water flow and sediment transport conditions and
to identify possible modifications of the dredging practice to both reduce environmental nmpacts and to
mummize the cost and frequency of dredging

The CBI Study has collected an enormous volume of measurements, but the project has
suffered from three inter-related problems: faillure or questionable validity of portions of the data record,
a consequence of the experimental nature of the equipment; lack of consistent data-recovery and pre-
processing protocols, and substantial changes mn personnel at CBI leading to discontinuity in staffing of the
project. Previous reports developed in the CBI project, 1 addition to the two Year-1 reports cited above,
mclude two data reports Brown (1997) and Ussery (1997, with an addendum, Ussery, 1998).

In April 1998, the ICT authorized, via a USACE Contract, the reduction and mterpretation
of the data from the CBI Study by PBS&J and Dr George Ward (Present Study) Therefore, all available
data collected from fixed-platform stations instalfed and maintained by CBI for the period of September 1994
through May 1998 have been retrieved, subjected to QA/QC analysis, and processed. The analysis of these
processed data, including those discussed in the Year-1 reports, constitutes the basis for the present report.
Thus report is therefore a composite effort of many contributors, including the previous reports Brown and
Kraus (1997), Militello et @l {1997), Ussery (1997) and Brown (1997), from which text has been used
where appropriate, and represents the efforts of these earlier mvestigators, the present staff of CBI,
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especially Ms. Sara Ussery and Dr. Robert Benson, and the staff of PBS&J and Dr Ward, The project
study area description in this chapter and the original platform and mstrument array (Chapter 2), in
particular, are taken largely from Brown and Kraus (1957) and Militello er al (1997)

Because we have a larger base of data at our disposal, the data interpretation is new, even with
respect to the Year-1 data, since, as described in detail in Chapter 3, during the Q/A effort for the present
stedy, data problems emerged that were not accounted for in the earlier reports of Brown and Kraus (1997),
Brown (1997), and Militello et al (1997). The present report does not, however, replace these earlier
reports. Some of the chapters in Brown and Kraus (1997), Brown (1997), and Militello ef al (1997) either
(1) were only first year activities and are not included mn the scope of the present project (e.g, the chapter
concerned with the dredging-event sampling) or (2) are being reported separately by others (e.g., chapters
on light attenunation and seagrass distribution) Brown and Kraus (1997), Brown (1997), Militello et af
(1997), or Dunton (in preparation) should be consulted for that information.

1.1 STUDY AREA AND BACKGROUND

The Laguna Madre 1s a shallow, coastal embayment extending approximately 200 km
(125 miles) southward from Corpus Christ1 Bay to Port Isabel, Texas, near the border with Mexico
(Figure 1-1) The hypersaline conditions of the Laguna Madre are primarily attributed to the limited water
exchange with the Gulf of Mexico, negligible fresh water mflow, and high evaporation rate (Breuer, 1962;
Ward, 1997) Exchange between the Laguna Madre and the Gulf of Mexico is lunited to three permanent
openings Brazos Santiago at the southern termums of the Laguna Madre, Mansfield Pass, and Aransas Pass
at the northern terminus via Corpus Christi Bay

Based on area, the Laguna Madre comprises only 20% of the coastal embayments of Texas,
but 1t contamns approxunately 80% of its seagrasses. Seagrass meadows cover most of the bottom of the
Laguna Madre due to a combination of shallow depth and relatively low allochthonous inputs of suspended
particles and nutrients (Quammen and Onuf, 1993) The high productivity of the Laguna Madre, inferred
from finfish catch, has been well correlated with the presence of the extensive seagrass beds (TDWR, 1979).

The Laguna Madre 1s subdivided into two basins each with an average depth of about 1 m,
referred to as the Upper Laguna Madre (ULM) and the Lower Laguna Madre (LLM). The basms are
separated by a wind-ndal flat, the Saltillo Flats, about 40 ki i length. The GIWW, with project dunensions
of 4 m depth, 38 m bottom width, and 64 m top width, was dredged through the entire length of the Laguna
Madre, from Corpus Christt Bay to Port Isabel in the 1940s. The Galveston District of the USACE
completed the GIWW along the south Texas coast m 1949, connecting the upper and lower basins via the
channel cut through Saltillo Flats, known as the Middle Ground (a k a., Land Bridge, Mudflats, Land Cut)
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The construction of the GIWW is considered to have moderated the hypersaline conditions
m the Laguna Madre. In the lower Laguna Madre, prior to the construction of the GIWW, salinities greater
than 60 parts per thousand (ppt) were measured routmely Subsequent to the construction of the GIWW,
salmities rarely exceed 40 ppt (Quamiman and Omuf, 1993} The ULM has no major stream tributaries. The
lack of fresh water input coupled with the semi-arid climate (so that evaporation exceeds precipitation) has
caused historical hypersaline conditions. Prior to the opening of the GIWW salinity values reached 100 ppt
(Collier and Hedgpeth, 1950) Since opening of the GIWW through the ULM in 1949, salmnity levels have
been reduced and rarely reach the extremes observed prior to its opemng  Salinity n the Upper Laguna
Madre south of Baffin Bay did not rise above 60 ppt from 1967 to 1989 (Quammann and Onuf, 1993)

The predomunant forcings responsible for the resuspension and transport of sediments include
wind-induced currents, waves, tidal currents, and vessel-mduced motions Other factors that affect sediment
transport, perhaps mdirectly, are water depth, fetch, bottom morphelogy, sediment type (mineralogy,
organic material), gram-size distribution, and bottom coverage of aquatic plants. During periods of strong
winds, wave action and strong currents apply stress to the bottom, which, in turn, resuspend sediments into
the water column Once suspended, the sediment particles are transported by the currents to another, lower
energy location where they are deposited. Some of these factors are examuned in this report, while others
are included in other reports for the ICT (Dunton, mn preparation, EH&A 1998a, b, Lee Wilson Associates,
1998, Morton et al , 1998; Sheridan, 1998).

Several areas of environmental concern have been 1dentified by these studies, especially with
regard to seagrass health, relating to adverse effects of sediment resuspension and deposition These include
the reduction of light available through the water column, and burial or sediment coatings on seagrasses.
The light reduction and sediment coatings reduce the capability of seagrasses to perform photosynthesis and
can degrade the health of the seagrass beds. An assessment of increased turbidity and suspension of solids
into the water column 1n relation to dredging provides information that can be applied to mamtenance
dredging operations and material placement locations and methods

1.2 STUDY DISCUSSION

While the overall purpose of the CBI Study was to provide measurements that would yield
mformation on the mmpacts from dredged material placement in the Laguna Madre and data necessary for
the models that were being developed for the ICT, the original locations of the platforms n the ULM and
LLM were designed for other specific objectives relanve to dredging activities

1. Encroachment of sediment on seagrass beds,
2. Resuspension of sediment in dredged maternal placement areas,
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3 Reduction of light within the water column,
Transport of dredged material back into the GIWW and loss of material from
placement sites,

5. Understanding of cause-and-effect relations between hydrodynamic forcing and
sediment movement.

The ICT authorized CBI to continue to collect data to better understand the hydrography and sediment
transport m the Laguna Madre and to provide immput into the hydrographic and sediment transport models
bemg developed for the ICT by the Waterways Experiment Station

The objective of the present work is to subject all data collected in the CBI project to a unified
data-recovery process, by which is meant acquisition, Q/A screening, and processmg. The work is
conveniently subdivided according to geography, viz. the ULM and LLM systems. The focus of this work
18 on “hydrographic” data, 1 e., the digital records from:

1 acoustic doppler velocimeter (ADV) - three components of current velocity,

2 electromagnetic current sensor - two horizontal components of current velocity,

3. conductivity - mternally converted to salinity m practical salmty units (PSU)
equivalent to parts per thousand (ppt),

4 temperature - degrees Celsius,

5 turbidity - measured by an optical backscattermg probe and reported in NTUs
(nephelometric turbidity units),

6 water level - high resolution variation in water-surface elevation derived from
pressure measurement

These hydrographic data sets were supplemented by additional data, including TSS
determinations on water samples, field and laboratory measurements of salnity, and data logs from
proximate TCOON platforms, especially water level (“tide”) and meteorological observations (ﬁfind,
pressure, air temperature)

As matters developed, the onigimal platform instrument packages used for the Laguna Madre
did not include water level In data interpretation (see Chapter 4), the ancillary environmental data obtained
from proximate TCOON stations included water level, but this, of course, did not provide a direct
measurement of wave activity at the measurement platform. For the new mstrument packages (data collected
after October 1997), pressure (1e, water level) is included in the array. During this same re-
nstrumentation the earlier ADV current sensors were teplaced with the electromagnetic sensors.
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Additional detzail on the instramentation and deployment is given in Chapters 2 and 3 Various
analyses of the measurements are treated m Chapters 4 through 6, addressing the hydrographic environment,
currents, and suspended sediments, respectively. Interactions among these variables and wnterpretation of
the results are reserved for Chapter 7. A summary of the findings of thus data reduction and analysis effort,
plus conclusions and recommendations, 1s presented in Chapter 8.
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20 FIELD DATA COLLECTION

Overall, the field data collection consisted of sustained long-term in-sitz monitoring of
physical, chemical, and biological parameters from six fixed platforms, and collection of water samples for
laboratory analysis. Instrumentation and associated support equipment were installed beginning in August,
1994. This data recovery project is concerned only with the hydrodynamuc and hydrographic components
This chapter describes the automatic monitoring component of the study, including instrument deployment
information (deployment dates and location), equipment utilized, and calibration and mamntenance
procedures, This chapter also describes the platforms and the instrumentation and equipment 1nstalled on
them, together with the general data-collection process.

21 MONITORING PLATFORMS AND INSTRUMENTATION

Locations of the monitoring platforms are shown n figures 2-1 and 2-2, and coordinates and
dates of installation for each platform are provided m Table 2-1. The original three fixed platforms i the
LLM, denoted as LLM1, LLM2, and L1.M3 (FIX &, FIX 2, and FIX 3 in Brown and Kraus, 1997), were
mstalled along a line running transverse to the GIWW at Channel Marker 91 in the Lower Laguna Madre,
see Figure 2-1, and were operated until June 1996. At that time, LIM2 and LLM3 were dismantled.
LLM2 was moved to a seagrass meadow east of the GIWW and designated LT M2a, which became LLM2N
with the installation of the new instrumentation in 1997 (Figure 2-1) LLM3 was re-established at LLM3N,
near Port Mansfield, in May 1997 but no data were collected and it was removed in July 1997. This
platform was re-installed at this same location, still designated LLM3N, in November 1997 with new
instrumentation, Like LLM2a/LLM2N, it was moved to collect data from a variety of locations with
differing amounts and types of seagrasses.

The northern-most platform, designated as ULM1, was located m Corpus Christi Bay
(Figure 2-2) near the northern termmus of the ULM approximately 0.4 km east of the GTWW. This
platform was intended to provide data from the vicinity of dredging sites on the southern side of Corpus
Christi Bay. Platform ULM2 was placed 1n the Upper Laguna at the mouth of Baffin Bay, approximately
0.8 km west of the GIWW. The southernmost ULM platform, ULM3, was located approximately 10 2 km
south of ULM2, and 0.3 km east of the GTIWW, near the northern limut of the Mudflats. Both ULM2 and
ULMS3 were mntended to provide information in the vicinity of dredging sites along the GTWW near the
mouth of Baffin Bay An additional purpose for these platforms was to provide data on physical processes
and water quality for Baffin Bay, a relatively unstudied site
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FIGURE 2-1

CBI AND TCOON STATIONS IN LOWER LAGUNA MADRE
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FIGURE 2-2

CBI AND TCOON STATIONS IN UPPER LAGUNA MADRE
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Platform
Name

1IL.M1
LLM2
LLM3

LLM?2a/2N
LLM3N

ULM1
ULM2
ULM3

TABLE 2-1

PLATFORM INFORMATION
Date of Date of Latitute
Installation Removal

28-30 August 1994
28-30 August 1994
28-30 August 1994

4 June 1996
28 February 1997

1 November 1994
4 November 1994
4 November 1994

12 March 1998
4 June 1996
4 June 1996

2 April 1998
5 March 1998

7 May 1998
7 Apnil 1998
9 March 1998

26°10'452" N
26° 10'509" N
26° 10'58.1" N

26° 08' 05" N
26°39'00" N

27°41'27.5"N
27° 1708 2" N
27°11'327"N

Longitude

97°15'36.2" W
97° 15'36.2" W
97° 15' 04.3" W

97°12'28" W
97°24' 00" W

97°12"178"W
97°24'56 9" W
97°25' 422" W



211 Description of Monitoring Platfo

The platforms were constructed usmng 6 in-square 15-ft treated wooden posts, which were
embedded approximately 1.2 to 1.5 m (4 to 5 ft) into the bottom using a jet-pump. For LLM1, a pile driver
had to be used to drive the legs through an apparent layer of shell located approximately 1 m below the
bottom of the lagoon Elevated platforms were consiructed, with a deck located approximately 1.5 m above
the mean water level to reduce exposure of the equipment to waves and salt spray. The exception was
ULMS3, which used an existing USACE platform refurbished for this study, a tri-leg wood structure 10-ft
on one side and 8-ft on the other sides with a deck and railing. The platforms and equipment were originaily
wstalled during the period of August 28-31, 1994 (LLM) and November 14, 1994 (ULM), and the stations
became fully operational when data-collection commenced on August 31, 1994 (LLM) and November 4,
1994 (ULM).

The full complement of automatic momtoring equipment at this time included current velocity
sensor, electrometric probes for conductivity and temperature, fluorometer for chlorophyll-a, and optical
trbidity. In some equipment packages at some platforms for some periods, measurements of pH, dissolved
oxygen, pressure {(which could be converted to water level) and radiation in the photosynthetically available
radiation (PAR) bandwidth were included as well. The specific equipment varied over the course of the
program Originally, the mstrumentation array at platforms LLM1, ULM1, ULM2, and ULM3 was
comprised of. Sontek acoustic doppler velocimeter (ADV), Chelsea Fluorometer, Hydrolab conductivity/
temperature probes, and Li-Cor turbidity sensor, together with equipment that logged, stored, and
transmutted the data.  Two PAR sensors were located at each platform, one above the water surface and one
approximately one m below mean sea level. In addition to in situ measurement sensors, the platforms were
equipped with ISCO antomatic water samplers

Figure 2-3 (from Brown and Kraus, 1997) shows the early main monitoring platform, LLM]1,
which was equipped with two environmental enclosures to minimize exposure of electronics and equipment
to salt water, ram, and spray. One environmental enclosure housed the batteries, and the other enclosure
contained the data collectors, signal processing units, and radio communications equipment Power was
supplied to the station by two gel cell batteries, which were charged by four solar panels. LLMI1 was
origmally the principal platform for the Lower Laguna. The stations LLM2 and LLM3 served a
supplementary purpose, and were equipped only with ISCO water samplers. These samplers collected water
at specified times (here, twice daily as described below) and stored the water samples until they were
retrieved and taken to CBI for analysis of total suspended solids (TSS) and particle size distribution.
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All sensors with the exception of the PAR sensors were logged with a specially-designed, low-
power consumption micro-computer. The data collector had on-site storage capacity of approximately
14 days of data at the sampling rates used. As noted above, LLM2 and LLM3, m this stage of data
collection, were only used for water-sample collection 'When LEM2 and LLM3 were moved to
LLM2a/L1LM2N and LLM3N, respectively, they were equipped with the full suite of data collection
equipment, which included Sontek ADV, Sea-Tec Fluorometer, Druck Pressure sensor, Seapoint Turbidity
sensor, and an ISCO sampler. However, no data were collected from LLM3N with this mstrument array.

The status of the data-collection system was checked remotely and data were transmiited to
CBI via packet radio-modem connection Originally, data were downloaded from LLM]1 via a high-speed
packet radio connection between the data-collection platform and a radio tower located in Los Fresnos,
Texas, which then relayed the files to CBI via a modem/phone line connection. Subsequently, the data were
downloaded via a high-speed packet radio connection between the data-collection platform and the University
of Texas - Pan American Coastal Studies Laboratory located 1n the Town of South Padre Island, and then
the data were transferred to CBI via an Internet connection Once at CBI, the data were decoded and
mnported into the CBI Environmental Database where six-minute averages of all parameters were computed
and stored The data were then imported into the project database, where idividual parameters were plotted
and inspected.

The three momtoring platforms for the ULM were each equipped with one environmental
enclosure, as noted above, to mmmize exposure of electronics to the external environment Each
environmental enclosure housed the data collectors, signal processing units, radio commumnications controlier,
and batteries. The instruments and data loggers were powered by two 4-amp/hr gel cell batteries that were
charged by two 30-watt solar panels. A low-power consumption microcomputer of 6-amp/hr/day yielded
an on-site data storage capacity of approxumately 13 days. Each station employed a packet controller,
consisting of a radio and modem, which provided remote communication with the data-collection system
from CBE. ULMI had a UHF ommidirectional antenna which allows direct connection with CBI. Each of
ULM2 and ULM3 had a UHF whip-antenna affixed to the platform. The data generated at these platforms
were relayed from a radio tower located in Riviera, Texas, to CBL. Once at CBI, as with the LLM stations,
the data were decoded and imported into the CBI Environmental Database where six-minute averages of all
parameters were stored

In Fall 1997, the Laguna Madre platforms were completely re-equipped with new sensors and
dataloggers. The new mstrument array consisted of the Applied Microsystems Ltd Smart Pack™, which
measures pressure, temperature, conductivity, turbidity, and u and v current speed, using an electromagnetic
(Marsh-McBirney) sensor
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2.1.2 Platform_Mantenance

The mstallation and maintenance of the data-collection platforms proved to be more labor
intensive than anticipated. During the one-year perrod from August 1994 through September 1995, there
were approximately 100 days of field work A chronology of events, including servicing of the platform,
for the entire data collection period is presented in Appendix SR Early on, regular mamtenance of the fixed
platforms was performed approximately once a week, as weather permitted, with duties including inspection
of the data-collection and power systems, field cleaning of the ADV and fluorometer; weekly exchange of
the Hydrolab unit with a laboratory-calibrated unit and post-calibration of the instrument returned from the
field, replacement of the sample bottles 1n the automated samplers; replacement of batteries and desiccant,
as needed and replacement of a polyethylene bag that protected the subsea PAR sensor In addition,
electronically acquired data were downloaded and taken back to CBI to be uploaded into the database. Upon
removal from the automated water sampling umt, sample bottles were labeled and transported to CBI for
analysis

On February 8, 1995, radio contact was lost with ULM1 It is believed that a vessel had tied
up to the platform during a storm the previous day and had uprooted the station. Repairs were made, and
the station was back on line by February 15, 1995. An ADV was lost m this event. Umversity of Texas
Marine Science Institute (UTMSI) personnel maintained the PAR sensors and associated dataloggers, which
were checked at monthly intervals, with prelimnary data inspection carried out in the field Additionally,
sensor mamtenance trips were scheduled so that the biofouling bag over the sensor was replaced every 2 to
3 weeks.

2.1.3 Instrumentation

Three components of water velocity (north-south u, east-west v, and vertical w) were
measured continuously by Acoustic-Doppler Velocimeters (ADVs) manufactured by SonTek (San Diego,
Califormia, USA), which 1s a new type of current meter that is reported to be highly accurate (even at weak
water velocities) and robust against drift due to aging and biofouling The ADYV acoustically measures the
three components of flow velocity at a point based on the Doppler-shuft principle The ADV has a centrally-
located transmitting transducer surrounded by three receiving transducers mounted on arms orientated at
120-degree angles The transmitting transducer emits periodic short acoustic pulses that are scattered back
by material n the water column, such as bubbles and suspended material, assumed to move at the speed of
the water flow These acoustic echoes are detected by the receivers. By knowledge of the orientation of
the acoustic beams and the principle that the frequency of the echo is Doppler shifted according to the
relative motion of the scattermg material, the orthogonal components of current velocity are computed. The
ADV has a resolution of 0 1 mm/s over the range of 0 to 2.5 m/s and an accuracy the greater of 10 25%
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or +0 25 cm/s (Kraus, et ¢l 1994). In this study, the sampling rate of the ADV was 1 Hz with 6-min
averages of each component of the water velocity, signal-to-noise ratio, and correlation coefficients stored
in the on-site datalogger The signal-to-noise ratio and correlation coefficients were used to determine the
quality of the velocity data and to identify problems associated with the hardware, such as misahgned
recervers or biofouling of the transmitters or receivers. The position and distance for the transmitter and
each of the receivers were correlated against preset factory vales of their positions. The ADVs were
mounted at mid-depth with the probe oriented in such a manner that positive flow components (u, v, w) were
directed toward the north, west, and upward, respectively.

The ADV sensors were originally developed as an ultra-precise high-resolution current sensor
for laboratory measurements, mtended to compete with laser doppler anemometers (LDAs) Adoption of
the ADV technology for the hostile field environment was one of the primary objectives of the data collection
program. The advantages of the technology, if it could be successfully applied m the field, would aliow
direct measurements of many processes that have heretofore been categorized as "turbulent” Moreover,
1f measurements of turbidity could be made at comparable time resolutions, then turbulent fluxes of sediment
could be directly computed Even if these experiments failed, the technology was expected to yield much
more resolved details on estuarine currents than had been capable of measurement before

The ADVs proved to be as sensitive and precise m field apphication as in the laboratory, but
they also proved to be difficult to maintain and susceptible to damage Calibration can be problematic Each
sensor has 1ts own unique calibration which 1s established in precise laboratory testing by the manufacturer.
Installation and maintenance are not "user-friendly" but require training and expertise with the technology.
During the first 6 months of data collection, the range setting for the ADVs was set incorrectly. The ADV
range settings were corrected i May, 1995 This incorrect sething caused parts of the ADV data to be
mvalid and unrecoverable Because of this problem, ADV data analyzed in this report are those collected
after June, 1995 The exact alignment of the transducers 1s critical to mamtaming proper cahibration Their
exact mstallation 15 crucial, and any later encounters with flotsam or massive objects floating in the water
column, such as an errant mullet, can distort the data It was discovered, for example, 1 using the same
equipment in a platform in Lavaca Bay that a shight nusalignment of the sensor at mstallation could produce
anomalously large vertical components of current.

After November 1997 for ULM2 and December 1997 for all other sites, a different sensor
was used, namely an electromagnetic sensor manufactured by Marsh-McBirney and comprising part of an
integrated sensor package, the Smart Pack™ from Applied Microsystems Ltd (As noted above, this package
also mcludes sensors for pressure, temperature, conductivity, and turbidity ) This sensor is less precise and
sensitive than the ADV and cannot, therefore, yield the furbulent fine structure, but it is a sensor designed
for field work, with a long record of satisfactory performance 1 rugged, hostile coastal settings The range
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of the mstrument 1s 0 - 3 m/s and the accuracy 15 rated by the manufacturer at + 5 cm/s or better, with a
resolution of 0 1 cm/s or finer

Water-quality parameters for most of the data collection period were monitored using a H20™
Water Quality Multiprobe (Hydrolab™ Corporation, Austin, Texas, USA), equipped with turbidity, water
temperature, conductivity, pH, and dissolved oxygen sensors. The Hydrolab unit sampled every 2 min and
data were logged using the Blucher Data Collector. The Hydrolab units deployed in the field were calibrated
in the laboratory prior to deployment, with approximately weekly change-out of instruments. The specific
conductance, pH, and turbidity sensors were calibrated using standard solutions. The pH and turbidity
sensors were calibrated using a slope-calibration method and the conductivity sensor was calibrated using
a one-point calibration with a standard solution having a conductivity similar to that observed n the field
The turbidity sensor, which uses an optical backscatter sensor, was calibrated using 0.2-um filtered,
deiomzed water and 90 NTU formazin standard The dissolved oxygen sensor was air calibrated at
atmospheric pressure The temperature sensor was calibrated by the manufacturer during fabrication and
is considered stable for 3 years The calibration procedure followed for the conductivity probe was such
that an error of +3 ppt was typical for the resuliant salimty data. In 1996, some problems with the sahnity
data were discovered (Kraus, pers. comm., 1996) and improvements to the calibration procedure were
reported being made.

The re-equipment of the instrument packages m late 1997 mcluded replacement of the
Hydrolab probes with those that were part of the Applied Microsystems Ltd Smart Pack™, including sensors
for pressure, temperature, conductivity, and turbidity The temperature sensor is a pressure protected
precision thermistor with a tume constant of 350 ms The range of operation 1s -2 to 32°C, with an accuracy
rated at + 0 005°C or better and a resolution of 0 001°C or finer. The conductivity sensor is a platimzed
electrode cell Operating range is 0 - 6 5 S/m with an accuracy of +£0.01 mS/cm or better, and resolution
0 003 mS/cm or finer The turbidity sensor, like its predecessor, uses optical backscatter (OBS) technology,
with operating range of 0 - 2000 NTUs, and resolution of 0.1 NTU or finer.

The OBS technology was probably the greatest disappointment of this project. The sensor
proved to be exceedingly sensitive to biofoulmg on the optical surface. Even munute growth of marmne
periphyton and bacteria was sufficient to substantially increase light absorphion, and register an apparent but
fictitious mcrease m turbidity The OBS data records display an exponentially growing turbidity, which
appeared to be reset to a small value whenever the sensor was cleaned or replaced At the outset of the
project, 1t was acknowledged by all involved that this was uniried technology, particularly m shailow, highly
productive waters such as those of the Laguna Madre, and the potential for difficulties was recognized The
value of bemng able to monitor turbidity at the fine time resolution and wath the accuracy afforded by the OBS
Justified experimenting with its use in this field application Although no useful data were obtained, the
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experience acquired in using this technology represents a major advance in the adaptation of the method to
field environments typical of the Texas coast CBI personnel are continuing to experiment with the
technology and have recently developed some means of using transparent biocides to control biofouling
(Benson, pers. comm, 1998), which may offer promuse for use of the sensor in the future

Mid-depth water samples were collected twice daily at 6 00 AM and 6 00 PM (local time)
using a Model 2700 Portable Sampler™ (ISCO, Lincoln, Nebraska, USA). During approximately weekly
routne servicing, the samples were removed from the water sampler and transported to CBI for analysis
The samples were analyzed for total suspended solids and particle-size distribution of the suspended solids
Total suspended solids concentration was determined by filtering a known volume of the sample twice, using
two pre-weighed filters, a 1-#m glass fiber filter and a 0.45-m cellulose filter, which were then dned at
65°C to constant weight. The volume of sample filtered was typically 500 mL; however, 1f the sample
contained a relatively large amount of sediment, as determuned visually, the volume filtered was reduced to
250-300 mL. Once the concentration of total suspended solids was determined, the filters were archived m
labeled bags

22 OTHER AVAILABLE DATA

This monitoring effort was supplemented by other nstrumentation located in the region,
including water-level, air temperature and wind-measurement systems operated by CBI as part of the Texas
Coastal Ocean Observation Network (TCOON) and additional PAR sensors, operated by the National
Biological Survey (NBS) and UTMSI The TCOON real-time measurements are collected at approximately
40 stations along the Texas coast and stored in a database at CBI. Data from TCOON stations at S. Bird
Istand, for the ULM, and Arroyo Colerado, for the LLM were used in the present project for analyzing the
tidal and meteorological components of variations in physical and water-quality parameters Six-rmnute
water-level data provided by the TCOON tide stations are collected according to National Ocean Service
Standards and reported to an accuracy of 0 1 ft Wind speed (average wind speed and gust) and direction
data are collected hourly wath average wind speed based on a 5.5-min average sampled at 1 Hz and the gust
was defined as the highest 5 sec sustammed wind speed m the 5 5-mm sampling period. The wind
measurements are of particular sigmficance for understanding the role of the physical driving forces for the
resuspension and transport of sediment
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3.0

DATA VALIDATION AND SCRUBBING

Before the hydrographic data collected by the ICT project could be subjected to analysis, 1t
first had to be screened for anomalies, these anomalies reconciled, corrected or eliminated, then the data
compiled mto seamless "scrubbed" data files. As noted in Chapter 1, data collection on this project m the
Laguna Madre has been carried out over a nearly 4-year period by the Conrad Blucher Institute CBI), during
which the Institute operations, field procedures and equipment have undergone major modifications, creating
heterogeneous data records. For purposes of planning data transfer and screemng, 1t was convenient to
subdivide the CBI data sets mto four classes:

Data Set I — Data analyzed in the "Year 1" reports, Brown and Kraus
(1997) and Brown (1997) These data were collected in the period
September 1994 through August 1995. The Brown and Kraus (1997)
report also mcluded a small amount of data through December 1995.

