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I. INTRODUCTION

Physical oceanography is an integral part of any offshore environmental assess-
ment. It is needed for a baseline description, for use in the prediction of
dispersion of contaminants and for support of other oceanographic disciplines.

The first year study contained in this report consists of an analysis of
existing historical data. The data have been used to attempt to derive as
camprehensive a picture as possible of what is known about the physical oceano-
graphic characteristics of the South Texas continental shelf.

The primary area of study is the most southem part of the Texas-Iouisiana
continental shelf approximately between latitudes 260-28° N and longitudes
960-98C W. However, because of the sparseness of the data in this area, the
important influence of rumoff from the distant Mississippi system, and the
general complexity of conditions in the region, characteristics of the entire
Texas continental shelf and slope have been considered.

A prime characteristic of conditions in continental shelf regions is their
variability. For this reason, a climatology is difficult to establish, and
conditions observed during any one period may be quite unrepresentative of

mean conditions over a long period of time. Cautious extrapolation is possible,
however, and extensive use has been made in this report of a combination of
synoptic studies, and studies of average conditions and departures therefrom.

In several cases, each topic has been considered by two or more investigators,
each reaching his own conclusions. Often, as in the case of overall surface
circulation, a complete picture is not apparent. In such cases it is best to
let each data set speak for itself. If the available data set does not lend
itself to a complete, unambiguous interpretation, this is in itself a clear
indication of the need for further study.

The main body of the report consists of two sections--descriptive studies and
modelling studies. In the descriptive section (Section II), a chapter is
devoted to each topic, and each chapter may contain several articles. The
format is designed so that each article will contribute in turn to the sum
of observational knowledge. The chapter on currents comes last, and draws
both implicitly on all of the preceding chapters.

The modelling studies (Section III), consist of interpretive reports utilizing
the data and analyses of the descriptive section. Water mass characteristics,
local and non-local circulation influences and oil spill trajectories are
considered.

Inadequacy of data has been a problem throughout the study. There are insuf-
ficient temperature and salinity data to develop a reliable three-dimensional
climatology. There are no extensive direct current meter measurements in the
open-shelf lease area; the only sets of open-shelf current meter data are from
locations off Galveston. This is particularly unfortunate in this region



because of the existence of camplex and intermittent convergence xeginesv.
Consequently, extensive additional field data and analysis is needed in the
region. Requirements for further studies are considered in Section IV.

The study has utilized the capabilities of many investigators from the
National Ocean Survey (NOS), the National Marine Fisheries Service (NMFS), and
Texas A&M. Sections II D2 and II Elb were prepared by Catherine Warsh of the
National Ocean Survey, Sections II B2 and II Ela by Robert Temple and John
Martin of the NMFS Gulf Coastal Fisheries Center, Section III Bl by Reed
Armstrong of the NMFS Atlantic Environmental Group, and Sections IT Bl, III A
and III C by Robert Whitaker and Andrew Vastaro of Texas A&M.



II. OBSERVATIONAL STUDIES

A. Area Climatology

The atmosphere and the coastal waters of South Texas are closely coupled
together, as they are in all the world oceanic areas. Thus an understanding
of atmospheric conditions is essential for an understanding of oceanic
conditions. Moreover, summaries of weather observations in coastal and
offshore regions provide the most camplete record of conditions in the lease
area. Meteorological observations are several orders of magnitude more
numerous than oceanic observations.

Observations are most abundant for land stations; a general climatology for
the coastal area is considered in sec. 1. Special considerations for the
Gulf are discussed in sec. 2. Sec. 3 considers severe storms, particularly
hurricanes, which affect the region. For further discussions of these topics
see Carr (1967a, 1967b) and Orton (1964, 1969).

1. Coastal Climatology
a. General Climate

The climate of South Texas is subtropical with short mild winters, and hot
sumers; however, there are significant variations from north to south. In
the Galveston area, the climate is predominantly marine, with high humidities,
and sufficient rainfall in all seasons. The climate becames progressively
drier fram north to south. Campared to an average of 134.85 am of rain per
year at Port Arthur and 106.20 cm at Galveston, Corpus Christi receives only
71.98 cm, and Brownsville 67.95 cm. Samewhat further to the south, annual
precipitation increases again, being 114.81 cm at Tampico, Mexico and occur-
ing mostly in the summer and fall. The lease area is therefore, in a semi-
arid region, between an area of higher all season precipitation to the north
and a tropical wet and dry climate to the south. Table 1 giwves climatic

data for land stations and for Marsden subsquare 076, off Corpus Christi. The
wind patterns, particularly are of critical importance for the coastal cir-
culation. These will be further discussed in sections II D and III B.

The climate of South Texas is characteristic of subtropic regions, in that
there is no sharply established delineation of the four seasons of temperate
zones. Summer and winter predaminate, with shortened spring and fall trans-
itional periods often possessing the characteristics of either winter or
sumer. Characteristic seasonal patterns are:

Summer: Climatically, summer begins with the month of May and lasts through
September. While the highest temperatures are normally reached in July and

August, both May and September are hot months, and there is little variation
in the weather regime fram day to day or week to week. Weather in the area

is under almost complete control of the tropical maritime air mass extending
westward across the Gulf of Mexico fram the Bermuda high pressure cell.



Winter: The wintér season consists of the traditional period, December
through February, although little in the way of actually cold weather is
experienced before the 15th of December. This season is not usually marked
by any prolonged periods of cold air masses penetrating into these latitudes.
The winter season is one of many changes. The weather fluctuates between
warm and cold, clear or cloudy, wet and dry, as a wide variety of synoptic
systems of various intensities move in and out of the area. Normally, winter
temperatures are sufficiently mild as to cause little or no interference with
outdoor operations.

Spring and Fall: The fall months of October and November, and the spring
months of March and April are transitional, offering some variety in the

weather pattern, as modified polar air masses move in and out of the area.
Day time temperatures are mild, but usually not hot, and nights are cool.

b. Pressure and Winds

The general circulation of air near the surface in the South Texas area follows
the sweep of the western extension of the Bermuda High pressure cell throughout
the year. The Bermuda High pressure system becames daminant during the spring
months, as the influence of northern anticyclones disappears. Mean pressure
falls as the equatorial tmugh migrates northward and the low pressure system
over Mexico deepens. The minimum mean pressure of about 1014 mb occurs in
summer.

Beginning in September, the equatorial trough migrates southward, the Mexican
low pressure system fills, and the Bermuda High decreases in strength. Along
with this trend, continental high pressure systems to the north intensify as
winter approaches. With the weakening of the barriers to the south, these
high pressure systems penetrate the lower latitudes and produce the maximum
monthly mean pressure of about 1020 mb in winter. The high pressure systems
- and their associated extratropical cyclones are responsible for the wide
pressure ranges in winter.

The surface winds of the South Texas coastal region are daminated by the
general circulation of the Berruda High throughout the year. In March and
April, alternating strong north winds and increasingly persistent strong south-
east winds produce the highest annual average wind speeds. The warmer months
are dominated by persistent southeasterly winds. South-southeast winds reach
a maximum frequency in June and July. These winds produce a near monotonous
summer period interrupted only occasionally by a rainshower or tropical storm.
The lowest mean wind speeds occur during the late summer and early fall with

a monthly average of about 16 kw/hr.

As winter approaches, the winds became more variable in both speed and
direction. During winter, northerly winds associated with the intensified
North American continental high pressure systems produce a maximum in the
frequency of wind speeds greater than 50 kmyh. Although the frequency of
northerly wind direction increases during winter, the South Texas coastal area
is far enough south to remain under the dominance of the Bermuda High and its
prevailing southeasterly winds.



c. Temperature and Precipitation

Air temperature extremes for the South Texas area are tempered signifi-
cantly by the combined effects of prevailing southeasterly winds and the
large area of Gulf waters. Low temperatures occur when strong northerly
winds associated with cold continental fronts penetrate the area. Freezing
temperatures normally occur at near-coast weather stations at least once
each winter; the largest departure from normal air temperatures, and the
largest temperature departures for coastal waters occur at such times.
(See sec. II B 3, table 3, for examples). The highest summer temperatures
occur when there is a shift of wind direction fram the prevailing south-
easterlies to south and southwest. These winds, having recently left the
semi-arid land mass to the southwest, have had insufficient time to be
modified by the relatively cooler Gulf waters. Such air temperature
extremes diminish seaward.

The normal climate for the South Texas area is semi-arid, and this is
accentuated by periodic droughts, such as occurred in the early 1950's.

Peak precipitation months are May and September. Tropical cyclones may add
large amounts to the monthly rainfall totals for the period June to October,
and may cause normally hypersaline bays to freshen in a period of a few hours.

The winter months have the least amount of rainfall. Winter precipitation

comes mainly from frontal activity and low stratus clouds, the latter pro-

ducing slow, continuwous rain. Precipitation may begin at any hour, and may
continue intermittently for sewveral days. Such occurrences account for the
highest frequency of precipitation being in December and January.

Frozen precipitation is rarely observed. While the coastal regions have
on the average a trace of snow during winter, such occurrences decrease
seaward. Rarely, hail occurs when large cumilonimbus clouds develop to

great heights.
d. Synoptic Aspects

The synoptic aspects of the South Texas climate are determined by the
dominating air masses, together with concomitant pressure centers (in summer)
and frontal movement (in winter).

Air Masses: The following air masses influence the weather in South Texas:

Tropical Maritime (Tm)--This air mass enters South Texas from the south and
southeast, as a result of the circulation around the Bermuda high pressure
cell. During the period March through October Tm air predominates at low
levels across all of South Texas. From May through September, Tm air daminates
the area almost completely. Overrunning of polar air by tropical maritime in
the winter season is a comon occurrence. This situation almost always results
in stratus clouds with accampanying low ceilings and visibilities.



Polar Continental '(Pc)--This air mass rarely pushes into South Texas before
October or after April, but is frequent during the winter and early spring
months. It undergoes rapid modification in the area. When this air mass
pushes out over the Gulf of Mexico, the return flow of modified Pc and Tm
air almost always produces low stratus clouds over South Texas.

Polar Maritime (Pm)--This air mass is most frequent during the late fall and
during the spring. It is rapidly modified, and the return flow of Pm and

Tm air from the Gulf also results in extensive stratus formation over South
Texas. Overrunning by Tm air is not as frequent as with the Pc air mass.
The small migratory highes of either Pm or Pc air that move down into Texas
result in the most favorable flying weather: clear skies, no fog, and little
or no turbulence.

Arctic (A)—The invasion of South Texas by this air mass is not frequent,

and is normally confined to the months of January and February. Although it
has been modified considerably by the time it reaches South Texas, the accom-
panying low temperatures are disastrous to most vegetation, and few dwellings
or buildings in the area are properly insulated against the cold. This air
mass is usually shallow and produces some of the worst flying weather in the
form of low ceilings and freezing rain. Snow has occurred at times but is

very infrequent.

Tropical Continental (Tc)--The source region of this air mass includes the
area of Arizona, New Mexico, and northern Mexico during the summer months.
Occasionally, Tc air replaces Tm in South Texas during the summer months as
is evident by the passage of a dew opoint discontinuity eastward toward the
coast. Maximum temperatures of 40 C or higher occur inland when this Tc air
dominates the area.

Pressure Centers: In the warm seasons, the weather in South Texas is primarily
- controlled by the position and intensity of pressure centers. During the late
spring, summer and early fall, the predaminant southerly and southeasterly
circulation around the southweatern extension of the Bermuda High brings
moisture upslope to the Coastal Plains of Texas. This circulation almost
always results in night and early morning stratus formation. During the
winter and early spring, the return onshore flow from migrating high pressure
cells may produce stratus which usually covers all of South Texas. Stratus
resulting from return flow usually produces very low ceilings that, at times,
persist for days. In summer and early fall stratus forms later in the day,
breaks earlier, and has higher ceilings. The formation of stratus and
advection fog is related to the Gulf water temperatures, and as these temper-
atures rise in the spring, both appear less regularly and are less persistent
than in winter. There is a semi-permanent thermal low pressure center
positioned over the mountainous region of northwestern Mexico. During the
summer, when the Bermuda High builds westward, the gradient across South
Texas increases sufficiently to produce moderate to strong southeasterly
winds almost every day. On rare occasions, the thermal low moves eastward

to north central Mexico, further intensifying the pressure gradient, so that
surface winds in the afternoon may reach 55.5 km/h.



Fronts: There is little frontal activity in South Texas during May or
September, and none during the summer. However, polar fronts begin pushing
southward occasionally during October, and an average of about one polar
front every 5 to 6 days enters South Texas from November through April.

Quasi-Stationary Fronts: The quasi-stationary front is probably the most
important synoptic feature of the winter and early spring weather in the
South Texas region. South Texas is a favored area for polar fronts to become
stationary, as the invading air mass attempts to move against a strong flow
of ™Tm air from the south or southeast. Gusty northerly surface winds must
continue for 18 to 24 hours following the passage of a sharp cold front in
the area to insure continued southward movement out of Texas. Diminishing
winds in less time often indicate wave formation or the front becoming
stationary along the warm coastal water. Flying activity is hindered for
periods as long as a week because of the low stratus ceilings and low visi-
bilities, while thunderstorms and heavy showers persist intermittently.

Fronts may became stationary - at any season in which they enter the area,
but this occurs most frequently in the spring. A great variability of
intensity, frequency, and persistence of these fronts is experienced from
year to year. Surface winds are light to moderate and vary from southeast
to northeast with oscillation of the front. Thunderstorm activity is
general in a broad band along the front, with showers of varying intensity
and duration. Clear skies may persist for several hours after passage of
a particular line of thunderstorms before the onslaught of another series
of thunderstorms. Very heavy amounts of precipitation are often received
with these quasi-stationary fronts.

Cold Fronts: Rapid novement of a cold front through South Texas, together
with a nortlwesterly flow aloft over the frontal surface results in little
or no precipitation, and rapid clearing behind the front. This situation is
unusual in South Texas, however, as most cold fronts entering the area have
a shallow slope, and cloudiness and precipitation persist for same time after
passage. The overrunning by the Tm air aloft is sufficient to cause light
rain or drizzle, which in turn adds enough moisture to the lower cold air

to produce a low type cloud. This cloudiness persists for 24 to 30 hours.

As the oold air moves farther to the south, the circulation aloft gradually
changes to the north and sweeps out the cloudiness. If the migratory high
moves deep into Texas, several days of clear, crisp weather will follow before
the cloudiness reappears with the return circulation off the Gulf of Mexico.

Cold frontal passages associated with Pc outbreaks from Canada are the most
frequent, although Pm fronts in the spring often produce the most violent
weather when squall lines precede them. Winter frontal activity results in
low ceilings due to stratus, while spring and fall passages bring more
thunderstorm activity.



During the fall and early winter, while coastal waters are still relatively
warm, the Gulf of Mexico has a retarding effect on cold fronts. As a result,
when the front passes into the Gulf it tends to take the shape of the coast-
line, and in those cases where the cold air is shallow, it becomes station-
ary about 100 miles from the coast.

Warm Fronts: Tropical warm frontal weather conditions are generally confined
to the winter season, although they may occur in the spring or fall. Winter
warm fronts move northward through South Texas at a speed of 15 to 25 km/hr.

2. The Adjacent Gulf Waters
a. Offshore Climatology

The general characteristics of the offshore area can be seen in Table 1.

Winter temperatures are higher and mean winds are stronger than in the adjacent
ooastal area. Summer mean conditions are more similar, but with some important
diurnal differences. The daily temperature range is smaller, and the after-
noon wind speed maximum is less pronounced offshore than at coastal land
stations.

The offshore area, like the coastal region, is not rainy at any season,
particularly when compared to offshore areas in the middle and North Atlantic.
Rain is most frequent in December and January with a secondary maximum in
August and September. Based on rain frequency, the "dry" season in the area
is March-June with an average of less than 3% of ship observations reporting
rain.

Polar air masses move out over the Gulf of Mexico during the period October
through March, disrupting the normal east to southeast flow across this area.
As these cold air masses become more frequent during late fall, winter, and

- early spring, the sea surface temperature is gradually cooled, so that south
to north gradients develop in the sea surface isotherms, as well as in the air
above the surface. This chilling of the water surface immediately offshore
is a very important factor in the formation of advection radiation fogs at
ocoastal and near coastal stations from Novenber through March, as well as in
the formation of dense advection fogs (sea fogs) out over the cold water
surface during the winter months, December through February, that may persist
for several days. '

Seasonal conditions are:

Winter: Mean monthly surface air temperatures over the area vary from about
20°C in Decenber to 17.8°-18.3°C in January and February. More than 90% of
the actual observations are within about 16°C of the mean. Isotherms have
an east-west orientation across the Gulf, then turn to follow the contour of
the Texas coastline; the air near the coast is colder than that in the outer
shelf. The mean offshore sea surface temperature is 2°-3°C warmer than the
air in December, decreasing to about 1°C in February.



Sprigg: O’Ihe mean mnthlyosurfage air terperaturesoover 8he areas are about
19.4°-20"C in March, 21.7-22.2°C in April, and 257-25.6 C in May. The
temperature gradient characteristic of the winter season is still present
in March. During April, the area becames mostly dominated by tropical mari-
time air, so that there is less contract in surface air temperature fram
north to south. Approximately 90% of the osurface air temperature
observations in the Gulf of Mexico are within -6 C of ;hg mean (22.2°C) in
Aprilé when frontal passages still occur, compared to -3°C of the mean
(25.6°C) in May, when little frontal activity occurs. There is little
temperature variation fram north to south by May. The mean sea surface
temperature is about the same as the air temperature by mid-April.

Summer: There is little geographical variation in mean monthly surfacg air
temperature during the summer geason. The mean for June is about 27.8°C, and
for both J and August, 28.9°C. Approximately 90% of the actual observation

are within -3°C of the mean.

During the summer season there is little difference between the mean surface
air and sea temperature. An exception may occur in possible upwelling
cgnda'stions near Brownsville, where sea temperatures may occasionally be

37=-6 C colder than mean air temperature (see sec. II B).

Fall: Both sea and air temperature are quite warm during September, so that
it might be more proper to include tl%s month in the summer season. Mean
surface air temperature is about 28.3°C with little geographical variation.
During October, surface air temperature isotherms begin to a weak south
to north gradleng The mgan monthly temperature is about 25.6 C near Corpus
Christi and 26.7  to 27.8°C south of this area.

The Novemmber pattern of mean monthly surface air temperature isotherms is
almost identical to A8ril's; the mean sea surface temperature in October-
Novermber is about 1.6 C higher than the air temperature with a weak north-
south gradient.

b. Synoptic Aspects, Cloud Cover, and Visibility

Synoptic aspects of the climate are most evident in winter due to frontal
activity, but thunderstorms and tropical storms are important weather
features in the warmer months.

Seasonal characteristics are:

Winter: As ocold fronts, especially Pc types, became quasi-stationary after
moving out over the Gulf of Mexico in the winter, the area becames a favored
region for cyclogenesis. Waves usually develop in the front near the Texas or
Mexican coast in association with an upper air trough moving eastward from
southern Arizona. These waves usually travel eastward rapidly, once movement
begins, but in the development stage low ceilings and continuous rains persist
for 24 hours or longer.



High pressure cells migrate in rapid succession across the southern United
States during winter, passing eastward or southeastward into the South Atlantic.
Fair weather in the northern Gulf of Mexico is confined largely to the closed
centers of those cells that pass directly over the area. This limits the
duration of ideal flying weather (scattered clouds and unrestricted visibility)
to about 36 to 48 hours at a time during the winter season. Predaminant wind
directions are fram the north, east, and southeast. High winds over 31.5 km/h
occur most frequently in the winter months, about 20% of the time. They are
most often from the north. Winds greater than 52 km/h occur less than 2%

of the time.