Data Set II — Contmued data collection by the same personnel as
involved m Data Set I, presumed to have been carried in conformty
with the same Q/A and reduction protocols as Data Set I. Data
collection period extended generally from September 1995 o
September 1996

Data Set IIl — Hydrographic data collected under interim
management at CBI, from approximately October 1996 through early
spring 1997.

Data Set IV — Hydrographic data collected by the present CBI
personnel, from late fall 1997 through early spring 1998, utilizing
completely new equipment and re-designed data recovery protocols

The precise dates for Data Sets III and IV vary from station to station  As matters developed,
the distinction between Data Set II and Data Set III proved to be unnecessary, because these data sets were
generally m the same form and level of pre-processing, and therefore were operationally indistmguishable.

31 DATA ACQUISITION AND SCREENING
In the original project work plan, the data-recovery effort was conceived to be prosecuted in
three main task efforts
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Task 1 - For Data Sets I, II and IV, acquisition of data files from CBI and their combmation
mio a common data base for further analysis

Task 2 - Data acquisition, Q/A pre-processing and data compilation, Data Set III.
Task 3 - Data processing and analysis

Task 1 was intended to mnclude performing a Q/A mspection, primarily to msure the integrity
of the data transfer. As the project developed, the frequency and variety of data anomalies proved to be
much greater than originally anticipated, including Data Set I (which had already been analyzed and reported
in the Year-1 reports), so a concomitantly greater effort was necessary to complete the data scrubbing
process. The work on Task 2 was somewhat ill-defined at the outset of the data-recovery effort, pending
an assessment of the actual status of the Data Set IIT data files As the project evolved, CBI staff were able
to carry out the data processing exactly as with the other data sets (the primary anomalous aspect of Data
Set III proved to be prolonged gaps m the data streams), and the Task 2 effort was folded into Task 1
Task 3 began with the screened and scrubbed data files m consistent formats, and addressed the actual data
processing The Interagency Coordmnation Team (ICT) specified that this was to focus on statistics of
currents and associated hydrodynamic variables and was to follow the protocols and format of the Year-1
report, mcluding scatter plots and directional statistics, time series plots, and spectral analyses. This chapter
addresses Tasks 1-2, viz data acquisition, Q/A preprocessing and commlation

In any sort of data-collection enterprise hike this, electronic aberrancies in the data streams,
i e, lost records, data outages, calibration drifis and slippages, etc , are unavoidable and must be anticipated
in data management For example, some of the probes are subject to fouling over time, creating a degraded
signal quality that varies as a function of time in an unknown manner, thereby causing loss of calibration
The final objective of Tasks 1 and 2 can be simply stated as the determination of which measurements are
physically vahd

Downloading, re-formatting and transmission of the data were carried out with industry and
patience by the staff of CBI. As data was received by this project team, the files were subjected to
preliminary review, and any anomalies were drawn to the attention of CBI. The entire process took place
over a six-month period, and in several instances necessitated CBI staff completely re-constructing data files
from raw sensor output files For example, it was discovered that some of the data files for ULM3 proved
to contain data from ULM1 (except for January, April, July and Qctober for both 1995 and 1996, which
appear to be all right), apparently due to an errant file overwrite that occurred at some point early n the
processing stream. This duplication was in fact present in the data files analyzed 1n the ULM data report
(Brown, 1997), but this was overlooked in the review of that report.
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A catastrophic crash of the RAID (Redundant Array of Inexpensive Devices) data storage
network at CBI occurred in summer 1997, and ali of the 1996-97 files had to be re-built by CBI staff from
the original platform downloads, where this data survived Some files are evidently gone forever (This
event, which the RAID strategy 1s supposed to prevent, has motivated changes in the procedure for archiving
data at CBL.) Some piecemeal replacement files have been re-generated by CBI. These mnclude January -
June 1996 for ULMI1, and the missing months in 1995 and 1996 for ULM3. For ULMI, only January and
February 1997 are extant, the data from July - December 1996 bemg lost The data record for ULM2 1s
complete through February 1997. The data record for ULM3 1s piecemeal through February 1997.

The ULM3 replacement files posed an additional problem. Each month of data was given
as three separate files, containing, respectively, (1) three components of current velocity, (2) hydrographic
variables salinity, temperature, and turbidity, (3) chlorophyll-a (whose analysis was beyond the scope of this
project) Merger of these files was made difficult because the data were not given at consistent tumes across
the files (reason unknown) Some attempt was made to automate a merging procedure, but there were too
many irregularities m the file structures. At last, we had to bite the bullet, and modify each of the data files
manually using spreadsheet software

Once the data files passed the preliminary screening process, the next step was to work
through the entire data set month by month and platform by platform, carefully inspecting the data for
several characteristic anomalies, and in the process to construct an mventory of data measurements,
ncluding periods of suspicious data and record breaks. Thus, 1t was necessary to manually mspect all of
this data, and identify occurrences m the data streams of:

(1)  data gaps

(2} anomalous records, e g., short records (less than eight
variable fields), missing entries {two or more tabs 1 a row
without intervening characters), or nonnumeric entries

3 zero values (see discussion below)

(4)  discontinuities 1 the time entry

(5)  anomalous or "freak" values for the parameter bemg measured
(e.z., current speeds greater than 10 my/s, salinities greater
than 50, temperatures below 0, etc.)

(6)  physically unrealistic jumps 1 the sequence of measurements
for a parameter, e.g., an abrupt shuft in the salmity record of
several ppt

@) “flatlines", i.e. a sustamned dwelling of the measurement on
one value
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(8) anomalous time patterns, e.g., exponential decreases or
increases in value suggestive of fouling of the sensor, or
physically pecuhiar time variation in a parameter

To facilitate this inspection task (which is tedious, soporific and onerous), a special-purpose
program was developed, named INSPECT, that reads and displays a moving time history graph of two
parameters (chosen by the user) along with a vector display of the sumultaneous horizontal current. A
mockup of the screen display of INSPECT is shown m Figure 3-1 The user controls the display of the data,
which may be slowed, sped up, or stepped point by point. The plot axes may be re-scaled as the magnitudes
of the variables change.

This automated processing relieved some of the tedium of manually inspecting such huge data
files, but the task is still mind-numbing. As the program INSPECT marches through the data files, it
autormnatically checks for many of the anomalies listed above, namely (1}, (2), (3), (4) and (7). It displays
the detection of these anomalies in garish colors at various spots on the screen (as shown in Figure 3-1)
accompanied by the production of appropriate noises to alert the user, who might otherwise be staring
slackjawed at the screen, drooling on the keyboard. The other anomalies cannot be detected automatically,
but can be spotted 1n the display by an attentive user

32 IDENTIFICATION AND TREATMENT OF DATA ANOMALIES

Screening the data sets with the INSPECT software is, in effect, a preliminary interpretation
of the data, at least msofar as suggesting plausibility of apparently anomalous behavior of the data. The
sumultaneous display of current velocity serves the purpose of assisting the user m interpreting the behavior
of the two parameters displayed. The INSPECT program cannot, of course, identify physically unreasonable
behavior of the data that is the job of the user who fixedly watches the data display. Notes on possible data
anomalies are entered by the user from the keyboard into an output log file while the display program
INSPECT 1s operating. After each such output file was completed, it was opened with a spreadsheet
program, along with the corresponding data file, so that the two could be cross-compared To facilitate this
process, a hardcopy graphic display was produced, as described below Each anomaly logged in the output
fite was examuned and a deterrunation made of whether it was of significance or not, whether it was likely
to be real, and if not what corrective actions mught be necessary. CBI provided a log of time history of each
instrument/platform, mcluding maintenance checks, istrument adjustments, exchange of sensors, etc., that
greatly facilitated identification of plausible explanations for some of the anomalies. (This log has been
edited and provided as Appendix SR )
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Fig. 3-1 Display screen for program INSPECT (see text)
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As noted above, some datz anomahes are to be anticipated in an automated collection
program. We were surprised to discover a large number of such anomalies, including flatlines, zero dwells,
and freak pomts. This was true even for the Year-1 data sets (Data Set I), and apparently these aberrant
values wete included in the analysis of the earlier reports (Brown and Krause, 1997, Brown, 1997) We
also found occurrences of spurious data that evidently were introduced by the data handling, rather than
originating at the platform These include data out of chronological order, duplicated records, and irregular
tume steps.

Given ample time, the optimum approach to resolving these anomalies would be to explore the
origin of each and modify the mndividual data point appropriately Under the present time constraint, we can
only implement obvious corrections, and expunge large blocks of suspicious data One has to be attuned to
the principle of dimirushing returns Isolated anomalous data pomts, i.e. physically suspicious ("freak")
parameter magnitudes, whose values are not orders of magnitude out of the acceptable range mght be safely
retamed in the data set, because combined with thousands of valid points, these will have liftle impact on the
analysis of the data On the other hand, large blocks of anomalous data, such as flatlines, can have a
substantial corrupting effect on statistics (We note that, as matters turned out, large blocks of spurious data
were included in those data sets analyzed 1n the Year-1 reports These have been expunged m the present
work )

The philosophy followed in general was to treat the screened data files as archival, so that no
modifications were made to these files. Instead, each file was copied, and this copy served as a "corrected
file" A complex graphical display on 11x17 pages {C-s1ze) of the tume series of various parameters was
prepared showing companion meteorological data, anomalies logged by INSPECT, and mamtenance or other
actions taken with the platform according to the CBI logs Each such graph was limited to a few weeks in
order to resolve the time variation of the measurements (These graphical displays form a detaled—and
voluminous—record of the data sets before data scrubbing was instituted, and are provided as an archival
appendix, bound separately as Appendix B )

These graphics allowed the ready identificaton of data anomalies and an immediate
interpretation as to cause Each data file was worked through using the graphic as a guide Any anomalous
data points that could not be reasonably mterpreted were deleted m the "corrected” file. Freak data points were
the most obvious to treat. These are 1solated i the data stream and are very high or very low magnitudes
compared to the pattern 1n that parameter. Flatline behavior 1s sinilarly obvious, and any such data sequences
that we believed to be due to the instrument no longer responding to variation in the measured parameter were
deleied Note that flatline behavior can be manifested m salinity and temperature, at least for several hours,
under quiescent conditions, and may therefore be reasonably encountered in these data. On the other hand,
flatline current speeds of any substantial duration are unlikely.
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Zero values were another of the anomalies examined. These can result from the sensor
malfunctioning while the data-logging process continues. Of course, any of these hydrographic parameters,
even current speed, can be zero under the right conditions. Zero values of current, in particular, may be
reasonable depending upon how the tide and wind were behaving. (Note that we are referring to zero current
speed, not a zero in an individual component ) Individual zeroes that are embedded 1 a sequence of otherwise
substantial current speeds were generally deleted, unless these were clearly associated with reversal of current,
e g , turn of the tide, or a pattern of diminishing then increasing current. A long duration of zero current speed
(which 1s a special case of a flathne), in contrast, was compared to wind and water level data recorded at
nearby CBI TCOON stations (for which the downloads from the CBI web page were carried out) Any zero
values that could not be otherwise justified were expunged.

The three anomalies, quantum shifts m parameter values, drifts in value of a parameter, and
peculiar time variation in a parameter, are really different manifestations of the same anomaly, viz excursions
of parameter magnitude as a function of time that seem physically unlikely. (A gap in data can create what
appears to be a quantum shift in the parameter, so before taking any corrective action, the technician always
verified whether a timeship occurred at that point 1n the data stream ) There 1s a twofold problem in treating
these anomalies First 1s the problem of establishing whether the measured behavior 1s plausible and should
remain m the data set Second is the problem of how to correct a corrupted data point.

Some parameters like temperature or salinity do exhibit quantuim jumps in magnitude if parcels
of water with very different properties are carried past the pomnt of measurement. The best clue to whether
a quantum jump in the data may be real is the corresponding hydrographic data Is there a correlated variation
in temperature or turbidity? Are there high values or sudden shifts of current speed, or water level? Was there
a wind-shaft, such as a frontal passage? Thus 1t was necessary to examine the data records around the same
time of the other hydrographic variables as well as the downloaded TCOON data. It is also necessary to
examine whether such anomalous behavior 1s associated with 2 non-physical event, notably a maintenance visit
to the platform

A direct measurement at the platform can settle the question for temperature, saliity or
turbidity. Unfortunately, CBI does not include n situ measurements as a part of its platform mamntenance
protocols Durimg the first year, the Umversity of Texas Marimne Science Institute, as a part of its maintenance
of PAR measurement equipment, made occasional measurements of salinity and temperature measurements
at some of the ULM and LI.M stations. We were provided copies of these measurements by Dr Ken Dunton
of MSI. These measurements along with the corresponding values from the CBI platform are given in
Table 3-1 Most of the data compare very well. A few of the salinity measurements evidence large departures.
We have no means of deterruning which is mere likely to be correct, so we simply note that these differences
occasionally exist (It is of course possible that such paired measurements are correct, but the difference was
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TABLE 3-1

COMPARISON OF PAIRED MSI AND CBI DATA

Temperature (°C) Salnity (%)
Date
MSI | CBI Ms| | CBI
" Station; 1L.LM1
10/12/94 200 216
02/16/95 316 328
03/06/95 160 164 317 343
03727185 260 255 325 321
04/18/85 245 251 316 312
05/24/95 39.6 329
06/30/95 365 343
07/27195 290 303 377 358
08/08/95 300 304 373 368
09/19/95 300 308 384
10/26/95 255 262 337 329
12/13/95 170 169 258 247
01/23/96 18 0 190 301 314
09/23/96 362 336
01727197 195 166
02125197 3186 289
Station: ULM1
01/31/97 13.5 11.0 342 360
02/24/97 164 164 323 329
Station: ULM2
09/10/96 300 295 50.1 455
09/25/96 295 302 455 450
10/15/96 257 253 44.2 49.7
11/26/96 14 0 132 47 4 47 5
12/17/96 14 4 142 460 48 4
01/31/97 130 128 38.8 48.3
02/24/97 154 167 32.0 42,6
Station: ULM3
08/10/96 2856 296 341 45.6
09/25/96 302 413 44 4
10/15/96 253 254 427 46 9
01/31/97 125 125 446 477
02124/97 163 167 414 426

Note Bolded data indicate a greater than 10% difference between the MSI and CBI data
MSldata xis Compare 9/28/99 3 45 PM YCS
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mcurred due to timing of the measurement when salinity was changing abruptly, or depth differences in the
presence of transient stratification.)

For those variations of a parameter with tume that are determined to be spurious, the second
problem is how to implement a correction  For quantum shufts, the key question is the magnitude of the shift:
if it is not egregiously large, it may be possible to ignore the shift in the data analyses For pecular time
variation, e g., random wandering of the parameter over a range that 1s physically unlikely, there may be no
recourse but to delete the entire sequence If such behavior is bounded by maintenance visits at the platform,
then this can be considered a dead giveaway that the problem 1s instrumental, hence spurious One special type
of peculiar time variation is chippmg, in which the parameter varies normally up to a certain threshold value,
but exhibits frequent flatlines at that threshold, and never shows an excursion beyond the threshold A data
stream can be clipped above or below Once a clipping threshold 1s identified, then any occurrences of this
value m the data stream should be deleted A special case is when one of the current components 1s clipped
For example, inspection of some of the 1998 data from the LLM station revealed that some of the x-component
15 clipped for positive (eastward) values.

A quantum shift needs to be examined in the context of a longer series of data 1Is there a
companion shift in the opposite direction later? If not, the quantum shift may be evidence of a calibration drift,
addressed in the next paragraph Are the tumes of quantum shuft bounded by maintenance visits? If the
variation of the parameter seems realistic but the magnirudes are displaced upward or downward, then the
obvious correction 1s to shuft the displaced sequence by the appropriate amount If, however, the variation 1s
also suspicious, e.g , numerous flatlne periods or a different variance than exhibited n this parameter before
and after the period of the quantum shift, then 1t will be better to simply delete it

Drifts are the most complex anomalies to be corrected. A slow drift m a parameter, due
to graduat loss of calibration, 1s most likely to be marufested by an apparent quantum shift that corresponds
to a maintenance visit. Probably the only feasible correction 1s to apply a linear compensation starting at
the last known correct value, and extending to the tune at which the quantum shift occurred. Although we
were prepared to correct for these anomalies, fortunately we had none of these to deal with.

The sequence i which these anomahes were addressed began with the largest such
anomalies and worked toward the smallest This allowed disposal of the more sigmificant aberrancies
before being overtaken by the law of diminishing returns

We emerged from thus process with sets of data files, orgamized by platform and by month,

m which most of the above-listed anomalies, and all of those with sufficient magnrmde or frequency to
potentally corrupt the data analysis, have been deleted The "corrected" files still include data gaps in
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time. These irregularities in the time dimension do not affect the various descriptive statistics, such as
means, vector-means, variances, and current roses. On the other hand, irregularities in time interval
greatly affect the determination of specira, because 99% of the extant spectral models—and all of the
commercial software products—assume a data file uniformly sampled 1n tme. We followed the traditional
approach to treating missing data 1n spectral analysis of "zero-padding”, in which the missing data are
replaced by zero values, which 1s a default option for the spectral-analysis software employed in this
project (This is derived from the philosophy that such zero padding, though influencing the statistics of
the data, will not affect the frequency content. If the missing data happen to occur at a consistent
periodicity, there are methods for correcting the computed spectrum, see Bloomfield, 1976, and Priestley,
1981, and references therein, though this was not encountered in these data sets.) Therefore, in fact two
different sets of "corrected” data files were used, depending upon the specific analyses. For statistics and
vector roses, the "corrected” data files with data gaps were used. For spectral analyses, the "corrected”
zero-padded data files were used.

3.3 SUMMARY OF DATA SETS

To summarize, the data sets collected during the CBI Laguna Madre project, as originally
classified in the proposal and work plan, and their status are:

Data Set I — Data collected September 1994 through August 1995
and analyzed in the "Year 1" reports The origmal data sets
contained numerous anomalies, which have now been detected and
removed from the data. The ULMS3 data files proved to contain data
from ULM1 (except for January, April, and July, 1995). CBI was
able to reconstruct the missing months from the archived raw data
downloads

Data Set II — Data collected from September 1995 - fall 1996 by
the same CBI persomnel Again, numerous anomalies were
detected, mcluding flatlines, zero dwells, and freak poimnts, were
detected and have been corrected. An additional station was
installed in the Lower Laguna Madre i June 1996 m a seagrass
meadow east of the GIWW, designated LLM2a. While including
ADV current data, sahmity and temperature were not momtored at
this station. As with Data Set I, the ULM3 data files proved to
contain data from ULM1 (except for October 1995, and January,
April, July and October, 1996, which were okay)
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Data Set Il — Hydrographic data collected under interim
management at CBI, from approximately fall 1996 through summer
1997 A major hard disk crash occurred at CBI in July 1997, and
several of the Laguma Madre data files were lost. Despite valiant
efforts by the CBI staif, 1t proved impossible to recover data taken
after February 1997. Other data files were unrecoverable as well.
For ULMI1, only January and February 1997 are extant, the data
from July - December 1996 being lost. The data record for ULM3
is piecemeal through February 1997, although all months are
represented.

Data Set IV — Hydrographic data collected by the present CBI
personnel, from late fall 1997 through early 1998 In addition to
being taken by new personnel with new protocols, the equipment
was different from that used in the earher collections (see
Chapter 2) Data were provided by CBI as 30-minute means
(compared to the 6-minute means from the earher data) The raw
data from Data Set IV proved to be sigmficantly cleaner than the
data from Data Sets I-III. The predomumant problems in Data Set IV
involve tume slips and data gaps. Data Set IV also has very few
zero currents and flat Ines in comparison to Data Sets I-1IT

Table 3-2 15 an inventory of all of the data files presently on hand and their status  Data files
from the two TCOON stations, from which water level and wind data were obtained, are included as well
However, these data were not subjected to any Q/A procedures.
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TABLE 3-2
SUMMARY OF LAGUNA MADRE DATA FILES

! File Description Codes for Laguna Madre Stations
Arroyo S Bird
Year | Month LLM1 LLM2a LLM2N LLM3N ULM1 ULM2 ULM3 Colorado | Island
1904 | SEP | CWST6 X X X WILB0 | WiL60
OCT | CWSTH X X X WILB0 | WiLB0
NOV I CWST6 _WETH X X WiLeD ! WiLE0D
DEC | CWST6 _WSTE | _WST6! WSTE | WiL60 | WiLBD
1995 | JAN | CWS,T6 CWSTE| _WST6| _WST6 | WiLs0 | wi,L60
FEB CWSTS6 CWSTE| _WST6 ! CWST6E| WiL60 Wi L 60
MAR | CWSTB CWSTE | CWST6! CWST6| WILBD | WiLED
APR : CWSTS CWSTE| CWSTE: CWST6| WILED WiL G0
MAY | CWST6 CwsTe | CWSETE | CWST6E | WiLe0 | WiL60
JUN | CWST6 CWSTe | CWSTEI CWST6!| WILB0 | WiL60
JLY | CWSTE CWSTE| CWSTE | CWST6| WLSD | WILED
AUG | CWSTSH CWSTE!| CWSTE | CWST6| WiLB0 | WiLBD
SEP | CWST6 CWSTE | CWSTE | CWSTE| WiLB0 | WILED
OCT | CWSTS CWST6 | CWSTHE | CWST6| WIL60 | WiL6D
NOV | CWESTS6 CWS5T6 | CWSTE | CWSTS6| _L60 Wi L,60
DEC | _WST6 CWST6|{ CWST6 M WILB0 | WILEO
1986 | JAN ' CWSTSH CWSTE | CWSTH | CWST6| WIL6O | WiL6ED
FEB CWSTS CWSTe | CWSTE | CWST6| WiL80 | WiLsD
MAR i CWSTS6 CWSTE! CWSTE CWST6| WiLED | WiL60
APR | CWSTSH CWSTE| CWST6 | CWSTSE | WILSD | WiL60
MAY | CWSTSH CWSTE|{ CWSTE | CWST6E| WiILED | Wil,60
JUN | CWSTH CWSTE | CWSTE CWST6| WiILE0 | WiLG0
JIY TCWSTS8 M CWSTE| CWSTB | WilL60 Wi L 60
AUG | CWSTS6 M CWSTS6 M WiLeo | Wil,60
| SEP [CWSTs | CW,_,_30 M CWSTE | CWST6E | WiLeD | wWilLa0
| OCT [CWST6|CW__30 M CWS,T6 | CWSTE | WiLB0 | wiLaD
NOV | CWSTE |[CW__30 M CWSTE | CWSTE| WiL60 Wi,L,60
DEC | CWST6[CW, , 30 M CWSTE| CWST6E | WiL60 Wi L &0
1957 JAN CWST6 Cw__30 CWSETE| CWSTE| CWSTE| WL6ED Wi L 60
FEB CWSTG |[Cw__30 CWSTE | CWSTE| CWST6| WILG0 Wi,L,60
MAR
i Measurements Suspended for Re-installation of Equipment
oCcT
NOV | X X X X CPST30 X WilL60 | WiLs0
DEC ICPST30 CPST30|CPST30|CPST30|CPST30|CPST30| WiL80 Wi L 60
1988 | JAN CP,ST30 CPST30|CPST30|CPST30|CPST30| CPS T30 WILG0 | WiL60
FEB 'CPST30 CPST30 | CPST30|CPST30 X CPST30| WiL6E0 Wi L,60
MAR |CPST30 CPST30|CPST30|CPST3I0|CPST3I0|CPST30| WiL60 Wi L 60
APR CPS,T30 CPST30| CP,S5T,30 WiL60 | Wil 60
| MAY CPST30 WiLe0 | WiL60
Key to Data Descriptors
C  Xand Y Current Data _ Missing Data 6 6 Minute Time Step
W Vertical Current Component M Missing All Data 30 30 Minute Time Step
P  Pressure X No Bata Collected 60 60 Minute Time Step
§ Salmty Wi Wind Data
T Temperature L Water Level
tab3-1 xls Final Summary 9/28/99 9 28 AM KEM FPBS&J



4.0 THE HYDROGRAPHIC ENVIRONMENT

In the Laguna Madre, the hydrodynamic parameters wind, water level, and current are closely
related, and to a great extent the hydrographic environment can be characterized by their behavior. Wind
exerts a direct stress on the waters of the Laguna creating a current, whose integrated effect tn moving water
about results in altered water levels Water level 1s also influenced by the variation of water level in the Gulf
of Mexico communicated to the Laguna Madre through the inlets. This Gulf water-level varation, in turn,
may origmate from the astronomical tide 1 the Guif or from the action of wind (and, to a lesser extent,
atmospheric pressure gradients) on the sea surface. In addition, the hydrographic parameters of temperature
and salinity are important, because together they determine water density, which has a direct hydrodynamic
effect, and analynically because they identify water masses, and can allow nference of transport and mixing
processes Current velocity is the central hydrographic variable for this study, because 1t is the primary
mechamsm 1 the suspension, transport and settling of sediment. As noted in Chapter 2, it is also the major
parameter upon which the field measurements were focused For this reason, the current data from ths
study are considered separately in the following chapter. In this chapter, the behaviors of wind, water level,
and water characteristics of temperature and salinity, as mferred from the data records, are presented for
the 1994 to 1998 monitoring period

41 WIND

Wind 1s a forcing function It has both a direct and an indirect effect on currents, thence on
sediment transport. The direct effect of wind is local production of currents, through exertion of a stress
at the water surface. There 15 a spectrum of scales of current response to wind stress. At the smallest space-
time scales, the effect of wind stress is manifested in the production of short period capillary and gravity
waves With increasing wind speeds, these overtop and break, creating intense patchy turbulence distributed
through the water column and contributing to the vertical mixing of parameters, includmg suspended
sediment This turbulence also extends to the bottom m shallow systems like the Laguna Madre, directly
mobilizing sedmment particles from the bed. Numerous investigations in shallow-water systems sunilar to
Laguna Madre suggest that wind-generated waves are a dominant mechanism for resuspension of sediment
1 these environments (e.g., Ward, et al , 1984, Pejrup, 1986, Onuf, 1994, and Schoelthamer, 1995).

At larger space-time scales, wind stress forces a direct current resulting 1n movement of water
(and any materials in suspension or solution). Under a sustained wind, this stress-mduced movement
produces depletion and accumulation of water volume mamfested as changes 1n water level across the
Laguna, referred to as denivillation, or, more colloquially, "set up” and "set down". A sudden change n
wind in exther speed or direction (or both) results n a corresponding movement of water and variation in
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the water level. Frontal passages, in particular, produce rather sudden, and frequently dramatic water level
responses (see below)

Indirect effects on currents and water level in the Laguna Madre can be summarized as the
response of the Laguna to direct effects of wind on adjacent waterbodies. The larger the surface area of the
waterbody (more specifically, the larger the fetch) and the shallower the depths, the greater the response to
wind stress, and therefore the greater the potential for the resultant change in water level to affect the
Laguna, The filter through which this effect is passed 1s the inlet(s) connecting the Laguna and the adjacent
waterbody The Guif of Mexico is the most important such adjacent waterbody, but Corpus Christi Bay and
Baffin Bay can be mmportant in local regions of the Laguna Madre. Ward (1997) and references therein
discuss the mechamcs of a co-oscillating bay in communication with a larger waterbody through a narrow
mlet, and likens the response of the bay to a stilling well, in the way that longer period variations pass
through the mlet, but shorter period variations are filtered out.

To a first approximation, the wind regime m the Texas coastal zone can be characterized as
a sustamed onshore flow from the Gulf of Mexico modulated by the sea-land breeze circulation, and
interrupted by frontal passages. The seabreeze cycle 1s a solenoidal circulation produced by the diurnal
variation in density of the lower atmosphere resulting from the surface temperature differential of the land
and sea (Ward, 1997). It is ultumately caused by the difference in thermodynamics of sea water and land
surface, and 1s most pronounced along their boundary, i.e. the coastline. In the coastal zone itself, the
seabreeze 1s manifested as a diurnal variation in wind velocity superposed on the normal onshore flow from
the Gulf of Mexico. The famliar freshening of winds m the afternoon and the mncrease of short-crested
windwaves (chop) are well-known features of summer hydrography in these bays attending the seabreeze
Although a seabreeze circulation 1s capable of being developed at any time 1n the year when conditions are
favorable, the best conditions are under intense msolation in quiescent synoptic conditions when the onshore
flow 1s weak. Thus, the seabreeze is best developed in conditions typical of summer. There is an mertial
lag of the solenoidal circulation behind the daily change 1s sea-air temperature difference, and as the
solenoidal circulation develops, the rotation of the earth (the Corolis acceleration) produces a longshore
component that turns the seabreeze component clockwise (Ward, 1997).

Two TCOON wind stations were selected to characterize wind climatology m the Lower and
Upper Laguna Madre regions, respectively the Arroyo Colorado and South Bird Island anemometers. The
selection was based upon period of record available, sitnation of the anemometer station as central as
possible 1n the region, and minumal mnterfering structures (such as a barrier 1sland) Tabulated in tables 4-1
and 4-2 are the frequencies of occurrence, mean, and standard deviation of the wind speed at Arroyoe
Colorado and S Bird Island, respectively. In the statistics of tables 4-1 and 4-2, zero values are identified
as calms, and represent a separate category of wind speed. Some of the months exhibit an anomalously high
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FREQUENCY, MEAN AND STANDARD DEVIATION OF WIND SPEED AT ARROYQ COLORADO
Frequency of Occurrence (%) for Wind Speed (mv/s) E_?ﬁge

TABLE 4-1

t

Wind (m/s)

|

Month |~ oim | 0-<3 | 3-<6 | 6-<8 | 9-<12 | »=13 | *Data | #Missng o s
09/94 | 35 30.5 255 194 11 00 1 712 8 40 22
004 | 21 119 363 374 119 04 | 720 24 59 26
11/94 | 09 85 294 420 16.7 25 | 671 45 66 27
12/84 | 3.0 242 384 273 64 06 | 627 117 1 48 27
0195 | 29 206 32.9 359 155 21 611 133 | 56, 32
02/95| 20 169 37.7 299 112 23 | 652 201 561 29
03/95 18 114 313 348 165 41| 683 61| 65, 31
04/95 | 223 55 175 265 239 44| 841 79 . 591 41
05/95 | 01 33 182 419 305 61| 738 61 80| 26
06/95 | 04 119 275 409 188 04 | 706 4 65 28
07/95 | 04 128 265 386 189 27| 697 47| 66 2.9
0895 | 13 247 398 306 35 01 | 742 2, 48| 27
0995 | 18 211 456 262 29 13 | 714 61 48] 25
10/95 | 350 144 27 1 163 48 22| 722 22 | 341 35
11/95 | 999 00 00 00 01 00| 701 191 00 03
12/95 | 450 65 214 140 711 20 | 709 3 | 35 39
0196 | 28 1.9 430 217 128 77 | 653 90 | 62 35
02/9% | 05 52 316 325 260 21| 630 86 | 71 29
03/96 | 02 82 314 374 190 39 | 649 95| 69 2.9
04/9% | 20 86 200 331 273 90 | 664 5% | 76 33
05/9% | 00 04 | 38 378 560 20 | 744 0] 91 16
06196 | 07 42 232 515 202 03] 717 3] 71 22
07/9%6 | 10 56 223 467 240 04| 732 12| 72 25
08/96 | 04 62 344 415 163 11| 723 21| 65 25
09/96 | 48 93 371 369 103 16 | 660 51 | 58 27
10/96 |39 135 327 327 133 39 | 727 17| 60 32
117961 09 88 386 346 139 32 | 682 38| 64 27
12196 | 42 215 386 247 69 21| 734 10| 53 31
0157 | 33 123 347 274 160 63 | 700 24| 63 34
02/97 | 09 82 402 371 163 33 | 662 10| 63 28
03/97 | 23 T11] 309 374 150 33 | 738 6| 64 59
04/57 | 03 53 357 340 204 43| 583 137 | 69 28
05/97 | 08 70 26 4 258 192 07 | 738 6 67 25
06/97 720

07/97 744

08/97 744

09/97 | 42 184 376 370 29 00 | 663 57 | 51 24
10/97 401 134 | 356 329 108 32 | 744 0| 58 30
1187 | 07 93 | 443 306 123 28 | 709 11| 60 27
12097 | 74 160 398 244 108 17 | 538 | 206 | 52 3.0
01798 | 18 16 422 355 82 07 | 552 182 | 56 24
02/98 14 125 201 573 116 71| 663 91 62 32
03/98 | 17 56 | 270 327 247 83 | 712 2| 74 33
04/98 | 18 64 299 36.7 231 22 | 720 0 68 2.8
05/98 | 00 18 200 537 238 07 | 735 9] 75 20
06/98 | 04 03 93 392 479 29 | 689 21| 88 20
07/98 | 03 34 22.9 503 230 01 | 739 5| 73 2.2
08/98 | 12 104 360 409 112 03 | 741 3| 60 25
09/98 {00 00 250 458 292 00| 24 0] 75 19

Tab4-1 xls Sheet] 1/14/99 12 12 PM YCS
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FREQUENCY, MEAN AND STANDARD DEVIATION OF WIND SPEED AT S. BIRD ISLAND

TABLE 4-2

Frequency of Occurrence (%) for Wind Speed (m/s) Range | wind (mvs)
Month i # Data | # Missing
Cam | 0-<3 | 3-<6 | 6-<9 | 9-<12 | >=12 | | Mean !Std Dev
09/84 34 197 609 147 11 00 | 689 21" 42 18
10/94 23 147 477 296 57 01 707 37 52 23
11/94 08 7.7 418 37.0 114 13 622 g8 61 24
12/94 3.2 167 537 201 6.2 01 708 36 48 23
01/95 37 15.7 459 254 7.9 14 630 114 51 27
02/95 34 17.0 520 194 65 16 613 59 49 26
03/95 20 109 37.7 311 156 2.6 685 59 61 30
04/95 12 104 385 375 106 1.8 680 40 61| 26
05/95 04 52 341 446 14 4 12 744 0 66 . 23
06/95 08 145 385 393 67 01 712 8 55 2.3
07/95 26 16 8 460 264 75 07 743 1 51 26
08/95 37 275 512 164 11 01 737 7 40 21
09/95 49 26.3 56 6 116 07 07 671 49 38 21
10/95 28 219 403 237 92 20 704 40 51 29
11/95 48 237 381 228 8.7 19 670 50 50 30
12/95 37 180 435 245 87 16 699 45 51 2.8
01/96 43 17 1 386 222 132 46 720 24 56 33
02/96 14 123 412 324 103 25 651 45 58 27
03/96 46 134 368 328 89 35 722 22 58 30
04/96 ! 32 131 323 363 116 34 708 12 60 31
05/96, 0O 18 14 0 694 14 8 oo 677 67 73 17
06/96 06 71 392 467 64 01 720 1] 60 21
07/96 14 89 375 451 7.2 0.0 741 3 59 2.2
08/96 09 91 50.8 335 56 01 693 51 55 21
09/96 1 41 195 475 213 63 13 686 34 48 28
10/96 | 42 192 | 394 232 85 55 715 29 53 32
11/96 © 29 83 357 367 147 17 712 8 62 28
12/96 1 136 188 366 207 81 23 707 37 45 32
01/97 | 101 i52 326 233 127 61 656 88 56 37
02/97 37 14 3 367 309 130 14 622 50 57 2,9
03/97, 57 171 379 286 73 35 742 2 53 31
04/97 ¢+ 07 75 383 326 198 11 708 12 64 26
05/97 | 14 85 43 5 396 64 07 738 6 58 22
06/97| 08 83 494 357 55 1 708 12 56 21
07197 14 6.1 56 4 343 1.9 00 738 6 54 18
08/97 34 60 441 383 82 0o 619 125 57 23
09/97 ' 63 | 195 532 201 09 6o 632 88 4.2 21
10/97 . 53 | 164 | 415 280 73 15 715 29 51 28
11/97 72 153 391 277 8.9 17 704 16 52 30
12/97 | 121 199 322 237 107 14 738 6 48 33
01/98 39 164 486 248 60 03 714 30 49 24
02/98 32 169 392 283 106 18 661 11 55 30
03/98 23 g2 287 441 135 22 728 16 64 28
04/98 17 g2 403 339 13.7 13 717 3 60 26
05/98 00 29 42 4 491 586 00 729 15 62 1.8
06/98 01 21 199 572 195 1.1 699 21 74 20
07/98 03 44 392 480 82 00 735 9 62 1.9
08/98 1+ 19 99 50 8 320 52 02 618 5 53 22
Tab4-2 xls Sheet] 1/14/99 12 12 PM YCS PBS&J
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proportion of zero values. These data are as reported in the TCOON files It 1s our feeling that for some
of these months, the zeroes are, in fact, nussing values. Certamly months 10/95-12/95 at the Arroyo
Colorado must be largely missing values, as calms between 50% and 100% of the data are unrealistic
Although CBI employs a separate character as an identifier of missing data, this character was not entered
m these records Omnce we embark on the strategy of deleting zero values, we encounter the dilemma of
differentiating real zeros elsewhere n the record, and become forced to make a data-pomt by data-point
review. Rather than descend into this processing mghtmare, we mstead simply 1dentify and qualify such zero
values of wind. (Zeroes of current speed are a different matter, however, and are treated more carefully
in the data scrubbing, see Chapter 3.)

As a rule, the late summer-early fall period evidences the lowest maximum speeds, with the
wind predonunantly out of the southeast quadrant. Because of the reduced frequency of high winds, and the
nunimal fetch associated with the easterly wind direction, there is generally reduced wave energy. During
September, 1994, for example, the wind speed was predominantly less than 6 m/sec (13 mph) (80% of the
time), with wind speeds rarely exceeding 9 m/sec (20 mph) (< 1%}, and the monthly mean wind speed was
4 m/sec (9 mph)

Monthly wind roses were generated using data collected for the period from September 1,
1994, to June 30, 1998, at these two TCOON stations. Figures 4-1 and 4-2 show example monthly wind
roses for each month in 1996, for the Lower Laguna (Arroye Colorado) and Upper Laguna (S Bird Island),
respectively The entire suite of monthly wind roses are provided in Appendix WR. Note that the wind
directions associated with these wind roses are reversed from thewr usual convention, that 1s, they are defined
here as the direction to which the wind 1s blowing (“blowing toward”) instead of the direction from which
the wind blows (“blowmg from.”), to be more consistent with the vector character of the wind velocity.
For these displays, the wind directions were sorted into 45° bins centered on the prumary compass
directions Missing data undermunes the representativeness of a few of these years, from which individual
months had to be excluded because of missing measurements. The most complete years of data for both
anemometers together were 1995 and 1996

The prevailing SE wind 1s readily apparent at both stations. Typically, 50 cold fronts traverse
the Laguna Madre region each year (Morgan ef al., 1975) The first front of the winter season generally
traverses South Texas in late September or October Frontal passages continue through the region,
increasing in frequency during the winter months, and occurring i the spring typically through March or
April. The wind usually increases m speed from the Gulf of Mexico with the approach of the front, then
abruptly shifts to the northern quadrant with the frontal passage For example, n the 1994-1995 winter
season, the first front passed through the study area on October 8, 1994, with accompanying average wind
speeds reaching 13 m/sec (29 mph) High north wind speeds prevail for a variable period from a day to over
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a week, generally dechming in speed over time and veermng in direction These short-duration, strong wind
events figure mportantly in the mechanism for sediment resuspension and transport

The winter northerlies are more frequent at the northern S. Bird Island station than at the
southern Arroyo Colorado station While the frequency of north winds is around 10% at the former, the
prommence of the occurrence of speeds greater than 12 m/s should be noted The monthly wind roses of
figures 4-1 and 4-2 display the shift from predominantly southeasterly wind regimes to alternating
southeasterly and northerly—1 e a limodal rose—tracking the passage of seasons from summer to winter.
The prevalence of high wind speeds from the SE in May should be especially noted. This is a result of late-
spring frontal passages which enhance the normal onshore southeasterly winds, but have weak and variable
north winds so contribute little to the wind rose.

General prevailing wind conditions are presented by the anmual wind roses for separate years
m the study period. These are shown m figures 4-3 and 44, for the Lower Laguna (Arroyo Colorado) and
Upper Laguna (South Bird Island), respectively. A close inspection of tables 4-1 and 4-2 also discloses that
there is considerable year-to-year vanation, as well as substantial differences between the wind statistics m
the upper and lower segments of the Laguna, also exemplhfied graphically by figures 4-3 and 44 (Note
that the records are mcomplete for some years, so the resulting wind rose has to be appropriately
interpreted )

42 WATER LEVEL

Water level (a.k.a. “ide™ level) is the hydrodynamic variable that 1s simplest to measure, so the data base
on the Texas coast for water level 1s comparatively rich. The TCOON system, in particular, is a valuable
archive of digital water-level data, but agencies such as the USACE, National Ocean Service, U.S.
Geological Survey, Texas Water Development Board, and National Weather Service have monitored water
levels at permanent tide stations on the Texas coast for many years (the USACE, 1 particular, having done
so since the mid-Nineteenth Century).

Water-level, as a hydrodynarnie variable, 1s both a responder and a forcer Tt responds to the
movement of water due to wind stress and due to exchanges between the Laguna and adjacent waterbodies.
But spatial gradients in water level entail pressure gradients that acceleraie the water thereby producing
currents Variation in water level 15 a direct index, therefore, to currents that mobilize and transport
sediment As noted above, there 1s a spectrum of time-space scales of vanation of water level Figures 4-5
and 4-6 display the water-level time series at both TCOON stations, the Arroyo Colorado and South Bird
Island, for the entire study peried, along with low-pass 3-day shiding means At this level of compression
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FIGURE 4-1

MONTHLY WIND ROSE AT TCOON STATION - ARROYO COLORADO
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FIGURE 4-1 (Continued)
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FIGURE 4-2

MONTHLY WIND ROSE AT TCOON STATION - S. BIRD ISLAND

{WIND DIRECTIONS ARE "BLOWING TOWARD")

JANUARY, 1996 0°

data are zeros. 180°

APRIL, 1996 o°

Note: 1.38% of the
data are zeros. 180°

MARCH, 1996 0°

90° 270° 90°
Note: 4.57% of the Note: 0.56% of the
data are zeros. 180° data are zeros. 180°
Wind Speed (m/s): W>=12 #9-<12 6-<9 ¥ 3-<6 B0-<3
Fig4-02 Areas 3/1/00 12:54 PM YCS 4-9 PBS&J




FIGURE 4-2 (Continued)
MONTHLY WIND ROSE AT TCOON STATION - S. BIRD ISLAND
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FIGURE 4-3

ANNUAL WIND ROSE AT TCOON STATION - ARROYO COLORADO
(WIND DIRECTIONS ARE "BLOWING TOWARD")
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FIGURE 4-4

ANNUAL WIND ROSE AT TCOON STATION - S. BIRD ISLAND
(WIND DIRECTIONS ARE "BLOWING TOWARD")

1994 (Sep - Dec) o° 1996

90° 270°

Note: 2.49% of the Note: 3.44% of the
data are zeros. 180° data are zeros. 180°
1995 0 1997 0°

90° 270°

Note: 2.80% of the Note: 4.82% of the
data are zeros. 180° data are zeros.

1998 (Jan - Aug) 0°

Wind Speed (m/s):

%9-<12 270° [ 00°
6-<9
=3-<6 ‘ "
W0-<3 ‘
Note: 1.66% of the

data are zeros. 180°

Fig4-04 Areas 3/1/00 1:53 PM YCS 4-12 PBS&J



el¥

1,400 -

1,200 4

1,000 4

800 -

600 -

Water Levels from Unknown Datum (mm)

400 43

FIGURE 4-5

WATER LEVELS AT ARROYO COLORADO

RAW DATA

—————— 3-DAY MOVING AVERAGE

200
1/96

4/96

7/96

Fig4-5&7 Chart 5 6/30/99 9 16 AM KEM

10/96

1/97

PBS&J



vi-v

1,400 4
RAW DATA

— "= 3-DAY MOVING AVERAGE
1,200 4 '

1,000 4

800 4

600 1 I | N h

Water Levels from Unknown Datum (mm)

400 4

FIGURE 4-6

WATER LEVELS AT S. BIRD ISLAND

200 Y
1/96 4/96

Fig4-6&8 Chart 5 6/30/99 8§ 40 AM KEM

10/96

1197

PBS&J



of the tume axis, only the peak excursions in water level are discernible in the plot, but the presence of long-
period variation is clear, The coherency of these two records at these two stations for longer period
variations (weeks to months) should be especially noted

At the largest scale, beyond even the record shown i figures 4-5 and 4-6, there is a long-
period historical increase m water level along the Texas coast and in the Laguna Madre. This 1s the coastal
response to a combination of global change 1 water level on the earth (eustatic change), local changes
water level, and rising or falling (subsidence) of land. Lyles, er af. (1988) determined that , the mean water
("sea™) level at the NOS ude gauge at Port Isabel averaged over 1945-1970 is 1.29 m (4 24 ft), and averaged
over 1971-1986 1s 1.38 m (4.52 ft), mdicated the magmtude of the recent net increase in water level
Militello and Kraus {1994) estimated that over a 50-year period (1945-1994), the water level in the lower
Laguna Madre would have risen 15.5 cm (0 5 ft), and suggest that this long-term change in depth would
have mplications for Iight attennation and seagrass distribution.

In the Laguna Madre, one of the domimant variations m water level 1s the sem-annual secular
rise and fall of sea level (Smith 1978, Ward, 1997) While this 1s evident m figures 4-5 and 4-6, it is
exposed even more in a time-series of the low-pass filtered (with a cutoif period of 60 days) hourly water
levels at the respective stations, figures 4-7 and 4-8 These figures reveal a semi-annual nise and fall of sea
level of approximately 0.3 m (1 £t} within considerable interannual variation, with maximum water elevations
occurring in spring (April-May) and Fall (Cctober}, and minimum levels occurring 1n late winter (January
or February) and mud-summer (July). Various theories have been proposed to account for this variation,
mcluding seasonmal heating of the water column, chmatology of onshore versus offshore winds, and
mteraction with circulation vortices in the Gulf of Mexico, but there 1s no satisfactory physical explanation
yet proposed 'What 1s important 1s that thus very low frequency signal propagates through the mlets into the
Laguna practically without attenuation and is the mam contributor to the net annual excursion n water level
The degree of interannual variation m the long-term water level variation is displayed by the 180-day sliding
average m these figures. It will be recalled that the October 1996 fall hmgh-water recerved considerable
media attention because of water inundating part of the JFK Causeway {(an event blamed widely, and
incorrectly according to Ward, 1997, on a minor tropical storm that happened to be at large i the Gulf of
Mexico at this time.)

For shorter-pertod (higher frequency) signals than the seasonal serm-annual component, there
1s a degree of filtering upon passage of the signal from the Gulf of Mexico through the mlets. Important
(astronomical) tidal components mclude the fortnightly (~ 14 days) associated with the cycle of lunar
declation, the dmurnal (24 8 hrs) driven by the lunar day, and the semi-diurnal (12.4 hrs) of the lunar half-
day. The higher the frequency, 1 e shorter the period, the greater the degree of filtering experienced by
the signal on passing from the Gulf of Mexico into the Laguna. Moreover, the effect of frictional dissipation
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1s to further dmmnish the lugher frequency components of the tide. For this reason, the 14-day component
recerves relatively little attenuation, but the dmurnal component 1s substantially reduced, and the semi-diurnal
is nearly eliminated. Because the usual 12.4 and 24.8-hr tidal signals are so attenuated within the Laguna,
the Laguna Madre is classified as micro-tidal, with the mean tidal range varying from approximately 0 3 m
(1 ft) in the vicinity of connections with the Gulf of Mexico to a few centimeters in the mterior portions of
the Laguna.

The Year-1 fixed measurement platforms in the Lower Laguna (LLM1, LL.M2, L1 M3) were
located approximately 16 km (10 miles) north of Brazos Santiago Pass and approxmmately 35 km (22 mules)
south of Mansfield Pass. The tidal signal propagates through Brazos Santiago Pass with relatively litle
attenuation The mean diurnal tidal range 15 43 cm (1 4 ft) outside the jetties at Brazos Santiago Pass and
40 ¢m (1 3 ft) inside the pass at Port Isabel (NOAA, 1983). However, as the tidal signal propagates
approximately 27 km (17 nules) northward into the Laguna Madre, it 1s attenuated to a mean range of
approxunately 10 cm (0.3 ft) at Arroyo Colorado In contrast to Brazos Santiago, the tidal signal propagating
through Mansfield Pass is substantially attenuated by the small inlet and long, narrow channel and as a result
hittle tidal signal reaches the Laguna Madre. In the Laguna Madre at Port Mansfield the mean range 1s
approximately 7 cm (0 2 ft}. Brown and Kraus (1997) atiribute the aftenuation of the serm-drurnal signal
from Port Isabel mto the Lower Laguna as the resutt of frictional effects associated with the shallow water.
This is certainly a factor Another 1s the dynamcs of the co-oscillation of the shallow Laguna with the Gulf
of Mexico. The deep Brownsville Ship Channel throngh Brazos Santiago allows propagation of the ocean
tide to Port Isabel. The inlet filtering effect 1s really exerted across a section roughly coinciding with the
old causeway to South Padre.

Meteorological systems impose additional variation mn water level, primarily through the
effects of wind stress, which in some cases exhibit significant periodicity. Seabreeze circulations contribuie
a 24-hir component (in addition to the tidal component induced by the sun), and frontal passages, especially
during the winter, can mtroduce energy m the 3-7 day components, depending upon the season Exchange
between the embayments, the nearshore, and adjacent coastal shelf driven by meteorological forcing 1s a
domunant mechanism for these low frequency varations (Smth, 1978, Ward, 1997) In addition, local
meteorological forcing results in local set-up and set-down of the water. The magnitude of the seasonal and
low-frequency variations 1n water elevation in the study area is shown by figures 4-5 and 4-6

Ward (1997} distinguishes between two types of cold fronts, equinoctial and polar-outbreak,
which differ primarily mn the energy of the controlling synoptic system, therefore the extent to which the
contmental air behund the front overruns the Gulf of Mexico Equinoctial fronts effect a pronounced wind
shuft, but do not substantally affect water levels in the adjacent Gulf of Mexico, so their nfluence 1s largely
the direct wind stress response of the Laguna Polar outbreak fronts, primarily a phenomenon of winter,
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entail major incursions of polar air across the coastal plain and over the Gulf of Mexico, and result in the
major set-up and set-down responses characteristic of intense "northers.” From an analysis of frontal
responses of Corpus Christ1 Bay, Ward (1997) drew the following conclusions concerning frontal passage
response

] For a given front, the magnitude of water volume exchanged
between a component bay and the adjacent system (ultimately
the Gulf of Mexico) is generally greater than the internal
cross-bay transport of water,

L The cross-bay transports are about the same magnitude for
both equinoctial and polar-outbreak fronts, however, the influx
volume is much greater for the polar-outbreak fronts;

° The frontal response of the Gulf of Mexico 18 the single most
mmportant factor determining the response of the bay,

L] The frontal mnflux 1s on the same order as the great declination
tidal prism, and for the outer bays 1s generally larger than the
great-declination tidal prism;

. The time-scale of response to a frontal windshuft for the mflux
is on the order of a day' the larger responses—to polar-
outbreak fronts—take place over a longer time frame, perhaps
2-4 days.

43 FREQUENCY DOMAIN ANALYSIS OF WIND AND WATER LEVEL

To identify the pericdic components of variations in wind, as well as water level and current
(to be presented below), spectral analyses were performed for subsets of the complete time series Wind
1§ a vector quantity, but the spectrum is a scalar concept (a facile avoidance of the concept of directional
spectrum, a topic which 1s beyond the scope of this study) Spectra were computed for three scalars that
characterize the wimd velocity the two components (E-W and N-5), and the magmtude of the vector wind
(1e , the wind speed) Wind velocity time series data were grouped by study year and the spectra for each
year are presented in Figure 4-9 for the Arroyo Colorado anemometer and Figure 4-10 for South Bird Island
anemometer. The most obvious feature of these spectra 1s the prominent spike at exactly 1(cpd), i.e period
24 hours This is the signal from the seabreeze
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FIGURE 4-9
ANNUAL WIND SPEED SPECTRA AT TCOON STATION
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FIGURE 4-9 (Continued)

ANNUAL WIND SPEED SPECTRA AT TCOON STATION
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FIGURE 4-10

ANNUAL WIND SPEED SPECTRA AT TCOON STATION
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FIGURE 4-10 (Continued)
ANNUAL WIND SPEED SPECTRA AT TCOON STATION
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The annual spectra are useful as a general summary, but do not illuminate the seasonal
variation in the spectrum. To display this, the time series were grouped month-by-month and the
corresponding spectra computed. The complete set of monthly specira are presented in Appendix WF. For
present purposes, we display a representative selection For this purpose, we chose 1996, because in this
year fairly complete data sets existed for all of the hydrographic variables in both the Upper and Lower
Laguna, thereby facihtating both month-to-month continuity and intercomparisons. The monthly spectra for
the two anemometers are shown i figures 4-11 through 4-18 We note the following-

1 The seabreeze spike 1s present, but minumnal, during the winter months, increasing in
energy to maximal values m the period June - September

2 The greatest seabreeze energy is in the E-W component, i e. the component transverse
to the coastline.

3 Several lower frequency signals appear i the fall through spring period, being
maximal in wmter The periodicities of around 3 and 6 days are particularly
prominent These are the resnlt of frontal passages during the winter and equmoctial
seasons

4. Most of the energy of the frontal-passage periedicities 1s m the N-S component

Water level is subject to forcng by both wind and tides, directly and indirectly, so we
anticipate the spectrum to be complex Figures 4-19 and 4-20 display the annual spectra for 1994-1998
(That 1s, the spectra computed from the time series grouped by year, some of which, e g , 1998, are
mcomplete ) In all of these anmual spectra, there are promnent peaks at frequencies of periods of 12, 12.4,
24 and 25 5 hrs (2, 1 94, 1, and 0.94 cpd, respectively). These are power spectra  Some of the analyses
presented by Brown and Kraus (1997) are amplitude spectra The differences between the two are discussed
m Chapter 5.