Weather reports fram ships indicate that the cloud cover over the area is 2/8
or less approximately 25% of the time, and 7/8 or more approximately 50% of

the time in January and February. Fog is most frequent in January and February
with the visibilities less than 4 km reported about 5% of the time.

Spring: During March, Pc fronts become quasi-stationary farther north, on an
average, than in February, so that the principal track of low centers associated
with wave formation along these fronts lies just inland along the Gulf coast,
and north of the lease area. However, quasi-stationary fronts continue to
frequent the northern Gulf region and cause persistent periods of low ceilings
and rains lasting 24 hours or longer. Fair weather is still largely associated
with closed centers of migratory anticyclones. Strong winds occur fairly fre-
quently in April, most often fram the south and southeast. Cold fronts enter
the Gulf of Mexico much less frequently in April, and almost never in May so
that frontal weather becomes less of a problem than in the winter and early
spring months. Considerable cloudiness persists through April, but breaks off
sharply in May. Sky cover of 7/8 or more occurs approximately 40% of the

time during March and April, decreasing to about 20% in May.

The semi-permanent subtropical anticyclone is well established over the South
‘Atlantic in May. Westerly systems are too weak to penetrate the strong ridge
of high pressure extending westward across the Gulf of Mexico, and the season
is too early for easterly systems to play an important role in the weather;
consequently, May is one of the most favorable months of the year for air
operations.

Summer: The easterly circulation is predominant in June so that easterly
waves, and occasionally more intense tropical disturbances begin to appear in
the Gulf of Mexico during the month. The percentage of favorable weather is
high. The frequency of sky cover 7/8 or more is only about 10% in June and
July. The greatest frequency of calm and light winds occurs in the summer,
especially in August. No restriction to visibility occurs except in heavy
rainshowers. There are no significant differences in the number of tropical
disturbances, amount of cloud cover, or visibility between June and July.
Because of warmer sea surface temperatures, air mass thundershower activity
increases during the period from early morning to early evening. The fre-
quency of cloud cover 7/8 or more increases to about 20% in August.
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The Bermuda High is very strong during July and August with a normal anti-
cyclonic curvature in the isoabar pattern over the Gulf. Easterly waves and
tropical storms in the Gulf of Mexico increase significantly in August.

Fall: Although September is considered a fall month in more northerly
latitudes, it belongs more properly with summer months as far as Gulf weather

is concerned. Easterly waves and tropical storms reach their peak frequencies
during this month. The principal storm tracks enter the Gulf of Mexico through
the Yucatan Channel, but are oriented in a more northwesterly direction than

in July. September is a transitional month only in the sense that the weakening
of the Bermuda High results in a more easterly and variable wind direction than
in June-August.

October is the true fall transitional month, when easterly systems weaken and
westerly systems are not yet strong enough to reach the Gulf with any requ-
larity. Continental air masses that do move over the Gulf of Mexico are
usually of the Pm type that produce several days of nearly cloudless skies.

Tropical disturbances may still enter the Gulf during October, but the storms
generally recurve more rapidly than in Septenber, and the lease area has not
recorded any tropical storm impacts after early October. The frequency of
cloud cover 7/8 or more is low, about 15%. There are very few thunderstorms
in October compared to September.

The high frequency of nearly cloudless skies, characteristic of October,
decreases sharply in Novenber. The frequency of cloud cover 7/8 or more is
over 40%. Advection and frontal fogs begin to appear in Novenber with about
2% of reported nearshore visibilities less than 4 km.

3. Severe Weather
a. Tropical Cyclones

The largest and most destructive storms which affect the Texas coastal and off-
shore areas are tropical cyclones. The intensity of tropical cyclones may
range from weak to barely-noticeable but possibly developing areas of bad
weather, to large and intense storms with maximum winds approaching 320 km/h.

Virtually all tropical cyclones which have affected the Texas ooast have
originated in the Gulf of Mexico, the Caribbean Sea, or the southern part of
the North Atlantic Ocean. The season extends from June to October; storms
are most frequent in August and Septenber, and rarely affect the Texas coast
after the first days of October.

The average frequency of tropical cyclones for the entire Texas coast is a
little less than one per year; they were nost frequent in 1886 and 1933, with
four in each of these years. A total of 37 hurricanes affected Texas during
the period 1900-1974, about one every 2 years. All occurred from June to
October. Of these, nine were severe in the lease area, all occurring in August
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and September (although a major hurricane nearly destroyed Brownsville on
October 12-13, 1880). The storms are often small in diameter; the August 1970
hurricane which brought 200 km/h winds and 258 km/h gusts to Corpus Christi
brought no high winds or appreciable rain to Brownsville.

In coastal areas, although hurricane winds cause a great amount of damage and
sometimes loss of life, surveys of past hurricanes indicated that storm tides
cause the greatest destruction and largest number of deaths. In offshore areas,
high waves are most destructive. The most extreme storm tides occur near and
to the right (looking forward along the line of progress of the storm center)
of the area where the hurricane center moves inland.

The reverse is true of the coastal area to the left of the storm center. In
this case, bay waters are depressed and forced out by strong winds blowing
away from the coast and lower tides results. The extent of extreme tides
along the coast depends upon the size and intensity of each individual hurri-
cane. Tide heights in bays (especially near the heads of geographical or
physical configuration where water can be trapped) are usually much higher

than tides along the immediate ocoast in the same area. Storm tides of 5-6 m
have been recorded, in Matagorda and Corpus Christi Bays; tides on the sparsely
inhabited exposed coast are somewhat lower, but 3-3.5 m-heights have been
recorded, and Padre Island has been inundated several times.

Far offshore, in depths of 100 m or more, fully developed hurricane waves
occur. These waves can reach significant heights of 12-15 m and extreme
heights of 20-25 m. As the waves move into shallow water they are modified
due to shoaling, retraction, and bottom friction. These effects will generally
cause an attenuation of 50% or more as waves move over the outer shelf; how-
ever, actual attenuation factors are different for different geographical
locations.

. In the inner shelf, with mean depths of 10-15 m, breaking waves, with heights
of 0.78 of the water depth became important. The storm surge can be quite
significant, as much as 2-3 m, which in turn increases the heights of

breaking waves.

Statistical probabilities for the occurrence of extreme winds and waves can
be generated. From past hurricane occurrences with wave conditions provided
by wave hindcast techniques. Estimates of extreme wind and wave reoccurrence
intervals are given in-Table 2. Such statistics must be used with caution,
however, as hurricane occurrences tend to cluster in time. Table 3 shows
the major hurricane occurrences in the lease area for the period 1875-1974.
Several characteristics of the storms are worthy of note.

(1) Although hurricanes occur along the Texas Coast fram June to October,
all of these storms except one occurred in August and September.

(2) ILong periods can occur without a given coastal area being struck; from
1880 to 1933 no major hurricane struck Brownsville.
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(3) The major stomms tend to cluster in time; 1875-86 three storms, -
1882-1915 none, 1916-19 two, 1920-32 none, 1933-45 three, 1946-60 none,
1961-71 four.

Other characteristics of individual storms are noted in the Table. In
Table 4, some general statistical characteristics of tropical cyclones in
the lease area are given by 80 km coastline segments.

b. Northers

Some 30 to 40 polar air masses penetrate fram the North American continent
to the Gulf of Mexico each winter. During the year same 15 or 20 of these
generally bring forcible northerly winds to the Gulf, and are called northers.
The norther is associated with a strong anticyclone, and cold air masses
descending from the north and should not be confused with the northerly winds
in the western quadrants of tropical cyclones which approach from the east.
Occasionally, local usage has corrupted the term norther to apply to any
wind shift to northerly accompanied by a temperature drop. However, there
should be a wind of at least 37 kmw/h when speaking of northers, and from

46 up to 92.5 km/h or more may occur in severe northers over the Gulf.

From one to six northers are likely to be severe over the Gulf during indi-
vidual years. Northers ordinarily occur fram November to March, and are
most severe fram December to February. As these winds trawvel southward

fram the Gulf into the Caribbean Sea, their strength is diminished.

c. Tornadoes

Tornadoes can be spawned in association with hurricanes over the South Texas
coast (three were reported during Carla in 1961) but are rare otherwise.
Waterspouts are fairly common over the Gulf of Mexico and the bay waters during
the summer months in association with shower and thundershower activity. Nor-
mally, they are rather small funnels that dissipate rapidly after crossing

the coast line and cause little or no damage. However, large waterspouts can
be dangerous to small boats and to poorly constructed buildings.

d. Severe Thunderstorms
As a general rule, severe thunderstorms are not frequent in South Texas,
as they are in Texas or Oklahama. Damaging hailstorms rarely occur
south of about 31°N latitude, and wind damage is usually spotty and of no
major significance.

B. Temperature, Salinity, and Density

1. Climatological Temperature, Salinity, and Density

TEMPERATURE AND SALINITY DATA

The first phase of the study was devoted to obtaining the available existing
temperature and salinity observations. Most of the data accumulated came
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from the Department of Oceanography, Texas A&M University (TAMU) and was
provided by the National Oceanographic Data Center. These data were supple-
mented and updated with temperature and salinity recordings from TAMU depart-
mental data files, the University of Texas Marine Sciences Institute, the U.S.
Geological Survey (Corpus Christi), and the National Marine Fisheries Service
(Galveston). Additional data, collected by the Mexican Navy, Instituto
Nacional de Pesca, and others were also incorporated.

The data were initially sorted by month. Table 5 gives the resulting monthly
distribution of the surface observations. Although this is a large number of
surface observations for the limited area considered, the geographical dis-
tribution of the data is poor. A bi-monthly sort of the data was made in

an attempt to bolster the number of observations in the area south of Aransas
Pass. However, the spatial ocoherence, particularly in the observed surface
salinity, was weakened by extreme local variations. The unfavorable distri-
bution of the data suggested that monthly fields of temperature and salinity
would be more typical of actual conditions.

Monthly surface charts of temperature, salinity, and density camputed from the
observations were constructed by machine plotting the values at the recorded
latitude and longitude. The resulting fields were scanned for trends, and
isopleths were drawn to reflect the observed tendencies. This procedure

was subjective, particularly in the treatment of the monthly surface salinity
fields. However, the monthly surface temperature maps do agree with the
monthly average sea surface temperatures given by Fuglister (1947) and
Robinson (1973). Furthermore, the monthly maps of surface salinity depict
the gross variations documented by the few synoptic surveys of the study

area (see Section IIB).

The spatial distribution of the data, combined with the rapid decrease in the
nunber of observations with depth, makes it impossible to construct typical
vertical sections of temperature and salinity. Vertical sections fram indi-
vidual cruises are available and these are presented.

SEA SURFACE TEMPERATURE

The monthly maps of sea surface temperature are given in Figures 1 through 12.
With the exception of June, July, and August, the isotherms are parallel to
the coast. The sea surface temperature gradient is a maximm during January
over the study area. Through the following four-month period it progressively
relaxes under the influence of increasing seasonal heating. From June through
September, inclusive, the sea surface is in a near isothermal condition.
During October, November, and December seasonal ocooling produces an increasing
temperature gradient.

For most of the year, cooler water is found nearshore and the temperature

in the shallow water increases as one moves south along the coast. The excep-
tional period is again June, July, and August, when the surface temperature
increases from south to north over the entire shelf.
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During January the temperature east 8f Galveston is 12°C. The temperatureo
increases south of this region to 22°C in the open Gulf, or a change of 10°C
over 862 km. In the same period the temperature just north of the Rio Grande
is 20 L. In February the surface temperature east of Galveston has é‘sncreased
to 14°C, but the temperature 243 km to the south has decreased to 21 Co Like-
wise, the temperature just norgh of the Rio Grande has decreased to 18°C in
the nearshore zone. Another 2°C increase in temperature occurs by Mg.rch east
of Galveston, as well as in the shallow waters in the vicinity of 26 30'N.
The open Gulf teamperatures i creaseoslightlg over the same time periodé In
April the coolest water, between 20~ and 21°C, is still found above 29 g,
while just north of the Rio Grande, the temperature has increased to 22°C

The waters 250 km south of Galveston have temperatures between 22° and 23°C.

The sea surface temperatures are radically altered over She next ofour months,
May through August. During May, temperatures between 24~ and 25°C are found
from east of Galveston southwest 80 the region north of She Rio Grande. The
lowest temperatures, less thgn 24°C, are found und 28715'N. By June,
temperatures greater than028 C are found above 28N, while to the south
temperatures less than 28 C prevail. The reversal of the positions of

warmer and cooler water is completed by July, and is ma1nta:.8ed through August.
The surface tempera&ure east of Galveston is greater than 29 8 during July

and greater ghan 30°C_in August. Along the coast south of 28°N, temperatures

less than 28°C and 29°C are fourd in July and August, respectively.

The pattern of isotherms is rapidly realigned with the coastline from August
to September, although the temperature gradients remain smals. The surface
temperature over the shelg varies from slightly less than 28°C east of
Galveston to more than 28 °C in the area just north of 8he Rio Grande. Off-
shore, in the open Gulf, the surface temperature is 29°C and higher.

The effects of seasonal cooling are evident over the October, November, and
December periodé The surface waters east of Galveston exhibit a decrease of
approximately 6 C from October to Novenbsr alone. The surface temperature in
this region is depressed an additional 4°C from November to . The
temperature changes during the same time period in the area of 26 N are not
as drasgic. Frgn October to November in this region, the temperature changes
fram 27°C to 237C, 8pproximately. During December the temperature is reduced
to approximately 20°C. The gerperature changes in the surface waters of the
opgn Gulf amount to abogt -2°C per month, or a total change fram greater than
27°C to greater than 23°C, during the period October through December.

THE MONTHLY DISTRIBUTION OF SURFACE SALINITY

The monthly pattern of isohalines (Figures 13 through 24), like surface iso-
therms, parallel the coast during most of the year. Beginning in May, the
isohalines, under influence of less saline water introduced from the east,
assume an increasingly normal alignment to the coast. In September, the
isohalines are again parallel to the coast, and they maintain this pattern
through the remainder of the year. Throughout the year, the freshest water
is found nearshore east of Galveston.
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Fram January through April, the 36.4°/oo isohaline is found offshore over
the shelf break. Nearshore, about 29 N, the salinity changes from the low
thirties in January to the twenties in April. The data are not sufficient
to portray changes jn the salinity during this period in the region south

of approximately 27&3. In the period of January through March, the largest
surface salinity gradients are found nearshore in the area east of Galveston.

The influence of increasing river offing, first seen in April, becomes more
evident during May, June, July, and August. The surface salinity increases
along the coast as well as in the offshgre direction in this time period.
Moreover, the surface salinity about 27 30'N increases fram May through August.
This may appear contrary to the effect produced by the addition of fresher
water from the east. Note, however, that in May the salinities south and
southwest of Galveston over the middle of the shelf are depressed compared
with those found during April and June.

The pattern of isohalines given for July and August are tenuous since the data
are sparse for these months, but the general tendency toward increasing
salinity over the study area is realistic.

The source of the fresh water effecting the salinity appears to be the
Mississippi and Atchafalaya Rivers. Figure 25 shows the twenty-year (1950-
1970) mean monthly discharge rates of the Mississippi and Atchafalaya Rivers
and the sum of the monthly means of all the rivers west of the Atchafalaya to
the Rio Grande, inclusive. It is immediately clear why the effects of local
offings are masked in the surface salinities given here. Note that the mean
flow rate is a maximum during April, while the surface salinities over the
shelf south of Galveston are lowest during May.

The discharge rates for the Atchafalaya were computed for Kortz Springs,
about 415 km from the Gulf, and the Mississippi rates are for Red River
Landing, about 490 km from the Head of Passes. Taking the distance fram the
mouth of the Atchafalaya to 94% as 258 km gives an average speed of about
26 cn/s if the travel time is taken as thirty davs. This speed is in agree-
ment with the regional westward drift of less than 50 cm/s given by the
current charts for il and May (U.S.N.0.0., 1372). The distance fram the
Head of Passes to 94™W is 465 km. Over thirty days, this gives an average
speed of 37 an/s, which again is reasonable. Thus, it appears that both the
Mississippi and Atchafalaya Rivers have cammanding rules in producing the
atypical pattern of ischalines present from May through August.

Monthly surface salinity patterns, frCIél September 3hrough December, inclusive,
are quite similar. Salinities of 30.0 /oo to 31.0 /oo are found east of
Galvgston. Proceeding offshore from Galveston the salinity increased to

36.4 /08 over the shelf break, except for December when the maximm salinity
is 36.5 /oc0.
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During September in the areaonorth of the Rio Gr. , the surface salinity
increases slightly from 36.0 /oo nearshore to 36.27 /oo midway to the shelf
break. In October and November the salinity éncrease fram nearshore to
the shelf break is approximately 34.0 to 36.0 /oo. During December the
salinity gradient in the regign north of She Rio Grande is large, with the
salinity increasing from 34.0° /oo to 36.5 /00 over a distance of 60 km.

THE MONTHLY SURFACE DENSITY

Figures 26 through 37 show the monthly distribution of surface density given
as sigma-t values(oi) where or=(1-p) 103; e is defined as the specific gravity
of sea water. Clearly, the monthly distribution of density is necessarily
similar to the surface temperatures and salinities. Moreover, they exhibit
the same general strengthening of gradients from September through March
followed by a rapid erosion of the gradients fram April through August. The
November surface density is anomalous in this respect. During this month

the density gradients relax, but the density increases over the entire area.

Throughout the year, the less dense surface water is found east or east and
southeast of Galveston. The sigma-t values range from 15 during May to 24
in December. The occurrence of the minimum density in May reflects, as the
May temperature and salinity fields, the influence of the fresher water
originating in the east. From April through June, inclusive, and in the
period September through November, the more dense surface water is found
offshore. The smaller range of temperature and salinity experienced in this
more oceanic environment is indicative of the density variation, with a
sigma-t range between 23 and 25.

The sequence of surface isopycnals found during the December through March
period is interesting because of the persistence of very dense surface waters.
In December a tongue of water with sigma-t values equal to or greater than
25.5 extends from 93°W along the outer reaches of the shelf. During January
the 25.5 isopycnal outlines a slightly smaller area compared with the pre—
vious month, but a tongue of water with sigma-t values of 26 and greater is
found within the 25.5 isopleth.

Surface sigma-t values of 26 and greater are found over a large portion of
the shelf during February. Offshore, in the open Gulf the surface water
density is less than or equal to 25. By March, the denser waters ofogreater
than or equal to 26 exists as an elongated cell centered at 28°N, 95750'W.

VERTICAL SECTIONS

The paucity of data is such that vertical sections cannot be constructed on
a monthly, or bimonthly basis. Furthermore, there have been few systematic
surveys on the Texas shelf following more or less the same traverses month
to month, or year to year. The exception is the series of abservations by
the National Marine Fisheries Service, Galveston. However, vertical sections
fram individual cruises are available. Samples of existing sections are
presented here.
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Figures 38 through 40 identify the cruises and show the locations of the
transects. The sections identified as Texas A&M University (TAMU) cruises
5432, 61H19, 64A7, 66Al2, and 67A4 originated at Galveston. Cruise 54J2
extended south-southwest from Galveston while cruises 61H19, 66A12, and 67A4
made southeast traverses across the shelf (Etter and Cochrane, 1975).

Vertical homogeneity characterizes the shelf waters during the period October
through March (Figures 41 through 48 and 54 through 56). Temperature inver-
sions and weak vertical temperature and salinity gradients are observed near-
shore, but these relax rapidly with distance from shore. The top of the
thermocline is deeper, in waters greater than 100 m deep, during November
through February as compared to conditions in March. Notice that during
January the top of the thermocline in the deeper regions delineates a
sensibly homchaline surface layer.

The January and February density sections (Figure 41 through 47) deserve
attention in that both show the presence of very dense (04>26.5) water over the
shelf. These waters are the same types found beneath the subtropical underwater
ocore in the open Gulf at depths of around 200 m. The density structure found
during cruise 66A2 and the NMFS February cruise indicates that locally formed
dense shelf waters replenish the subsurface waters of the open Gulf, as sug-
gested by Nowlin and Parker (1974).

Figures 48 through 50 indicate that a thinning of the mixed thermal layer has
occurred during the March to May interval. The initiation of thermal stratifi-
cation is also in evidence, even in the shallowest waters over the shelf. The
salinity regime shown in Figure 50 illustrates the pronounced effect of the in-
creasing addition of fresher water fram the east. Notice that in the southern
and northern sections, the fresher water is nearshore and nearly homohaline in
the vertical. In section 2, however, the fresher water is found in a narrow,
thin region offshore.

Thermal stratification intensified during June (Figure 56) and July (Figure 51)
while the water temperature in general, increases. During August (Figure 52)

the temperature structure reveals isothemmal conditions exist to depths of 20 to
25 m, beneath which is a pronounced thermocline. Moreover, in conjunction with
the corresponding salinity sections, the waters to depths of 20 to 25 m are
hamogeneous in the southern section, and nearly so in section 2. The northern
section shows a thin, narrow region of relatively fresh water in the intermediate
offshore zone. This core of relatively fresh water probably represents the last
vestiges of the freshening effect cammenced the previous spring.

ANNUAL CYCLES OF SURFACE TEMPERATURE

In order to examine the seasonal fluctuations of surface temperature and how
these variations change with distance from shore, the sorted data were divided
into four zones depending on station position. Annual cycles of surface salinity
were not constructed because of the small monthly sample sizes. Zone 1 extends
fram the shallowest depths to the 20 m iscbath, and zone 2 is defined by the 20 m
and 50 m lines. Zone 3 incorporates the region between the 50 and 200 m isobaths
while zone 4 is defined by the 200 and 2000 m depth lines.
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Figure 57 gives the annual cycle of monthly average surface temperatures for
the four zones. The vertical bars indicate the monthly ranges.

A minimum average temperat of 12.39°C occurs &n January in the nearshore
zone, while minimums of 16.7°C, 19.3°C, and 20.3°C are experienced during
February in zones 2, 3, and 4, respectively. The maximum temperature is
found during August in all fogr zones,, The mg:mm;:m mean 8enperatures for
zones 1, 2, 3, and 4 are 29.4°C, 29.1°C, 29.1°C, and 29.4°C, respectively.

The annBal range of the monthly means rapidly decrease from 16.6°C inozone 1

to 12.2°C in zone 2. Zone 3 experiences even smaller range of 9.8°C. As
one would expect, the smallest range (9.1 °C) is found in zone 4, which reflects
the moderate fluctuations normally experienced in an oceanic environment.

The monthly ranges also tend to decrease with distance from shore. Inade-
quate sampling is probably responsible for the few anomalous cases seen in
Figure 57.

SEASONAL VARIATION OF THE MIXED LAYER DEPTH

Th78 annual trend ofoisothegén] depths for the zonal band between 27°30" and
27°50'N and from 92 to 96 W is given in Figure 58 (Nowlin and Parker,
1974). The data used to prepare this figure were solely from Texas AsM
University, Department of Oceanography, BT files. Notice there were no

observations for April, July, September, and Novenber.

Figures 59 through 70 are monthly maps of the mixed layer depthg (MLD) , defined
here as the depth at which the temperature has decreased by 1.1°C from the
observed surface temperature. The annual course of isotherms and the maps

of MID exhibit a seasonal trend in which the MLD is deep in the winter and
shallow in the summer. Generally, the November through February period
(Figures 69, 70, 59, and 60) is characterized by comparatively strong winds
and seasonal cooling (Orton, 1964). The MLD deepens during this period under
the combined effects of instability produced by seasonal cooling and nmore
vigorous vertical mixing by surface waves. Moreover, since the evaporation
rate far exceeds the precipitation rate during this period, the mixing process
is enhanced (Etter, 1975; Moller, 1955).

From April to June (Figures 62 through 64) the MID decreases under the influ-
ence of subsiding winds and increasing seasonal heating. By June, surface
heating and light winds have produced a thin mixed layer abowve a strong
thermocline (Figure 58).

The mixed layer slowly deepens in the period July through October (Figures
65 through 68). The thermocline remains strong through October, but growing
winds, seasonal cooling, and an increasing dominance of evaporation over
precipitation, causes the MLD to deepen.
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2. Historical Temperature and Salinity Data

INTRODUCTION

Between 1962 and 1965 the Galveston Laboratory of the National Marine Fisheries
Service, formerly the Bureau of Commercial Fisheries, conducted an intensive
survey of the waters over the continental shelf of the northwestern Gulf of
Mexico. Although this survey was designed primarily to provide biological in—
formation on shrimp (Kutkuhn, 1963; Temple and Fischer, 1965 and 1967; Brusher,
Renfro, and Neal, 1972; and Temple, 1973) and finfish (Moore, Brusher, and
Trent, 1970), the ocollection of hydrographic data was incorporated into the
study to provide information essential for a more complete understanding of
the environment over the continental shelf. This effort included the systematic
monitoring of temperatures and salinities as well as the periodic release of
drift bottles to determine surface currents at all biological sampling sites.

Much of the afarementioned work was completed in the south Texas OCS lease
site and generated a considerable amount of data, the analysis of which will
provide valuable baseline information on environmental conditions prior to
mineral exploration. Oonsequently, and as specified in Interagency Agreement
08550-IA5-19 between the Department of Interior and the Department of Commerce,
the objective of this report is to:

1. Compile and analyze the historical temperature and salinity data.

2. Oompile and analyze the historical drift bottle data to document the
direction and rate of flow of surface ocean waters.

The drift bottle data are considered in Section II El.

TEMPERATURES AND SALINITIES

- Between January 1963 and December 1965, 35 cruises were conducted in continental
shelf waters of the northwestern Gulf of Mexico with a chartered shrimp trawler.
Sampling was conducted monthly at stations positioned on ten sections, four of
which were either in or adjacent to the south Texas BILM study area (Figure 71).
The inshore stations were in 7.3 m of water and the outermost station was in
109.8 m of water. Operations were continuwus with observations made upon
arrival on station regardless of time of day. Occasionally, however, some
stations ocould not be occupied because of adverse weather conditions or
mechanical breakdowns. :

Temperatures—--Temperatures were measured with mechanical bathythermographs
that were allowed to sound bottom on all casts. Surface bucket tatperaturgs
were taken for correction purposes with stem themometers graduated to 0.1°C.
In the laboratory, temperature and depth corrections were calculated for each
slide before photography, and bathythermogram profiles were aligned by the
average correction process as outlined by ILa Fond (1951). For tabulation pur-
poses, temperatures at a station were recorded at O (surface), 3, 11, 24, 43,
70, 107 and B (bottam) m, depending on total water depth.
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Salinities--Samples of surface water for salinity determinations were obtained
from the bucket samples used for bathythermograph reference temperatures.
Samples of subsurface waters were taken at depths of 3, 11, 24, 43, 70, and
107 m with Nansen bottles. The deepest sanmple at any station was 3 m above the
bottom. Depths were determined from the wire angles and precalculated length-
of-wire tables. Regardless of the method of collection, all samples were
drawn into 200-mm culture tubes with Polyseal caps. Chlorinity was determined
in the laboratory by the Knudsen method as soon as possible after each cruise.

Campilation--All temperature and salinity data collected from the study area

in 1963~1965 are listed by section and station in Tables 1-4 of the appendix.
These data have been forwarded to the Atlantic Environmental Group and National
Ocean Survey for incorporation into their data banks and their subsequent
analyses to determine physical oceanographic features of the south Texas OCS
study area, and to document environmental conditions prior to mineral exploration.

3. Temperature and Salinity at Shore Stations

Temperature and density have been recorded routinely at National Ocean Survey
tide stations for many decades. The observation is taken once daily, not

always at the same time of day, and several days per month are often missing.
Despite this, one.may expect that over a long period of time, these records

will provide a good representation of mean shoreline conditions; moreover,
synoptic meteorological and hydrological phenomena (cold fronts, river discharge,
etc.) are reflected in the day-to-day records. As continuwous synoptic obser-
vations are not available for offshore regions, these records provide a unique
time source for coastal conditions. Summaries of these observations are
available from the National Ocean Survey (U.S. Department of Commerce, 1973).

Compared to open-sea stations, shore stations exhibit large seasonal and daily
varjations. Table 6 gives monthly l$an texpegatures for stations at Galyeston
(Zgéi?'N, 94047'W), Port Aransas (2 496N, 97 036W), Brazos Santiago (ZGXﬁ'N,
97°09'W), and Ciudad Madero, Mexico (22715'N, 97 48'W) as well as records from
adjacent Continental Shelf Marsden subsquares (084 Galveston, 076 Port Aransas,
and 056 for Port Isabel; an open-ocean subsquare, 022, is used for Ciudad

Madero). The greater seasonal change at the shore stations is clear.

The salinity cycle at coastal stations is dependent, as would be expected, on
seasonal precipitation and runoff patterms. Table 7 gives mean coastal salin-
ities at Galveston, Port Aransas, Brazos Santiago, and Ciudad Madero. Except
in the summer, there is sufficient local precipitation and runoff in all seasons
to make salinities lower at Port Aransas and Brazos Santiago than offshore.
However, there is a distinct spring minimum in the salinity at Galveston and
Port Aransas which is not found at Brazos Santiago. The main sources for low
salinity water in the region are the Mississippi and Atchafalaya with the
largest outflow occurring in April. Thus we can infer that substantial
penetration of spring low salinity water from the north normally extends into,
but not to the southernhborder, of the lease area. The extent of penetration
of low salinity water can be expected to vary considerably from year to year,
depending on the amount of runoff, which is subject to wide fluctuation (see
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tide station records). The average extent of southward penetration of the
offshore low salinity water on the OCS cannot be confirmed due to the lack
of systematic observation of spring salinity in the southern part of the
lease area and northern Mexico.

The pattern of low salinity penetration is of considerable importance for
circulation dynamics. The spring tendency of currents to set north in the
lease area under prevailing southeast winds can be offset by runoff induced,
southerly baroclinic flow.

The record at Ciudad Madero, showing about 400 km south of the lease area,

is distinctly different from the Texas stations. The salinity is low in all
seasans due to direct river influence and shows a summer-fall salinity minimmm
associated with the onset of the rainy season as well as easterly, rather than
southeasterly, spring-summer winds. Thus, characteristic water movement in
the spring may well be quite different in different parts of the lease area,
and in adjacent areas, with important implications for oil spill and pollutant
trajectory modelling.

The records are useful also as indications of the variability to be encountered
in near-shore waters. As expected this is much greater than in offshore areas,
due to the direct land influence. Table 8 shows the characteristics of temper-
ature and salinity over a S5-year period at Galveston, Port Aransas, and Brazos
Santiago for the months of January (winter), May (spring; lowest salinity),

and August (summer; highest temperature and salinity), together with tempera-
tures and precipitation at Galwveston, Corpus Christi and Brownsville.

Consistent with the results of Sec. II, Bl, 2, salinity generally increases
from north to south. The strongest gradients and greatest within-month vari-
ability occur in May, associated with the intrusion of fresh water from high
spring runoff. The May 1975 records show the lowest salinities noted for the

6 years; it appears as if, unlike the average situation, substantial fresh water
penetrated as far south as Brownsville. Summer salinities appear to be quali-
tatively correlated with local precipitation.

In general, variations in winter nonthly mean sea water temperatures follow
variations in mean air temperatures. Total variation is less, as would be
expected, and the north to south gradient is clear. By May there is no con-
sistent south to north gradient jn water temperature, although the mean air
temperature increases by about 2°C from Galveston to Brownsville. The most
notable aspect of summer temperatures is the anomalously low values of Brazos
Santiago, due most probably, to intermittent upwelling (see below).

Synopt.lc reocords can provide indications of 51gnlf1cant dynamic processes. On
examining nbnthly mean records, a summer decrease in mean temperature from
June to July is found at Brazos Santiago but not at other stations. Examina-
tion of daily sea temperature and wind records shows a correlation with wind.
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Temperature records for June-July 1973 with vector mean daily winds at
Brownsville are shown in Figure 72. It is hypothesized that the periodic
anomalously low temperatures may indicate the presence of coastal upwelling.
It appears that in addition to the characteristic seasonal shift to pre-
dominantly south-southeast winds, several days of persistent winds almost
parallel to the coast are necessary to establish the upwelling; this is a
time scale consistent with baroclinic adjustment of the coastal mass field
in other upwelling areas (Smith, 1974). If upwelling is present, the
associated horizontal and vertical shelf motions have important implications
for movement and dispersion of pollutants. The upwelling, if it exists, is
present rather tenuwusly, it is not observed at Port Aransas, where the
winds are less parallel to shore, although not radically so, and it can be
broken down by a variety of interruptions in the strength or direction of
the south-southeast winds which establish it.

Winter sea water temperature can change drastically in short periods of time,
and can be quite different fram year to year. The daily march of temperature
at Galveston and Brazos Santiago for January 1972 and January 1973 is given
in Figure 73. The lowest observed temperature (4.4°C on January 11, 1973)
actually occurred at Brazos Santiago. This coincided with a major cold air
outbreak, with associated shelf and slope energy and water exchange (see
Nowlin and Parker, 1974). Note that the temperature at both stations in
January 1972 is higher for almost every day of the month than in January 1973.
This may imply significant year-to-year differences in the winter circulation.

C. Tides, Tidal Currents and Sea level

Tide stations provide a continuous record of vertical water movement at
stations in U.S. Coastal regions. Two of these stations are at partially
expgsed coasgal locations bordering the lease area; those at Aransas Pass
(27050'N, 97003'W) which has numerous breaks in the record and Brazos Santiago
(26004'N, 97009'W) . The exposed coastal station at Galveston Pleasure Pier
(29°17'N, 94747'W) has a long term nearly unbroken record, and in conjunction
with the record at Brazos Santiago can be used to study longshore changes
along the coast.

Long-term tide records reveal not only the astronomic camponent of the tide,
but also meteorological, climatological, and geological disturbances, with
time scales ranging from decades down to a few minutes. Tide station records
have been used by many investigators to study such phenamena as perturbations
in the Gulf Stream (Niiler and Richardson, 1973) and to test the validity

of geodetic leveling (Sturges, 1974).

Tide records are reduced and analyzed harmonically to provide tide predictions
for hundreds of coastal, estuarine, and riverine locations. The predictions
are published annually by the National Ocean Survey (U.S. Department of
Commerce, 1974a), and include seasonal, but not short-term, non-astronamic
variations.

23



Astronamical tides in the lease area are small as they are generally in the
Gulf of Mexico. They are diurnal near times of maximum declination of the
rmoon, and mixed semi-diurnal near times of zero declination with a diurnal
range of 40-50cm along the coast. Typical tidal curves are shown in
Figure 74 (after Marmer, 1954). g‘here is only a small phase digfermce

between Aransas Pass (27050'N, 97°03'W) and Brazos Santiago (26 04'N, 97°09'W).

The controlling dynamics of the tides in this part of the Gulf are not clear.
Zetler and Hansen (1972) postulate that the observed principally diurnal tide
in the Western Gulf is due to cooscillation with the neighboring Atlantic.
Platzman (1972), however, based on numerical calculations, feels that the
hypothesis of resonant oscillation with diurnal forcing, advanced by Marmer
and others, may be valid. :

Predictions of tidal currents for inshore and estuarine regions, and passes
are provided in an annual NOS publication (U.S. Department of Commerce, 1974b);
these are based on 29 day current observations in these regions. Tidal
current observations along the coast are sparse. Tidal currents in the
vicinity of Aransas Pass have diurnal speeds of 45cm/s at flood, and 60cm/s

at ebb, but wvelocities decrease to 15cm/s or less on the open shelf.

Seasonal and synoptic effects cause important variations in sea level. In
the lease area, the annual non-astronomic variation is larger than the astro-
nomic. ILong-term records of monthly highest and lowest tides at Galveston
(Figure 75) show an annual range of 1.5-2.5m, although heights of 4-6m have
been recorded during severe hurricanes. Storm surges associated with tropical
storms account for the very high levels, while most of the abnormally low
levels are associated with set-down and drainage out of Galveston Bay during
Northers. The set-down effect is similar, but less pronounced in the lease
area.

An annual sea lewvel cycle is also apparent in Figure 75. An cbserved annual
cycle in sea level may be due to a variety of causes. These are analyzed in °
some detail by Lisitzin and Pattulo (1963). A recent study by Brunson and
Elliot (1974) pays particular attention to the steric contribution on the
West Coast and to associated baroclinic currents. :

The inverse barometer effect is the most elementary factor which tends to
alter sea level, both synoptically and seasonally. A rise/fall of lmb in

the sea lewvel pressure will cause a lam fall/rise in sea level. In same areas,
this effect alone can acocunt for a 10cm or more increase in sea level from
winter to summer.

Steric effects are usually of considerable importance in coastal areas.
Lighter water will tend to stand higher, and denser water lower. The seasonal
departure from mean sea level is given by Pattulo et. al. (1955) and Brunson
and Elliot as: 8,=5 S{g Ao G
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where

Bao

steric departure from mean sea level

= average water colum density

|
|

Ao = Jeparture of specific volume from yearly mean
8y = depth of shelf bottom

The application of this formula becames progressively more questionable as
the water becames very shallow. To obtain the steric departure at the coast,
one must extrapolate from a near-shore, moderately deep station, and assume
reasonable spatical smoothness in the sea level. As the alternative would
produce a type of nearshore singular behavior which is not observed, this

is a reasonable procedure.

Wind effects can be large, but are not campletely quantifiable. In Asia,
the shift from the winter northeast Monsoon to the summer southeast Monsoon
probably accounts for most of the lm rise in mean sea level from winter to
sumeer in the shallow Bay of Bengal.

Along the West Coast of the United States, a seasonal shift fram winter long-
shore southerly winds to summer longshore northerly winds appears to account,
by Ekman dynamics, for at least part of the 20cm winter to summer lowering

of sea level at coastal tide stations in Washington and Oregon. Thus, onshore
winds and longshore winds with the coast on the right tend to raise sea level
while offshore winds and longshore winds with the coast on the left tend to
lower it. In bounded basins, however, non-local effects are critical (Pedlosky,
1974), and this may be important in the Gulf of Mexico. If non-local factors
produce a longshore gradient in sea level, this will alter the effect of the
longshore wind (sec. IIIB). Much remains to be done concerning the problem
of seasonal wind effects on sea level.

In Figure 76, mean monthly sea level and sea level differences are shown for
Galveston and Brazos Santiago. The pure inverse barometer effect, a lam
rise/fall in sea level for each lcm fall/rise in mean atmospheric pressure
is also indicated; it is not well correlated with the observed sea level
variations. The record shows the effect of subsidence in the Galveston area,
as the 1958 mean sea level is taken as zero.

The characteristic spring sea level rise, summer lowering, later summer-
early autum rise and late autum fall can be correlated with changes in
the wind and density pattern.

The spring rise is attributable to high river runoff, the sumer lowering

to increased density and south-southeast winds, and the late summer rise to
a shift in winds into the east quadrant. The sea level patterns, and perhaps
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also the mean current pattern, are subject to considerable year-to-year
variation as shown in Figures 77 and 78 where records for 1970 and 1971 are
given. Among other features, the high September-October 1971 level and the
distinctly different winter patterns in 1970 and 1971 are notable.