Examples of monthly spectra of water levels are presented in figures 4-21 through 4-24 for
the Lower Laguna (Arroyo Colorado) and in figures 4-25 through 4-28 for the Upper Laguna (South Bird
Island). There are fewer data points tn a month so the resolution of the spectra is coarser than the annual
spectra, but the variation with season and climatology is evident. In these graphs, the same spectra are
plotted at two different scales, to better display the smaller components of their structure. The right-hand
axis 1s the expanded scale and applies to the broken curve There is a seasonal mcrease of the 24-hr
component into the summer and early fall, which 1s very prominent in the Lower Laguna. Also, at these
resolutions there 15 practically no discermble power m the semudiurnal components
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FIGURE 4-11

MONTHLY WIND SPEED SPECTRA AT TCOON STATION
ARROYO COLORADO
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FIGURE 4-12
MONTHLY WIND SPEED SPECTRA AT TCOON STATION
ARROYO COLORADO
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FIGURE 4-13
MONTHLY WIND SPEED SPECTRA AT TCOON STATION
ARROYO COLORADO
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FIGURE 4-14
MONTHLY WIND SPEED SPECTRA AT TCOON STATION
ARROYO COLORADO
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FIGURE 4-15
MONTHLY WIND SPEED SPECTRA AT TCOON STATION

SOUTH BIRD ISLAND
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MONTHLY WIND SPEED SPECTRA AT TCOON STATION

FIGURE 4-16

SOUTH BIRD ISLAND
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FIGURE 4-17

MONTHLY WIND SPEED SPECTRA AT TCOON STATION

SOUTH BIRD ISLAND
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FIGURE 4-18
MONTHLY WIND SPEED SPECTRA AT TCOON STATION
SOUTH BIRD ISLAND
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FIGURE 4-19
ANNUAL WATER LEVEL SPECTRA AT TCOON STATION
ARROYO COLORADO
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FIGURE 4-19 (Continued)
ANNUAL WATER LEVEL SPECTRA AT TCOON STATION

ARROYO COLORADO
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FIGURE 4-20
ANNUAL WATER LEVEL SPECTRA AT TCOON STATION
SOUTH BIRD ISLAND
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FIGURE 4-20 (Continued)
ANNUAL WATER LEVEL SPECTRA AT TCOON STATION
SOUTH BIRD ISLAND
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FIGURE 4-21
MONTHLY WATER LEVEL SPECTRA AT TCOON STATION
ARROYO COLORADO
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FIGURE 4-22
MONTHLY WATER LEVEL SPECTRA AT TCOCN STATION

ARROYO COLORADO
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MONTHLY WATER LEVEL SPECTRA AT TCOON STATION

FIGURE 4-23

ARROYO COLORADO
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FIGURE 4-24

MONTHLY WATER LEVEL SPECTRA AT TCOON STATION

ARROYO COLORADO
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FIGURE 4-25
MONTHLY WATER LEVEL SPECTRA AT TCOON STATION
SOUTH BIRD ISLAND
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FIGURE 4-26
MONTHLY WATER LEVEL SPECTRA AT TCOON STATION
SOUTH BIRD ISLAND
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FIGURE 4-27
MONTHLY WATER LEVEL SPECTRA AT TCOON STATION
SOUTH BIRD ISLAND
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FIGURE 4-28
MONTHLY WATER LEVEL SPECTRA AT TCOON STATION

SOUTH BIRD ISLAND
40 . 2
35 | i October, 1996
0| : o +15
§®11|. X
5 20 1 .EIE T 1
2 15 . ’
H . " e
10 - , vt +05
S NN
0 +—t o """ "'\'M ‘-" - "‘l t t g T L B 0
00 05 10 15 20 25 30 35 40
40 T 2
35 ) : November, 1996
__ 30 ' . las
e 25 | X :
£ v
E 20 - :' + 1
g 15 ] :
| 1@ -t
! 10 "y 105
i 5 -1 :: '\
0 4+ ‘ . AN HEEITRESI L R e S ——— pout- 0
00 0& 10 15 20 25 30 35 40
40 s . 2
P ' December, 1996
/A .
a0 ff . 415
a5t .. "
2 k.
5 20 - Ell' ' . +1
2 15 4 Ve '
w Vo . l:
10 ! o +05
5 DN
0 . " ; ,-‘—“"\.'.:A_f:_.. ..‘ e ‘-‘.”‘--"““ s ) I - ‘ 0
00 05 10 15 20 25 30 35 40
Frequency (CPD)
Left Axis (fully ---- - Right Axis (lower range)
Fig4-25-28 xIs 1995 9/30/99 8 02 PM KEM PBS&J

4-44



Coherency is a measure of the correlation (in the statistical sense) for frequencies i the power
spectra  Figure 4-29 shows the coherency (squared) for water level signals m the Lower Laguna (Arroyo
Colorado) and Upper Laguna (Bird Island) regions. The peaks at 1 cpd (24 hr period) evidence sea-breeze
forcing 1n both regions. The fortmghtly signal is not accurately resolved with such a short (1-month) period,
but is evident in the high coherency around 0 06 - 0.09 cpd. The source for the coherency around 0 22-
0 25 cpd (44 5 day periods) is unclear, but is probably frontal passage forcing, being larger and broader
in the January data than in the June data.

The obvious conclusion is that wmd forcing 1s responsible for the 24-hr spike 1 spectral
power mn water level, This is reinforced by the coherency between wind and water level, examples for
summer 1996 at both gauges shown in figures 4-30 and 4-31. Coherency of water level with each of three
measures of wind is shown, viz the vector resultant wind, the east-west component and the north-south
component There is a prominent wide-band peak in coherency, very nearly 100%, at 1 0 cpd (24-hr
periodicity) This is manifested i both the resultant wind speed and the east-west component, which is very
nearly transverse to the coastline.

44 TEMPERATURE AND SALINITY

Two additional parameters obtained at some of the CBI stations were temperature and
conductivity, from which salinity 1s determined These two parameters are of secondary interest in so far
as the objectives of this project are concerned but do have two uses First, together these determine water
density, which n turn can be an important hydrodynamic variable, especially if either horizontal or vertical
gradients n density occur. Second, and more importantly, both temperature and salinity are, on short time
scales, essentially conservative parameters, so when gradients exist, these can serve as water mass tracers.
Thewr vertical homogeneity is an index to the intensity of vertical mixing, and time changes in their values
indicate the transport of water masses at the platform location. Of course, when there is little or no gradient,
in the horizontal or vertical, as 1s frequently the case 1n the Laguna, this utility 15 munimmzed,

Tables 4-9 and 4-10 present a summary of monthly descriptive statistics of temperature in the
two Laguna Madre segments, and tables 4-11 and 4-12 present the corresponding statistics for sality.
There 1s little unexpected 1 the temperature statstics an annual rise and fall in temperature of about 15°C,
maxima on the order of 31°C, mimma around 15°C, and a standard deviation that 15 maxmmal in the winter
months and mmimal during the summer Almost ali of the average monthly salinities i the Lower Laguna
exceed 30%oc but rarely exceed 36%o until the first three months of 1998. The uniformly low standard
deviations testify to the stability in the salimty structure during the study period. Salimties in the Upper
Laguna are somewhat higher, with monthiy average values easily exceeding 40 %o, especially during summer
1996 The high rainfall and runoff in fall 1998 sigmficantly lowered the salinities, but to a Ievel mn the mud-
20s, hardly a low salinity by estuarine standards.
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FIGURE 4-29
SQUARED COHERENCY BETWEEN SOUTH BIRD ISLAND AND ARROYO COLORADO
WATER LEVELS
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FIGURE 4-30

SQUARED COHERENCY BETWEEN WIND SPEED AND WATER LEVEL

AT ARROYO COLORADO

June, 1996

Squared Coherency

0000 0500 1000 1500 2 000 2 500

July, 19986

-

-

e ma,
LI

Squared Coherency
=
(4]
1

\[ ’ g\
' Y‘%é,

0 o000 0 500 1000 1500 2000 2 500

August, 1996

Squared Coherency
o
Lé. ]

01 )
0 0 '3 } 1 M
0000 0500 1000 1 500 2000 2 500
Frequency (CPD)
Resultant «--- - North-South East-West

Bivaniate xIs Plots47 8/2/99 1028 AM KEM
4-47

PBS&J



SQUARED COHERENCY BETWEEN WIND SPEED AND WATER LEVEL

FIGURE 4-31

AT SOUTH BIRD ISLAND
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TABLE 4.9
STATISTICS OF TEMPERATURE DATA - LOWER LAGUNA MADRE

Station LLM1 Station LLM2a/2N Station LLM3
Time Monthly Average {°C) of Daily Monthky Monthly Average (*C}) of Daily Monthly Menthly Average (°C) of Daily | Monthly
Min T Mean | Max [St Dev| Mean [St Dev| Mmn | Mean | Max [St Dev| Mean |St Dev| Min | Mean | Max |St Dev| Mean St Dev
Sep-94| 274 281 230 05 278 14
Oct-84) 238 255 26 4 05 254 24
Nov-84| 225 240 249 05 243 14
Dec-94 178 194 202 04 201 32 '
Jan-95| 154 16 2 172 05 164 27
Feb-95| 179 191 202 06 192 21
Mar-95| 134 199 209 06 199 38
Apr-85 217 230 240 05 229 23
May-95| 259 275 284 05 275 12
Jun-85| 259 287 298 06 287 12
Jul-95 284 301 311 05 302 08
Aug-95| 285| 303 313 05 303 11
Sep-95 271 290 301 06 294 21
Oct-95| 233 251 261 05 249 18
Nov-95| 190 211 220 05 213 25
Dec95( 155 73 184 06 17 4 49
Jan-96| 147 157 169 07 155 31
Feb-98 153 168 181 07 168 54
Mar-96| 159 173 189 08 17 4 34
Apr-96| 208 223 235 07 223 27
May-96 256 271 280 05 271 19
Jun-96 275 294 305 06 294 09
Jul-98 283 302 312 086 302 07
Aug-96| 277 294 304 05 204 08
Sep-96 272 288 298 05 288 19
Qct-86 240 254 253 05 254 17
Nov-96 202 218 225 04 218 27
Dec-96] 157 170 182 06 170 43
Jan-97] 131 141 153 07 148 50
Feb-97| 160 172 18 2 05 172 22
Mar-97
Apr-97
May-97
Jun-97
Jul-97
Aug-97
Sep-97
Qct-97
Nov-97
Dec-97| 181 186 193 04 187 19 174 183 194 07 180 26 149 158 173 08 156 38
Jan-98 182 190 198 05 188 12 184 193 205 07 191 14 172 181 193 06 18 1 14
Feb-98 179 194 205 06 194 15 195 201 214 06 201 06 173 189 202 06 188 17
Mar-98 162 187 158 06 185 23 188 211 26 08 211 26 132 186 199 06 188 09
Apr-88 1986 226 237 08 227 10
May-98
Tab4-9-10xis Temp 9/30/99 9 26 PM YCS PBS&J

4-49



TABLE 4-10
STATISTICS OF TEMPERATURE DATA - UPPER LAGUNA MADRE

Station ULM1 Station ULM2 Station ULM3

Time Maonthly Average (°C) of Daily Monthly Monthly Avarage (°C) of Daily Monthly Monthly Average {°C) of Dally | Monthly

Min | Mean | Max [St Dev| Mean [St Dev Min | Mean | Max [St Dev| Mean [St Dev Min | Mean | Max [St Dev | Mean |St Dev
Sep-94 !
Oct-94 i
Nov-94 210 218 228 05 218 09 1
Dec-94 146 153 162 04 152 12 14 1 152 162 05 151 10 156 162 168 03 160 12
Jan-85 134 143 158 06 143 22 137 146 159 06 144 28 146 153 162 04 153 29
Feb-95 154 170 187 07 170 18 159 174 191 08 174 20 16 4 176 187 05 176 18
Mar-95 172 187 202 o] 191 31 167 86 202 08 183 a5 170 174 187 156 121 82
Apr-85| 208 222] 233 06| 222 21| 213 230| 244 07] 230 19] 206| 225] 233 04] 222 28
May-95| 247 253 275 06 263 13 253 269 280 06 268 13 255 270 279 04 271 11
Jun-85 265 285 297 06 284 11 267 288 302 07 288 13 271 288 298 05 288 10
Jub95 279 301 320 08 301 09 280 303 7 08 303 10 282 300 310 05 300 07
Aug-95 284 304 315 05 303 10 285 304 316 06 304 11 289 3056 314 04 3085 09
Sep-95 272 291 305 07 291 25 269 251 307 [+]:] 293 27 275 282 302 05 290 26
Oct-95 224 252 262 [of:] 252 17 225 246 258 06 246 22 230 247 256 04 248 20
Nov-95 183 195 211 08 182 20 176 185 206 06 195 16 184 202 212 05 201 29
Dec-95 135 152 163 06 150 49 152 167 181 07 169 45
Jan-96 121 134 155 09 134 23 129 140 158 08 138 33 136 14 4 187 06 144 30
Feb-96 147 163 180 07 166 33 142 166 172 Q7 155 53 150 164 176 06 160 46
Mar-96 148 16 1 175 07 161 24 150 164 182 08 165 32 158 171 186 07 171 30
Apr-96 196 210 221 06 208 25 201 217 232 08 218 28 208 222 233 05 222 26
May-96 246 252 271 05 261 24 254 269 280 06 269 20 87 272 278 03 272 16
Jup-96 265 289 300 06 289 09 274 204 307 07 294 10 276 293 301 04 293 08
Julk96 274 303 317 07 302 08 243 207 318 20 298 35 249 256 311 1§ 296 32
Aug-96 270 294 306 07 294 12
Sep-96 269 289 303 07 2898 21 277 282 303 04 202 14
Oct-896 233 248 259 +]] 248 186 238 249 258 04 249 16
Nov-96 151 210 223 Q7 210 35 215 220 227 04 221 18
Dec-96 14 4 167 173 06 156 39
Jan-97 105 M7 132 08 117 40 104 117 132 08 122 49 121 132 143 05 134 47
Feb-97 131 143 154 05 143 16 14 4 167 170 06 158 20 144 157 170 06 158 20
Mar-97
Apr-67
May-97
Jun-87
Juk97
Aug-57
Sep-97
Oct-97
Nov-87 150 156 166 04 156 31
Dec-97 135 162 14 1 30 154 18 1 189 05 180 11 163 176 169 20
Jan-98 16 1 175 16 8 10 172 184 196 08 179 33 172 187 178 13
Feb-98 14 4 177 166 10 17 4 196 188 16
Mar-98 146 178 166 22 175 1891 204 06 192 31 164 204 152 15
Apr-g8] 217 235 224 11 185] 278| 239 06] 228 08
May-93 200 256 243 10

Tabd-9-10xls Temp 9/36/99 9 26 PAL YCS PBS&S
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TABLE 4-11
STATISTICS OF SALINITY DATA - LOWER LAGUNA MADRE

Station LLM1 Station LLMZ2a/i2N Station LLM3

Time Monthly Average (%) of Daily Monthly Monthly Average (%) of Daily ] Monthly Monthly Average (%) of Daily [ Monthly

Min | Mean | Max [St Dev| Mean [St Dev| Mn | Mean | Max [St Dev | Mean [St Dev| Min | Msan | Max |5t Dev| Mean |St Dev
Sep-94 354 375 384 06 3756 06 1

Oct-84| 323| 348] 357 05| 348 05 |

Nov-84( 320 338 343 03 338 03 I

Dec-94| 323 347 352 03 347 D3

Jan95| 297 309 318 05 309 12

Feb-95| 300 323 332 05 324 11

Mar-95| 300 321 328 041 320 13

Apr-93| 308 328 331 031 326 08

May-95{ 310 328 334 04 328 12

Jun95| 327 347 353 04 347 LE) i
Jukgs 338 355 3640 03| 356 08 |

Aug-95| 358 362 366 02 362 05

Sep-95| 321 387 362 04 3586 06

Oct-85 3189 343 352 05 342 19

Nov-g5| 224 256 268 k] 252 37

Dec-95| 217 241 256 098] 241 18

Jan98| 263 274 285 08 273 29
Feb-96| 282 2889 307 04 299 10

Mar-86| 327 345 353 04 345 13

Apr-96 332 352 358 04 352 10

May-96)| 337 353 357 02 353 06

Jun-96 | 341 31 371 08 361 22

Jul-86 353 378 386 06 375 15
Aug-96| 341 362 370 05 62 14

Sep-96| 332 351 3586 03 351 12

Ocl-96 265 289 299 05 288 32
Nov-96| 298 319 327 G5 3t 8 25
Dec-96| 316 337 345 05 337 15
Jan-97 322 332 340 05 332 11

Feb-97| 297 M3 N7 02 33 18

Mar-97

Apr-97

May-97

Jun-87

Jul-97

Aug-97

Sep-97

Oct-97

Now-97

Dec97| 228 236 245 06 238 08 264 275 285 07 276 16 2717 280 283 02 280 05

Jan-98 170 179 185 04 178 13 324 329 334 03 330 07 283 289 203 03 288 o8

Feb-98| 359 420 456 32 M7 51 329 335 337 01 335 02 235 254 258 04 254 13

Mar-98| 323 405 43§ 22| 408 34 298 315 318 02| M7 12 151 213 219 04 212 [t

Apr-98 262 303 3086 02| 301 22
May-98

Tab4-11-12 xIs Salmy 9/30°09 9 41 PM YCS PBS&ET
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TABLE 4-12
STATISTICS OF SALINITY DATA - UPPER LAGUNA MADRE

Station ULM1 Station ULM2 Station ULM3
Time Monthly Average (%) of Daily Monthly Monthly Average (%) of Daly | Monthly Monthly Average (%o} of Dally | Monthly
Min T Mean | Max [St Dev| Mean [St Dev| Min | Mean | Max [St Devi Mean [St Dev| Min | Mean | Max (St Dev! Mean St Dev
Sep-94 i
Oct-84 i

Nov-94{ 304 309 321 04! 309 05 |

Dec-94{ 278 287 294 63 28 4 18 334 381 396 14 378 18 384 386 383 01 3886 05

Jan-85{ 264 269 275 03] 268 27| 300} 348 368 15] 349 41 365 370 3r7 03 370 33

Feb-85{ 308 333 340 03 333 13 372 421 432 10 422 20 421 43 448 03 43 17

Mar-95| 286 304 308 03] 304 10| 344 375| 386 06| 374 16| 309 388 N7 27 260 137

Apr-95| 282 300 305 03| 300 o8 352 379 387 04) 3J79 18 350 388 392 02 388 07

May-95| 287 303 313 04| 303 08| 375 395| 402 o4 395 13| 351 374 3.2 05 373 24

Jun-85| 311 330 344 06 330 15 335 361 370 06 362 22 328 343 347 02 343 15

Jul-95 313 238 351 06 337 12 329 342 358 06 348 33 308 326 334 03 328 16

Aug-95| 331 348 354 02 348 06] 350! 373| 3sz 05 373 11 328 348 366 03 350 22

Sep-95| 330! 345 349 02 345 10 352 386 392 06 385 22 347 363 367 a2 360 16

Oct-95| 287 324 328 02 324 13| 358 379| 385 03| 378 11 365 382 385 02 381 15

Nov-85| 288| 307 320 06 311 14 358 386 390 03 386 o7 360 382 385 02 381 11

Dec-95| 292 314 324 04 314 08 360 380 354 03 380 10

Jan-96| 317; 321 327 02 321 08 389 378 380 03 375 09 377 3|2 386 02 382 o7

Feb-96| 310} 328 333 02 327 06 350 372 378 21 372 o8 361 380 385 03 380 16

Mar-96| 319! 338 343 03 339 05 391 411 416 03 412 11 390 409 415 03 409 16

Apr88| 217 341 350 05 341 16 383 N7 425 06 416 10 388 410 LE] 03 410 20

May-96| 335 357 364 03 367 14 382 404 415 0S5 404 o8 377 381 384 02 380 11

Jun-G6) 356 384 395 05 382 17 403 423 430 03 423 07 384 402 405 02 402 08

Jul-96 384 415 427 05| 415 11 402 449 466 11 448 28 373 427 440 11 427 26

Aug-96 458, 487 494 04| 487 13
Sop 96 | 438 466 480 07| 466 28 397 430 448 08 430 25
Oct-96 ] 4261 464 481 11 464 23 404 432 449 08 432 20
Nov-96 434 458 470 06 458 21 380 406| 421 07] 404 24
Dec-86 463 | 486 493 03 487 12

Jan-97| 344 353 363 05 353 17 451 476 487 13 476 27 442 457 471 08 457 45

Feb-97| 305 336 341 04 335 12 38\7 436 456 12 435 31 3B7 436 456 12 435 31

Mar-87

Apr-87

May-97

Jun-97

Jul-97

Aug-97

Sep-97

Qct-07

Nov-87 222 233] 240 05| 23z 156

Dec-97| 270 272 274 01 273 04 192 222 227 04 222 1] 243 248 252 02 248 10

Jan-98| 273 274 276 01 278 08 246 252| 289 04 252 08 248 253 258 03 253 11

Feb-98( 260) 286 290 02 287 20 220 234 238 02 234 08

Mar-98| 220) 248 253 03] 247 13| 223 242 252 06| 242 13 204 236 241 02 236 06

Apr-98 261 265 270 03] 265 25 28 276| 219 02 276 03

May-88] 218§ ] 269 a5 255 18

Tabd-11-12 xls Salinnty 9/30/99 ¢ 41 PM YCS PBS&S
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50 CURRENTS

As noted m the previous chapter, current velocity is the primary mechamsm operating m the
processes of suspension, transport and settling of sedrment. Most of the instrumentation and observational
effort of this project were directed at quantifying this vanable. In this chapter, the features of currents and
therr variations are examined from several different aspects.

51 GENERAL FEATURES OF CURRENTS IN THE LAGUNA MADRE

Currenis respond to the forcing of wind and water-level variations. As noted earhier, at the
smallest space-time scales, the effect of wind 1s manifested in the production of short period capillary and
gravity waves from the wind stress on the surface Wind waves also have associated currents, which are
augmented 1n shallow waters With increasing wind speeds, waves overtop and break, creating mtense
patchy turbulence distributed through the water column. The intense, chaotic currents which resnlt
contribute to vertical mrxmg of waterborne constituents, including suspended sedunent. This turbulence also
extends to the bottom in shallow systems like the Laguna Madre, directly mobilizing sediment particles from
the bed. At larger space-time scales, wind stress forces a direct current resulting in movement of water (and
any materials m suspension or solution) A sudden change in wind in erther speed or direction (or both)
results in a corresponding movement of water and variation 1n the water level.

Indirect effects on currents and water level in the Laguna Madre can be summarized as the
response of the Laguna to direct effects of wind on adjacent waterbodies. The larger the surface area of the
waterbody (more specifically, the larger the fetch) and the shallower the depths, the greater the response to
wind stress, and therefore the greater the potential for the resultant change n water level to affect the
Laguna The filter through which this effect 1s passed 1s the infet(s) connecting the Laguna and the adjacent
waterbody. The Gulf of Mexico 15 the most important such adyacent waterbody, but Corpus Christi Bay and
Baffin Bay can be mmportant in local regions of the Laguna Madre. Ward (1997) and references therein
discuss the mechanics of a co-oscillating bay 1n communication with a larger waterbedy through a narrow
mlet, and likens the response of the bay to a stilling well, m the way that longer period variations pass
through the inlet, but shorter period variations are filtered out.

Water-level forces currents through pressure gradients that accelerate the water. Variation
in water level is a direct mdex, therefore, to currents that mobilize and transport sediment, The nature and
sources of water-level variation were addressed i Section 4 2. One of the dormnant variations in water level
1s the semi-annual secular rise and fall of sea level (Ward, 1997). While thus is a key process 1n the large-
scale depletion and storage of water in the Laguna, it takes place over such a long time that the direct current
resulting 1s small, and impossible to resolve, even with the precision of modern sensors What is important
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about the serm-annual secular variation is that this is the main contributor to the net annual excursion in
water level, and governs the water depths, hence the effect of more dynamic short-term processes.

For shorter-period signals, there is a degree of filtering upon passage of the signal from the
Gulf of Mexico through the inlets Important (astronomical) tidal components include the fortnightly (~ 14
days), the diurnal (24.8 hrs) driven by the lunar day, and the semi-diurnal (12.4 hrs) of the lunar half-day.
The 14-day component receives relatively hittle attenuation, and propagates easily mto the Laguna, but like
the semi-annual variation, the rise and fall of water is so slow that the resulting current will be manifest, if
at all, as a background net flow, upon which more short-term variability 1s superposed. In Section 4 2, 1t
was inferred that the diurnal and semi-diurnal components of the tide are substantially attenuated within the
shallow water of the Laguna In addition to the astronomical tides, meteorological systems impose additional
variation in water level, prunarily through the effects of wind stress. Seabreeze circulations contribute a
24-hr component (i addition to the tidal component 1nduced by the sun), and frontal passages, especially
during the winter can introduce energy in the 3-7 day components, depending upon the season In addition,
local meteorological forcing results in local set-up and set-down of the water. These responses can have a
substantial effect on currents.

Unlike wind, which 1s a measure of flow m a laterally unbounded system (the atmosphere),
current depicts movernent m a bounded system. The system 1s bounded vertically, and the shallow water
(and high aspect ratio) of the Laguna confines most of the energy to the horizontal plane. The system is also
bounded laterally by shoals and shoreline, which has further confimng effects on the directions of curtent.
Also unhke wind, the current velocity sensors are much less rugged and more prone to failure, so the record
mcludes frequent data gaps For some months, only a few measurements exist, and the corresponding
statistical depictions may be significantly distorted.

An mventory and statistics of the current data are presented in tables 5-1 through 5-6, on a
monthly basis for the study period, platform by platform. The direction convention on all of these tables
and figures is that to which the current flows, which 1s the usual convention for reporting direction of a
current For purposes of this imventory, the current data 1s subdivided into several categories:

"Good" - the measurements determmed to be physically plausible and
therefore mcluded 1n the final data compilation;

"Outhers" - the measurements whose magmitudes are so large as too
be physically implausible, i e., "freak"” values, and are deleted from
the compilation;
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"Calm" - zero values of both components that occurred under
conditions (little wind, steady water levels) making such behavior
plausible, and therefore included m the final data compilation,

"Zeros" - zero values that occur m lengthy flatline episodes under
conditions unlikely for zero currents to occur, and are therefore
deleted from the compilation;

"Missing” - data records containing the CBI character entry for
"missing data"

The number of possible measurements m each month, based upon the data reporting interval
and the number of days in the month 1s the value under "Total". The number of "Good" measurements
includes the number of "Calm” The data not accounted for by these categories are the records lost to time
gaps m the data record, i.e.

TIME GAPS = TOTAL - (MISSING + ZERCS + OUTLIERS)
Therefore, the total number of missing records in the data compilation each month 1s:
MISSING + ZEROS + QUTLIERS + TIME GAPS

An important statistic in these tables 1s the monthly vector mean, given under the heading
"Mean Current,” as this is a direct measure of any net flow during that month In contrast, the magmtude
of the current vector, given under the heading "Speed” in these tables, 1s a measure of the mean energy in
the current and the variability ("turbulence") of that current is indicated by the standard deviation It 1s
noteworthy that each station exhibits a propensity for net flow that 1s fairly consistent from month to month
At both LLM1 and LLM2 there 15 a northward component in the net flow, the current at the more northerly
station (LLM]1) setting about 45 degrees more clockwise to E of N It is interesting to note that the same
net northward mean set to the current was detected in the 1980 Intensive Inflow study in this region (Ward,
1681), mterpreted as a mean wind-driven crreulation entering the Lower Laguna through Brazos Santiago
and exiting through Mansfield Pass. In the Upper Laguna, the current at Station ULM?2 does not set north-
south as one might anticipate from the geometry of the Laguna, and as 1s exlubited by ULM3 farther south,
but has a significant component directed into Baffin Bay. Station ULM1 in Corpus Christi Bay just north
of Bulkhead Flats shows predominantly westerly currents, paralleling the trend of the south shoreline and
1ts continuation along the face of the Flats.
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TABLE 5-1
STATISTICS OF CURRENT DATA FROM STATION LLM1

Date Number of Data Points Speed (cm/s) Mean Current | North-South Component (cmis} | West-East Component (cm/sL

Total | Good | Missing | Zeros | Outliers| Caim | Mean | St Dev | (cmys) [(° from N)| Max | Min | Mean | St Dev | Max | Min | Mean | St Dev

00/94 | 7,200 | 6,448 4 8 ol 7| 45| 28| 02| 2413 77| 81| 37| 25| 62| 48| 22| 18

10094 | 7,440 | 4966 | 210| 196| 0| 23| 60| 41| 02| 1704| 1| 96| 53| 49| 56| 47| 23| 27
1194 | 7200 | 6324| 47| o0 o| 61| 53| 35| 04| 2087| 90| 83| 39| 53| 66| 69| 29, 35
12194 | 7,440 | 3,200 2] n ol 13| 61| 38| o1| 2857 so| 72| 42| 81| s9| 57| se| 58
01/95 | 7,440 | 5,902 1| 31 o| 25| 85| 47| 03| 3330| 150| -123| 73| 44| 84| -82| 39| 27

02/95 | 6,720 | 717 | 5,331 5 0 61| 37| 17| 2171| 73| -111| 49| 12e| 86| -55| 34| 81

03/95 | 7,440 | 6,766 1 0 0 68| 38| 04| 39| 118| -116| 59| 56| 65| 65| 28| 33

04195 | 7,200 | 4,341 2213 o7 0 63| 23| o8| 1545| 104| -122| 55| 77| 65| 63| 24| a5
05195 | 7,440 | 2,888 4,110 10 o| 19| s6| 32| 10| 1325| 111| 92| 52| 100| 30| -51| 16| 56
06/95 | 7,200 | 6,678 59 ol o 2| 62| 35| os5| 48| 109| -95| 58| 74| 38| -46| 16| 38
o795 | 7440 | 5e72| 37| o o 14| 1| 31| 10| s09| 93| -w0| s7| 87| 33| 39| 16| 44
08/95 | 7,440 | 2,020 3,771 0 o o] eo| 27| oa| 34s59| 87| 93| 57| 149| 41| 28| 15| 74

09/95 | 7,200 | 6,114 2| 107 o| 25| 64| 34| 05| 9| 112|100 60| 2| 47| 43| 18| a5

10/95 | 7,440 | 3,439 | 2,059 0 o| 24| 74| 42| 02| e42| 120] 130| 70| 130| s4| 48| 18| 61

11195 { 7,200 | 399 | 303| o 0 83| 48| o8| 1891| 102| 96| 59| 136| 90| 67| 40| 70

1295 7.440| 0| s663| 0 o| o -

01/96 | 7,440 | 5637 | 123| o o| 10| 78| 42| o3| 19| 137] -128| 72| 43| 45| -44| 17| 13

02/96 | 6,960 | 6,713 o] o o] 4| 70| 38| 05| 330| 123|-118| 65| 54| 51, 51| 22| 19

03/96 | 7,440 | 7,277 0ol o o| 2| e9] 38| o7| 17| 116| 115 65 65| 43| -46| 18| 22

04/96 | 7,200 | 7,165 1 0 o| 8| 70| 41| 11 158 127 112| 65| 79| 45| 56, 17| 26
05/96 | 7,440 | 5609 | 1,766 © o 7| eo| 30| 15| 153| 114| 88| 56| 95| 33| 51| 13| 32
06/96 | 7,200 6,017 | 857| 15 0 3| se| 28] 11 2%66| 106| 83| 55| 96| 33| -50| 14| 32
07/96 | 7,440 | 7,362 0 0 0 5| 62| 31| 15| 154| 113| 91| 58| 93| 36| 52| 15| 31

Tab5-1-6 xis LLMI1 9/28/99 9 31 AM YCS PBS&S



o
n

TABLE 5-1 (Concluded)

STATISTICS OF CURRENT DATA FROM STATION LLM1

Date | 4Number of Data Pomts Speed (cmfs) Mean Current | North-South Component (cris} [ West-East Component (cm/s) i
Total | Good | Missing | Zeros | Outliers} Caim | Mean | St Dev | (crmi/s) |(° from N)| Max | Min | Mean | St Dev { Max | Min | Mean | St Dev
08/96 | 7,440 | 6,665 0 0 o 4f s8] 29| 11 140| 100] -98] 54| 103| 41| 53] 18| 35
09196 | 7,200 | 7,066 | 3| 3 o] 2| so| 33| o4 98| 108 -121| 56| 105| 45| 52| 15| 36
10196 | 7,440 | 7373 0 0 2| 2| 75| 44| 07| 205| 133|131 69| 113| 49| 61| 22| 40
11196 | 7,200 | 6,825 0 5 o| 2| 73| 42| o2| 3463 124| 25| e9| 125| 45| 45| 18| 43
12/96 | 7,440 | 6,678 66| 407 0| 34| 74| 42| o2| as2| 127|-3s| 71| 133| 35| 41| 14| 46
01/97 | 7,440 | 6,537 0| 868 1| es| 66| 40| o3 60| 116] -124| 64| 40| 37| -38] 10| 12
02197 | 6,720 | 6,708 o] s 2/ 10| 75| 38| 10| 193] 137| -127| 71| 56| 60| 45| 17| 19
03/97 | 7,440 1 0 0 o| o 122 122 61 192 so|
04/97 B
05/97 B
06/97 h
07/97 -
08/97 B
09/97 a
10/97 -
11197 i
12/97 | 1,488 | 365 2 0 2 o| 8o| 35| 56| a440| 127| 02| 59| 45| 64| 51| 41| 21
01/98 | 1,488 | 870 0 0 0 ol es| 30| 39| 3317 113] 55| 48] 36| 68| 41| 32| 22
02/98 | 1,344 | 1,332 0 0 0 ol 75| 29| 48] a2a9| 123| 51| 49| 45| 104| -56| 44| 34
03/98 | 1,488 | 566 0 0 ol o| se| 26| 65| a209| 124 25| e3| 78| 101] 41| 44| 60
04/98 B S ’
05/98 I B
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STATISTICS OF CURRENT DATA FROM STATION LLM2a/2N

TABLE 5-2

Date Number of Data Points Speed (cm/s) Mean Current | North-South Component (cm/s) | West-East Component (cm/s) _
Total | Good | Missing | Zeros | Outliers | Calm | Mean | St Dev | (cm/s) [(° from N)| Max | Min | Mean |St Dev | Max | Min | Mean | St Dev

08/96

00/96 | 1,440 | 1,148 0 0 0 o 27| 23| 18| 3319| 78| -a4| 31| 22| a1| 24| 17| 11
1096 | 1,488 | 1277 | 2 0 1| 40| 28| 10| 3306| 74| 48| 33| 32| 45| 27| 20| 17
11/96 | 1,440 | 1,400 0 0 o| o 44 29| 17| 3239 81| 8| 37| 40| 51| 23] 23| 23
12/96 | 1,488 | 1,408 0| 23 o| 54| 29| 28| 04| 2e88| 48| s0| 24| 47| 32| 23| 13| 27
01/97 | 1,488 ] 647 6 0 ol 16| 30] 34| 13] 1e45| 38| 68| 28| 33| 21| 23] 10| 11
02097 [ 1,344 945 0 0 o| 2| 27 23| 18 33| 62| -18| 24| 35| 17| -23| 10| 13
03/97 o
04/97 o
05/97 -
06/97 B
07/97 -
08/97 .
00/97 B
10/97 :
11197 -
12/97 | 1,488 | 927 2] o0 2| o 48| 35| 41| s278| 71| 02| 3s| 26| 60| 20 29| 28
o/98 | 1,488 | 862 o] o 0 1| 46| 34| 38| 3203] 65| -08| 30, 22| 76| -23] 33| 28
02/98 | 1,344 | 49| 851 0| 851 ol 31| 26| 26| s3232| 105| -04| 23| 95| 94| -19] 21| 118
03/98 | 1,488 | 848 2| o 2| o e7| 42| 18| s31s8] 70| 81| 47| 43| 61| 84| 48| 38
04/98 | 1,440 410 5/ o 5/ o] 99| 32| 78| a170| 104 14| e8| 68| 12|-118| 65 64
05/98 N
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TABLE 5-3
STATISTICS OF CURRENT DATA FROM STATION LLM3

Number of Data Points Speed (cm/s) Mean Current | North-South Component (cm/s) | West-East Compenent (cm/s)

Date -
Total | Good | Missing | Zeros | Outliers| Calm | Mean | St Dev | (cm/s)i(° fromN)] Max | Min | Mean |St Dev | Max | Min | Mean | St Dev

08/96

09/96

10/96

11/96

12/96

01/97

02/97

03/97

04/97

15

05/97

06/97

07/97

08/97

09/97

10/97

11/97

12/97 | 1,488} 941 37 14 33 256 4 327 -1 08 15 -18| -51 -32 16

01/98 | 1,488 | 822 20 12 07 28556 20| -23; 02 13 18] 27| 06 18

02/98 | 1,344 | 1,333 24 17 06 1291 38 29 04 18 40| -22 05 23

o|lojlo|l©
olo|lo|o
clo|o|o
Qoo

03/98 ] 1,488 229 35 11 30 933 28 18 02 16 46 03 30 13

04/98

05/98
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TABLE 5-4
STATISTICS OF CURRENT DATA FROM STATION ULM1

Date Number of Data Peints Speed (cm/s) Mean Current | North-South Component {(cm/s) | West-East Component (cmls)i
Totat | Good | Missing | Zeros | Outliers| Calm | Mean | St Dev | (cm/s)|{° from N)] Max | Min | Mean | St Dev | Max | Min | Mean | St Dev

09/94
1094 N N T
194 7200f o0 o] 907 0 0 i o
12/94 | 7,440 51 0! 2,590 0 26| 16| 20, 1785| -04| 35| 07| 26| oo| 01| 19| 20
01/95 | 7.440 | 1,400 0| 5462 ol e2| 19| 17| 12| 178s5| 27| 38| 19| 17| 02| -02] o1 01
02/95 | 6,720 | 3,389 0ol 818 o| 18| 49| 37| 13| a3s85| 83| 38| 33| 31| 53| 65| 30| 30
03/95 | 7,440 | 6,587 o| 73 0 ol e8| 48| 11| 2r70| 72| 63| 44| ao| 81| 67| 46| 46
04/95 | 7,200 | 6,930 o| 30 o| 16| 55| 26| 34| 3156| 74| 32| 38| 48| 83| 26| 30| 50
05/95 | 7,440 | 7,438 0 0 62| 26| 48| =2814] 69| 60| 30| 53| 102 07| 49| 54
g 06195 | 7,200 | 6,574 0 0 49| 24| 36| 2790| 54| 48| 23| 59| 84| -16| 40 mv{szj
07195 | 7,440 | 6,975 0 o| o4| 51| 26| 33| 3076| 79| 40| 31| 62| 83| 30| 35| 66
08/95 | 7,440 | 6,658 0 o 32| 48| 24| 29| 2039| 63| 29| 24| e8| 71| 20| 36| 71
00/95 | 7,200 | 7,126 o| 45 0 8| 43| 21| 22| 2854 65| 44| 24| 67| 70| 32| 31 72
10/95 | 7,440 | 7,213 o| 27 o| 22| 62| 36| 35| 2676] 64| 60f 36| 75| 91| 20| 44| 77
11195 | 7,200 | 3,819 o 758 o| 25| 70| 47| 15| 3006| 89| -62| s5[ 11| 71| 48] 35| 111
12195 | 7,440 | 3,496 01,226 0! 18| 59| 34| 21| 2388| s4| 74| 41| 120| 82| -49| 36| 119
01/96 | 7,440 | 5,914 0] 941 0 58| 33| 15| 2046| 85| -52| 40| 33| 64| 48| 33| 25
02/96 | 6,960 | 5,078 0| 237 0 61, 33| 30| 3201| 85| 39| 46| 47| 72| 43| 32| 38
03/96 | 7,440 | 7,159 0 0 64| 35| 38| 2813| 66| 61| 39| 50| 99| -29| 44| 44
04/96 | 7,200 | 6,467 0 o| 48| 46| 31| 28| 3543 89| 31| 46| 61| 09| 03| 05| 47
05/96 | 7,440 | 7,195 0 1 2| 84| 22| 78| 30s0| 110; 09| 46| 62| 118 -32| 65 52
06/96 | 7,200 | 6,816 0| 384 0 1| 72| 23| so0| 2079| 82| -33| 35| 68| 108 04| 56| 61
07/96 | 7,440 | 4,079 0 0 ol 7| e8| 29| 53] 2044| 84| 48| 30| 90| 104| 07| 55| 85
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TABLE 5-4 (Concluded)

STATISTICS OF CURRENT DATA FROM STATION ULM1

Date Number of Data Points Speed (cm/s) Mean Current | North-Scuth Component (cmis) | West-East Component (cmls)_
Total | Good | Missing | Zeros | Outhers| Calm | Mean | St Dev | {cm/s) |(° from N)| Max | Mm | Mean |St Dev | Max | Min | Mean | St Dev
08/96
09/98 a
10/96 N
11/96 b
12/96 N
01/97 | 7,440 | 7,009 0 426 51 62 40 13 2983 81| 61 43 35| 81| -55| 40 29
02/97 | 6,720 | 5,717 0 798 4| 59 32| 30 2806 71| 60| 33 47| 88| -36| 43 43
03/97 a
04/97 -
05/97 N
06/97 o
07197 h
08/97 N
09/97 h
10/97 B
11797 B
12/97 | 1,488 699 2 0 2 0 83 70 26 2703 60| 60 47 42| 104 | -47 62 627
01/98 | 1,488 | 681 0 0 0 o 65 44 04 2611 46| 48 33 29| 89| 50| 50 42
02/98 | 1,344 481 0 [¢] 0 0 88 46 66 264 9 38| 69 38 46| 145| 14 72 69
03/98 | 1,488 571 0 0 o 4] 83 69 59 2906 73] 43 42 56| 128 | -23 67 o 91
04/98 | 1,440 | 1,399 1 0 1 ¢ 95 46 75 2229 -05| -106 63 65| 102| 06 57 - 66
05/98 1 1,488 | 347 0 0 0 0] 174 44| 163 1913 -96| -226| 161 138| 93| -45| 60| 138
Tab5-1-6 xls ULM! 9/28/99 9 31 AM YCS PBS&JS



0L-s

TABLE 5-5
STATISTICS OF CURRENT DATA FROM STATION ULM2

Number of Data Points

Speed (cm/s)

Mean Current

North-South Component (cm/s)

West-East Component (cm/s)

Date '_I'_otal Good | Missing, Zeros | Outhers| Calm | Mean | St Dev | (cmvs) [(° from N)| Max | Min | Mean |St Dev | Max | Min | Mean | St Dev
09/94
1004 I T o
11/94 o -
12/04 | 7440 0 02316 0 a
01/95 | 7,440 1 016,433 0 30 30| 3042 17 25
02195 | 6720 3 0| 6,396 0 31| 14| 19] 235 35| 14 18] 16
03/95 | 7,440 | 3,706 0| 2338 ol e8| 28| 27| 07| =2028| 43| 63| 19| 20| 69| 59| 16| 22
"04/95 | 7,200 | 4,807 ol 1,442 ol 247{ 39| 24| o3| 22| 77| -89| 251 26| 84| 92| 25| 29
1 05/95 | 7,440 | 4,767 0 2,410 o| 206| 25| 22| 01| =2424| 65| 64| 17| 32| 55| -51| 14| 33
06/95 | 7,200 | 5,892 0| 550 o| 44| 26| 18| 10| 2228 3s| 51| 18] 32| 49| 30| 18| 33
07195 | 7,440 | 7,440 0 0 0 5| 22 13| o1 91| 34| 44| 17| 31| 33| 28] 12| 31
" 08/95 | 7,440 | 7,375 o] o ol 4| 23] 15| 08| 2535| 32| 36, 14| 33| 52| 31| 17| 34
09795 | 7,200 | 6,609 ol 99| o| 101| 20| 15| o09| 2303| 25| 41| 13| 3| 52| 29| 14| 38
10095 | 7,440 | 5,678 o| 310 o 27 26| 19| 13| 2200| 20| 41| 19| 42| 52| 22| 16| 43
11/95 | 7,200 | 4,800 0 0 0 5| 21| 15| 04| 2439| 31| 34| 18| 47| 40| 26| 13| 48
12/95 | 7,440 | 6,440 0| 269 o 8| 20| 12| 04 2429| 28| 32| 14| 41| 35| 24| 12| 43
01/96 | 7,440 | 6,078 o] 110 o 221| 21| 18| 07| 2338 29| 40| 18| 15| 37| 25| 11| 13
02/96 | 6,960 | 6,223 ol o o 4| 26| 19| o7| =2t08| 41| 43| 21| 22| 48| 24| 13| 18
03/96 | 7,440 | 7,187 o] 3 o] 3| 30| 19| 12| 2208 31| 51| 22| 27| 49| 27| 17| 22
04/96 | 7,200 | 7,049 0 0 0 30{ 18| o0s| 2760| 48| -45| 24| 32| 49| -33| 15| 25
05/96 | 7,440 | 7,440 0 0 0 27| 14| o1| 1536 47| 4s| 21| 33| 39| 38| 14, 27
06/96 | 7,200 | 7,200 0 ) o| 10| 24| 13| 03] 1701] 38| 49| 19| 36| 32| 35 12| 29
07/96 | 7,440 | 7,438 0 0 0 8| 25| 13| 02| 1513| 41! 55| 21| 37| 29| 33 10| 30
Tab5-1-6 xis ULM2 9/28/99 9 31 AM YCS PBS&J
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TABLE 5-5 (Goncluded)

STATISTICS OF CURRENT DATA FROM STATION ULM2

Date | Iitir_ntﬂ_of I?it? Ffoﬁ: o ﬁ?p_eed (cmls)_ Mean Curre_nt_ North-South Component {cmis) | West-East Gomponerjt (im,/s),
Total | Goed | Missing ; Zeros | Outliers| Calm | Mean | St Dev | (cm/s} [(° from N)| Max | Min | Mean |St Dev | Max | Min | Mean |St Dev
08/96 | 7,440 | 7,440 0 0 0 7| 23] 14| o5 2028 37| -<4e| 19| 39| 35| 35| 12| 32
09/96 | 7,200 | 7,197 0 0 0 o| 25| 15| o3 163 48| -49] 20| 42| 42| 35| 13| 34
10/96 | 7,440 | 7,440 o] o o| 13| 31| 21| o5| 2575 41| 43| 21| 45| 53| 39| 20/ a7
11/96 | 7,200 | 7,180 0 0 0 3| 30i 17| oe| 2243| a1| «7| 22 a9 as| 37| 17| 40
12/96 | 7,440 | 6,233 o| 4s0 o| 20| 26| 17| o6| 2208 41| 42| 19| 54| 48| 34| 14| a5
01/97 | 7,440 | 7,403 o a7 o 24| 35| 28| 13| 220 46| -70| 28| 22| 62| 38| 18| 17
02/97 | 6,720 | 6,668 o| 52 0| 24 37| 24| 20| 2259| 33| 63| 25| 30| 68| 39| 24| 27
03/97 N
04/97 N
05/97 B
06/97 a
07/97 o
08/97 B
09/97 -
10197 h
1197 [ 1,440 816 2 0 2 32| 21| 14| 2816| 27| 21| o09| o9| 59 31| 28| 22
12/97 | 1,488 | 405 0 33| 17| 13| 2753| 22| 25| o8| 14| 55 31| 30| a6
01798 | 1,488 | 514 0 1 63| o97] 38| 1629 17| 93| 49| 93| 18| 57| 32| 36
02/98 i
03/98 | 1,488 | 1,055 47| 24| 29| 870| 54| 57| 29{ 36| 70| -04| 30| 68
04/98 { 1,440 | 320 0 0 35| 13| 267 02| 19| 45| 17| e7) 51| -08] 28| 123
05/98 o
Tab5-1-6 xis ULM2 9/28/99 9 31 AM YCS PBS&J
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TABLE 5-6
STATISTICS OF CURRENT DATA FROM STATION ULM23

Date B N{mbici,%t,i Pf""jf Speed (cm/s) Mean Current | North-South Component (cm/s) ;West-East Component (crrl/s)i
Total | Good | Missing | Zeros | Qutliers| Calm | Mean | St Dev | (cm/s) [(°from N)| Max | Min | Mean |St Dev | Max | Min | Mean | St Dev
09/94
10/94 | o
11/94 o N
12/94 | 7,440 5 0| 2673 o/ o| 10| o07| 04| 1128 -04| 08| o8| 05| 01| 03| 04| o4
01/95 | 7,440 5 0| 7,439 of 130 173| 97| 2368| 56| 66| 74| 65| 9] 24| 98| 168
02/95 | 6,720 | 4,140 | 2,564 16 ol 7| os| os5| 01| 3548 o9| -t2| 03| 04| 25| 10| o3| o7
03/95 | 7,440 | 4,089 9 0 13 1| 51| 52| 12 2084| 92| -135| 37| 37| 183| 92| 26| 44
04/05 | 7,200 777 0/ 1,239 ol 48| 11| 21| o2] a211| 17| 39| os| 86| 32| -15| 06| 101
05/95 | 7,440 | 6,497 | 246| © 0 48| 34| 19| 280 103] 61| 42| 46| 35[ 57| 18| 38
06/95 | 7,200 | 7,124 0 0 40| 27| 23| 155| o3| 35| 35| 52| 26| -40| 12| 37
07/95 | 7,440 | 7,051 30 0 6| 47| 32| 26| 209 95| 47| 40| 63| 26| 61| 17| 40
08/95 | 7,440 | 7,376 0 2 40| 33| 23| 13| 116| 46| 35| 70| 30| 51| 12| 41
09/95 | 7,200 | 6,338 | 185| 23 o| 50| 34| 23] 16 95| 80| -52| 31| 79| 38| -34| 10| 45
10/95 | 7,440 | 6,087 o 16 o| s8| 3e| 25{ 14| 271| 82| 56| 31| 85| 23| 42| 12| a7
11/95 | 7,200 | 7,197 1 0 0 2| 39| 28] 14 39| 94| 59| 35| 83| 34| 43| 13| a5
12/95 -
01/96 | 7,440 | 7,356 o] 75 of 18] 38l 28] o1 923| 74] 72| 32] 28] 34| 41] 13 11
02/96 | 6,960 | 6,286 0 0 0 2| 40| 27| o9 91| 86| 62| 35| 41| 35| 45| 13 17
03/96 | 7,440 | 7,343 0 0 0 2| 45| 31| 13| 239 102| 64| 40| 50| 35 56| 14, 20
04/96 | 7,200 | 7,032 0 0 o| 12| 46| 30| 17, 287 106| 71| as| 9| s52| 55| 17| 25
05/96 | 7,440 | 6,953 1 0 0 1| 36| 24| 14| s40| ss| 58| 20| 65| 27| 55| 16| 27
06/96 | 7,200 | 6,856 0 0 0 1| 38| 23| o8| ea9] 81| 70| 33| 70| 29/ 50| 14| 30
07196 | 7,440 | 7,427 0 0 ol 10| 37| 23| 14| 04| s8] 52| 31! 71| 29| 50| 15| 30
Tab3-1-6 xis ULM3 9/28/99 9 31 AM YCS PBS&J
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TABLE 5-6 (Concluded)
STATISTICS OF CURRENT DATA FROM STATION ULM3

Date Number of Data Points o Speed £cm/s) Mean Current | North-South Component (cm/s) I V_Ve_st—East Component (cm/s)_
Total | Good | Missing | Zeros | Outliers | Calm | Mean | St Dev | (em/s) |(° from N)| Max | Min | Mean |St Dev.| Max | Min | Mean | St Dev.

08/96 | 7,440 1 0 0 0 ol 18 18] 590 40 30

"09/86 | 7,200 | 6,839 13 0 ol o| 69| 42| 55| 118| 152| 45| 65| 86| 45| -58| 18| 35

10196 | 7,440 | 6,502 0| 934 o| 14| 61| 44| 46| 40| 132] 45| 56, 98| 28| 60| 19| 40
11/96 | 7,200 | 3,434 2 0 ol s8] 35| 34| 202| 109| <9| 52| 141| 30| 45| 17| 57
12/96 | 7,440 | 1,769 0 0 49, 34| 28 193] 74| 50| 44| 199| 21| 35| 15| 80
01/97 | 7,440 | 7,393 0 0 3| s8] 47] 33 186 123] 67| 51| 48| 37| 57| 21 17
02/97 | 6,720 | 6,668 o| &2 o| 24| 37| 24| 20| 2259| 33| 63| 25| 53| 68| -39 24| 27
03/97 -
04/97 -
05/97 B
06/97 o
07/97 -
08/97 -
09/97 7
10/97 )
11197
12/97 | 1488 | 504 2 0 2 o| so| 19| 37| 8s4a| aa] 49| 27| 24| ez2| 11| 37| 13
o1/98 | 1,488 | 1,178 0 0 0 of 47| 25| 30| sre| 74| 50| 30 28] 61] 04| 31 15
02/98 | 1,344 | 1,104 2 0 2 ol e2| 31| a7| 1a7| e7] 37| 38| 44| 78] 12] 43| 25
03/08 | 1488 | 425 0 0 0 ol s9] 27| 42| 10s0| 85| 52| 36| 78| 70| o8| 40| 44
04/98 :
05/98 h

Tab5-1-6 xlIs ULM3 9/28/99 9 31 AM YCS PBS&J



52 THE CURRENT VECTOR

The current is a three-dimensional vector quantity, and is measured by separate determnations
of the component currents along three mutually perpendicular axes, north-south, west-east and vertical The
vertical component, if averaged sufficiently to remove the instantaneous effects of waves, 1s generally very
small compared to the horizontal components, and difficult to measure accurately The instrument packages
which re-equipped the platforms durmg the Data Set IV period excluded direct measurement of vertical
component, but substituted the measurement of pressure (which can be converted into water Ievel, a variable
that was not included m the mstrument package for Data Sets I - III).

The vertical components for Data Sets I-IT, as measured by these current meter arrays,
proved to be on the same order of magnitude as the horizontal currents Moreover, when averaged over an
extended length of time (several hours or more), the mean of the vertical component was found to differ
substantially from zero. These two facts raise much suspicion m our mind as to the vahdity of the vertical
component measurement. For this reason, little analysis was carried out of this component, and none is
presented here. Instead, we focus on the more important components, the horizontal

The raw current meter measurements are displayed graphically in two ways, as time plots and
as vector scatter plots, and statistics of currents are displayed as roses and, m the followmg section, as
spectra The time plots of component currents are the most complete display format, but also the most
difficult to interpret Plots of the north-south (u) and west-east (v) components of current are presented n
Appendix TP, with positive values indicating flow towards the north and west, respectively. The reader is
cautioned that this convention is a departure from the normal convention of designating u as positive east
and v as positive north, This convention was mitiated by the Year-1 work (Brown and Kraus, 1997,
Militello and Kraus, 1994) preserving the measurement convention employed for the platforms, and we have
elected not to change it (This convention 1s also observed m the component statistics of tables 5-1 ef seq )

As noted above, the mdividual components do not commurcate the vector character of the
current (hence examples are not shown 1n this report but are relegated to Appendix TP) Current roses and
monthly scatter plots better display the vector character of current behavior Current roses attempt to
display the statistical distributions of current vector by speed and direction on some sort of north-oriented
polar diagram There are numerous formats mn the oceanographic literature for current roses, none of which
15 completely satisfactory (which 1s why there are so many) The current roses constructed for this study
are based on sorting the data mnto 45° bins centered on the principal compass directions, and 3 cm/s bins by
speed, then displaying the relative proportion (as a percent) by colored isopleths on a polar plot, analogous
in appearance to the wind roses of figures 4-1 through 4-4.