Short-term variations are also significant and may be associated with large
synoptic shifts in the coastal current regime (Beardsley and Butman, 1973;
Cutchin and Smith, 1973). The application of a 39-hour low pass filter to
a tide record effectively removes the astronamical component, while retaining
short-term large-scale atmospheric effects which typically have a time scale
of several days. Two such filtered records are shown in Figures 79 and 80
for the coastal stations of Galveston and Brazos Santiago; significant wind
events are also indicated for Port Arthur and Brownsville. The first record
is for the late winter season, February 5 - March 20, 1970. The notable
set-downs at Galveston are associated with the passage of Northers; set-down
at Brazos Santiago is noticeable, but quantitatively less in most cases;

in the February 25-26 instance, winds were much less intense at Brownsville
than at Port Arthur, with little associated set-down. An inverse barometer
effect was also noticeable in most cases. The highest sea level (March 6-7)
was associated with over a week of winds almost consistently from the south-
southeast quadrant. It is probably that current reversals were associated
with these winds and sea level shifts (see Section IIE).

The second record is for the period August 15 - September 30. In this season,
the low sea level in the early period is associated with persistent winds
from the southeast quadrant. A shift to winds predominantly from the east
quadrant (August 25 - September 1) results in a strong sea level rise. Sea
level falls again with a return (September 2-9) to summer type southeasterly
winds, then undergoes the characteristic seasonal rise with the seasonal
shift to higher speed, more variable winds more in the east quadrant. There
is a characteristic shift in mean currents along the Texas coast in September
associated with the characteristic change in wind and sea level. The rela-
tionship of the short-term patterns in surface drift and wind is considered
further in Section IIE.

D. Winds and Waves

1. Vector Mean Winds

It has been shown by many inwvestigators (e.g., Munk, 1950) that the large-
scale patterns of ocean circulation are related to the distribution of wind
stress over the ocean. More recently (Collins and Pattulo, 1970; Huyer et.

al., 1975), fluctuations in time-variable longshore currents have been found

to be barotropic and to be strongly coherent with variations in the longshore
wind. The seasonal mean circulation is more complex, being produced in most
areas by a cambination of steric (Brunson and Elliot, 1973) and wind influences.
At any rate, a determination of the characteristics of the offshore wind is
clearly critical to a determination of coastal circulation.
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The distribution of wind stress might appear to be the most useful parameter
for application to coastal circulation problems (Franceschini, 1953). However,
it should not be forgotten that what is measured is wind velocity and that the
transformation to wind stress and the mechanism of the transfer of stress to
the water are by no means unambiguous clear-cut procedures (Krauss, 1968;
Stewart, 1974). For this reason, vector mean wind is displayed as the funda-
mental parameter.

The offshore wind observations are taken from ships ; the number of observations
per 1° square per month varles g;'om 13 t8 1839, with the median number being
about 120. Squares fram 24°-30°N and 92°-98%W which include at least some
shelf area are considered. The number of observations is generally greatest
toward the north and east and least toward the south and west, and is less
close to the lease area coast than farther offshore; overall the number of
observations is clearly sufficient to develop a reliable offshore wind
climatology.

Figures 81-92 display monthly mean wind vectors for all the above-mentioned
subsquares along with vector means for 1965-74 from the coastal stations of
Brownsville, Corpus Christi and Port Arthur. Vector speed, mean scalar speed,
mean direction, and number of observations are indicated for each square.

The general characteristics of the wind alluded to in sec. II are evident

in the figures. In the winter season, migrating weather systems with frequent
periods of strong northerlies alternating with strong south-southeasterlies,
combine to give a high mean speed, but a small vector net wind. In the lease
area, a rapid transition toward sumer-type conditions occurs in March and

by April, winds are predominantly southeast, being-very steady fram June-
August. In September, the winds became much less steady and blow more from
the east over the entire Texas offshore area; at the same time sea level rises
significantly (sec. II C). This pattern persists into November, and is
followed by a rapid transition to winter conditions.

The winds are correlated with mean pressure patterns in all seasons. Even
in the winter months of December-February a weak anticyclonic circulation
around the weak secondary high pressure system centered over the southeastern
United States is evident. In the fall (September-November) the easterly winds
can be associated with the weakening and develogrent of a secondary High in
the eastern U.S. The April-August circulation is dominated by a sou t
flow around the Bermuda High. At all times a frictional departure of 10 -20°
fram geostrophic flow parallel to the isobars if evident. The most important
characteristics of the wind in each month are given below. In general, land
station data are campatible with Gulf data. The differences between land
stations and open-Gulf squares is not notably greater than that between near-
shore and offshore squares in the lease area.
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January: Winds show a broad anticyclonic sweep fram the east to east-northeast,
as would be expected fram the weak high pressure center over the southeastern
U.S. Also as would be expected from the migrating weather systems character-
istic of the winter season, average speeds are high and steadiness is low,

the magnitude of the wvector mean being less than one-third of the scalar

mean in almost all cases.

February: February continues the characteristics of the winter months; high
speeds and low steadiness.

March: The winds in March show the beginning of the transition to warm
season conditions. Mean winds are mostly fram the east, and have moderate
steadiness in the southern portion of the area.

April: The mean circulation around the Bermuda High is well established in
April over the entire northwest Gulf but steadiness is only moderate; same
frontal activity still occurs in April.

May: Steadiness increases, particularly in the southern and western portion
of the area where steadiness is generally greater than 2/3.

June: Winds are quite steady from the southeast south of 28°N, with steady
summer circulation completely established. In the northernmost region, winds
are more south-southeast, and scmewhat less steady. Winds at Port Arthur
are considerably less steady than those in the adjacent Gulf. This pattern
persists throughout the summer months and through September.

July: The winds assume a more southerly orientation, particularly over
the northern region. The steady sweep around the Bermuda High is evident.

August: A noticeable change from July is a decrease in mean speed. Winds
are samewhat less steady, most noticeably so in the northern and eastern
portion of the area.

September: A major shift in the wind pattern is evident over the entire
region. The winds back in a pronounced manner into the east and became less
steady. This shift is associated with an elongation of the Bernmda High and
the development of a weak secondary High over the Middle Atlantic States.

October: The trend of September continues, with winds continuing to back
samewhat into the east-northeast. A tendency for mean winds to circulate
around the climatological High centered over the Middle Atlantic States,
somewhat south of its September position is evident, with noticeable depar-
tures in squares adjacent to land stations, although not of the land stations
themselves.

November: Steadiness continues to decrease. Although mean speeds are gen-

erally higher than in October, vector means are only about half the magnitude
of June-July in southern and western areas.

28



December: The general winter pattern of January and February is evident
in December; high speeds, low steadiness and mean circulation about the
southeast U.S. anticyclone.

2. Statistical Winds and Waves

Wind and wave data were obtained fram the National Climatic Center. The time
period covered all data sources between 1884 and 1973 from Marsden Square 82,
Subsquares 45-47, 55-57, 65-67, 72-77, 82-87, and 92-95. The location of
Marsden Square 82 and the above-named subsquares are shown in Figure 93. The
data were obtained from the following sources: ship logs, ship weather
reporting forms, published ship observations, autamatic cbserving buwoys,

and teletype reports. It is understood that there is a bias towards better
weather conditions as ships tend to avoid severe weather. Also the greatest
nurber of observations come from shipping lanes. The data used here is
sufficient to give general conditions for the South Texas lease area, and
surrounding regions.

Figures 94 through 97 show monthly wind and wave statistics for data taken
between 1884 and 1973 for the indicated subsquares. Monthly median values
for all observations taken during this time period are shown in Figures 94
and 95; the values given for wind and wave statistics in Figures 96 and 97
are such that 95% of all observations are less than or equal to the value

Over the western Gulf of Mexico wind speeds range fram calm to greater than

68 km/h. Minimum wind speeds occur from July through September, the lowest
being in August. Maximum wind speeds occur from November through February.
Generally wind speed increases seaward and to the south. During the winter
months (December to ch)hlghestwmdspeedsoccurlnabardbetween
latitudes 26°N and 28°N from the Texas coast seaward in an east-west direction.
As summer approaches the orientation of this changes to a more northwesterly-
southeasterly direction. By August this band of highest wind speeds dimin-
ishes to a small area near the Texas coast (Figures 94 and 95).

Median wind velocities average between 19 and 30 km/h for most months. The
higher wind velocities are predominant in the winter months covering most of
the shelf area; they became less significant during the summer and occupy

a small area near the coast.

Generally, 95% of the recorded observations fell below 67 km/h fram November
through February. Maximm recorded wind velocities occurred in December along
the South Texas coast near Brownsville. Maximum winds show a decrease in
March and continue to decrease through August where 95% of the recorded ob~
servations fall below 30 to 33 km/h.

Percent occurrence of wind speeds by month is shown in Table 9 and displayed

in Figures 98b and 99b. From November through March wind speeds range between
13 and 31 km/h approximately 52% of the time. The frequency increases to
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greater than 60% from April through October. Wind speeds between 0 and

13 knyvh occur 15% of the time from November to April, greater than 20% in
May, and reach 31% by August. The occurrence of wind speeds greater than

31 km/h is highest in December (33%) and lowest in August (7%); fram October
through May the average is 27% and fraom June through September the average
is 12%.

Minimm wave heights occur during the summer, predominangly during July and
August. Maximum wave heights occur offshore south of 28°N during the
winter months from December through February. Highest wave heights recorded
fram the Western Gulf of Mexico were greater than 6.4m and occurred in
February. Generally wave heights increase fram north to south and seaward
for all nmonths. During May, July, and August an increase in wave height is
found nearshore off the Tecas coagt south of 28°N and in November off 8he
Texas coast between longitudes 958W and 968W and  latitudes 28°N and 29°N
(Figures 96 and 97).

Median wave heights average between 1 and 1.5m fram November through May

and between .5 and 1.1m fram June through October. Ninety-five percent of

all wave height observations generally fell below 2 to 3.7m from November
through February. These statistics begin to show a decrease in maximm wave
height in March to minimum values in July when the observations ranged between
1.2 and 2m.

Percent frequency of wave heights by month is shown in Table 10 and displayed
in Figures 98a and 99a. Approximately 55% of the time wave heights range
fran 1 to 2m for most months. During July and August this falls below 50%
when calm waters (0 to 1lm) become predominant. Calm conditions exist about
25% of the time from October through May. The frequency increases from June
through September and is greatest during July and August at around 50%. Wave
heights greater than the 2m range occur 24% of the time in February to 4% in

August.
E. Currents
1. Drifter Surveys
a. Surface currents as deduced from drift bottles

As part of an expanded research effort in 1962 (Kutkuhn, 1963), the National
Marine Fisheries Service initiated a drift bottle study to determine the
direction and rate of flow of surface waters in the northwestern Gulf of
Mexico. The ultimate goals of this study were: (1) to document on a monthly
basis surface current direction and wvelocity; and (2) to attempt to relate
monthly variations in current direction and speed with the successes or
failures of the yearly shrimp crops, i.e., the young shrimp (larvae) are
planktonic, and may be dependent upon currents for transportation to the
estuarine nursery grounds. This study began in 1962 and continued through
1963.
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Seasonal differences in direction and speed of surface currents in the Gulf

of Mexico have been generally described by Smith, Medina, and Abella (1951),
Leipper (1954), Curray (1960), and Ichiye (1962). More recent works on currents
include those by Drennan, 1963; Watson and Behrens, 1970; Ichiye and Sudo,

1971; and Moore, 1973. Few of the above studies, however, were conducted

in the south Texas BIM OCS study area, nor were they extensive enough to de-
pict monthly conditions over an extended time period. The data considered
herein have been analyzed to illustrate monthly conditions over a 2-year

period, and are directly applicable to determining the fate of surface oil

when and if an oil spill occurs.

Cruise Coverage--Cruises were conducted monthly with chartered shrimp vessels
fram February 1962 to November 1963. This schédule was followed as closely

as possible, the only exceptions being due to adverse weather conditions or
mechanical breakdowns. Operations were similar between years except that fewer
stations were occupied in 1963, and one vessel was used to cover the entire
study area rather than two as in 1962. The general overall effects of these
modifications were that in 1963 the area coverage was slightly reduced, and the
time required to complete a cruise (all 10 transects) was increased. The
latter effect explains same discrepancies in the date labeling of figures used
in the analysis to follow. For example, in several instances a monthly cruise
in 1963 frequently extended into the following month.

Drift Bottles——-Drift bottles used throughout this study were made of clear
glass, about 22 cm in height, 6 cm in diameter, and had a capacity of 2.4 dl.
Each bottle contained a bright reddish-orange card on which was a brief message
in Spanish and English. A reward of 50 cents was paid for the return of the
card with information on location and date of recovery. Half the bottles
released at a station were ballasted (odd numbers) and half were unballasted
(even numbers). Those ballasted floated at or just under the surface.

The number of bottles released during each cruise varied during the 2-year
study. Generally, 12 bottles were released at each station in 1962; 4-10
bottles were released per station in 1963. This modification did not affect
the rate of recovery of bottles within 30 days after release for, as shown
below, the percent recovered in 1963 was greater than in 1962.

Year
196 1963
Total released 2402 629
Total recovered 381 234
Percent recovery 15.9 37.2

The increase in percent recovery was probably due to greater public awareness
of the program in 1963 than in 1962. :

Data Analysis-—Recovered bottles were grouped into two time periods of 15

days each, i.e., 0-15 days and 16-30 days. Bottles recovered after more than
30 days out were not considered. Each bottle was considered separately and
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plotted as a straight line connecting the points of release and recovery.
Bottles in the 0-15 day group were plotted as a solid line, and were the only
ones considered in determining rates of drift that are reported in kilometers
per day. Bottles out 16-30 days were plotted as dashed straight lines. The
reasons for the above groupings and the exclusion of bottles recovered after
30 days was the existence of the sand or sand-shell beaches throughout the
northwestern Gulf of Mexico, and the possibility of bottles drifting ashore,
remaining intact, but not being found until same later date.

Daily wind data from the climatological records published monthly by the

U.S. Weather Bureau were used to depict prevailing wind conditions over the
study area during each cruise (U.S. Department of Coammerce, 1962 and 1963).
This information was generated at the International Airport at Corpus Christi,
Texas. Because the time spent in the study area varied during each cruise,
it was arbitrarily decided to construct resultant wind wvectors for the cruise
period as well as 15 days before and after. These data were converted to
Beaufort units and incorporated into progressive vector analyses that indi-
cate average wind direction and speed for every period under consideration.

Although the rate of bottle recovery varied between months, cumilative totals
for the 2-year period show that 20.3% of the bottles released were recovered
within 30 days. These recoveries are listed by cruise and station in Tables
5 and 6.

Surface Currents—--In general, monthly surface currents were markedly similar
between years, both in direction and velocity. Because of this, specific
months have been grouped for discussion purposes, although illustrated indi-
vidually. These groupings, irrespective of years, are: January-February;
March-May; June—July; August; and September-December.

January-February: Currents during this period were generally southwest along
the Texas ocoast (Figures 100, 101 and 102). Slight deviations from this direc-
tional pattern were apparent in January 1963 when currents east of Corpus Christi
were more westerly and onshore, and in February 1962, when one bottle, released
just off of the beach, moved northward in an apparent inshore counter—current.

Current velocities of the dominant flow decreased generally between January
and February. In January velocities ranged fram 17-22 kilameters per day with
an overall average of about 19, while in February they ranged fram 4-17 aver-
aging 11. (All following references to current velocity are reported in kilo—
meters per day.)

The analysis of wind data revealed a marked directional shift during the
January-February period. Winds were predaminantly northerly in January,
particularly during the 15 days prior to the release of drift bottles, but
shifted to easterly in February. This change may have accounted for the de-
crease noted in current velocities.

32



March-May: Drift bottle movements indicated a transitional period for surface
currents in the study area during both years (Figures 103-108). The dominant
flow was westerly and onshore but with no definite clearly defined north or
south component during any of the specific time periods. Consideration of the
data by the 0-15 and 16-30 day groupings illustrate the seeming divergence of
currents, particularly in March 1962, 1963 and April 1962 (Figures 103, 104
and 105). In March of both years, the 0-15 day grouping indicated a dominant
southwesterly flow over the shelf whereas the 16-30 day grouping revealed not
only a westerly drift, but in some cases a northwest to north movement of
surface waters.

Of particular interest was the recovery of several bottles deposited at the
edge of the continental shelf during this time (Figure 105). These bottles
moved northward and were recovered out of the immediate study area, thus sug-
gesting the existence of yet another current system, one which may originate

in the oceanic waters of the Gulf of Mexico. From this set of data, it appeared
that in the surface waters three current systems may have been present in the
study area: the nearshore counter-current, the shelf current, and a deep-water
oceanic current.

Despite the fact.that surface currents were ill-defined during this period,
there was a general overall shift in direction fram southwest alongshore to
westerly onshore and finally northwesterly onshore.

Velocities of the dominant surface currents differed markedly between years,
particularly in March and April (Figures 103-106). In each instance those
observed in 1962 were lower than those in 1963. Velocities in 1962 ranged
from 4-19 and 4-7, averaging 11 and 6 in March and April, respectively, whereas
in 1963 they ranged fram 9-46 'and 7-32 averaging 22 and 20 for the respective
months. Rates of 46 and 32 were exceedingly excessive (original data recheck
verified accuracy), but even after elimination of these figures, velocities
were still greater in 1963. In May, although only one bottle was recovered in
1962, current velocities were similar, ranging fram 4-13 and averaging about
9. Overall current velocities, however, tended to decrease fram March through
May.

wind direction during this period had shifted from the east (as noted during
the January-February time period) to the south-southeast, a condition that is
prevalent in this area during the summer months. The only exception to this
was the prevailing east wind in March 1962. A comparison of wind forces
(Beaufort units) in 1962 and 1963 revealed that winds were generally less in
1962 than 1963, thus providing a partial explanation for the differences ob-
served in current velocities for the respective years.

June-July: Following the March-May transitional period, surface currents
flowed north, either onshore or paralleling the Texas coast (Figures 109-112).
This condition became even more pronounced as summer conditions became firmly
established; average current velocities increased slightly fram about 7 in
June to 15 in July. The rate of average surface drift was slightly lower in
June 1962 than in June 1963.
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Prevailing winds during this period were fram the south-southeast with very
little daily variation. Wind force was greatest in July 1962. These winds,
acting on a northeast-southwest shoreline, clearly augmented the northward flow
of surface waters.

August: Drift bottles were released during this time period only in 1963,
and their movements indicated still another transitional period in daminant
current direction and velocity (Figure 113). Surface currents, rather than
moving alongshore and to the north, had shifted to onshore toward the west;
velocities had slowed to a rate of 4-6, a marked decrease from those veloci-
ties observed in the June-July period.

The direction and overall force of winds also shifted during this period.
Winds shifted more to the east, and daily forces decreased, thus marking
the deterioration of the summer conditions that resulted in a general north
to northeast flow of surface waters.

September-December: The release and recovery of drift bottles indicated

that surface currents returned to the dominant flow noted in January-February,
i.e., a general southwesterly flow of surface waters (Figures 114-120).
Several features of the circulation pattern, however, should be noted. First,
the recovery of several bottles along the southern portion of the study area
in 1962 indicated a westerly onshore movement that dissipated as the season
progressed (Figures 114, 116, 118 and 120).

Second, the onshore camponent of the prevailing southwest current was not as
apparent in 1963 as in 1962 (Figures 117 and 119). Few bottles released

in the study area were recovered within 30 days, and of those that were, most
were released at nearshore stations. Whether this was due to the lack of
areal coverage or the total number of bottles released is not known, but the
results were similar to those observed in December 1962 (Figure 120), a period
when a large number of bottles were released and areal coverage was extensive.
This absence of recoveries may indicate either an along- or offshore movement
of surface waters.

Information on current velocities was generally restricted to the 1962 data,
but no distinct trend was readily apparent. Ranges and averages for each
month were as follows:

1962 1963
Range Average Range Awverage
(km/day) (km/day)
September 2-19 9 13-19 17
October 2-9 6 No data
November 4-22 15 No data
December 4- 7 6 No data

In general, prevailing winds shifted to the east and finally to the northeast
during this period. Owverall force was considerably less than that observed
during the June-July period.
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SUMMARY

1. The analysis of 1962 and 1963 drift bottle data indicated that surface
currents were similar between years; they shifted seasonally, and, in general,
were related to prevailing winds over the study area.

2. Dominant currents from September-February were generally southwest with
indications of a southerly alongshore or offshore movement in November and
December.

3. In March-May, a period of transition, surface currents shifted onshore to
the west and eventually to the northwest.

4. Surface currents flowed north and east alongshore in June-July.

5. The second transitional period was noted in August when currents became
westerly and onshore.

6. The analysis of drift bottle release and recovery data indicated the
presence of three current systems--inshore, shelf, and oceanic—during the
March-May transitional period.

b. Recent Drifter Surveys

Drift bottle releases along the South Texas coast between Brownsville and
Corpus Christi have been discussed by Watson and Behrens (1970), Hunter, Hill
and Garrison (1974), Kimsey and Temple (1962, 1963), and others. Kimsey and
Temple also included the area east to the Mississippi River, studying drifter
movement over the width of the shelf. They noted a seasonal shift of surface
currents with wind regimes and found a westward to southward surface drift

in the winter correlating with north to easterly winds and a northward to
eastward surface drift in the summer with predominantly southerly winds.
Hunter, et. al., also noted the "seasonally changing pattern of coastwise
water movement." Their results are summarized below. Watson and Behrens
studies drifter movement from nearshore regions for drifter released in depths
of 2, 4, and 5m (approximately 32km from shore). Their major conclusion was
that nearshore circulation is influenced by wind circulation.

Hunter, et. al., made seasonal releases of drifters in the study area

between 1970 and 1973. The releases were made from an airplane in water depths
of 9, 30, 40, and 60m (approximately 56km fram shore). Their results are
shown in Figures 121 and 122. Hill, Garrison, and Hunter (1975) extended

the drifter study of Hunter, et. al., fram Corpus Christi to Galveston, Texas.
They also released drifters from an airplane in 9, 20, 30, and 45m of water
seascnally fram July 1973 to January 1974. Their results are shown in

Figure 123. Also shown in Figure 123 is an insert map depicting the study
area. Tabulated results of bottle recoveries of both studies are given in
Table 11.
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As stated above, the drift bottle studies of Hunter and Hill both observed
the seasonally changing pattern of surface drift with the change from a winter
wind regime to a summer wind regime. Transitional periods were found to occur
during the spring and fall, and the prevailing surface currents during these
periods tend to oppose the prevailing winds. These conditions result in a
convergence on central Padre Island. Hunter, et. al., observed that the
surface drift convergence along the South Texas coast shifts to the north

in the spring and to the south in the fall.

In addition to surface drifter observations, Hunter, et. al., also studied
bottom drifter movement. They found a bottam convergence zone which at times
occurred several kilometers south of the surface convergence area. This was
found on occasion to occur north of the surface convergence. They also ob-
served that in the winter a greater number of bottom drifters were recovered
while in the summer a greater number of surface drifters were recovered.

Winter (December-January): Both surface and bottom drift was southward. Few
surface drifters were recovered while a larger number of bottom drifters were
found. A northward drift was found nearshore.

Spring (April-May): The surface drift was predominantly southward for the
northern part of the study area and northward in the remainder of the area
in April. By May the surface drift was predominantly northward over the
entire area. Only a small area in the northernmost region showed a southerly
drift. Bottom drift was recorded as southward in 1970, northward in 1971
and 1972, and southward again in 1973. This season is considered a trans-
itional period.

Sumer (July-August): Surface drift was predominantly northward, with a
slight southward surface drift in the northern region of the study area. There
was a greater number of surface drifters recovered in July than August. Few
bottam drifters were recovered.

Fall (October-November): Early fall (October) showed the surface and bottom
drift to be southward over the shelf region. Late fall (November) showed a
more confused drift pattern with a tendency toward a southward drift in the
northern part of the study area and a northward drift in the southern part
of the area.

In general the Hill study agreed with the previous study of Hunter, et. al.,
along the South Texas coast. Differences included an absence of a caomplex
convergence zone and a more extensive southward surface drift in the fall and
spring. Both Hunter, et. al., and Hill, et. al., calculated net drift veloci-
ties. Drifter velocity ranged between .2 and 60km per day along the south
Texas coast between .1 and 46km per day along the north central Texas coast.

Drifter movement and daily wind vectors for the South Texas Lease Area are

given below. The results are summarized fram the Hunter, et. al., survey.
Daily wind vectors were plotted for April, July, and Novenber 1970 in order to
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correlate with the Hunter, et. al., data. Wind data was obtained from the
Brownsville and Corpus Christi airports. These data are shown in Figure 124;
the arrow indicates the direction which the wind is blowing. The beginning
and ending dates are shown on the vector diagrams. The underlined numbers
show the release data and the tenth day after release. The monthly resultant
wind speed and direction for these months are shown in the table below:

Brownsville Corpus Christi
Resultant Resultant Resultant Resultant
Direction Speed (km/h) Direction Speed (km/h)
April 150 16.3 140 16.5
July 140 12.5 140 13.1
November 160 4.2 120 5.1

April 1970: The winds were predaminantly southeasterly while the surface drift
was southward over most of the shelf. In the nearshore zone, surface drift
was northward. Bottom drift was generally southward over the entire area except
for a small nearshore zone off of the southernend of Padre Island where the
bottam drift was to the north. The resultant wind direction was southeasterly
with winds at Brownsville being slightly more southerly. The resultant wind
velocity was about 16 km/h. Wind direction changed to northerly on May 1 and
16 lasting 4 to 5 days each time during the study period. The local wind
variation probably influenced the nearshore surface drifters but apparently
had little or no effect on the offshore drift pattern. April is a transition
month between winter and summer wind regimes; the response time of the water

to the wind is probably what is being seen in the surface drift results.

July 1970: Wind direction was steady and so terly for both Brownsville
and Corpus Christi. Surface currents south of 27 N were northeastward and
north of 279N were predominantly southwestward. Bottam drift was mainly
southward. The surface convergence zone was located argund central Padre
Island. Resultant direction for both locations was 140~ and resultant wind
velocity was around 13 km/h.

November 1970: Wind direction and speed were highly variable during November
although the resultant direction was southeasterly at Corpus Christi and
southerly at Brownsville. Resultant wind velocity was slightly less at
Brownsville than Corpus Christi but averaged near 5 km/h. During the first
10 days from the release date the wind changed direction continuwously fram
northerly to southerly such that it did not blow for more than 3 days in

any one direction. From the 25th of the month to around December 5th the
winds blew steadily from the southeast. Surface drift was also highly
variable. It appears, though, that south of 27 N the currents were westward
to northward and north of 27 N the currents were southward.
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A drift bottle survey was conducted during the SEADOCK program from July
through September 1973. Drift bottles were released at various intervals
fram July 11 through September 25 at or near the SEADOCK proposed terminal
site. Same releases were made from the Buccaneer platform. The general
release area is indicated in Figure 125 and the results are tabulated in
Table 12.

Their results showed that, with southerly to westerly winds, the drifters
moved north to northeastward and, with southerly to easterly winds, drifter
movement ranged fram westward to southwestward. Generally, with southeasterly
winds, the surface drifters were found along the South Texas coast between '
the Rio Grande and Aransas Pass. When the winds became more easterly to
northeasterly, the drifters moved west toward Matagorda Bay. Areas 1 through
4 as indicated in Figure 125 show the range of recovered drifters with
changing wind patterns. .

Hill, et. al., show surface drift for July 1973 (Figure 123). The two studies
are in agreement. Generally for July the surface drift was northeastward
along the north-central Texas coast. A few surface drifters around Corpus
Christi tended southward.

2. Ship Drift

The U.S. Naval Hydrographic Office has campiled several thousand ship drift
repogts for the Texas continental shelf, and has grouped them by month and
by 1° subsquare, giving prevailing currents where sufficient observations
exist. The ship drift currents are computed by dead reckoning, and do not
include the effect of wind.

The lack of consideration of wind effects has cast doubt upon the reliability
of ship drift reports, as actual shift drift is, in same sense, the result

of both current drift and wind drift. Despite wind effects, errors and
general noise, however, Stidd (1975) finds that the ship drift data accurately
indicate zones of upwelling and downwelling near the equator. Stidd concludes
moreover that in moderately high latitudes, where ship reports are plentiful,
reasonable confidence can be placed in the data. In areas of plentiful

data in the Gulf, the greatest net effect of wind will be during steady summer
conditions, when the wind may enhance currents by 10-20%.

Ship drift data is plentiful in northern and eastern portions of the Texas
continental shelf and slope but is sparse to very sparse in much of the :
South Texas area. By considering both abundance of data and general current
characteristics, the data have been grouped into zones. The zones and their
general characteristics of data amount and currents are shown in Figure 126.
Because of the paucity of data in critical regions, particularly zones 1 and
3, the data do not present a clear, self-consistent picture. The data have
been supplemented with prevailing direction and speed fram the current meter
mooring at Buccaneer. (See the next section for a further discussion of
these data.) These serve to illustrate the complexity of the currents in
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this region. The Buccaneer data are often inconsistent with the ship drift
data. This may be due to the short record at Buccaneer, may indicate current
complexities greater than can be revealed by ship drift, and may be connected
with the small number of ship drift reports in the region. In the lease
area, the characteristics of zone 2 support the idea of a general north set
in the southern part of the lease area and of same kind of convergence zone
in the northern part at certain times of the year, but the small amount of
data fram zones 1 and 3 prevents definite conclusions from being drawn.

The ship drift data provide a useful supplement to information from drifters
and current meters. Figures 127-138 show monthly prevailing ship drift and
Buccaneer currents. A discussion for the monthly data is given below.

January-June: A hroad sweep to the west to west-northwest is evident over
thg northern portion of the shelf. The flow is mostly longshore north of
28°N, but has a strong onshore component in zone 2, in the northern part of
the lease area. This onshore camponent, combined with the north set of
zone 1, indicates a possible convergence in zone 2.

Although the wind pattern changes dramatically over this period, there are
no dramatic changes in current set with the possible exception of zone 3,
where the data are sparse. Buccaneer data are not consistent with ship drift
in winter, having a surprisingly northerly set, but are consistent in March-
May. In June the current set becames samewhat more northerly; the bimodal
Buccaneer distribution may be an indication of transition conditions.

July-August: Ship drift in general has a more northerly set than in any
other month. In July, in particular, the data support the notion of a broad
sweep to the north and east; the Buccaneer data are consistent with this.
The general west set along the north coast continues, however, pointing to
a possible convergence in this region.

September: This is a transition month for winds and currents. In the 27°-29°
shelf band a strong tendency to set west is evident. Transition conditions
can also occur in August (note the SEADOCK drifter data). On the other hand
the Buccaneer set to the northeast (from a limited amount of data) may show
that the transition can be delayed.

October-December: The October-December patterns are consistent with the
general "winter" set to the west, north of 27°N; the sparse zone 3 data,
however, are not always consistent with this, and neither are the Buccaneer
data. The problem of constructing streamlines of flow for shelf surface
currents remains unclear.

3. Current Meter Records .
The only extensive set of current meter records for the Texas OCS is the

record from the Buccaneer platform (Hall, 1972). Three meters, located near
the surface (1.7 m until 7/73 at 3.7 m thereafter) at mid-depth (10 m) and
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near the bottom (17 m), have been in place since October 1971 between two
oil rigs in 18 m of water, about 50 km south of Galveston. A summary of
these observations from October 1971-August 1973, along with other studies,
has been given by SEADOCK (1975) in support of their application for a
deepwater port license.

The location of the current meters is well north and east of the lease area,
and, considering the strong spatial variability in Texas OCS current struc-
ture and the special lease area convergence regions discussed above, the
results cannot be expected to apply quantitatively to the lease area. Never-
theless, the current meter records are highly useful both for comparison with
currents delivered by other methods and for comparison with mean winds. Any
difficulties encountered may well be present in the lease area also.

The Buccaneer record is too short for climatological deductions to be made
even for its location. It should be kept in mind that the spring of 1973
produced the largest outflow ever recorded from the Mississippi system; this
may have affected the observed currents. For same months, particularly for
the bottom meter, only a part of a single calendar month is represented.
Despite this, camparison of the currents with mean winds can give a first
indication of the relationship between the two.

In Figures 139-150, monthly surface, mid-depth and bottom current roses are
given, along with a mean wind rose (giving direction toward which the wind is
blowing) for Marsden subsquare 094.

It is evident from the figures that a simple relationship between wind and
current does not exist in this region. In the winter, near surface current
directions favor the northeast and west quadrants which may be related to

the tendency of the wind to blow from the southeast quadrant (during Tm air
masses) and the north quadrant (during Pc and A air masses after cold front
passages). In the spring, there is a predominant set to the west at all depths
which may well be related more to river runoff than to the southeast winds. °
Winds are predominantly from the south quadrant in July and August and probably
account for the strong northeast set (but see below for poor spatial coherence
even at this time). The stronger bottom currents may indicate significant
baroclinicity (see Section II B). The strong northeast set in September is
not clearly related to wind or runoff; by November currents at all depths are
showing the bimodal quality characteristic of the winter.

Several short term studies were conducted by SEADOCK at locations other than
the Buccaneer platform. The most camprehensive of these were a seven day study
in September 1973 and a five day study in December, both at the site of the pro-
posed deep water port terminal, about 50 km southwest of the Buccaneer platform
as simultaneous observations fram Buccaneer were also recorded. These studies
are particularly useful for examining spatial coherence. The data from the
studies is shown in Figures 151-154. It is seen in Figure 154 that the wind
was highly coherent between the two stations during the December study; it can
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be expected to have been so during the September study as well. Difectional
ooherence between the two stations is poor for all three depths in both the
September and December studies.

The relationship between variations in the winds and currents is not clear
in the September study. In the December study, three distinct strong wind
shifts related to frontal activity were accampanied by notable current shifts
at the Buccaneer platform. Currents shifted fram the north quadrant on the
14th to the west quadrant on the 15th, accampanying a wind shift fram south
to north-northwest. A return to south winds on the 17th was accampanied by
a shift to a steady northeast set at Buccaneer. The wind shifted strongly
to the north on the 19th, and the set at Buccaneer turned into the west.
The directional response at the terminal site was quite different, although
probably also related to the wind; fram a southeast set on the 14th, to
south on the 15th and to west on the 17th-19th. These distinctly different
directions at the two locations illustrate clearly the difficulty in pre-
dicting near-surface pollutant movement.

These short series of simultaneous observations serve to illustrate the cam-
plexity of the current regime on the Texas continental shelf. The tide, which
is somewhat complex in the observation area will influence individual obser-
vations. For overall net flow one must apparently consider not only the
direct effects of wind and stratification, but also the large scale influ-
ences of the open Gulf. The influence of the West Gulf anticyclonic flow
(Nowlin, 1972) appears to be present in the spring and summer, and may cuase
an offshore northeast set on the shelf which can at times oppose the near-
shore current. Conditions of similar complexity can be expected to apply

in the lease area.
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III. MODELLING STUDIES

A. Seasonal Variation of Water Characteristics

The sorted Nansen and STD cast observations were divided into four zones to
facilitate the anlysis of water chacteristics. Zone 1 extends fram the
coastline to the 18 m iscbath and zone 2 covers the region between the 18 and
45 m lines. Zone 3 is delineated by the 45 and 180 m isobaths while zone 4
incorporates the area between the 180 and 1,830 m isobaths.

The thermohaline indices (temperature-~salinity values) fram within each zone,
for each month, were plotted with a symbol corresponding to the zone number
on a temperature-salinity (T-S) diagram. These are shown in Figures 155-160.
The minimum salinity was taken at 189/co since there are few observed
salinities less than 18°/oo. The salient features of the T-S plots are not
affected by excluding these data. ’

The reader is advised that the actual temperature-salinity values are situ-
ated at the lower left-hand corner of the rectangle occupied by the number
plotted.

For each month the largest range in salinity is given by the zone 1 thermo-
haline indices. The August distribution of indices is suspect, in this
regard, because there are few data fram zone 1 in this month. Generally, the
range of temperatures is larger for zone 2 than for zone 3, but smaller than
that for the nearshore zone.

The effect cof increasing river offing fram the Mississippi and Atchafalaya
Rivers on the zone 1, 2, and 3 thermohaline indices is pronounced. Fram
November through March and indices in the three shallowest zones range over
a 10° to 11° C band and a salinity band of 8 to0-120/oo. Over the next two
months, April to May, the variation in temperature is reduced sharply to an
8° C band. Just as abruptly, the salinity range increases to 17°/co. Notice
that, in March and April, a significant number of zone 2 indices are of the
same character as the subsurface water of the open Gulf.

Starting in June, and continuing through October, the thermohaline mdlces for
the three landward zones are grouped in a gradually increasing range of
temperature and an even more slowly decreasing salinity band.

Throughout the year, the zone 4 thermohaline indices for temperatures less
than 15° C are consistent with the deep-water T-S relation reported by
Nowlin and Mclellan (1967). Curiously, anamalous indices tend toward higher
salinities. Above 15° C, seasonal influences cause considerable variation.
However, in the period April through September, the largest change in the
zone 4 indices is in the temperature.
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The plot of thermohaline indices for December through March illustrate the
difficulty in using T-S diagrams to quantify mixing of coastal, shelf, and
oceanic water types. It might appear that zones 2 and 3 types are the result
of mixing of the nearshore (zone 1) and oceanic (zone 4) waters. However,
the Nowlin and Parker (1974) and Ichiye and Sudo (1971) show that in January
and March the changes in the salinity and temperature within the interior
zones are caused by local surface processes, not mixing.

B. Shelf Circulation

1. Seasonal Cycle of Temperature, Salinity and Circulation

INTRODUCTION

Detailed serial surveys of the continental shelf region of the northwestern
Gulf of Mexico, conducted by the NMFS in 1963-1965, has afforded a special
opportunity to describe the physical oceanographic conditions and variability
in the South Texas lease area. Other sets of data, in combination with the
results of these surveys, have been useful for understanding the shelf waters.

Serial Data Fram GUS IITI Surveys (1963-1965)

In 1963-1965, a unique time-series set of surveys was conducted in and adjacent
to the South Texas lease area by the Galveston laboratory of the Bureau of
Camercial Fisheries (now the National Marine Fisheries Service) using the

R/V GUS III. During the three years, standard stations were occupied about
monthly over the Continental Shelf of Texas and Louisiana. Included in the
data collected were temperature observations from mechanical bathythermographs
and salinity determinations from Nansen Bottle samples. Harrington (1966)
presented a preliminary report on a portion of these cruises.

For this study, temperature and salinity data fram the three years of the
GUS III surveys were used from the 19 stations along the four transects
between Galveston and Brownsville (Figure 161). During the period of Feb-
ruary 1963, through December 1965 all, or most, stations were occupied during
each of 28 cruises. Five other cruises provided partial coverage of the
stations. The hydrographic observations fram the GUS III surveys were made
available by the NMFS Gulf Coastal Fisheries Center, Galveston, Texas.

Other Data

To explain the seasonality and other variations appearing in the GUS III records,
the following additional data were used:

o mean monthly atmospheric pressure and derived wind-driven (Ekman)
transport data provided by the NMFS Pacific Environmental Group Monterey,
California; based on data files of the U.S. Navy Fleet Numerical
Weather Central, Monterey, California,
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o offshore oceanographic data acquired fram the historical files of the
National Oceanographic Data Center (NODC),

o local weather records for the 1963-65 period provided by the National
Climatic Center (NCC),

o river discharge rates for 1963-1965 as reported by the U.S. Geological
Survey,

o long-term, monthly averages of water temperature structure derived
from the published atlas of Robinson (1973).