449708991034 5-14 lw



Current roses for all of the available data collected by vears are displayed, station by station,
in figures 5-1 through 5-6. These are referred to as "annual” current roses for brevity, but for most years
at most stattons the extant data do not uniformly represent the indicated year In inspecting these graphs,
the reader should look for several features. Furst, the degree of rotational symmetry should be assessed
Some stations show a prominence of one or more directions Station LLM1, for example, exhibits a
generally bi-directional current, primarily along a N-8 axis, with some year-to-year variation. A similar
bi-directionality is evidenced for LLM2a/2N (Figure 5-2), see 1996. In contrast, Station ULM1 shows a
preferential direction to the west, see 1995 (Figure 5-4), with little compensating flow to the east. This s
diagnostic of a sigmficant average net current to the west. Second, the distribution of color 1s a direct
indicator of typical current speeds. Those roses with a prevalence of yellows and oranges mdicate generally
higher current speeds than those with a prevalence of blues. Compare, for example, the 1996 current rose
at LLM1 (Figure 5-1) with its yellow and orange coloration, with the 1995 and 1996 roses at ULM2
(Figure 5-5) dominated by blues One would infer more higher speed currents at the former than at the
latter. Third, the symmetry of coloration m these roses is unportant as well. The 1996 rose at LLMi
(Figure 5-1) 1s symmetric with respect to coloration m both directions, while the same rose at LLM2a
(Figure 5-2) shows more yellow and orange to the N and more blue to the S. Thus, at the latter there 15 an
asymmetry in speed, with currents to the north generally being higher than those to the south. Fourth, some
current roses mdicate more than one favorable axis of current movement, such as 1998 LLM2N
(Figure 5-2), a feature that will prove to be even more 1mportant when exammed on a monthly bass.

Monthly scatter plots are constructed by plotting data points representing the head of the
horizontal current vector (There 1s little pomt in producing a display like this on an annual basis, since
there would be over 50,000 data points on a single graph ) This type of display indicates the range m
speeds, and the prevalence of direction But the reader 1s cautioned that interpretation of such a display is
biased toward the higher magnitude measurements 1n the data record The lower speed measurements cluster
around the origin of the display, and are densely overplotted, so 1t is impossible to mfer any sense of relative
frequency from such a diagram (at least, when the lagh frequency measurement scheme of Data Sets I - 111
1s mvolved). A selection of example scatterplots are shown as figures 5-7 through 5-17. Here the dashed
line mdicates the orientation of the GIWW near the platform location. (Of course, some of the platforms,
such as LLM2a, are located a considerable distance from the GIWW.) The complete set of scatterplots of
the current at all stations for individual months are presented 1n Appendix CS. The corresponding current
roses (i e , for the same selection of stations and months) are shown 1n figures 5-18 through 5-28 Current
roses by month for all stations for the entire study period September 1994 through June 1998 are provided
m Appendix CR.
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FIGURE 5-1
ANNUAL CURRENT ROSE AT LLM1 STATION

1997 (Jan - Feb)

270°

1994 (Sep - Dec)

270°

peed (cm/s):

S

Current

A v bl (=]

A v v v
______
A ~- - ()] (o]

PBS&J

5-16

Fig5-01 Areas 3/1/00 2:33 PM YCS



FIGURE 5-2
ANNUAL CURRENT ROSE AT LLM2a/N STATION
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ANNUAL CURRENT ROSE AT LLM3N STATION

FIGURE 5-3
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FIGURE 5-4
ANNUAL CURRENT ROSE AT ULM1 STATION
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FIGURE 5-5
ANNUAL CURRENT ROSE AT ULM2 STATION
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FIGURE 5-6
ANNUAL CURRENT ROSE AT ULM3 STATION
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FIGURE 5-7

SCATTER PLOTS OF CURRENTS AT STATION LLM1
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FIGURE 5-8
SCATTER PLOTS OF CURRENTS AT STATION LLM1
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FIGURE §-9

SCATTER PLOTS OF CURRENTS AT STATION LLM1
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FIGURE 5-10

SCATTER PLOTS OF CURRENTS AT STATION LLM1
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FIGURE 5-11

SCATTER PLOTS OF CURRENTS AT STATION LLM2a/N
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FIGURE 5-12

SCATTER PLOTS OF CURRENTS AT STATION ULM1

July, 1995; n = 6975

October, 1995; n=7213

- 30 - 30
@ @
§ 20 § 20
2 =
5 10 4 S 104
8 g
S 0] S o0
£ g
g -10 - § -10 -
£ -20 - £ .20 4
WVl [ 5 e
z '30 T T T T T Z "30 T T T T T
30 20 1 0 -10 -20 -30 30 20 10 0 -10 -20 -30
East-West Velocity {cm/s) East-West Velocity (cm/s)
August, 1995; n = 6658 November, 1995; n = 3819
-~ 30 - 30
& 9
£ 20 § 20-
2 10 2 10
h) )
S 0 S o0
£ £
3 -0 g -10-
S ; Ghww o ; Gww
z '30 T T T T T = '30 T T T T T
30 20 10 €& 10 -20 -30 3 20 10 0 -10 -20 -30
East-West Velocity (cm/s) East-West Velocity (cm/s)
September, 1995; n = 7126 December, 1995; n = 3496 ,
v 0
§ 20- § 20-
Z 2 |
s 10 - s 104
L )
2 o0- $ oA
s £
3 -10 - 3 -10
v @
£ -20 4 £ -20 1
5 [ amw 5 '
Z '30 T T T T T z '30 T T T T T
30 20 10 O -10 -20 -30 30 20 10 0 -0 -20 -30 '
East-West Velocity (cm/s) East-West Velocity (cm/s)

Fig5-12 xls Plot 8/2/99 11 39 4AM YCS

5-27

PRS&J



FIGURE 5-13

SCATTER PLOTS OF CURRENTS AT STATION ULM1

January, 1996; n = 5914

April, 1996; n = 6467
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FIGURE 5-14

SCATTER PLOTS OF CURRENTS AT STATION ULM1

January, 1997; n = 7009 April, 1997; n=0
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FIGURE 5-15

SCATTER PLOTS OF CURRENTS AT STATION ULM2

January, 1996; n = 6078

April, 1996; n = 7049
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FIGURE 5-16

SCATTER PLOTS OF CURRENTS AT STATION ULM3

July, 1995; n = 7051

October, 1995; n = 6087
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FIGURE 5-17

SCATTER PLOTS OF CURRENTS AT STATION ULM3

January, 1998; n = 1178

April, 1998; n=0
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FIGURE 5-18
MONTHLY CURRENT ROSE AT LLM1 STATION
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FIGURE 5-19
MONTHLY CURRENT ROSE AT LLM1 STATION
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FIGURE 5-20
MONTHLY CURRENT ROSE AT LLM1 STATION
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FIGURE 5-21
MONTHLY CURRENT ROSE AT LLM1 STATION
|
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FIGURE 5-22
MONTHLY CURRENT ROSE AT LLM2a/N STATION
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FIGURE 5-23
MONTHLY CURRENT ROSE AT ULM1 STATION
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MONTHLY CURRENT ROSE AT ULM1 STATION

FIGURE 5-24
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FIGURE 5-25
MONTHLY CURRENT ROSE AT ULM1 STATION
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FIGURE 5-26
MONTHLY CURRENT ROSE AT ULM2 STATION
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FIGURE 5-27
MONTHLY CURRENT ROSE AT ULM3 STATION
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FIGURE 5-28
MONTHLY CURRENT ROSE AT ULM3 STATION
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The current roses and the current vector scatterplots are complementary plots Both attempt
to graphically communicate the general behavior of the horizontal current vector. The scatterplots preserve
all of the vector information of the individual measurements, in that each represents the exact direction and
speed of that measurement. To some extent, the distribution of the data pomts can give a visual impression
of the speed/ direction variation of the data. But, as noted above, the density of data and consequent
overplotting can obscure this display, tiasing the display toward the extreme values. This can be an
advantage in situations when a process 1s dominated by the higher speed currents, sediment mobilization and
transport bemg one such process The current rose on the other hand is a statistical summary in graphical
format, so all measurements, both low speed and high speed, are represented in the display Directional
resolution 1s reduced, because the current directions are sorted mto 45% bms centered on the principal
compass directions, and speed resolution is symilarly compromised because the data are sorted mto 3 cm/s
bms. But the display 1s more democratic than the elitist scatterplot

With these differences m mind, the reader should examme the two displays as companions
for each month/ platform n the record Current data from the fall months of 1994 at I.I.LM1 are shown as
scatterplots i Figure 5-7 and as roses in Figure 5-18 There 1s a superficial similarity to these displays in
the prominent direction of current, and its bi-directionality There are also differences The scatterplots
of November and December, Figure 5-7, are almost 1dentical However, the corresponding current roses
of Figure 5-18 are different, in that the December rose displays two favored directional axes, to the ENE
and to the NNE, m agreement with both of the scaiterplots, while the November rose shows only one
favored axis, to the NNE The second favored axis disappears from the rose display imn November because
of the predommnance of smaller current speeds in the NNE direction (which are obscured in the scatterplot
format). All of the displays agree, however, m the important fact that the predomnant direction of flow s
at a substantial crossing angle to that of the GIWW

The scatterplots of Figure 5-8 and 5-9, and the companicn roses of figures 5-19 and 5-20,
agree in the bi-directionahty of the current at LLM1 aligning generally NNE-SSW  From early 1995
(figures 5-8 and 5-19) to late 1995 (figures 5-9 and 5-20) the direction of this favored axis of motion shifts
maore to a N-S line, a shift that is better captured by the roses of Figure 5-20 than the scatterplots of
Figure 59 Early 1997 data, figures 5-10 and 5-21, mdicate a continuing slight counterclockwise turn from
the NNE axis of 1995, some of the scatterplot data indicating current even to the west of north, aligning
closely with the GIWW  Then after the gap in data (at the end of Data Set IfI), the December 1997
scatterplot shows a direction perpendicular to the GIWW. The lower current speeds, obscured i the
scatterplot, in fact set to the northwest, a fact which emerges from the current rose, Figure 5-21. If one only
looked at the scatterplot data of Figure 5-10, without the companion roses or without the earlier data, one
mught conclude that the current measurement sensors of Data Set IV were on the fritz, giving currents at
right angles to the "correct" direction However, an inspection of the previous months' data, e.g.,

449708/991034 544 m



figures 5-7 through 5-9, reveals that the crossing angle to the GTWW is in fact rather variable, and the axis
followed by the December 1997 currents has been manifested mn the past in the data from the original
sensors Notably, the data from November 1995 display both axes rather prominently, in the scatterplot
(Figure 5-9) and the current rose (Figure 5-20) The scatterplots of January and February 1995 also show
the WSW-ENE axis 1 the patterns of scatter of the higher speeds. Though the rose displays do not exhubit
it so obviously because the lower speed data align more along the N-S axis, once one has realized WSW-
ENE 1s a favored direction (perhaps after lookmg at the scatterplot), then its signature in the rose display
18 apparent as well. (The style of current rose display used in the Year-1 report, unfortunately, does not so
readily reveal such favored axes, cf. figures 4-13 and 4-14 of Brown and Kraus, 1997 )

Data from 1998 (Data Set IV) at Station LLM2N are shown as scatterplots in Figure 5-11 and
roses in Figure 5-22. The displays for March 1998 are particularly significant. This bizarre appearing
scatterplot, which 1s remforced—but less obviously—by the rose diagram of Figure 5-22, was strongly
suggestive of a measurement artifact, and triggered our close investigation of this data, discussed further
Chapter 7 below It is, in fact, not the result of an istrumentation error but evidence of a very real aspect
of the current behavior shifting from one favored axis to another. Some evidence of these same axes can
be discerned 1n the other panels, especially of the scatterplots (Figure 5-11)

The remaider of the examples of these displays are taken from the data for the Upper Laguna
momitoring program. Station ULM1 1s located in Corpus Christi Bay near the GIWW (about 400 m to the
east) and just north of the shoals of Bulkhead Flats The bayward boundary of Bulkhead Flats is well
defined, trending WNW-ESE along a line that one would construct extendmmg the south shorehne of Corpus
Christ1 Bay and curving up to the northeast to merge with the bayshore of Mustang Island Currents
following the arc of shoreline might trend WNW-ESE 1f running longshore from the west, or SW-NE if
following the curve of shoreline from Mustang Island from the east. Both of these axes are evidenced m
the data. The scatterplot for July 1995, Figure 5-12, is suggestive of the latter. The companion rose
diagram, Figure 5-23 also displays a prominent direction to the WNW, but a substantial asymmetry,
obscured mn the scatterplot, with most of the current trending to the west This same westward net current
15 seen through October 1995, Figure 5-23. By fall, an increasing southward component is evident in the
rose display. In the November data, both the scatterplot and the rose indicate bi-directional currents, but
not exactly reversing Rather the northward currents trend more due north, while the southward currents
are predominantly to the southwest. The December 1993 rose, Figure 5-23, indicates presence of both
directions i the data, viz. WNW and SW. This 1s even more evident m the plots of figures 5-13 and 5-24,
with a continued net movement to the west It 15 msiructive to compare the displays of March 1996, in the
different renderings of the scatterplot and the rose diagram. As with Figure 5-10, one seemng Figure 5-14
without the preceding figures or the compamon current roses of Figure 5-25 might be tempted to conclude
from the very different prominent directions of January-February 1997 (Data Set III with the original sensor
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technology) and of December 1997 (Data Set IV with re-equipped platforms) that an error had been made
m installing or processing the new currents In fact, even 1n the data of February 1997 there 15 evidence of
hoth of these axes of favored motion in the scatterplot (but not in the rose). These data demonstrate a very
different mode of circulation in this region of Corpus Christ: Bay i winter 1997 than exhibited previously
in the same year or mn earlier years

The current speeds mn the Upper Laguna at both Stations ULM2 and ULMS3 are lower m
general than at the other platforms, not surprisingly given the isolated, protected nature of the Upper
Laguna The lower speeds are evident in the compressed clustering of the scatterplots, Figure 5-15, and the
blue-predommance of the roses, Figure 5-26 Particularly interesting is the propensity for flow along any
of three favored axes, N-S (aligning with the main axis of the Laguna), SW-NE and NW-SE. This is
particularly evident in the scatterplot of March 1996, Figure 5-15, and the roses of May and June 1996,
Figure 5-26. The fact that ULM2 was located out from the mouth of Baffin Bay and was therefore
potentially subject to flows across the main axs of the Upper Laguna 15 doubtless part of the reason for thus
But Station ULM3, located farther south, shows flows along the N-S axis of the Laguna in summer and fall
1995, figures 5-16 and 5-26, but 1n 1998 there was considerable E-W currents transverse to the main axis
of the Laguna, figures 5-17 and 5-28 In all of these displays from ULM3, there is a net northward transport
evidenced by the current roses that 1s obscured m the scatter plots.

In summary, mmportant attributes of the current data shown by the displays include:

1) extent of bi-directionality

(2)  prevalence of noncompensating directions, indicating 2 net nonzero flow component
(3)  asymmetry in current speeds

(4) prevalence of favorable axes, versus more omnidirectional distributions

(5)  alignment with physiographic axes and/or shoreline

Attribute (3) 1s important from the standpont of inferences about sedument transport Any asymmetry i
current speeds translates to a greater capacity for mobilizing and transporting sediment by the higher speeds
Attribute {4) deserves special note. Some of these plots indicate favorable axes of motion along which the
current vectors cluster or as revealed by the directional statistics of the current rose. This is an unexpected
and 1mportant behavior relevant to the circulation of the Upper and Lower Laguna that 1s given more
analysis and discussion in Chapter 7
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5.3 FREQUENCY DOMAIN ANALYSIS

To 1dentify the periodic components of variations i current, as was done for water level and
wind in Chapter 4, spectral analyses were performed for subsets of the complete time series These were
computed on a monthly basis for the u and v components separately and for the speed of the current. The
reader is reminded that the component convention used for these data 1s unusual, being rotated clockwise
90° from the usual configuration, so that u denotes positive north and v denotes positive west. The complete
set of monthly spectra are presented in Appendix CF. Within this report, example spectra for all stations,
primarily for 1996, are shown Figures 5-29 and 5-30 display spectra for the Lower Laguna for September
1994 and June 1995, for the north-south component of the current, water level (at the Arroyo Colorado
TCOON gauge) and east-west component wind speed. These correspond to, and agree exactly with, the
graphs given m figures 4 20 and 4.23 of the Year-1 report (Brown and Kraus, 1997). These are, however,
amphinde spectra. For the purposes of this project, we consider the power (or "energy") spectrum to be
the more useful analysis (see Priestley, 1981), which are the spectra presented 1n Appendix CF and in the
remainder of this chapter. Another difference between these analyses and those of Brown and Kraus (1957)
15 that they computed a sort of directional spectrum by determuning the linear regression passing through the
scatterplot, finding the component along this regression, and computing 1ts spectrum. (No results were
presented mn their report from this analysis, however ) We have not performed this computation because
It turns out that there is no single linear regression through the scatterplot, as noted m Section 5 2 and
further discussed below in Chapter 7

A selection of such spectra for various months 1s shown for the Lower Laguna in figures 5-31
through 5-35, and for the Upper Laguna i figures 5-36 through 5-45. In these figures, separate spectra
have been computed and are presented for the individual u- and v-component currents, and for the magnitude
of the resultant, 1 e the speed of the horizontal current. Inspection of the complete set of spectra in
figures 5-31 through 5-45 leads to the following observations

(1)  There is a consistent prommnent spike at 1 O cpd, and at some of stations additional
spikes at approximately 0 93 and 1.92 cpd, with an occasional weak signal at 2 0 cpd.

(2)  The energy in the current spectrum is greatest i the Lower Laguna at LLM1 and
lowest mn the Upper Laguna, especially ULM2.

3 There 1s considerable month-to-month variation n spectra at some of these stations,
as well as year-to-year variation.

449708/991034 5-47 lw



FIGURE 5-29
AMPLITUDE SPECTRUM PLOTS
LOWER LAGUNA MADRE, SEPTEMBER 1994
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FIGURE 5-30
AMPLITUDE SPECTRUM PLOTS
LOWER LAGUNA MADRE, JUNE 1895
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FIGURE 5-31

MONTHLY CURRENT SPEED SPECTRA AT LOWER LAGUNA MADRE
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MONTHLY CURRENT SPEED SPECTRA AT LOWER LAGUNA MADRE

FIGURE 5-32
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FIGURE 5-33
MONTHLY CURRENT SPEED SPECTRA AT LOWER LAGUNA MADRE
STATION 1
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FIGURE 5-34
MONTHLY CURRENT SPEED SPECTRA AT LOWER LAGUNA MADRE
STATION 1
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FIGURE 5-35
MONTHLY CURRENT SPEED SPECTRA AT LOWER LAGUNA MADRE
STATION 2A
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FIGURE 5-36
MONTHLY CURRENT SPEED SPECTRA AT UPPER LAGUNA MADRE

STATION 1
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FIGURE 56-37
MONTHLY CURRENT SPEED SPECTRA AT UPPER LAGUNA MADRE
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MONTHLY CURRENT SPEED SPECTRA AT UPPER LAGUNA MADRE

FIGURE 5-38
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FIGURE 5-39
MONTHLY CURRENT SPEED SPECTRA AT UPPER LAGUNA MADRE
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FIGURE 5-40
MONTHLY CURRENT SPEED SPECTRA AT UPPER LAGUNA MADRE
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FIGURE 5-41
MONTHLY CURRENT SPEED SPECTRA AT UPPER LAGUNA MADRE
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MONTHLY CURRENT SPEED SPECTRA AT UPPER LAGUNA MADRE

FIGURE 5-42

STATION 3
8
January, 1996

o 6 -

k')

£

£

o

P

£

w

Energy (cm?/s%)
EN o

N
!

February, 1996

0 Tidpa |\v"¢>r)-‘w/l in%ﬁm/\l ;A. |—4-|‘-'{‘?_“?AT‘—""‘|—E-_.‘~|"‘
00 05 10 15 20 25 30 35 40
8
March, 1996
i € 4
9
g
=4
o
©
c
w 2
0 Kf=psm ‘ AN A [ — :
00 05 10 16 20 25 30 35 40
Frequency (CPD)
N-S Component - - - - - E-W Component Speed
F1g5-42-45 xls 1996 9/30/99 9 44 PM KEM PBS&J

5-61



FIGURE 5-43
MONTHLY CURRENT SPEED SPECTRA AT UPPER LAGUNA MADRE
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FIGURE 5-44
MONTHLY CURRENT SPEED SPECTRA AT UPPER LAGUNA MADRE
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FIGURE 5-45
MONTHLY CURRENT SPEED SPECTRA AT UPPER LAGUNA MADRE
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(4)  Energy m the lower frequency (longer period) portion of the spectrum is more
prominent during the winter months than in the summer, and is more prominent in the
Upper Laguna than in the Lower.

The most prominent peaks in the power spectra are at solar diurnal, and lunar drnal and
semidiurnal periods. These correspond to the seabreeze and the principal diurnal and sermdiurnal tides,
respectively. The solar dwrnal is a pure periodicity of 24 hours. A spectrum does not discriminate the
sources of a given periodicity. There are components in the astronomical tide of 24-hr periodicity, and, of
course, the seabreeze is a 24-hr period signal Both of these contribute to the spike at this period in the
spectra, but it is impossible to separate their effects from a spectral analysis alone. The lunar tidal
components are more complex. The standard elementary dynamics indicate periodicities of 24 8 hrs and
12.4 hrs, and 1f the moon revolved in a perfect circle about the earth, these would indeed result. But the
effect of an elliptical orbit whose plane crosses both those of the earth's rotation and the solar ecliptic,
combined with various additional astronomucal perturbations is to replace the sunple periodicities of 24 8
and 12.4 hours with line spectra. These are further filtered or amplified by the propagation of the tide wave
itself mteracting with the boundaries of the basin (in the present case, the Gulf of Mexico), see Pugh (1987)
On the Texas coast, the principal lunar component of period 1.076 solar days makes up the majority of the
energy 1 the lunar diurnal component Thus i Figure 5-31 et seq , the lunar diurnal component appears
closer to 0.93 cpd than the simple 24 8-hr frequency of 0 98 cpd  Lee (1997) 1n a careful spectral analysis
of observed tides m Galveston Bay found the predominant energy to be in 12.420, 23.934 and 25.819 hr
components The results of Figure 5-31 er seq. are consistent with this

Station LLM1 is located mn the center of the Lower Laguna near the GIWW, and presumably
on or near the principal tidal trajectory Both the 24-hr and diurnal tidal component are most prominent at
thus station. Station LLM2a/N, on the other hand, is in a relatively sheltered region of the Laguna, This
difference in location has a direct effect on the energy i the spectrum, there bemng much greater energy at
LLMI1, Figure 5-34, than at LLM2, Figure 5-35. (The difference 1s even more exaggerated than these plots
would suggest, because they are plotted at different scales ) No data were taken at Station LLM3.

Station ULM1, which is mn fact in Corpus Christi Bay north of Bulkhead Flats, exhibits
substantial seasonal variation m the spectra, with low-frequency components (0.2 - 0 5 cpd) appearing in
winter 1n association with frontal passages, and the 24-hr signal (1 0 cpd) becomung increasmngly prominent
mn the surnmer and early fall, figures 5-36 through 5-38 The spectra from Data Set IV, the re-equipped
program, Figure 5-38, are broader and "noisier" than these of Data Sets I-III, this is primarily due to the
resolution of the data, being 30 mins for the former and 6 mins for the latter In ULM2, i the Upper
Laguna in the mouth of Baffin Bay, the tidal comnponents are mussing, the 24-hr signal from the seabreeze
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builds steadily through the spring, Figure 5-3%9, to a maximum in July then subsides in the autumn,
Figure 5-40.

The lower frequency signals are apparent from fall through early spring, figures 5-40 and
5-41. ULM3 exhibits basically the same behavior as ULM2, except that more of the component energy is
mn the north-south (u) component, which agrees with the geometry of the Laguna at this station Iocation.

449708/991034 5-66 lw



60 SEDIMENTS AND THEIR RESUSPENSION

This chapter presents the suspended sediment and related data collected in this study. The
inferred mechamsms of resuspension are introduced and summarized, but this subject is given more detailed
treatment in the following chapter in the context of mteractions among hydrographic variables. Suspended
sediments, a k a., suspended solids, are measured by filtration as the total suspended solids (TSS), a
laboratory procedure that 1s relatively unaffected by sample handling, 1s wmexpensive and straightforward.
Probably the most important aspect of sediment in the present context 1s 1ts texture, viz. the distribution of
grain sizes.

Sediments m shallow-water environments are mobilized by currents, m turn generated by
various hydrographic or meteorological processes that inclade tidal currents, wind-driven currents, responses
of water movement to larger scale forcing by metecrology or tides, and windwave-induced currents.
Resuspension of sediment 1s site specific and dependent upon numerous factors including water depth,
bottom type (e.g., presence or absence of vegetation, sediment grain size, sediment cohesion and bottorn
configuration), and proximity to sediment sources, as well as fetch (the distance that the wind blows over
water) In shallow-water systems with fine-grained sediments, such as the Laguna Madre, wind-generated
waves are often the dominant mechamsm for sediment resuspension (Ward, er al 1984, Shideler 1984,
Pejrup 1986, Schoellhammer 1995) There are numercus practical implications of increased sediment
resuspension, which are relevant io the present project, including mcreased sediment transport resulting
shoaling of maintained channels, and increased light attenuation that may reduce available seagrass habitat
and/or production.

With respect to the latter, the presence of suspended maiter in the water column interferes
with the passage of light, thereby increasing the turbidity of the water. This provides an alternative means
of measuring suspending particulates, viz some parameter related to water turbidity. As noted mn Chapter 2,
the platform equipment for the present project ncluded an OBS-turbidimeter, to provide a virtally
instantaneous measure of turbidity. The potential of the lngh time resolution afforded by an automatic
electrometric measurement compared to the labor-intensive process of collecting a water sample for
laboratory analysis, warranted an experiment in operating the OBS Another parameter 1s the attenuation
coefficient of light, the rate constant in the exponential decline of light mtensity with depth in the water
column In the Year-1 report, Kaldy and Dunton (1996) analyze the relations between suspended sohids,
photosynthetically available radiation, and hght attenuation coefficient

In general, estuarine sediments derive from three basic waterborne sources, fluvial, httoral

and mternal re-working (Ward and Montague, 1996). In addition, there 1s an arrborne source of sediment,
referred to as aeolian, that can important in regions with strong winds and easily mobilized surface
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sediments. Fluvial describes those sediments carried into the estuary by flowing water from the land
surface, especially streams and rivers. Littoral applies to those sediments entering the estuary from the sea,
primarily from the littoral zone of the nearshore, which in turn may originate from the Inner Continental
Shelf, from the surf zone or the beach (including barrier islands). Internal reworking refers to the erosion
of the boundary and bed of the estuary, mobilizing sediments laid down in earlier time periods. Sediments
in Laguna Madre are derived from all of these sources, most important being sands and finer particulates
from the barrier island, deflation of mudflats, erosion of prehistoric sand bars, and sits and clays from
mamland drainage such as the Arroyo Colorado Shepard and Rusnak (1957) found that the surficial
sediment distribution of the study area consists of primarily sand on the eastern side of the laguna, most
probably transported from the barrier island by wind action, with the sand content (relative to silts and clays)
decreasing with distance from the barrier island In the deeper portions of the stmdy area and near the mouth
of the Arroyo Colorado, the silts and clays begin to dommate the surficial sediment distribution, (Of course,
silts and clays also onginating from the barrer island environment will be carned farther inland than sands,
so this distribution of finer inland does not unequivocally imply a fluvial source.)