TEMPERATURE CYCLE

Throughout the study area, surface water temperatures from the GUS IIT surveys
closely paralleled air temperatures (Figure 162), but over the outer shelf
portion of the area, the temperatures below the surface have a distinctly dif-
ferent seasonality. Most all fluctuations in surface water temperature showed
a correlation with either monthly mean air temperatures, or with daily averages
for the day of station occupation. Seasonal changes in surface temperatures
moderated offshore and down the coast to the southwest, as did air temperatures
going from Galveston to Corpus Christi, and to Brownsville.

An exception to the parallelism of surface water temperatures and air tempera-
tures was in the time of occurrence of minimm temperatures offshore in the
winter (Fiqure 2), where there was about a two month lag (February offshore
versus December in nearshore waters and in air temperature records).

The most distinct contrasts between years in temperature conditions during the
3 years were in winter (Figure 2). Air temperatures at Galveston, Corpus
Christi and Brownsville were coldest in the winter of 1962-63 and progressively
warmer in each succeeding winter, through the end-of-year, 1965. Surface water
temperatures from the GUS III in the winter of 1963-64 were colder than in
1964-65, and those fram March, 1963, indicate that the preceding winter may
have been even colder. Furthermore, the GUS III observations in December, 1965,
suggest that the following winter was the warmest of the series.

Subsurface water temperatures over the outer shelf, at depths greater than 27 m,
were highest in fall and lowest in spring (Figure 162). Fram the time of the
spring minimum (in March or April for the four GUS III transects), bottom temp-
eratures increased gradually through summer until overturning resulting from
surface cooling made the water colum almost isothermal and raised bottom temp—
eratures to their annual maximum. Further cooling through the winter tended to
decrease temperatures through the water colum in unison, but continuation of
the cooling of the bottom waters offshore in the spring apparently resulted
fram annually recurring upwelling. Persistence of the upwelling through August
each year is suggested by the fact that temperatures increased much more
gradually at the bottom than at the surface. The relatively low bottam temp-
eratures at the nearshore station in Figure 162, during July, 1963, and June,
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1965, indicate that the upwelled water extended will onto the inner shelf
in those years, but not during the summer of 1964.

Variations in the vertical temperature structure at the deepest station
(south of Galveston) of the four GUS III transects is exhibited in Figure 163.
Figure 163a displays the vertical temperature structure. Figure 163b shows
the strength of seasonal thermal structure (temperature at each depth sub-
tracted fram the surface value during each station occupation). Figure 163a
is contoured for the rate of change of temperature at each standard sampling
depth (temperature difference between successive occupations at each depth
level divided by number of days lapsed between occupations).

The vertical gradient portion of the Figure 163b shows the development of a
strong thermocline and, thereby, high vertical stability during spring and
sumer. In the fall and through the winter, vertical mixing due to overturn-
ing virtually destroyed all thermal structure and stability of the water
colum. The rate of change of temperature in Figure 163c emphasizes the
periods of warming and coolJ.ng, and the contrasts between upper waters and
bottom waters. Times of maximum warming rates were in spring for the upper
waters and in fall for subsurface waters. Highest cooling rates were during
fall or winter at the surface and during summer sub-surface. The high rate of
cooling throughout the water column in June, 1965, probably resulted from
intense upwelling that extended to the surface as well as almost to the coast
(Figure 162b).

For comparison to the three years of GUS III observations, long-term averages
of water temperatures were examined for the upper 150 m at 27° N latitude,
96° W longitude from the atlas of Robinson (1973), and time sections cample-
mentary to Figure 163 (a and c) were drawn (Figure 164). Comparison between
Figures 3 and 4 indicate that the 1963-1965 period was not atypical for the
area. The GUS III data fram the fall of 1963 through summer of 1964 are the
most camparable to the atlas data.

SALINITY CYCLE

Figure 165 illustrates (1) the cycle of salinity at the nearshore and offshore
stations on the GUS III transect off Pass Cavallo (Transect 8), and (2) the
river discharge rates for Texas and Louisiana rivers based on records of the
U.S. Geological Survey. The principal periods of decreased salinity seem to be
mainly governed by the discharge from the Mississippi River, with a lag of
about one month nearshore and 1 1/2 months offshore.

The discharge rates fram the "Louisiana Rivers" (which includes discharge

into Sabine Lake) were more than an order of magnitude greater than from the
"Texas Rivers", and the Mississippi River typically contributed 75%, or more,
of the fresh-water discharge fram the Iouisiana Rivers. The profile labelled
"Texas Rivers" (Figure 165a) is the cambined discharge from all rivers fraom the
Rio Grande around to Galveston Bay. Of these rivers, the Trinity contributed
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at least half, whereas the Rio Grande always made up less than 10% and
typically less than 2%, during the three years.

Subsurface salinities in offshore waters remained high (about 36.5°/00).
throughout the three-year period, while surface salinities reached minimm
values each spring, at the time of peak discharge fram the Mississippi River.
The degree of spring freshening in the GUS III records also corresponded to
the magnitude of outflow from the Mississippi, with the greatest discharge
occurring in 1965 and the least in 1963 (Figure 165c).

The weakest correspondence between salinity and river discharge was in the
fall and winter (Figure 165b). During each of the years of the GUS III sur-
veys, salinity decreased sharply in September, remained low through January,
and increased in February, whereas river discharge rates decreased through
the fall of 1963 and 1964, but were increasing by January-February of 1964
and 1965. Apparently, a shift in currents develcped in the fall which carried
brackish water westward and down the coast. Lack of a parallel cycle in the
surface waters offshore, indicates that there was also an onshore drift,
acting to hold the lower salinity water nearshore. The February increase

in salinity at the inshore stations, despite increases in discharge beginning
two months earlier, is evidence that the westward flow of the fall ceased and
probably reversed direction in February.

SEASONAL TEMPERATURE AND SALINITY STRUCTURE

Vertical cross-sections of temperature and salinity along transect 8 of the
GUS III cruises in 1964 (Figure 166) display the seasonally changing dynamics
in the study area. During winter (Figure 166a) surface cooling produced
cold water (<17°C) nearshore which sank and flowed offshore along the
bottam. In the upper waters there was an onshore drift of warm, saline water
(> 36.5°/00), producing a packing of isotherms around the 25 m iscbath. This
circulation would be associated with a westward flowing geostrophic current
over the outer shelf.

The sections in May (Figure 166b) show upwelling along the bottom that extends
shoreward as far as the nearshore station. In the upper waters there was
divergence nearshore and convergence offshore such as would be associated with
a general flow to the eastward. The low salinity water from spring runoff
was held offshore by the offshore drift.

The July sections (Figure 166c) indicate eastward flow because of the distinct
upwelling, which extends to the surface over the 25 m iscbath. By late Septem—
ber (Figure 166d) the slope of isotherms had reversed, which is indicative of
convergence toward shore at the surface and offshore drift along the bottam.
For geostrophic balance this circulation would require a return to westward
flow.
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The pattern described here consists of divergence in the upper waters over
the outer shelf in spring and summer, with associated northward and eastward
flow, and convergence toward shore during fall and winter, with westward and
southward flow.

Long-term monthly temperature means for the waters of the Gulf (Robinson, 1973)
indicate that the seasonal reversal of circulation in the northwestern Gulf,

as described above fram GUS III data, may be a typical pattern and is associated
with conditions extending over most all the western Gulf. Figure 167 reproduces
fraom Robinson (1973) her maps of monthly mean temperatures in the Gulf at 150
meters in April and October. In the April map, a zone of warm water convergence
( >18° C) extends fram off the central Mexican coast over to the shelf off
western louisiana, and a large cell of cool water is located in the northwestern
Gulf, centered over the shelf-break. For geostrophic balance, such a temperature
distribution requires flow to the north and east along the Continental Slope and
in the offshore waters of the northwestern Gulf. In the October map (Figure 167)
the temperature pattern over the northwestern Gulf is reversed, with cold water
off Iouisiana and warm water off South Texas, requiring flow to the south and
west off South Texas.

The seasonal pattern from the series of monthly mean temperature maps in the
Robinson atlas indicates flow to the north and east fram March through August
and to the west and south fram October through January. September and
February appear to be transitional months.

CIRCULATION PATTERNS

For each cruise conducted in the GUS III surveys, the general pattern of
circulation throughout the water colum was inferred fram the distribution of
temperature, salinity, and density (sigma-t) in vertical and horizontal sections.
The circulation pattern representative of the entire water colum, along with
the surface salinity distribution, for each of the 33 GUS III cruises is pre-
sented in Figure 168.

Clear seasonal patterns of surface salinity distributions are apparent in the
GUS III data. In winter, isohalines parallel bathymetry, with low salinity
water near the coast and high salinity water (> 36.59/00) covers the outer
shelf. During spring salinity decreases as fresh water discharge from the
rivers increases, and spreads offshore between Corpus Christi and Brownsville;
also, the higher salinity water offshore shifts eastward. Through summer
water of greater than 360/oco covers most of the shelf, with remnants of the
low salinity water appearing to have been pushed back to the east. In fall,
despite the fact that river discharge is at near minimum amounts, the area
of low salinity water again increases, and spreads to the west and south
over the inner shelf.

The circulation patterns inferred fram the vertical and horizontal distibutions
of water properties fram the GUS III surveys (Figure 168) agree well with
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results fram drift bottle studies (Kimsey and Temple, 1964; Watson and Behrens,
1970; Hunter, et. al., 1974). The maps in Figure 168 (a-f) indicate that over
the outer shelf, flow was to the north and east from mid-March through Septem-
ber, and to the west and south fram October through February.

In the nearshore waters, fram Galveston to near Port Aransas, flow was typi-
cally to the southwest fram October through mid-June, and northeastward only
in July and Augqust.

In the southern area, from Port Aransas to Brownsville the occurrence and
non-occurrence of an eddy, apparently at irreqular times, is the principal
variation of flow. Such an eddy seemingly could develop during any season and
is probably related to locally interacting flow patterns.

From the GUS III analyses, a zone of convergence developed in the waters of
the inner and middle shelf and was most pronounced in spring. The nature

of this zone is similar to that described by Hunter, et. al. (1974) in that
the nearshore location of the convergence zone tends to shift up the coast
during spring through early summer. Fram the GUS III observations, it seems
as though the convergence develops because of contrasting flows of nearshore
and offshore water. The former flow being westward, while the latter (as well
as all the waters in the southern sector) moves north and east. Such a zone
of convergence is absent fram October through February, because the flow is
to the west and south throughout the study area.

DEEP WATER CIRCULATTION

To examine the relation of the seasonal current reversals over the Continental
Shelf to offshore dynamics, listings of oceanographic station data were acquired
from the historical data files of NODC. The listings were limited to stations
with sampling to 500 m, or greater, and lying within the area of 2509-300 N
latitude and 90°-100° W longitude. For each cruise computed dynamic heights

at the surface, referenced to the maximum common NODC Standard Depth, were -
examined to ascertain the direction of geostrophic flow. Directional tendencies
fram the dynamic height evaluations are summarized in Table 13, based on whether
the flow was part of a cyclonic or anticyclonic circulation. Cyclonic flow
would be similar to the fall-winter (October-January) circulation pattern on
the shelf and anticyclonic flow would relate to the spring-summer (March-August)
shelf circulation. ,

The data in Table 13 show that circulation in the deep-water of the northwestern
Gulf exhibits much the same seasonality as described from GUS III data for the
shelf area. February and September again appear as transition months. There
are two exceptions to this pattern in the Table: March-April, 1935, and Novem-
ber, 1970. Apparently, the shelf water circulation is part of a larger-scale
system active over most of the northwestern Gulf.
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WIND-DRIVEN CIRCULATION

Relations between surface wind-stress and flow patterns have been noted in a
number of previous studies of the northwestern Gulf. Franceschini (1953)
related surface currents from ship drift and temperature distribution to wind-
stress patterns, defining a center of convergence in wind-stress on the shelf
that shifts seasonally. He concluded that the circulation in the western Gulf
is largely wind-driven. Ichiye (1962), working with data from the ALASKA and
JAKULLA cruises of 1951-1955 developed a wind-driven model for the Gulf and
found good agreement with isohaline patterns over the northern shelf of the
western Gulf. From drift-bottle studies in the shelf waters, Kimsey and Temple
(1964) , Watson and Behrens (1970), and Hunter, et. al. (1974) were able to
associate same details of the variations in circulation with local winds.

Wind-driven transport data have been examined in this study as a possible
explanation of the seasonal reversal of currents in the northwestern Gulf as
described in the analyses of the GUS III shelf surveys and the historical
oceanographic station data in offshore, deep waters. Maps and listings were
acquired of mean monthly and long-term mean monthly values of surface atmospheric
pressure and meridional and zonal coamponents of wind-driven (Ekman) transport,
on a 3° latitude and longitude grid. These values, which were supplied by the
NMFS Pacific Environmental Group, Monterey, California, are based on data files
of the U.S. Navy Fleet Numerical Weather Central, Monterey, California. Mean
monthly values were generated for each month of the three years of the GUS III
surveys (1963-1965), as well as 1l0-year monthly means for 1964-1973 and long-
term (1946-1969) monthly means.

Iong-Term Monthly Means (1946-1969)

Seasonality of atmospheric conditions is distinct in the long-term monthly
mean field of surface atmospheric pressure. Beginning in October high pressure
is centered over the southeastern United States and dominates the northern
Gulf, with isobars aligned almost due east-west from Florida to the coast of
Mexico (Figure 169, November). In this pressure field, geostrophic winds in
the northwestern Gulf would blow from east to west and Ekman transport in deep
water (directed 90° to the right of the winds) would be northward. Basically
the same pressure pattern persists through January.

By March, and continuing through August (Figure 169, May), the high pressure
center shifts eastward, becaming part of the Bermuda-Azores High, and a low
pressure cell develops over northern Mexico. With this re-arrangement of the
pressure field in spring and summer, isobars rotate clockwise, producing an
increased pressure gradient over the northwestern Gulf with stronger winds and
wind direction from southeast. The resulting transport in deep water also in-
creases in the spring and summer, with flow toward the northeast.

February and September are typically transition periods in the fields of long-
term monthly mean surface pressure and Ekman transport.
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Monthly Means - 1963-1965

Figure 170 illustrates the correspondence in seasonality of (1) direction of
shelf-water circulation, based on the GUS III data, and (2) the direction and
magnitude of the wind and Ekman transport in the northwestern Gulf.

Typically beginning in March, and persisting through August, Ekman transport
increased about three-fold over October-January values (Figure 170a), while
wind direction shifted from about east to southeast (Figure 170c). Coinci-
dentally, flow over the outer shelf shifted fram north and west to east and
south (Figure 170b).

During the fall-winter period, the Ekman transport not only diminished (Figure
170a) but also was nearly constant in magnitude along the entire shelf region
off Texas and Iouisiana. A general northward drift onto the shelf froam deep
water would, therefore, be expected during this period. For continuity of
mass, an organized flow to the west or east is required on the shelf. As water
depth decreases across the shelf, the direction of wind-driven transport be-
comes more aligned with the winds (Ekman, 1905). Because the monthly mean
winds in fall and winter were typically from the east (Figure 170c), westward
flow would develop on the shelf. The resulting circulation would tend to be
cyclonic over the northwestern Gulf, made up of northward transport of water
onto the shelf off Louisiana which would sweep westward across the shelf and
then flow southward in the western margin of the shelf, yielding the west and
south circulation seen in the analysis of GUS III data in fall and winter
(Figure 170b).

In spring and summer, the sharp increase in Ekman transport off south Texas
(Figure 170a) was not matched by similar increases at wind analysis grid
points off east Texas and near the Mississippi Delta. (Transport magnitudes
from 10-year monthly means were about twice as large as at 27° N, 93° W and
279 N, 90° W for each month of the spring and summer). Therefore, off south
Texas, the spring-summer circulation over at least the outer shelf would be -
governed by Ekman transport moving water north and east. On the other hand,
in the nearshore area and in the northeastern portion of the GUS III surwvey
area, there was still a camponent of wind that would set up a westward flowing
coastal current. Where this coastal current and the north and east flow
fram offshore meet, a zone of convergence would develop, as described in the
circulation patterns derived fraom GUS III observations.

Values for 1l0-year (1964-1973) monthly means of Ekman transport and wind
direction are shown in Figure170 (a and c). Comparison with the values for
the 1963-1965 period indicate that the wind-driven effects during the GUS III
surveys were fairly similar to conditions prevailing during the subsequent
decade.



Some noteworthy events are evident in Figure 170, during March and May, 1965:

o March, 1965: The GUS III analysis (Figure 170b) indicates the flow was
still to the west and south, or atypical for that time of year. Trans-
port and wind direction of values for the same month (Figure 170a and
c) are consistent with the GUS IIT analysis, because they indicate
that the usual spring shift in wind direction and transport magnitude
was delayed at least a month.

o May, 1965: The magnitude of Ekman transport during this month (Figure
1Ma) - highest of the three-year period - provides an explanation for
a decrease in water temperature that occurred throughout the water
colum during the following month, as shown in Figure 163c. 1In the
section on the temperature cycle, this temperature decrease was at-
tributed to intense upwelling.

2. Elementary Baroclinic Currents

Extensive observations of winds, density structure and currents in shelf regions
have accumulated in recent vears (e.q. Boicourt, 1973, Patchen, lona and Parker
1975, Huyer, Pillsbury, and Smith, 1975). However models of real time shelf
circulation are fundamentally incomplete and basic questions concerning the
relationship between seasonal mean flow and large synobtic flows observed in
connection with the passage of storms (Beardsley and Butman, 1974, Bumpus 1973)
remain unanswered. It appears (Smith 1974) that in the summer, off Oregon

and Washington, the response to fluctuating winds is barotropic, and is super-
imposed upon the seasonal mean circulation, but whether this is true in more
general conditions is not yet clear.

It is apparent from previous sections that the observed complex circulation
system in the lease area can be produced by local and non-local effects.

There are indications of a seasonal anticyclonic gyre in the open Western
Gulf (Nowlin, 1972), and aspects of open-Gulf flow and, south of the lease
area, flow on the shelf, may be related the distribution of wind stress
vorticity over the Gulf (Sturges and Blaha 1975). Non-local effects, critical
in enclosed basins (Pedlosky 1974) may be important in the Gulf.

Despite the camplexity of the general problem, local effects hawve been deter-
mined to be important to dominant in many shelf areas. The local mean wind
appears to directly determine the mean winter circulation in the New York
Bight area whereas in summer, the density distribution is dominant (Bishop
and Overland, 1975). Longshore sea lewvel slopes may also be important
(Stammel and leetma, 1972).

Bishop and Overland generate a simple model of shelf circulation based on
carbining the elementary current system of Ekman (Neumann and Pierson 1966

p. 197 £f) for a finite-depth sloping shelf with baroclinic currents generated
diagnostically fram observed den51t1es, assuming no baroclinic motion at the
shelf bottam.
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With these considerations, an elementary current system can be generated for
any point on the shelf, using the observed mean wind and density distribution
from Section II. Currents derived from such computations must be used with
caution, however. Near the shelf break non-local open-Gulf considerations
are important, while close to shore (within 10-20 km, the Rossby radius of
deformation, Allen 1973) the flow is more complex, the synoptic response
being in many cases baroclinic (Walin, 1972 a, b) and non-linear.

With the abowve cautions in mind, it is still instructive to compute the sur-
face elementary baroclinic current and to compare it to the observations of
Section II. Section IT provides the necessary wind and density data. The
curvature of the coast, which may be important for non-local currents, cannot
be directly considered. However, the effect of changing coastal orientation
is taken into account by considering two points; one in the center of the
lease area, at 27° N, where the coast is idealized to run approximately south-
north, and cne at 28.5° N, with the coast idealized to nmn southwest-northwest.
Significant changes in surface currents between these points can indicate a
complex current system between them.