Breuer (1962) observed that the turbidity in lower Laguna Madre was highly variable, an
observation with which most workers will readily agree. However, he posited that the most important factor
influencing the distribution of turbidity was the presence or absence of vegetation Breuer also found that
the turbidity was less over a sandy botiom, such as along the bay side of South Padre Island, and greater
over a silt or clay bottom, such as in the deeper portion of the study area. These observations accord
generally with the expected effect of clays and silts on light penetration together with their propensity for
bemyg easily resuspended m the water column

Once mobihized, sediments are reacily transported by currents, and the effect of suspended
sediments on light penetration produces dramatic patterns of water appearance n high-altitude imagery.
Under the right conditions, the patterns of transported sediment can be used as an indicator of current
patierns. Ward (1993) presented a dramatic example of turbidity-delineated streak Iines i Galveston Bay.
In the study area, James, ef al (1977) mnferred circulation and sediment transport patterns from satellite
imagery of suspended sediment. One of their images, showing a turbid plume to cross the GIWW 1 the
south area of the Lower Laguna Madre, was reprinted by Brown and Kraus (1997), who pointed out that
the location of this plume was in the general area of a high mamtenance-dredging reach and aligned with a
cross-channel component of current indicated by the current measurements from Data Set I. This 1s
discussed further in Chapter 7

One special process of sediment mobilization 1s that of dredging. The disruption of bed

sediment by the cutter head, and the locally intense currents associated with dredge operation, as well as
fugrtive imection of sediment nto the water colurnn when these sediments are deposited in a placement area,
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all can result in substantially higher suspended sediments in the vicinity of such dredging operations.
Unfortunately, there is very little data apphicable to the Lower Laguna to quantify the importance of such
anthropogenic sediment resuspension, compared to natural processes.

In the Year-1 report, Brown and Kraus exammed the 16-month period September 1994 -
December 1995, the period of data then available to them. The first half of this period, through April 1995,
was characterized by higher suspended solids. Dredging was known to have begun n the Lower Laguna
reach of the GIWW 1n late-Septermnber 1994 and to have been completed 1n late autumnn. Brown and Kraus
{1997) subdivided this penod into "pre-dredging” (31 August - 25 September), "dredging” (26 September -
29 Qctober), and "post-dredging” (31 August - 25 September 1995), and found significantly higher
concentrations in the "dredging” period compared to either "pre-dredging” or "post-dredgmng"” They note
that 1n the "pre-dredging” period, the concentration of suspended solids was typically less than approximately
200 mg/L. "During dredging"”, the variation in TSS increased and frequently exceeded 400 mg/L. In the
"post dredging” period, TSS returned to levels similar to those observed m "pre-dredgmg " With the larger
data base available to us, after nearly two additional years of TSS data collection, we present the TSS
variation over the study period and revisit 1ts association with dredging.

Figures 6-1 and 6-2 show the concentrations of total suspended solids in the Lower and Upper
Laguna Madre, respectively. (The complete time plots of TSS are given in Appendix TS ) The contract
periods of dredging are also shown on these same plots, based upon records of Galveston District Corps.
Several qualifications need to be registered about this information. These are the contract periods. There
is no information as to when dredgng started, when 1t ended, which end of the dredged reach the dredge
began at, or where the dredge was in the contracted reach at any point during the contract period. In the
Lower Laguna, the same dependency observed by Brown and Kraus (1997) is evident in Figure 6-1, with
higher TSS magmtudes during the dredging periods than prior to the contract or (one year) after the contract
termunated. While dredging would appear to be a factor, there are clearly other processes operating, because
the TSS magnitudes are nearly as large m spring of 1996 when no dredging was underway Brown and
Kraus (1997) noted that "a portion of the mcrease m concentration of suspended solids immediately
subsequent to dredging may be attributable to changes in the meteorological condrtions and the mcreased
frequency of passage of fronts.”

In the Upper Laguna, Figure 6-2, the data is equivocal, partly due to the fact that the contract
dredging period was not well sampled There does seem to be a propensity for extremes in TSS to occur
i January in the Upper Laguna reach, mcluding ULM1 1n Corpus Christi Bay. But there is no clear
difference between "dredging" and "post-dredging" periods
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FIGURE 6-1
TOTAL SUSPENDED SOLIDS LEVELS AT LLM STATIONS
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FIGURE 6-2
TOTAL SUSPENDED SOLIDS LEVELS AT ULM STATIONS
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TABLE 6-1

SUMMARY OF STATISTICS FOR TOTAL SUSPENDED SOLIDS

No Dredging Dredging No Dredging
LLM (pre-09/21/94) (09/21/94-11/19/94) (11/20/94-01/16/95)
Station|  Data Range No of | TSS (mg/L) Data Range No of TSS (mgiL) Data Range No of | TSS(mgiL)
Begin End |Samples| Mean |St Dev| Begn End |Samples| Mean |St Dev| Begin End |Samples| Mean |St Dev
LLM1 | 08/31/94 | 09/20/94 28 | 714 | 422 [09/21/94|11/19/94 101 | 1807 | 106 5 |11/20/9401/16/95 103 | 2146 | 1109
LLM2 | 08/31/94|09/20/94 37 | 614 | 380 [09/21/94|11/19/94 86 | 1811 | 956 |11/20/94|01/16/95 100 | 1722 | 1185
LLM2a
LLM3 | 08/31/94! 09/20/94 25 | 707 | 424 |10/02/94 | 11/19/94 71 | 1368 | 873 |11/20/94|01/15/95 92 | 1354 | 840
Dredging No Dredging
LLM (01/17/95-04/22/95) (Post-04/22/95)
Station|  pata Range No of TSS (mgiL) Data Range No of | TSS (mg/L)
Begin End |Samples; Mean [St Dev| Begin End |Samples| Mean |St Dev
LLM1 |01/17/95| 04/05/95 130 | 1911 | 1731 |04/26/95|03M19/97| 1,214 | 1057 | 896
LLM2 |01/17/95]04116/95 70 | 2559 | 1509 |05/19/95|06/04/96| 374 | 1061 | 868
LLM2a 06/04/96103/26/97| 255 | 3181 577
LLM3 |01/17/95|04/16/95 74 | 1831 | 847 [05/19/95|06/02/96| 317 | 985 | 883
No Dredging Dredging No Dredging
ULM (pre-11/19/94) (11/19/94-03/04/95) (Post-03/04/95)
Station|  pata Range No of | TSS (mglL) Data Range No of | TSS(mgiL) Data Range No of | TSS (mgll)
Begin End |Samples| Mean |St Dev| Begin End |Samples| Mean |St Dev| Begin End [Samples; Mean |St Dev
uLM1 | 11/01/94 | 1112104 24 | 324 | 180 |11/23/94|02/25/95 42 | 720 | 722 |03n2/95i02/27/97| 857 | 359 | 400
ULM2 12/30/94 | 03/04/95 29 | 1171 | 136 3 | 03/05/95]02/28/97| 1,040 | 586 | 645
ULM3 | 11/05/94| 11/18/94 28 | 1447 | 992 [11119/94|03/04i05] 114 | 837 | 503 |03/05/95|02/28107 1261 | 360 | 302
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70 INTERACTION IN THE LAGUNA MADRE

The previous chapters have presented the bare facts of data, using various statistics and tabular
and graphical displays to communicate the mformation in the measurements. The present chapter assumes
a more interpretive stance, exploring the apparent interactions among hydrographic variables, and identifying
potential canse-and-effect relationships. The ultimate goal 1s to mterpret the behavior of suspended sedsment
in the Laguna Madre, but the behavior of waves and currents are important intermediaries in pursuing this
goal. The earlier interpretations of Militello and Kraus (1994) and Brown and Kraus (1997), based upon
preliminary data holdmgs from this program, provide important precedents that in some cases are further
remforced by the newer data, and 1 some cases must be revised.

71 HYDROGRAPHIC INTERACTIONS AND SUSPENDED SEDIMENT
711 Summer Conditions

The closest approach to quiescent conditions 1n the study area occurs in the summer, when
the Laguna Madre region is relatively free of disturbances in the westerlies and the associated meteorological
perturbations. Under these conditions, the Laguna is domnated by the seabreeze As an example of the
behavior of the hydrographic factors and the resultmg turbidity, Figure 7-1 displays time series from late
June and early July 1996, for the Lower Laguna areas. On the same plot are shown time series for water
level, current speed, OBS turbidity, suspended sediment as measured by TSS, and wind speed

It will be recalled (Chapter 5) that this region is affected by the diurnal lunar tide in addition
to the seabreeze A quasi-diurnal variation 15 evident in both the water level and the current speed. Because
there are two components of nearly equal periodicity, wz 24-hr and 25-hr periods, it is difficult to
differentiate these by eye (which is why one performs a spectral analysis) Nevertheless, the essentially
diurnal variation in these parameters 1s apparent (At first glance, the current speed appears to have a strong
sermdurnal component, but this 1s an illusion Because the current speed oscillates through zero—as the
current reverses—the time plot of 1ts magmiude, viz speed, is rectified.) The vanation introduced by the
seabreeze 1s evident in the hme plot for wind speed.

Thus graph also illustrates why the OBS turbidmmeter data is not used 1n these analyses The
signal is clearly corrupted, as matters turned out due to biofouling of the sensor However, short segments
of the record do yield some useful insight. For example, in Figure 7-1 from about noon on 2 July through
5 July, a clear sermdiurnal signal in OBS turbidity emerges. This 1s coherent with the variation of current
speed, and 1s clearly due to resuspension of sediment at the race of the current. Overall, the elevated TSS
on 26-27 June and on 8-9 July appear to be most correlated with the wind, which has higher speeds and no
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FIGURE 71
LLM? WATER LEVEL, CURRENT, TURBIDITY, TSS AND WIND SPEED
DURING TIDALLY-DOMINATED FLOW
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overnight calm durmng these periods. If the mechanism is wind waves, their effects on currents are not clear,
unless it may be the increasing noise in the current record toward the end of the period shown

Figure 7-2 shows similar plots for ULM1 m lower Corpus Christi Bay. (The water level
record shown 1s that of the TCOON Packery Channel gauge, not S Bird Island ) Even though the same
wind behavior 15 manifested here, there 15 no corresponding response in the TSS values. Instead these
remain more or less 50 mg/L throughout the displayed period The current speeds here are noisier than at
LIMI1, without as clear a diurnal signal There 1s a slight increase m current speeds in the last 2 days of
the record (correlating with the increase in sustained wind speeds) but no corresponding effect on TSS.

Figures 7-3 and 7-4 display the same varniables and period for the Upper Laguna stations at
Baffin Bay and the mudflats Water level variation displays a shight diurnal compoenent, considered (from
the spectral analyses of Chapter 5) to be primanly the seabreeze effect Current speeds are small and
variable The OBS mrbidity 1s evidently buggy throughout this period, while the TSS values vacillate around
50 mg/L. At ULM2, in the mouth of Baffin Bay, there is an increase in TSS associated with the increasing
windspeeds in the last 2 days of the record.

During the plotted period of figures 7-1 through 7-4, the tidal variation i the LLM slowly
varies from a small dechination to great dechnation, back to small declnation over the 14 days plotted, as
illustrated by the range, but no correlation is evident with TSS. During this data collection period, the
moon's maximal declination was near its mummal epochal value, on 30 June, 18° 35.4', passing through
zero on 23 June (3 days before the plotted period of Figure 7-1) and 7 July. During the Data Set I pertod
treated by Brown and Kraus (1997), the maximal lunar declination was still low, around 20°.

Brown and Kraus (1997) argue that in order for bed sediments to move, the current velocity
at the bottom must exceed a certain threshold value, which they suggest should be, for a umform current and
0.15-mm sand, in the range of 10 to 20 cm/sec. Such current speeds are barely attamed in the 14-day
periods of Figure 7-1, and this during the period of maximal declination, 28 June - 4 July, say. The
turbidity and suspended solids during this period were at mummal levels showing no response at all. In fact,
in the later period plotted of 8-9 July in which the observed TSS n fact increases, the currents subside to
below this threshold. There are at least two reasons why TSS would seem to defy the specified threshold.
First, the resuspensions may be due to wind wave action, perhaps some distance from the platform, and the
suspended sediments are simply mugrating mto the platform area Second, the turbidity is probably more
influenced by silt and clay sediments rather than sands.

Based upon their analysis of Data Set I, Brown and Kraus (1997) note that tadal influence on
sedument resuspension 18 "rmunrmal," and observe that turbidity data (meaning TSS) indicate that the
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FIGURE 7-2
ULM1 WATER LEVEL, CURRENT, TURBIDITY, TSS AND WIND SPEED
DURING TIDALLY-DOMINATED FLOW
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FIGURE 7-3
ULM2 WATER LEVEL, CURRENT, TURBIDITY, TSS AND WIND SPEED
DURING TIDALLY-DOMINATED FLOW
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FIGURE 7-4
ULM3 WATER LEVEL, CURRENT, TURBIDITY, TSS AND WIND SPEED
DURING TIDALLY-DOMINATED FLOW
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astronomical tidal current in the study area 1s not of sufficient magmtude to resuspend sediment for normal
conditions. While one could bicker with the estimation of threshold of motion, this conclusion of Brown
and Kraus (1997) is certainly illustrated by the time series of figures 7-1 through 7-4. On these and
subsequent time plots, the tick marked with a date corresponds to 00 CST on that date. As noted above, all
of this data was taken under low lunar declination conditions, in that even when lunar declination was
maximal, it was still 20° or less (considerably less than the maximum possible value of 28° 40'). We may
speculate that the currents in the study area mught exceed the necessary resuspension threshold levels during
peak ebb or flood tide when the moon is at larger declinations. Although the tidal current may not be
effective 1 resuspendmng sediment, the current 1s a mecharusm for transporting sediment once it is
resuspended by some other mechamsm.

712 Winter Frontal Conditions

Hipher currents can also be produced by meteorological responses, so 1t is useful to examine
a period in which such forcing was known to be operating  This is illustrated by figures 7-5 through 7-8,
showing simular plots as above but for the periods 27 January - 9 February 1996 for figures 7-5 and 2-16
February 1996 for figures 7-6 through 7-8 {Agam, m Figure 7-6, the water-level record is from TCOON
Packery Channel, not S Bird Island.) In the plotted period of Figure 7-5, a frontal passage occurs mid-
morning on 31 January, after which winds are from the northern quadrant for the next 5 days, veering and
diminishing in speed in the last 3 days plotted. This is clearly an outbreak front (in the terrinology of
Ward, 1997), and during the next several days after the frontal passage, water levels decline monotonically
in the Lower Laguna, as shown by the upper panel. The current variations are much more extreme than the
summer case of Figure 7-1, but throughout the setdown period (1-5 February), lunar declination is falling
to zero, so that tidal effects are msignificant. Winds are sustamed at around 10 m/s. The reasons for the
strong oscillations in current speed are not clear, their period 1s irregular from 8 to 12 hours, and there 15
no associated water level oscillation (which elimmates seiching as an explanation) The TSS response 1s
dramatic, a promunent rise from the time of frontal passage to a maxumum around 250 mg/L, then declining
as winds start to subside on 5 February.

In figures 7-6 through 7-8, winds from the north prevail during the first several days of the
plotied period (due to the same 31 January front). A second, less-intense reinforcing frontal passage occurs
on 11 February. In Corpus Christi Bay, at ULM1, the currents are nerther as hagh as at ULM1 nor are the
oscillations as promunent There 18 no TSS response, the values starting out at a low of 50 mg/L and
becoming even smaller over the plotied 14-day period In the Upper Laguna Madre at Baffin Bay,
Figure 7-7, the currents are smaller yet. It should be noted that the water levels plotted, from the Bird
Island gauge, are m fact in the upper reach of the Laguna Madre It 1s well known that frontal passages
mitially move the water southward 1 the Upper Laguna, m response to north winds, then if the Guif of
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FIGURE 7-5
LLM1 WATER LEVEL, CURRENT, TURBIDITY, TSS AND WIND SPEED
DURING FRONTAL PASSAGE
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FIGURE 7-6
ULM1 WATER LEVEL, CURRENT, TURBIDITY, TSS AND WIND SPEED
DURING FRONTAL PASSAGE
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FIGURE 7-7

ULM2 WATER LEVEL, CURRENT, TURBIDITY, TSS AND WIND SPEED

DURING FRONTAL PASSAGE
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FIGURE 7-8
ULM3 WATER LEVEL, CURRENT, TURBIDITY, TSS AND WIND SPEED
DURING FRONTAL PASSAGE
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Mexico 15 set down (as 1s the case for "outbreak fronts"), the water depth throughout the Upper Laguna (and
the entire Corpus Christi system) lowers in response, see Ward (1997) Unfortunately, there is no TSS from
the ULM2 platform for this period.

The water level record plotted therefore 1s probably not strictly applicable at the current-meter
platform In the ULM3 platform farther south near the muddle ground, the currents are substantially larger
and there 15 a TSS response, albeit modest, peaking at only 100 mg/L. The fact that this peak does not
correlate with the maximum currents, which occurred about 48-hrs earlier, suggests that it is due to sediment
being carried mto the platform region from the northern end of the Upper Laguna, rather than being
sediments that are locally resuspended. It 1s noteworthy that this peak i TSS does correlate almost exactly
with a period of increased sustained wind speeds.

713 TSS and Currents

Brown and Kraus (1997) note the apparent increase in turbidity when the wind speed exceeds
approxumately 10 m/s, and argue that this is consistent with other studies conducted mn shailow wind-driven
environments with fine-gram bed sediments, citing Chesapeake Bay (Ward et al., 1984) as an example The
apparent influence of such a threshold in wind speed is also evident mn the data of figures 7-1 through 7-8.
The explanation that immediately comes to mind, and 1s offered by Brown and Kraus (1997), is that the
higher current speeds created by wind, either through frontal response or increased windwave action, are
responsible for mobilizing and resuspending the sedmments There 15 not, however, an apparent correlation
with current speeds 1 the plots of figures 7-1 ef seq

This 15 explored in the time senes of figures 7-9 through 7-12  These show, on a much more
compressed time axis, the component currents and accompanying TSS measurements for an entire year of
data. A cursory mspection of these time series reveals no clear association between current velocity and the
surges of TSS. In the spring 1996 period, there are spikes of current in the southward direction,
corresponding to frontal events, and for many of these there is a corresponding surge and recession in TSS,
but the time phasing 1s variable, and there are surges in TSS without accompanying irregularities in current

In the Lower Laguna, the April-May 1996 period shows a 60-day rise and fall in TSS with
no associated change in current magmtude There 1s, however, a more pronounced northward net
component to the current that 15 discerntble by careful mspection of Figure 7-9, also evident 1n the current
roses for these months {(Appendix CR) At ULMI, in Corpus Christi Bay, Figure 7-10, the TSS values are
generally much lower than those m the Lower Laguna (Figure 7-9), and m the time series, there are a
number of quick spikes and recessions mn TSS. These seem to be generally correlated with southward
excursions in current speed, indicating an association with frontal passages But the magmtudes of the TSS
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FIGURE 7-9
TIME SERIES OF TSS AND CURRENT COMPONENTS AT LLM1
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FIGURE 7-10
TIME SERIES OF TSS AND CURRENT COMPONENTS AT ULM1
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FIGURE 7-11
TIME SERIES OF TSS AND CURRENT COMPONENTS AT ULM2
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FIGURE 7-12
TIME SERIES OF TSS AND CURRENT COMPONENTS AT ULM3
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excursions do not correlate well with the magnitudes of the southward current excursions, and there are
southward current excursions for which a corresponding TSS surge does not occur.

In the Upper Laguna, where current speeds are generally lower, there 1s even less correlation.
In the mouth of Baffin Bay, Figure 7-11, most of the exceptional excursions in current speed seem to be in
the north-south component, but the association with TSS is not apparent. Compare, for example, the
currents for the month of July 1995 and for June 1996, which appear almost identical, yet the TSS values
for the former are substantially lower than those for the latter. As was the case m the Lower Laguna,
LLM]1, the period March-May of 1996 is one of relatively high TSS at ULM2, and some of the peaks in
TSS correspond to high currents, but others do not At the northern limut of the middle ground, ULM3, this
same period of March-May is not exceptional in TSS, see Figure 7-12, but rather 1t is the period December
1995 - January 1996 1 which the largest TSS values of the period were registered. The most prominent
feature of the currents for this period is the higher southward components, but agawn this is not a strong
association

The association between TSS and wind speed for the same time periods are shown in
figures 7-13 through 7-16 In the Lower Laguna, LLM]1, Figure 7-13, there 1s immediately evident an
association between wind speeds and TSS, viz. elevated TSS values during periods of sustained higher winds,
notably July and August 1995, and April and May 1996 There are also clear correspondences between
surges ("spikes") of TSS and spikes in wind speed, the clearest bemng for those wind spikes exceeding
12 m/s In Corpus Christi Bay, ULM, Figure 7-14, the same general association is apparent, though the
values of TSS are lower than was the case in the Lower Laguna. At this station, the clearest association is
for wind speed spikes exceeding 14 m/s.

In the interior of the Upper Laguna, as well as i Corpus Christ1 Bay at ULM]1, the TSS
values are generally higher in the late spring and summer of 1996, compared to the summer of 1995 The
wind speeds were also higher mn the later period than i the earlier The wind and TSS time series are both
spikey at ULM2, Figure 7-15, and if one hunts for correlated spikes, one can find them, but one can also
find numerous noncorrelated spikes. Clearly, the association between wind and TSS surges is complex and
murkzer at this station. If there is a causal connection, 1t would be expected to be complex at ULM2,
because this station is influenced by north-south excursions of wind and currents along the axis of the
Laguna, and east-west exchanges through the mouth of Baffin Bay. Farther south, at ULM3, the TSS 1s
somewhat more elevated and less spikey, but the association with wind 1s not at all apparent. The high TSS
period of December 1995 - January 1996 1s not associated with any remarkable difference in wind speed
variation
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FIGURE 7-13
TIME SERIES OF TSS AT LLM1 AND WIND SPEED AT ARROYO COLORADO
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FIGURE 7-14
TIME SERIES OF TSS AT ULM1 AND WIND SPEED AT S. BIRD ISLAND
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FIGURE 7-15
TIME SERIES OF TSS AT ULM2 AND WIND SPEED AT S. BIRD ISLAND
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M3 AND WIND SPEED AT S. BIRD ISLAND
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The question immediately arises whether standard statistical tests might resolve an association
between TSS and either current or wind that is indiscernible to the eye Figures 7-17 through 7-20 display
the scatterplots of current component and wind speed, each versus TSS, for the days/times for which TSS
data were taken In summary, there is no significant statistical relahon The very best relationship, between
TSS and wind speed at LLM1, produces an explained vanance of only 24% The fact that there is no
statistical relation does not mean that there is no relation, but 1if there 1s a relation, it appears to be for
"events", i e. the relation exists between the high excursions in TSS and the associated high excursions m
current or wind. Most of the time, when TSS is low, or wind and currents are normal, the noise mn their
variation is uncorrelated Since figures 7-17 et seq. plot all of the data, of which only a small minority
correspond to hydrometeorological "events”, the statistical correlation 18 nil

Generally, there seems to be an association between wind speed excursions and TSS responses
in the Lower Laguna and in lower Corpus Christi Bay It 1s tempting to posit a causal forcing of TSS
increases by the wind However, the actual mechanism by which this operates remains elusive. While
stronger wimds, especially those that accompany the passage of a front, certainly generate waves that could
resuspend fine bottom sediments, there should be some accompanying signature in the current, such as
markedly increased variance in the measurement. The precise, high-time-resolution current measurements
of this study do not correlate high currents with the increased TSS values There does seem to be an
association between the TSS spikes and the direction of the current, but this 1s weak. It seems most hkely
to us that the increases in TSS momtored at these platforms may be in response to resuspension elsewhere
in the system (perhaps in the windward shallows) and transport into the platform area by wind-driven local
circulations, so that the TSS response at a platform also depends upon the hydrometeorological “history.”

In the mterror of the Upper Laguna, i e., at stations ULM2 and ULM3, the association of TSS and currents,
as well as TSS and wind, is less evident (or, 1f one prefers, more complex).

72 PREDOMINANT CIRCULATIONS AND PREFERENTIAL TRANSPORT DIRECTIONS

In tidal waterways, the direction of current vectors at a fixed station often follows a preferred
trajectory, directed up the trajectory on the flood and down the trajectory on the ebb. Plotting the current
over a tidal cycle leads to a scattering of points along the axis of the preferred trajectory. External forcing
such as the rotation of the earth or the constramt of bathymetry or shorelines can convert thus back-and-forth
distribution mto an open curve, an elongate closed oval, referred to as the current "ellipse " Turbulence and
non-oscillatory variations contribute to scatter about this pattern, but scatterplots of current still will evidence
a preferential axis of distribution Such current ellipses are especially common in coastal and harbor
regions, and therr behavior has been analyzed for over a century in coastal engineermng. While most of the
experience has been with tidal-induced currents, any regular oscillatory variation that induces a storage and
depletion of water through exchange with the sea will create the same elliptical scatter as a tide So in the
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FIGURE 7-17
TSS VERSUS CURRENT COMPONENTS AND WIND SPEED AT LLM1
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TSS VERSUS CURRENT COMPONENTS AND WIND SPEED AT ULM1

FIGURE 7-18
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FIGURE 7-19
TSS VERSUS CURRENT COMPONENTS AND WIND SPEED AT ULM2
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TSS VERSUS CURRENT COMPONENTS AND WIND SPEED AT ULM3

FIGURE 7-20
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case of the Laguna Madre, both tides and the seabreeze oscillation could be expected to create such current
ellipses in the data This, indeed, 1s demonstrated 1t the preferred axes shown in both the scatterplots of
figures 5-7 et seq and the companion current roses of figures 5-18 et seq., addressed earlier.

Brown and Kraus (1997) presented scatterplots for Stanon LLMI similar to those of
figures 5-7 through 5-9, n which the currents seem to scatter along a preferred axis of variation that runs
approximately SSW-NNE and therefore crosses the GIWW at an acute angle. As discussed in the following
section, this 1s a potentially sigmficant observation because 1t offers an explanation of the high maintenance
dredging historically required in this reach of the GIWW, and suggests some corrective actions They
further observed that this cross-channel component corresponds to a region of shightly deeper water (depths
greater than 3 5 feet) and proposed that 1t is the direction of this bathymetric depression that forces the cross
channel current.

The more extensive current data from the complete monitormng program remforces the
propensity of currents m this region to align along an axis clockwise from S-N and therefore crossing the
GIWW at an angle This is evident m the series of scatterplots of figures 5-7 et seq. as well as the current
roses, figures 5-18 er seg  However, the actual situation proved to be more complex. The first clue to this
complexity was the scatterplot from March 1998 at LLM2, in Figure 5-11 This shows two clear axes, one
at 45° E of N and the other at 120°, nerther of which corresponds to the distribution of currents montored
earlier at this station, which tracked more along a line 20°-30° E of N The fact that this was early data
from the re-equipped platforms of Data Set IV strongly suggested that this might be a measurement artifact
or a processing error Examination of the raw data disclosed that the March 1998 record was interrupted
by a one-week outage, resuming after a service call at the platform, see Figure 7-21 The phasing of the
current components clearly changed during the outage, resulting in a different preferred axis A re-plot of
this figure, using symbols to identify the data taken before and after the outage, demonstrates the change m
current distribution, Figure 7-22, An examination of data from Station LLMI1 1 Figure 5-10, taken using
the ongmal mstrumentation (Data Set IIT) followed by the new instrumentation (Data Set IV), showed a very
different preferred axis for the former compared to the latter The former lay along a general N-S axis, the
latter along a SW-NE axis, therefore crossing the GIWW perpendicularly. This further confirmed our nitial
reaction that we were seeing a measurement anomaly

This reaction proved premature. A closer inspection of earlier monthly scatterplots from this
station disclosed evidence of these same preferred axes, though not with the clear shift from one to the other
as manifested 1n the March 1998 data Moreover, when earlier data from Station LLM1 were examined,
¢ g., November 1995 m Figure 5-9, 1t was evident that the same SW-NE axis was followed in some of the
data from that month, These measurements, from Data Set II, were made usmg the original instrumentation
This elimnated the possibility that some kind of measurement anomaly had been mtroduced with the new
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FIGURE 7-21
TIME PLOT OF COMPONENT CURRENTS AND WATER LEVEL AT LLM2, MARCH 1998
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FIGURE 7-22

SCATTERPLOT OF LLM2 CURRENTS FOR MARCH 1998, DIFFERENTIATING BEFORE AND AFTER 12-17 MARCH OUTAGE
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Data Set IV equipment Nor was this behavior confined to the Lower Laguna. In Corpus Christi Bay at
ULM1, Figure 5-14 shows a preferred axis lying SW-NE in January 1997 (original instrumentation) and
lymg WNW-ESE in December 1997 (new instrumentation). But in February 1997 (old instrumentation} both
axes are evident in the scatterplot. A careful mspection of the patterns of scatter in the scatterplots from the
Upper Laguna ULM?2 and ULM3 disclosed the same sort of behavior We carried out an extensive
examnation of the data, trying to correlate changes in current distribution from one axis to another with
service trips or instrument adjustments As service trips to each platform were made often, see
Appendix SR, there were frequent occasions when a change m current distribution occurred within a day
or two of the service visit. But there were also occasions when a change mn current distribution did not
appear to correlate at all with service calls.

As each hypothesis of a measurement or processing artifact was floated and tested, then
eliminated, we began to face the possibility that these shifts from one preferred axis to another might be a
real phenomenon A processing routine was written to read through a current data file, separating the data
into 25-hour segments and computing the normal least-squares hne through each such segment of data The
ordinary least-squares regression, which 1s known and loved by everyone, computes the straight-line that
minimizes the sum of squares of the distance between the dependent variable, u say, and the Iine at each
pomt for the mdependent variable, v. A different line is obtammed if the dependent and mdependent variables
are interchanged. The normal-least-squares line, in contrast, mimmizes the summed squares of
perpendicular distance between each data point parr, u,v, say, and the line (Madansky, 1959). Itis a
statistical fit to the principal axis of a cloud of data points. Though rarely used 1n statistics, 1t 1s exactly the
computation needed to determine this principal axis

As an example of thus analysis, we first consider the data at LEM1 for December 1994, see
Figure 5-7. Ths is cne of the data sets examined by Brown and Kraus (1997). There appear to be two
separate preferred axes, one slightly clockwise from S-N and another nearly perpendicular to the GIWW
A prelimmary inspection of these data suggested that the data shifted from one to the other around
6 December, as the plot of Figure 7-23 suggests Note that there was no servicing of the current meter
instrumentation during ths period. The slopes of the normal-least-squares straight-line fit for individual
25-hour periods are shown m Figure 7-24 The two regression lines are computed to have slopes around
15° and 70° A similar analysis for the same station a year later is shown in Figure 7-25 Virtually, the
same two axes emerge from the data. In both cases, the system seems to acquire one preferred axis,
maintaining that for 5-10 tidal cycles, then abruptly shifts to the other

The same sorts of analyses were applied to simultaneous records from ULM1 (i lower

Corpus Christ1 Bay) and ULM2 in the Upper Laguna, for July 1995, shown n figures 7-26 and 7-27, resp.
Two principal axes emerge from the analysis for both stations. These axes are not apparent at all in the
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FIGURE 7-23
SCATTERPLOT OF LLM1 CURRENTS FOR DECEMBER 1994, DIFFERENTIATING 6 DECEMBER TRANSITION
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current rose for ULM1, Figure 5-23, and they are only hinted at in the scatterplot, Figure 5-12, because the
currents vacillate between the two without any extremes in speeds to bring out preferred directions in either
format of these vector plots But the two preferred axes are clearly established by the normal-least-squares
fit. These two figures, 7-26 and 7-27, should be exanmned together There 15 a close, but not exact,
synchrony i the shifts from one axis to another The shifts on Day 187, Day 200 and Day 209 occur
together at both stations The shift at ULMI1 on Day 191 1s followed at ULM?2 three days later. While both
stations shift together on Day 200, ULM1 in Corpus Christi Bay continues to follow the (new) 50° axis,
while ULM2 immediately reverts back to the preceding 180° axis. This quasi-synchronous shifts suggest
that they are precipitated by some external forcing of the system (However, there was no obvious
hydrographic event associated with any one of these axis shifts.)

This sort of analysis is beyond the scope of the present project, so it was impossible within
the project resources to carry out such a preferred-axis determination for every month and every station in
the momtoring data record. From these few examples, we pose the following provisional observations:

(1)  There is more than one preferred axis at these platforms, presumably corresponding
to modes of circulation.

(2)  The circulation appears to be metastable, following a given preferred axis for a
number of tidal cycles, the shifting to another axis

(3)  Shifts from one axis to another are more-or-less synchronous in different regions of
the system, mdicating a large-scale systemic shift from one circulation regime to
another. The mechanisim that forces this shift is not clear from the few months of data
analyzed here.

(4) In lower Corpus Christ Bay, i e at ULM]I, one preferred axis is along a N-S
trajectory, and the other 1s along a line about 50° E of N. The former corresponds
to flow mn and out of Bulkhead Flats, while the latter roughly parallels the shoreline
(and bayward margin of Bulkhead Flats).

(5) At the mouth of Baffin Bay, 1 e at ULM2, one preferred axis 15 10° (i.e , 190°) E
of N, approximately the axis of the GIWW, and the other is 50° E of N, the directron

of the entrance to Baffin Bay.

(6)  Inthe Lower Laguna, at LLM1 there are two preferred axes, at 15° and 70° E of N,
the former bemg the one identified by Brown and Kraus (1997) from therr
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scatterplots. At least two axes are indicated at LLM2, at about 45° and 120° E of N
(based upon Figure 7-22).

Thus, there seem to be obvious physiographic constraints dictating the axes of flow 1 lower
Corpus Christi Bay and the Upper Laguna, but in the Lower Laguna, there 1s no such obvious physiographic
constraint. (This 1s addressed further in the following section) Also, the lack of a clear triggering
mechanism for the shuft from one to the other is puzzling It 1s possible that this trigger may mvolve
mteractions between the Laguna and the adjacent Guif of Mexico, and metecrology may play a role as well.
Inspection of the scatterplots and current roses of Chapter 5 (as well as the appendices) make 1t clear that
some fundamental shift in the circulation of the system occurred in the monitoring hiatus between the
termination of measurements with the original instrumentation (Data Set III) and their resumption with the
new instrumentation (Data Set IV). It is clear that this phenomenon requires much more thorough analysis
than could be mndulged 1 the present project

73 HYDROGRAPHIC PROCESSES AND SEDIMENT TRANSPORT

For the past 50 years, the reach of the GIWW crossing the Lower Laguna has exhibited very
high shoaling (as measured by the volume of maintenance dredging) m a 5-km subreach extending from
Cullen Bay almost to Port Isabel, see Atturio ef al (1976), James et al (1977), and Militello and Kraus
(1994) This region of high shoaling 1s indicated on the map of Figure 7-28 The platform LLM1 was
placed about midway along tins high-mamtenance reach, and in their study of the scatterplot current vectors
in the Year-1 report, Brown and Kraus (1997) noted that there 1s a component of the current across the axis
of the GIWW. They proposed that it is this cross-channel flow in association with the practice of disposing
of the dredged materal to either side of the GIWW that is responsible for the high mamtenance rates. This
proposal was supported, albeit anecdotally, by the inferred current trajectories of James, et al (1577) based
upon what appear to be suspended sediment patterns mn several remote mmagery shots from the 1970s. In
this earlier report, based on their analysis of the satellite images in conjunction with tide and wind data,
James et al. (1977) had suggested that n the region of relatively high shoaling rates, previously identified
by Attuno, et al. (1976), there was generally flow at an acute angle across the GIWW. The general
trajectory of currents proposed by James ez al. (1977) and later by Militello and Kraus (1994) and Brown
and Kraus (1997}, 1s shown as the bold curve in Figure 7-28. One of the figures, a LANDSAT image,
showing turbidity contrasts in the Lower Laguna, was reproduced from the James et al. (1977) report in
Brown and Kraus (1997), as their Figure 5.2

The present current vector analyses in one respect confirm the suggestions of these earlier

authors, that there 1s indeed a promunent cross-channel component of current in this reach of the GTWW.
Such a cross-channel component will be a sigmficant mechanism for transport of suspended sediment across
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FIGURE 7-28

LOWER LAGUNA MADRE SHOWING HIGH MAINTENANCE REACH
AND CURRENT TRAJECTRY PROPOSED BY JAMES et al. (1977)
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the GIWW, where a proportion of the sediments will settle out m the deeper water, thus contributing to the
shoaling in the channel. The present results indicate, however, that there 1s more than one preferred axis
of this transport, a second axis being directed almost perpendicular to the GIWW. Moreover, at each of the
platform stations mamtained during this study there 1s a mode of transport across the GIWW mdicated in
the current data (A qualified exception is Staion LLM2, which 1s too distant from the GIWW, about 2 km
east, to directly mdicate currents there. However, if the preferred axes exhibited at this station are apphied
as well o the GIWW just north of the Queen Isabella Causeway, this would imply substantial cross-channel
transport in this vicimty as well.)

The question may occur as to why the second cross-channel circulation is not manifested in
the remote imagery. Part of the answer lies in the difficulty of mnterpreting 1magery such as that assembled
by James ef al (1977). This topic 1s beyond the present scope and cannot be explored here, but 1t is
worthwhile to note several points-

(1) In imagery such as this, suspended sediment in the water column, other light
absorbing or reflecting matter i the water, and bed forms in the shallows appear very
similar; they can be unambiguously differentiated only by cross comparing several
images under various hydrographic conditions. (In fact, LANDSAT imagery 1s very
poor for this kind of determmation because its resclution is so coarse.)

(2) It appears that much of the sinuosity mdicated in the turbidity patterns of the imagery
in James ef af. (1977) is due to the distribution of shoals and the presence/absence of
seagrasses, rather than sediment m suspension. The seagrass map of Kaldy and
Dunton (1997), shown as Figure 7.2 in Brown and Kraus (1997), should be compared
to the dark regions in the LANDSAT mmagery of James et al. (1977), for example
Figure 5-2 in Brown and Kraus (1997) They agree almost exactly.

(3)  The tidal excursion 1s only a couple of km in the Lower Laguna and less i other
regions of the study area To depict the current sinuosity as a trajectory (such as
Figure 7-28) 1s therefore musleading, suggesting large-scale movement along the
trajectory m a tidal cycle The actual current excursion will be only a fraction of the
length of the trajectory

Brown and Kraus (1997) propose that the bathymetric depression crossing the axis of the
GIWW m this vicinity 15 responsible for the cross-channel direction of currents. A more likely explanation
is that the directton of currents 1s determuined by other factors, and the depression 1s the expression of erosion
and transport by currents in this dominant direction Morton et al. (1998) reported a careful analysis of
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hustorical aerial photos of Placement Area 233, which is in the northern half of the high-maintenance reach,
to the west of the GIWW. They found depositional zones due to reworked sedmment building to the west and
south, which 1s consistent with the preferred axes of transport indicated in Section 7.2 for this area. The
relation between disposal sediment reworking and physiography determined by Morton et af (1998) is
straightforward: there is greater reworking for those placement areas (PAs) located 1n deeper water. Such
PAs are more exposed to waves and currents. In the shallower areas, much of the PAs are subaerial, and
after the fine sediments are winnowed by wind, these become armored by a lag of coarser sediments The
general correlation between wind and TSS in the Lower Laguna, and lack of same at the other stations,
supports the role of currents and waves 1 reworking the disposed sediment. More sediment mobilized n
this way from PA 233 and 234 (adjacent to the high maintenance reach) means more available to be
transported across the GIWW and to settle out as mamntenance material.
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8.0 CONCLUSIONS AND RECOMMENDATIONS

The data collection enterprise on the Laguna Madre has acqured a wealth of hydrodynamic
and hydrographic data. The primary purpose of this project was to evaluate, correct and compile this data
mito files of "scrubbed" measurements, then carry out the same level of analysis on these complete data sets
as performed m the Year-1 reports, Brown and Kraus (1997) and Brown (1997) Conclusions based upon
the data recovery aspect of the work are as follows

(1)  Data anomalies are a ubiquitous feature of these robot data acquisition systems
While there 15 no way to avoid their occurrence, these anomalies will corrupt analyses
of the data and must be eliminated before analysis.

(2)  Among the anomalies encountered in the data records from this project are data gaps,
zero values, time discontinuities, anomalous or "freak” values, guantum jumps mn the
time history of a variable, and flatlmes Most of these required a degree of manual
editing to detect and correct.

3 The data sets analyzed in the Year-1 reports m fact also contamned undetected
anomalies, which have been expunged in the present work.

()  In addition to the normal sources of anomalous records from an automated system,
the data holdings suffered further from hardware problems in the data archive.

Archival digital copies of the final "cleaned" data files are transmitted separately. Becanse
of the principle of diminishing returns, there remain unresolved anomalies in these files, but these are
considered to be mn such a minority that corruption of the analysis 1s minimal

With respect to data analysis, various displays, statistics and tabular depictions of the data sets
have been developed A selection has been presented in previous chapters, and the full sets are given in
separate Appendices A number of conclusions have been drawn, as follows

¢)) The annual wind roses are dominated by prevailing SE winds from the Gulf of
Mexico. There is year-to-year variation in the annual winds. Monthly wind roses
display a shuft from predominantly southeasterly wind regimes 1in summer to bimodal
in winter, 1 e alternating southeasterly and northerly winds resulting from frontal
passages.
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(2)  Power spectra of wind are characterized by a prominent spike at exactly 1 cpd, i e.
period 24 hours. Ths is the signal from the seabreeze. The seabreeze spike 1s
present throughout the year, mmmmal durmg the winter months, and maximal n the
period June - September. The greatest seabreeze energy 1s i the E-W component,
transverse to the coastline.

(3)  Several lower frequency signals, particularly around 3- and 6-day periodicities appear
i the wind spectra for the fall through spring period, being maximal in winter These
are the result of frontal passages during the wmter and equinoctial seasons. Most of
the energy of the frontal-passage periodicities is in the N-S component

(4)  Power spectra of water level in the study area contain energy deriving from both tides
and winds, as well as longer period variation due to meteorology (notably, frontal
passages). In the annual spectra, there are promunent peaks at approximate periods
of 12, 12.4, 24 and 25 5 hrs. Wind forcing is responsible for the 24-hr spike, mainly
the seabreeze This conclusion is remforced by the coherency between wind and
water level at this period, and by the seasonal increase of the energy in the 24-hr
signal, being greatest during the summer.

(5)  The tidal sermudiurnal and diurnal signals from the Gulf of Mexico are substantially
filtered with passage through the inlets into the Laguna Madre. The senmdiurnal tide
15 nearly elirmnated from both the Upper and Lower Lagunas, bemng evident only as
a minor peak in the annual power spectra. The dmirnal tide 1s attenuated, but is
detectable in the power spectra i both systems. Longer period water level variations,
mamly the fortmghtly associated with the cycle of lunar declination, and the seasonal
semi-annual variation, are the most umportant sources of regular water level variation,
but they raise and lower the Laguna waters so slowly that their effect on currents is
neghgible.

(6)  The current measurements performed at the platforms offer a direct index to
mechanisms that roay have a role in mobilization and transport of sediment The
original instrumentation measured the three components, including the vertical Most
important are the horizontal components of the current The data for the vertical
component appear spuriously large, and were given no further attention in this
analysis.
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(7)  The long-term statistics of measured currents mdicate that each station exhibits a
propensity for net flow. In the Lower Laguna, at both LLM1 and LLM2, there is a
northward component in the net flow, which may be the result of a mean wind-driven
circulation entermg the Lower Laguna through Brazos Santiago and exiting through
Mansfield Pass. In the Upper Laguna, station ULM2 does not set north-south as one
mught anticipate from the geometry of the Laguna, and as is exhibited by ULM3
farther south, but has a sigmficant component directed into Baffin Bay Station
ULM]1 in Corpus Christi Bay just north of Bulkhead Flats shows predominantly
westerly currents, parallelng the trend of the south shorelne and the bayward margin
of the Flats. Current speeds are lowest mn the interior of the Upper Laguna, compared
to Corpus Christi Bay (GLM1) or the Lower Laguna.

(8)  The energy in the power spectra of (horizontal) currents 18 greatest in the Lower
Laguna at LLM1 and lowest in the Upper Laguna The peaks in the power spectra
are at solar durnal, and lunar diurnal and semidiurnal periods, though the relative
mportance of these 1s highly variable from platform to platform

(9)  There 1s considerable month-to-month variation in spectra at some of these stations,
as well as year-to-year variation, Energy in the lower frequency (longer period)
portion of the spectrum is more prominent during the winter months than in the
sumrer, and is more promunent m the Upper Laguna than in the Lower. This is the
part of the spectrum that 1s dominated by meteorological forcing at 3-7 day periods,
hence the prominence in the winter months, and the greater influence in the Upper

Laguna.

(10) The detailed behavior of the current vector was analyzed by constructing monthly
scatterplots and current roses, These are complementary plots that should be studied
as compamon diagrams. The scatterplots preserve all of the vector information of the
mndividual measurements, and the distribution of the data pomts can give a visual
mpression of the speed/direction variation of the data, but biased toward the extreme
values, because the smaller currents are overplotted as a massive cluster The rose
on the other hand is a statistical summary 1 graphical format, in which currents are
sorted into bins of directional and speed ranges These diagrams are analyzed for

)] extent of bi-directionality

()  prevalence of noncompensating directions, indicating a net nonzero flow
component
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(ii) asymmetry in current speeds
(iv)  prevalence of favorable axes, versus more ommdirectional distributions
{v) alignment with physiographic constraints such as bathymetry or shoreline

(11)  These vector displays disclosed that the currents do seem to exhibit movement along
a preferred axis. This 1s consistent with the back-and-forth type of forcing typical of
bays and estuaries, usually driven by tides, which produce the classical "current
ellipse”. However, in the Laguna Madre data, this behavior is much more complex.
By a detailed study of a few station/months selected from these data holdings,
employing a special-purpose analysis to fit a "normal least squares" to the data by
25-hr-duration steps, we determined:

{a)  There is more than one preferred axis at each of these platforms, presumably
correspondmg to modes of large-scale circulation

(b)  The crrculation appears to be metastable, following a given preferred axis for
a number of tidal cycles, then shifting to another axis.

(c) Shifts from one axis to another are more-or-less synchronous in different
regions of the system, indicating a large-scale systemic shifi from one
circulation regime to another The mechanism that forces this shift 1s not clear
from the few months of data analyzed here

(d) Inlower Corpus Christi Bay, 1.e at ULM1, one preferred axs is along a N-8
trajectory, and the other 1s along a Ime about 50° E of N. The former
corresponds to flow m and out of Bulkhead Flats, while the Iatter roughly
parallels the shorelme (and bayward margin of Bulkhead Flats),

(e) At the mouth of Baffin Bay, i e at ULM2, one preferred axis is 10° (1 e.,
190°} E of N, approximately the axis of the GIWW, and the other 1s 50° E of
N, the direction of the entrance to Baffin Bay

(f)  Inthe Lower Laguna, at LLM1 there are two preferred axes, at 15° and 70°
E of N, the former being the one identified by Brown and Kraus (1997) from
therr scatterplots. At least two axes are indicated at LLM2, at about 45° and
120° E of N.
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(12) Dredging contracts were active m the early months of the data collection. In the
Lower Laguna, there is a tendency for higher TSS magnitudes during the dredging
periods than prior to the contract or (one year) after the contract While dredging
would appear to be a factor, there are clearly other processes operating, because the
TSS magnitudes are nearly as large in spring of 1996 when no dredging was
underway. In the Upper Laguna, there is no clear difference between "dredgng” and
"post-dredging” periods partly due to the fact that the contract dredging period, very
early in the data collection, was not well sampled.

(13) Two measures of suspended sediments were made in the data collection program.
Total suspended solids (TSS), a filtration determination, was measured on water
samples collected at 12-hr intervals, and turbidity was measured automatically at the
same terval as the current measurements using an optical backscatter (OBS) sensor
on the platform The OBS was a bold experiment to determine sediment
concentrations on the same fine time-resolution as the other robot measurements,
which, 1f successful, would allow direct computation of several important parameters
reiating to sediment mobilization and transport. Because the OBS sensor 1s sensitive
to biofoulng, the data proved untrustworthy, and could not be used quantitatively in
this study.

(14) There is no clear association between current velocity and the surges of TSS. The
statistical relatron between the two is nil, however the majority of data are low current
speeds and low TSS, whose lack of correlation dominates the statistics. There may
be relations between extremes of current and extremes of TSS Where there 15 an
association, 1t seems to be more governed by current direction than current speed
Longer rises in TSS seem to be associated with a direction of current, e.g. a mean
northward set accompanies the higher TSS values observed i the Lower Laguna
during April-May 1996

(15) Inthe Lower Laguna, at LLM1, there is an association between wind speeds and TSS,
with elevated TSS values durmng pertods of sustained higher winds, notable July and
August 1995, and April and May 1996, and clear correspondences between spikes of
TSS and spikes 1n wind speed, especially for those wind spikes exceeding 12 m/s
This is also the case mn Corpus Christi Bay, ULMI1, though the values of TSS are
lower than in the Lower Laguna, and the clearest association is for wind speed spikes
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exceedmmg 14 m/s. In the Upper Lagun‘a, there 1s no clear relation, though the TSS
values are generally higher i summer of 1996 than summer of 1995, and wind speeds
were also higher in 1996 than 1995.

(16) Inthe Year-1 report, Brown and Kraus (1997) gave special attention to the reach of
the GIWW crossing the Lower Laguna that for 50 years has exhibited high shoaling
rates 1n a 5-km subreach extending from Cullen Bay almost to Port Isabel, midway
m which platform LY M1 was placed. From current vector scatterplots, Brown and
Kraus (1997) identified a component of the current at an acute angle across the axis
of the GIWW, and proposed that this cross-channel flow 1 association with the
practice of disposmng of the dredged material to either side of the GIWW 1s
responsible for the high mamtenance rates. The present analyses confirm that there
1s ndeed a prominent cross-channel component of current n this reach of the GIWW
1n the direction identified by Brown and Kraus (1997) The present results indicate,
however, that there is more than one preferred axis of this transport at this station, a
second axis being directed almost perpendicular to the GIWW. Moreover, at each of
the platform stations maintamed during this study there 1s at least one mode of
transport across the GIWW mdicated in the current data

(17) In an earlier study of the high-maintenance reach of the GIWW, James, et al. (1977)
mferred current trajectories from the patterns of turbidity in several LANDSAT
images from the 1970's, and proposed that there was generally flow at an acute angle
across the GIWW 1n the center of the hugh-dredging reach This general trajectory
of currents agrees with the directions inferred by Brown and Kraus (1997) from
scatterplot current diagrams. It 1s the conclusion of the present study that this is only
one of at least two preferred current directions, effecting cross-channel transport, and
the current trajectory proposed by James et al (1977) 1s based in part upon
musmterpreting the patterns of shoals and seagrasses also visible in the LANDSAT
image Thus conclusion i no way undermines the mferred importance of the cross-
channel transport as a factor m the high maintenance of this reach. It does underscore
that cross-channel transport occurs more broadly and 1n other preferred directions in
this vicinity The solution, which might occur to some readers based upon the
proposed current trajectory of James ez @l. (1977), of moving the present PAs 233 and
234 a short distance north or south to be out of the main cross-channel trajectory,
would be ineffective.
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The initial data collection effort and the present data recovery and analysis are, foremostj
research projects. As such, as many questions about the mechamisms of hydrography and sediment transport
in the Laguna have been raised as answered, and additional work is needed The following specific
recommendations are profiered:

(0 In any data collection enterprise such as that of the Conrad Blucher Institute (CBI),
a major strategic 1ssue is how much effort and resources to 1nvest in the processing
and quality-assurance tasks before archiving the data. The CBI provides a major
service to agencies and researchers i the Texas coastal zone mn the collection,
archiving and dissemination of data from 1its TCOON system, and the users
generally understand that this data must be evalvated and subjected to Q/A
procedures before using. We generally concur with the procedures employed by
CBI, but offer two recommendation(s).

(i) that preluminary screening of the data be carried to 1dentify quantum shifts
1 variables, time slips, and flathines (especially zero values)

(i)  that field maintenance protocols mclude in situ measurements of the same
variables momtored by the platform, e g current velocity, salimty,
temperature

Many problems with data acquisition at the platform are in principle detectable and
capable of correction if such early screening methods are employed; this, 1n turn,
would reduce rrecoverable data loss

(2) A surpnisimg finding of this project is the existence of multiple preferred axes of
current direction, and that these seem to evidence larger-scale metastable modes of
circulation m the Laguna Madre and Corpus Christi Bay We recommend that the
type of analyses imniated here for a selection of the data base be made more rigorous
and be apphed to the entire data base to better determine the nature of these
circulation modes These analyses should include companion data on meteorology
and Gulf of Mexico hydrography, as potential trigger mechanisms for forcing the
shift from one mode to another This result would not only be of mtrinsic scientific
interest, but would be of potentral practical value in at least two respects (a)
identifymg a hydrodynamic feature of the Laguna Madre that could serve as a
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suitable crucial test for validatng hydrodynamic models; (b) idenufying the
conditions under which favorable or adverse sediment transport occurs, thereby
providing guidance to scheduling and methods of dredged material placement.

(3) The OBS offered promusing technology for detailed measurement of important
sediment transport processes. That it failed in the present project only underscores
the fact that this 18 new technology which will require additional effort to develop
into a practical and reliable methodology. Recent experiments with transparent
antimofouling compounds by the staff at the Blucher Institute may mdicate a way to
control this problem. We recommend continued experimentation with the OBS at
CBI

(4)  The fact that there 1s no correlation between TSS and currents n either the Upper
or the Lower Laguna, but there may be an association between extremes of wmnd
and extremes of TSS, raises questions about the causal mechanism, We speculate
that the mcreases 1 TSS momtored at these platforms may be i response to
sediment resuspensed elsewhere in the system (perhaps increased wmdwave activity
in the windward shallows) and transporied into the platform area by local
cireulations  The fact the spikes in TSS seem to be more associated with the
direction of current than the speed adds support to this interpretation. Additional
analysis and modeling using the data collected in this program, supplemented by
TCOON data and archival remote sensmg, are recommended to better deternune the
processes leading to these surges in TSS

(5) Cross-channel currents in the high-mamntenance reach of the Lower Laguna were
confirmed in the present analysis. These can be a significant mechamsm for
transport of suspended sediment across the GIWW, where a proportion of the
sediments will settle out 1n the deeper water, thus contributing to the shoaling 1n the
channel Brown and Kraus (1997) recommended placement of the dredged material
from the high maintenance reaches, presently being placed in Areas 233 and 234,
in confined or upland areas to prevent their transpoit back into the GIWW. In
effect, this means stabilizing or abandommg these placement areas for future
disposal. We concur with this recommendation, noting that Morton et al (1998)
found shallow-water or subaerial placement areas to be less exposed to windwave
remobilization and the GIWW reaches using such PAs to be low-maintenance.
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