Table 14 shows the surface currents for each season at each idealized offshore
point. The current components are calculated as follows:

Longshore and Offshore Ekman (E and O): The shelf if considered to be suf-
ficiently deep at the reference points so that the surface current will be at
a 45° angle to the right of the wind; for lesser depths the angle decreases
progressively. For camputational purposes the stress formula of Steward
(1974) is used:

= 1.3 x 1073 p_ 02
' Pa "10
where T is wind stress, U20 the observed wind speed at 10 m height im/g) and
p. is the air density. 'Itlle mixing coefficient A is taken as 100 cm“/s<.
'Iﬁe current magnitude, which is resolved into longshore and offshore components
is then:

1.3x 1073 Uio

‘(2 p A w sin ¢)';5

where ¢ is the latitude w is the angular velocity of the earth, and p is
the density of water.

Longshore Barotropic (G): This is based directly on Ekman's assumptions
for a long straight coast. With no longshore slope in the sea surface, a
barotropic longshore current must be generated to provide zero offshore-on-
shore mass flux. The magnitude of the current is:

Vg = Vo (2)% cos 0
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where 0 is the angle between the wind and the coast. These considerations
change in the presence of a mean longshore sea surface slope, as indicated

by Stammel and Leetma. There is probably no net slope on an annual basis
along the Texas coast (Balasz, 1973); however, there may be significant
seasonal slopes (Section II C, Figure 76). The reality of these, and their
role if they do exist are not clear; in the camputations in Table 14, the long-
shore sea surface slope is taken as zero.

Longshore Baroclinic (B): On the assumption that the shelf bottam is a level
of no baroclinic motion, the surface baroclinic current can be straightforwardly
computed from the cbserved density distribution, and is given by:

Vg = gh 3P
20 wsin ¢ 9If
where g (cm/sz) is the acceleration of gravity, h is the water depth, n
the outward normal direction to the coast and § is the mean density of the
water colum. The important factors in each season are:

Winter: The mean wind is of low strength and out of the east in the lease
area, and more from the northeast in the northerly location. The result

is Fkman flow onshore and to the right facing the coast in the lease area
and weakly onshore and to the left at the upper location. The upper location
flow is augmented by a barotropic current to the left. These mean barotropic
currents will not generally be cbserved; they are products of the mean wind
which itself is a weak resultant of stronger north-northeast and southeast
winds. Thus the actual barotropic current at any time will vary between
being strongly right and strongly left.

The magnitude of the mean flow, although probably not of the synoptic flow,
is dominated by the baroclinic component, which for moderately offshore dis-
tances is rather strongly left.

The magnitude of the mean flow, although probably not of the synoptic flow,
is dominated by the baroclinic component, which for moderately offshore dis-
tances is rather strongly to the left at the upper location, samewhat less
so in the lease area. However, examination of offshore density characteris-
tics (Section II B) shows that the baroclinic situation is actually quite
complex. There is little if any vertical stratification on the shelf but
an offshore density maximum points to a strong offshore-onshore gradient in
the baroclinic mode, and therefore at the total mean flow. In the mid to
outer portion of the shelf, the baroclinic component will vanish or become
weakly to the right. The total mean surface flow will then became dominated
by the weak frictional barotropic current with flow onshore and to the

right at 27° N, and mostly to the left at 28.5° N with a probable convergence
between the two points. :
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Spring: The spring situation is complicated by the inadequate number of
density observations on the South Texas coast. With a small extrapolation,
conditions will be dominated north of 27°N by baroclinic flow to the south
and west, during the spring runoff season. The wind will oppose this ten-
dency in the lease area, but not to the north. This points to possible
complex conditions in the southern part of the lease area. Shore station
observations indicate a weakening effect of runoff, and ship drift reports
indicate a mean northerly set, so that strong southeast winds and weakening
baroclinicity may produce a mean surface convergence in the lease area.

Summer: There is no evidence of significant baroclinic effects in the summer
in the lease area; as a result the mean winds will drive the flow to the north
in the lease area, with a weak offshore component. At the upper location,
there are same indications of weak baroclinicity; winds are less parallel
to the coast, producing a weaker flow to the right, with an onshore camponent.

Fall: Nearshore conditions are similar to those in the winter, but with a
somewhat smaller and simpler baroclinic camponent. Lack of data is again a
problem, as it cannot be said with any confidence, how far the mostly paral-
lel-to-the-coast surface isopycnals extend south of 27° N. It is likely,
from coastal and ship drift observations, that conditions change signifi-
cantly to the south.

Owverall, the results of these simple computations are encouraging. The long-
shore currents are qualitatively consistent with ship drift and drifter data.
Where sufficient data are available, the currents also support the notions,
deduced fram other means, of convergence zones in or near the lease area.
Work is presently underway to attempt to take into account the seasonal and
year-to-year variability in wind stress and river runoff.

C. 0il Spill Centroid Trajectories

The problem of oil motion on the water surface in the South Texas lease area
was initially addressed by a literature search for field and theoretical
studies of shelf circulation and spill movement. There is a dearth of
information in these categories. The trajectory calculations carried out by
Ichiye et. al. (1973) used reported current values to estimate a current
vector which represented motion over the entire region and computed trajec-
tories on the basis of an addition of a vector computed as three percent

of a wind vector. The trajectories presented in this report was based on
analytical work by Reid (1975) and a numerical model developed by Whitaker
and Vastano (1975). Steady-state currents computed for the shelf waters
are derived through the equations of motion and correspond to a forcing
function representing a steady field of wind stress. By neglecting field
accelerations and lateral friction the (x,y) velocity components (u,v)
satisfy:

54



? 3%u
-fv + g 5% =K+ (1)
3y 3%v

fu+ g 5 =K5z2

where the fluid assumed to have a hawgeneous density ¢ and a constant value
of the vertical exchange coefficient, K. A surface slope is permitted where

n is water elevation relative to mean sea lewel and n << D, where D is
variable field of depth. As stated, the equations represent the classical
Ekman problem expanded to include the slope terms of the geostrophic relation-
ship. The pertinent boundary conditions are:

at z = -D: u=v=_0
g RMop @
atz—n_ogKaz Tx
Vv _
KE-TY
= -1 = -1 i ic wi
where Ty, = Ty, and TY = Tyzp are the kinematic wind stress components.

The complete solution for this system is:

(1+i) xz (3)

V= K(TIsﬂ'Sa - 'i%e ~(i#t)ep l M

- (1+i Z+D .
o (H)a(zD)

- |igs Ts e —(14i)eD igs
f ' RI)a M 3
where:
V=u+ iv
.o
s=ax+i 5y
Tg = Ty + iT,

R
il

(&)
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Application of this system to the South Texas lease area provides estimates of
0il spill centroid trajectories only when the model assumptions are approxi-
mated and:

1. a steady-state wind field t=1(x,y) exists over the region for
approximately one week,

2. no other current movements are present,

3. the Stokes drift introduced by wave action can be approxi-
mated by the addition of three percent of the wind speed
vector, and

4. the trajectories are not considered valid within 10
kilometers of the shoreline.

The depth field on a 16 x 30 grid extended seaward to include depths as great
as 1,000 m on the slope and was brought to as shallow a depth as 4 m at the
prototype shoreline. Due to discretization, the inner boundary (represented
as a vertical wall) often extended behind the barrier islands. The grid
interval of 10 km permitted coverage from Brownsville to a latitude slightly
north of 28° N.

A suite of cases have been selected which correspond to prevailing winds owver
the region. Constant and uniform winds are introduced as forcing functions

for the prototype. Two speeds, 5 and 10 m/s, and four directions, east,
southeast, south-southeast and northwest, were programmed and each of the

. eight cases run on the camputer to what was judged to be a dynamic equilibrium. .
Surface water velocity components from each run were combined with the Stokes
drift vector to provide a total welocity vector in each grid square. Seven
source locations were picked in the region and trajectory plots made for the
centroid of the o0il spill in each case. Figures 171 through 174 provide the
trajectories indexed in terms of elapsed time in hours along the path.

Several general observations are possible. Under the assumptions and limitations
of the model there does appear to be a significant difference in the trajectories
for east winds at 5 and 10 m/s (Figure 171) . Due to the strong geostrophic regime
set up along the coastline, the movement of oil spill centroids toward the coast
as in the 5 m/s case is augmented by a long sequence parallel to the coast.

The implications are clear and need no elaboration. Northwest winds (Figure 174)
will not generate a threat to the United States coastline during an oil spill.
South-southeast winds(Figure 173) will bring the oil spill centroids to the
immediate coastline in light winds. However, the stronger wind speed indicates
movement toward the Texas coast north of this region can be expected for the
seaward sites. The trajectories in the south-southeast - 10 m/s trajectory

plot clearly indicate this separation. Southeast winds (Figure 172) can be
expected to move the oil spill along trajectories which, for the greater part,
will approach shore in the local area.
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IV. RECOMMENDATIONS FOR FURTHER STUDIES

A principal objective of the physical oceanography program is to enable
specific questions regarding movement of contaminants to be answered. The
principal transport mechanism for spilled oil and other contaminants is the
water movement on the shelf. Water movement data, if available, can assist
in the planning stages of offshore development to minimize risks to environ-
mentally sensitive areas; can provide pollutant trajectories which will be
needed for contaminants and cleanup operations in the event of a spill; can
assist in planning the location of long-term monitoring stations; and will
be utilized in other disciplines, particularly fisheries.

The first year effort has consisted of historical analyses only. Although
many important aspects of the physical oceanography of the region have been
revealed, the results of this phase of the study provide anly a partial
climatological estimate of conditions and initial information needed for
modelling and follow-up field studies. This is all that can be expected,
considering the absence of open-shelf current data, and the sparse amount
of other data available. There is not even sufficient hydrographic data

in the lease area to dewvelop a reliable climatology of the scalar fields.
Moreover, it has been seen in Sections II and III that conditions can vary
significantly from year to year. Predictive capability is not possible and
essential casual questions arising from the more comprehensive geological,
biological, and chemical studies are not presently answerable. Answers to
these questions can only be given through the implementation of a campre-
hensive field program, supported by a significant modelling effort--both are
essential to an understanding of the circulation. The most essential part of
the program, and that requiring by far the highest lewel of effort, will be
the obtaining of substantial amounts of processed and analyzed current data.
These data are invaluable in themselwves and are essential to all ocorrelative
analysis and modelling studies.

The program outlined below encampasses an extensive observational program
ooordinated with a significant modelling effort. An observational program
alone would not be cost-effective. By combining observations with modelling,
maximum progress will be made toward determining mean and seasonal structure
and variation of currents and water masses in the region. It is this infor-
mation which enables forecasts of pollutant trajectories to be made, while
minimizing the requirements for obserwved data.

The program is outlined to provide for a 12-month field program and six
months at follow-on analysis. However, it will probably require three years
of field efforts and a five-year total analysis program to obtain a sufficient
understanding of both mean conditions and variability.
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A. Descriptive Observational Investigations

1. Eulerian Current Observations

The essential camponent of this effort is the occupation of a 12-month control
station, located approximately in the center of the lease area, in at least
60 meters of water. This station would be instrumented with:

a. Five current meters at depths of 2, 10, 20, and 40
meters and one meter from the bottam.

b. Wind and wave sensors needed to adequately define
conditions at the station.

This station will define the essential temporal scales of the flow. To define
the spatial scales, four other stations, each with four to five current meters,
should be moved throughout the lease area at 30/60-day intervals. Suggested
configurations:

a. A normal-to-shore transect, including one station very
close (5 km) to shore, and one near the shelf break.
This transect can be moved from the center to the
northern and southern regions every 30-60 days.

b. A diamond-shaped configuration, with onshore and off-
shore stations in a transect with the control station,
and simualtaneous stations in the northern and southern
regions can be used for one/two 30-day periods.

c. Using these configurations throughout the year will
define both onshore-offshore and longshore spatial
scales. These are particularly complex in this region.

2. Langrangian Current Observations

Transponding surface and subsurface bwys, about 12 at a time, should be de-
ployed monthly. In conjunction with the current meter stations, these will
provide essential information on dispersion scales in the region, and will giwve
essential supplementary information on spatial scales.

3. Hydrographic Measurements

Monthly temperature and salinity observations on a 15-20 mile grid out to
200-500 meter depth should be made as important climatological questions
about temperature and salinity distribution remain unanswered from the histor-
ical analysis. A particular effort should be made to abtain supplementary
data at certain critical times. -
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a. During the spring runoff period.

b. In the early summer after a period of strong south-
southeast winds, and particularly in the southern area
where there is indication of upwelling.

c. During periods just before, during, and after fall
overturning.

d. Just before and just after passage of a strong winter
Norther.

4. Tide and Pressure Observations

Measurement of sea lewvel height, both onshore and offshore provides important
information on the dynamic response of the region to meteorological influences,
are an invaluable supplement to the current observations, and provide important
input to models. Longshore and onshore-offshore sea level slopes are a critical
element in coastal dynamics. Therefore, three onshore tide gages should be
installed and maintained at exposed locations along the coast, and should be
supported by one transect, with pressure sensors about 10 km offshore, and

out near the shelf break.

5. Transmissivity and Extinction of Light

Extensive measurement of transmitted scattered and absorbed light, at a wide
variety of wave lengths should be made in conjunction with hydrographic
stations. Possibly a spectral radiameter should be employed. Results will
aid in identifying and interpreting nepheloid layers, near-bottom dynamics,
etc.

6. Supporting Data
In addition to wind and wave data at the control station, ongoing supportive
observations are critical. It should be ensured that weather observations,
river discharge measurements, and satellite imagery continue to be made avail-
able.

B. Modelling Efforts

1. Descriptive Modelling

Efforts initiated in the historical analysis phase, directed at describing
water masses, local and non-local circulation, etc., should be continued

and intensified using results of the observational program. These descriptions
of the lease area will be an essential complement to more mathematical efforts.
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2. Diagnostic Numerical Modelling

This effort should be directed toward modelling both short-term and seasonal
water circulation. Observed density and wind fields can be used as input

to drive short-term time dependent models and long-term quasi-steady seasonal
models. Current and sea level measurements will be used to refine the model;
model results, in turn, will assist interpretation of observational results
and will guide the design of future efforts. During this phase, development
of a complete predictive model, in which density structure can respond to
changing wind and fresh water inputs, should be begun.

3. Dispersion and 0il Spill Trajectory Model

These efforts will be directed toward modelling trajectories of surface spills
and movement of dissolved, suspended, and settled constituents. Initially,
the preliminary model developed during the historical analysis phase will be
camnbined with observational results, and will be refined sufficiently to
generate statistically reliable trajectories for surface movement, and to
enable same statistical analysis of movement of dissolved, suspended, and
settled constituents to be made. A start will be made toward development of
a complete distribution of variables model, fram which three-dimensional
predictive trajectories can be derived.
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o)
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of observations with precipitation (%), mean wind speed (W-M/S),
percent of observation fraom the PD quadrant (Q%),

Monthly mean temperature (
and Marsden subsquare 076.

Table 1.
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Recurrence Interval (years) 10 25 50 100

Winds (m/s) .
highest 1 hr. 27.6 33.9 39.2 43.3
highest 1 min. 35.7 42.4 47.7 53.1
Waves (m)
highest significant 10.4 12.5 14.0 15.6
highest 17.7 21.0 23.5 25.9

Table 2. Statistically estimated extreme winds (for the lease area coastal
region) and waves (for the deep offshore area) by recurrence interval.
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1875
14-19, Sept.

1880
12-13' mt.
1886

19, Aug.

1916
18-19, Aug.

1919
13-14, Sept.

1933
3_5 ’ %pto

1942
120-30, Aug.

Inland Movement and
Iocation

fram E over Matagorda
Bay; recurved to ENE

from SE over
Brownsville

from ESE to SW of
Matagorda Bay

from SE over Corpus
Christi

fram ESE, S of
Corpus Christi
fram E over

Brownsville

from SE over
Matagorda Bay

Winds
est. 160 km/h

115 km/h, higher
gust S

est. NE 160 km/h

est. NE 160 km/h

170 km/h, est.
max. 192-200 km/h

est. 192 km/h
at Port Lavaca

64

Storm Surge

1.8 m Corpus
Christi

4.9 m Corpus
Christi, 3.7 m
Aransas Pass, 2.4 m
Port Isabel

3.7-4.6 m Browns-
ville, 2.8 m Corpus
Christi

4.6 m Matagorda
2.8 m Port Lavaca

Remarks

176 killed, $1M damage;
3/4 of Inianola destroyed
by storm surge

Brownsville nearly
destroyed

Indianola destroyed by storm
surge; NW wind, very low water
at Corpus Christi

20 killed, $1.8M damage;

rapid movement resulted in
only moderate storm surge

300-600 killed, $20M damage,
Corpus Christi

40 killed, $12M damage

8 killed, $26.5M damage
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deod TS

26-27, Aug.

1961
10-12, Sept.

1967
19-21, Sept.

1970
3-5, Aug.

1971
9-13, Sept.

PR TR W O S

Matagorda Bay

from SE over
Matagorda Bay

fraom SE over
Brownsville

from ESE over
Corpus Christi

Moved to S SSE
along coast

Lavaca; 200 km/h
Port Aransas

Gusts 280 km/h
Port lavaca
240 km/h Port
Aransas

Lavaca; 3.0 m
Matagorda

5.2 m Port Lavaca
4.6 m Matagorda
3.0 m Port Aransas

est. 136-192 km/h 5.5 m Padre Island

gust 174 km/h at
Brownsville

208 km/h, gusts

3.7 m Port Isabel
2.4 m Corpus Christi

2.8 m Port Aransas

to 258 km/h Corpus Beach
Christi, 200 km/h 1.5 m Corpus Christi

gusts 240 km/h

Aransas Pass

136 km/h,

160% km/h gusts,
Port O'Conner

1.2-1.8 m

46 killed, $408M damage

15 killed, $200M damage

11 killed, $453M damage

2 killed, $30.2M damage,
very heavy rains

Table 3. Most severe hurricanes which have impacted the coastal region ‘bordering the
lease area, 1875-1974.
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Sector 1
Earliest

Storm 8/4
Latest

Storm 9/22
No. Tropical

Cyclones 8
No. Hurricanes 7
No. Great

Hurricanes 2

6/23

9/20

10

4

6/23

10/16

11

3

6/22

9/11

10

3

Table 4. Tropical cyclone characteristics 1886-1970 by 50 mile coastal

segments North from the Mexican border to the mid-Texas shelf.

Sector 2

terminates just South of Corpus Christi Bay; Sector 4 terminates midway
between Matagorda and Galveston Bays.
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MONTH SURFACE TEMPERATURE SURFACE SALINITY

No. of Observations No. of Observations

January 657 150
February 443 97
March 669 222
April 285 89
May 593 114
June 391 136
July 129 95
August 284 120
September 362 111
October 251 129
November 272 227
December 216 124

Totals 4,552 1,614

Table 5. The monthly distribution of surface temperature and surface salinity
observations.
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J F M A M J J A S o) N D

Galveston 11.9 12.8 15.7 21.4 25.4 28.3 29.7 30.0 28.3 24.4 19.3 14.9
MSS 084 18.0 18.4 18.5 21.1 24.4 27.8 29.4 29.4 28.9 26.7 23.0 20.1
J F M A M J J A S o N D
Port Aransas 13.6 14.3 16.7 22.2 25.8 28.8 29.8 30.0 29.2 25.3 20.7 16.3
MsS 076 20.0 18.9 19.4 21.7 25.6 27.8 28.9 29.4 29.0 27.2 24.4 22.2
J F M A M J J A S o N D
Brazos Santiago 14.6 15.3 17.4 21.3 24.7 26.3 25.9 26.7 28.2 25.8 21.7 17.6
MsSS 056/066 21.6 21.0 20.9 22.2 25.6 27.8 28.9 29.2 29.1 27.8 25.0 23.6
J F M A M J J A S o N D

Cuidad Madero 19.3 20.1 21.9 25.2 27.0 28.2 28.9 28.8 28.1 26.4 24.2 21.6

Mss 022 23.5 23.0 24.0 25.0 26.5 27.8 28.3 28.5 28.4 27.1 25.2 24.0

Table 6. Monthly mean temperatures (08) at coastal
tide stations and adjacent 1~ squares.
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J F M A M J J A S 0] N D
Galveston 29.1 29.1 28.4 26.1 24.8 28.2 31.8 33.3 —28.6 28.5 29.7 29.5
Port Aransas 30.4 31.2 31.6 31.0 29.5 32.8 35.3 36.6 33.5 30.6 30.8 31.5
Brazos Santiago 32.7 33.2 33.8 34.1 34.1 35.9 36.6 37.0 35.8 34.0 34.4 33.2

Ciudad Madero 11.1 14.0 16.3 18.3 17.9 17.0 6.0 7.6 3.9 2.8 5.4 8.8

Table 7. Monthly mean salinities (0/00) at coastal tide stations.
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Galveston

1970 1971 1972 173 1914 1975
Max T 13.9 16.6 18.9 12.8 17.2 17.2
Mean T 10.7 14.0 15.1 11.0 14.1 14.8
Min T 9.4 9.4 12.2 6.6 9.4 10.6
Max S 30.8 31.2 31.1 31.1 27.8 29.0
Mean S 29.1 29.1 25.1 25.1 22.4 23.9
Min S 25.1 27.1 20.4 21.2 15.7 17.7
Galveston WB
Max T 18.0 19.2 20.8 18.9 20.0 20.0
Mean T 9.4 13.9 15.0 10.6 13.9 14.8
Min T 0.6 0.3 1.4 0.0 3.0 2.0
Precip 37.3 4.6 93.5 81.0 83.3 85.3
Port Aransas
Max T 13.9 —_— -— 14.2 16.6 18.6
Mean T 11.7 e —_— 11.7 13.4 14.9
Min T 7.8 _— ——— 5.8 7.8 10.3
Max S 32.5 — — 27.7 31.9 30.3
Mean S 31.0 —— — 25.4 24.7 25.9
Min S 29.7 — —_— 21.2 16.6 21.2
Corpus Christi .
Max T 22.5 24,2 24.4 22.0 24.2 25.0
Mean T 10.6 16.8 16.4 11.0 14.4 15.4
Min T 1.1 2.5 3.0 0.6 2.8 0.6
Precip. 45.5 0.8 31.2 55.4 50.3 49.3
Table 8a.
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MAY

Galveston )

1970 1971 1972 1973 1974 1975
Max T 27.2 27.8 27.8 _— 28.4 28.9
Mean T 24.6 25.1 24.7 —_— 25.6 25.8
Min T 21.6 21.6 23.4 _— 22.8 23.4
Max S 25.9 29.0 34.2 _— 25.0 25.5
Mean S 22.7 27.2 26.8 —_— 19.6 17.7
Min S 19.6 22.4 23.4 — 13.2 9.8
Galveston WB
Max T 26.1 26.6 27.5 27.0 28.4 27.5
Mean T 23.4 23.9 24.6 23.5 25.1 25.0
Min T 16.6 18.6 21.6 18.9 21.1 21.1
Precip 110.0 33.3 161.8 40.9 199.1 274.1
Port Aransas
Max T 26.6 —_— 27.5 26.1 28.6 27.8
Mean T 24.7 —_— 25.5 23.3 27.0 25,9
Min T 23.4 — 23.6 21.1 24.2 23.4
Max S 28.8 _— 34.9 36.0 30.4 28.8
Mean S 26.8 —_— 26.1 27.5 24.3 22.4
Min S 24.8 _— 4.8 21.0 20.3 15.8
Table 8b.
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1970 1971 1972 1973 1974 1975
Max T 27.5 28.6 27.2 30.0 30.0 29.2
Mean T 24.1 25.8 25.0 25.1 27.2 27.0
Min T 17.2 20.8 22.2 19.2 23.2 23.6
Precip. 99.6 115.6 153.0 14.7 107.7 42.4
Brazos Santiago
Max T 26.1 27.2 27.2 26.1 28.4 26.6
Mean T 23.6 24.5 25.8 23.4 © 25.9 24.7
Min T 20.3 23.4 23.9 21.1 23.9 22.2
Max S 36.6 36.8 35.5 35.7 35.1 34.0
Mean S 32.0 35.3 32.5 32.4 31.1 27.2
Min § 28.0 31.6 29.4 27.5 25.9 19.9
Brownsville
Max T 30.3 29.5 27.5 31.1 30.8 30.3
Mean T 24.7 26.4 25.4 25.6 27.6 27.7
Min T 17.5 20.3 23.4 21.1 24.5 23.9
Precip. 83.3 62.7 51.3 31.5 46.2 56.4
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Galveston

1970 17 1972 1973 191 1975
Max T 32.2 31.1 30.6 29.4 30.0 30.6
Mean T 30.5 29.8 29.4 28.7 28.6 28.5
Min T 28.9 27.8 27.2 27.2 27.8 27.2
Max S 36.4 36.2 33.8 35.7 34.6 35.9
Mean S 34. 34.9 33.2 27.5 31.0 29.9
Min S 30.7 31.8 32.4 21.2 27.8 14.8
Galveston WB
Max T 30.3 30.0 29.7 29.2 29.7 30.8
Mean T 28.6 28.0 28.9 27.8 28.1 28.9
Min T 27.2 24.2 25.6 25.6 24.4 26.4
Precip. 34.8 91.7 35.6 260.4 205.2 167.1
Port Aransas
Max T —— - 29.9 30.0 30.6 30.0
Mean T —_—— — 29.2 28.9 28.9 28.2
Min T — _— 28.6 27.8 25.6 25.3
Max S —— -— 36.8 37.3 37.2 37.3
Mean S — —— 35.9 31.2 37.0 36.0
Min s -— -— 34.4 27.1 36.0 34.8
Corpus Christi
Max T 30.8 29.7 30.3 31.1 31.4 31.4
Mean T 29.0 28.2 28.8 28.2 29.6 28.5
Min T 25.6 25.0 27.8 27.0 27.0 24.4
Precip 186.0 211.3 95.0 143.0 26.7 122.9
Table 8c
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Brazos Santiago

1970 1 1972 1973 1974 1975
Max T 30.8 29.2 29.4 30.0 29.2 27.8
Mean T 27.8 26.9 27.6 27.6 26.2 26.3
Min T 24.7 24.4 27.2 25.0 24.7 25.0
Max S 37.3 37.1 37.3 36.8 37.3 36.0
Mean S 36.8 36.7 36.7 36.2 36.8 34.0
Min S 36.3 36.3 36.0 33.6 36.6 32.7
Brownsville
Max T 31.6 29.7 29.7 29.7 30.8 30.0
Mean T 29.8 28.4 27.9 27.5 29.4 28.0
Min T 27.2 26.4 24.7 26.1 27.8 25.3
Precip. 45.5 67.1 22.9 71.1 0.5 242.8

Table 8. Maximm daily monthly mean and minimm daily temperature °c)

and salinity (o/oo) at coastal tide stations, together with maximum daily
mean, monthly mean and minimum daily mean temperature and monthly precip-
itation (mm) at nearby meteorological stations (Galveston WB for Galveston,
Corpus Christi for Port Aransas and Brownsville for Brazos Santiago).
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WIND SPEED (Km/h)

Month 0-13 13-31 31-41 >41
January 18.0 52.6 16.0 13.4
February 16.6 51.7 17.2 14.4
March 16.5 56.6 17.2 9.6
April 14.7 61.0 17.2 7.1
May 21.4 59.7 13.8 5.3
June 20.7 64.0 11.4 3.9
July 28.3 63.2 7.0 1.6
August 31.3 61.7 5.7 1.3
September 22.0 59.6 12.4 6.1
October 19.8 59.9 13.0 7.4
November 16.3 52.5 15.6 15.6
December 14.6 52.7 17.4 15.3
Average Percent 20.0 57.9 13.7 8.4

Table 9. Percent frequency of wind speed by month.
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Month
January
February
March
April
May
June
July
August
September
October
November
December

Average Percent

Table 10. Percent frequency of wave heights by month.

WAVE HEIGHT (m)

_1 -2 2-3 >3
26.2 52.6 16.5 4.7
23.2 52.9 16.6 7.3
28.1 53.6 14.8 3.5
26.8 58.7 11.1 3.4
28.5 58.8 10.9 1.9
32.5 60.0 6.3 1.3
48.6 46.6 4.2 .6
47.5 48.5 3.2 .8
36.1 51.7 9.3 2.7
30.3 55.2 11.8 2.7
27.0 51.0 15.8 6.2
23.2 53.7 16.8 6.3
31.5 53.6 11.4 3.5
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SURFACE DRIFTERS

BOTTOM DRIFTERS

JAN 16
1970 -
INNER
RELEASE 21
LINE
OUTER
THREE 7
RELEASE
LINES
ALL
FOUR 10
LINES
INNER
RELEASE 45
LINE
QUTER
THREE 4
RELEASE 2
LINES
ALL
FOUR 14
LINES

ALL DRIFTERS 12
ALL LINES

APR 28
1970

60

20

30

25
(5)

(5)

21

50

© 50

50

28

29

JUL 13
1970

BROWNSVILLE - QORPUS CHRISTI

NOV 4
1971

33

22

25

45

12

18

SOUTH TEXAS

DATE OF RELEASE

MAY 27
1971

45
40

41

22

5
(2)

25

DEC 6
1972

48

17

45
(2)

(1)

14

15

Table 11. Percentage of recovery of surface and bottom drifters

APR 4
1972

50

57

57

33
(1)

(1)

10

35

78

AUG 29
1972

15

16

16

NORTH CENTRAL TEXAS

OORPUS CHRISTI - GALVESTON

DATE OF RELEASE

Average
OCT4 JAN 18 APR 7 of all July Oct. Jan. April
1972 1973 1973 Release 1973 1973 1974 1974

58 57 45 45 33 48 27 43
28 4 29 25 46 21 18 30
35 17 33 30 43 28 20 33
10 40 30 29 33 27 43 27
4 6 2 3 7 10 14 2
(1) 1) (4) (3) (1) (1)

5 14 9 10 13 14 31 8
20 16 21 20 28 21 21 21

Average
Oof All
Release

38
29

31

33

(2)

14

23
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Minimum Wind
Date Number Return Direction Direction
Bottles of Cards % Time in of Drift After
Released Bottles Returned Return Days East or West Release
July 11 60 16 27 17 N to NE Stow

S to SwW

July 19 60 21 35 7 N, NE S to SW
July 24 60 24 40 15 NE S to W
July 27 20 5 25 15 N StoWw
Aug. 23 120 56 47 10 SW StoE
Aug. 24 46 3 6 W to SW Sto E
Aug. 28 20 7 35 W to SW SE to E
Aug. 30 40 2 5 21 SW SE to E
Aug. 31 40 7 18 29 SW SE to E
Sept. 13 - 20 1 5 31 N SW to N
Sept. 14 .20 3 15 18 W to SW N to S
Sept. 18 15 3 20 17 W NE
Sept. 19 60 22 37 4 W NE to SE
Sept. 20 60 30 50 9 W SE
Sept. 21 60 20 33 5 W Eto S
Sept. 22 60 13 22 3 W S to NE
Sept. 23 60 17 28 3 W S to N
Sept. 24 60 10 17 2 W to SW. NE to S
Sept. 25 _50 9 18 11 SE S to SE
Total 930 269 29%
Table 12. Summary of Seadock drift bottle survey, 1975.

ILocation of
Recovered
Bottles along coast

Galveston Bay - Sabine Pass
Aransas Pass - Matagorda Bay

Galveston Bay

Galveston Bay

Galveston Bay

Rio Grande - Aransas Pass
Aransas Pass - Matagorda Bay
Aransas Pass - Matagorda Bay
Rio Grande - Aransas Pass
Rio Grande - Aransas Pass

Brazos River

Aransas Pass - Matagorda Bay
Matagorda Bay

Matagorda Bay

Matagorda Bay

Matagorda Bay

Matagorda Bay

Matagorda Bay

Aransas Pass - Matagorda Bay
Aransas Pass



Flow Direction

Vessel Cruise Date Cyclonic Anticyclonic

HIDALQRD Jan. 1962 X

ATAMINOS Jan. 1964 X

ALAMINOS Jan. 1966 X

ATTANTIS Feb. 1947 X
HIDALGO Feb. 1959 X
ATLAMINOS Feb. 1966 X

AILAMINOS Feb.-Mar. 1968 X
ATLANTIS Mar.-April 1935 X

HIDALGO Mar. 1962 X
HIDALGO Mar. 1968 X
ALAMINOS May 1970 X
ATASKA June 1951 X
ALAMTINOS June 1966 X
ATAMINOS June 1967 X
KNORR June-Aug. 1969 X
ALAMINOS June 1970 X
ATAMINOS July 1969 X
ALAMINOS Aug. 1965 X
ALAMINOS Aug. 1967 X
ALAMINOS Aug. 1968 X
ALAMINOS Sept. 1965 X

ATLAMINOS Sept. 1967 X
ALAMINOS Sept. 1968 X
HIDALGO Oct. 1961 X

VIRGILIC URIBE Nov. 1970 X

(Mexico)
ATAMINOS Dec. 1963 X
Table 13. Direction of geostrophic flow in deep water
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Winter

E x & x B = L 0
27°N, S-N 4.2 (0] -13.8 -9.6 =4.2
28.5°N,
SW-NE -3.7 -5.0 -20.7 -29.4 -0.9
Spring
E c B L o
27°N, S-N +6.6 +4.9 =27.6 -16.1 -1.7
28.5°N,
SW-NE +2.9 -1.8 -41.4 -40.3 -4.9
Summer
E d B L o
27°N, S-N +8.2 +6.6 0 +14.8 +1.5
28.5°N,
SW-NE +4.9 +1.9 -3.4 . = 3.4 =2.8
Fall
E G B L o
27°N, S-N +4.8 0 -6.9 - 2.1 -4.8
28.5°N,
SW-NE -1.1 -5.0 -10.3 -17.4 -=3.6

Table 14. Coamputed surface elementary baroclinic currents
(cm/sec) by season at locations 50 km offshore in 75 m deep
water. lLongshore with the coast on the left and offshore are
as positive. E is the Fkman spiral component, G is the
barotropic camponent, B is the baroclinic component, L is the
total longshore flow and O is the total (Ekman) offshore flow.
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Figure 108. Surface circulation deduced from recoveries of drift bottles released
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Figure 109. Surface circulation deduced from recoveries of drift bottles released
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Fignre 112. Surface circulation deduced from recoveries of drift bottles released
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Surface circulation deduced from recoveries of drift bottles released
on Cruise 8-62, October 18-22, 1962.
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Surface‘ circulation deduced from recoveries of drift bottles released
on Cruise 10-63, October 31-November 4, 196€3.
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Figure 118. surface circulation deduced from recoveries of drift bottles released
on Cruise 9-62, November 15-22, 1962.
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Surface circulation deduced from recoveries of drift bottles released
on Cruise 11-63, November 30-December 1, 1963.
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Surface circulation deduced from recoveries of drift bottles released
on Cruise 10-62, December 6-12, 1962.
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Drifter results of seasonal studies along the South Texas coast
(after Hunter, Hill, and Garrigon, 1974).
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Drifter results of seasonal studies along the South Texas coast
(after Hunter, Hill, and Garrison, 1974).
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Figure 139. Currents and wind for January.
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Figure 140. Currents and wind for February.
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Figure 142. Currents a.nél wind for April.
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Figure 143. Currents and wind for May.
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Figure 144. Currents and wind for June.
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Figure 145. Currents and wind for July.
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Figure 146. Currents and wind for August.
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Figure 147. Currents and wind for September.
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Figure 148. Currents and wind for October.
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Figure 149. Currents and wind for November.
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Figure 150. Currents and wind for December.
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Thermohaline indices for January and February
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Thermohaline indices for March and April
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Thermohaline indices for May and June
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Thermohaline indices for July and August
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Figure 168a. Shelf water circulation and surface salinity (°/co) GUS III cruises
(1963-1965).

224



30° T RN SR T T —
CRUISE 7 CRUISE 8 - .. &y il CRUISE 9
JUL 15-17,1963 - . L iR 2 AUG 28-31,1963" -, % ¢ OCT 1-5,1963

28°

26° R

30° T | N R T T

T T
CRUISE 10 | '-$@1£;; CRUISE Ul CRUISE 2 -

ocT 3| NOV 4, 1963 . NOV 30-DEC 2,1963.: -}

280 |- G S

DEC 19-22,1963, . . '

Figure 168b. Shelf water circu]at1on and surface salinity (°/.o.) GUS III
cruises (1963-1965).

225




30° T

1
CRUISE 13 K
JAN 26-3C,1964 . -

1 T
CRUISE 14 -

FEB 19-23,1964

T
CRUISE 15

—

MAR 18-22,1964 ;.|
.. . . . ¥

30° T
CRUISE I6
APR 15-18,1964

28° | .

260 |

T I
CRUISE I7

MAY 22-25,1964 ;2

T |
CRUISE I8 -

—_—

JUN 24:27,1964 . "1} ¢

98° 96°

Figure 168c. Shelf water circulation and surface salin

(1963-1965).

94°

226

94°

ity (°/oo) GUS TIT cruises



30° T T

28°

Ca T T T T T T
CRUISE 19 RS CRUISE 20" .- .“Auv¥i: ] CRUISE 2| RS e
JUL 16-18,1964 . . "% 77 AUG 29- SEPI!964 *}g>/’ SEP 25-29,1964 | :;h,/*’f/

26° K .
30° T T T T T T
CRUISE 22 . : "‘\/T CRUISE 23 CRUISE 24- ~ . }:/
QCT 28 31, l°o4

28° |- G

| 5/

NOV 19-27,1964 " %

DEC 16-19,1964 . 1} ##

Figure 168d. Shelf water circulation and surface salinity (°/o.,) GUS III cruises

(1963-1965).

227



30°

28°

26° L

CRUISE 25 .
JAN 7-10, 165 | -.

| T T
CRUISE 26 - :‘

FEB 26-MARI,1965 ..

! T —T-
CRUISE 27 s
MAR 21-25,1965. | :

30°

CRUISE 28 . " *
APR 23-26,1965 . -:%

pge b Gy

T L :,»;»',I:—'{‘--
CRUISE 29 = Ayt -

IAAY 29-JUN 2,1965 ;"¢

T T
CRUISE 30
JUN 11-15,1965 .

Figure

96°

94°

168e. Shelf water circulation and surface salinity (°/oo) GUS III cruises

(1963-1965).

228



30° T PO S l T T T

CRUISE 32 . = "1 J CRUISE 33 . i CRUISE 35 G
AUG 11-14,1065 A_'-"v\ﬁh.}" SCEP .B-IZ,'I965 I = DEC 9-12,1965 . . :;.

— p—

oge | ¢

Figure 168f. Shelf water circulation and surface salinity (°/..) GUS III
cruises (1963-1965).



(A) NOVEMBER (B) MAY

50° e 1018 T

B :',./i"'l-qlé_‘m,'b; PR

40°

30°N

200

10°

Figure 169. Monthly mean surface atmospheric pressure (mb) from

Pacific Environmental Group results, based on FNWC long-term
(1946-1969) means.

230



3000
®»
E —_
c £
PN
23
< <
-
e
- .Q
<3
E £
Ll
Y
S l:_i:J Pz,
o wekEe
O > of 1965 — @ —— @@ ———@—@—
we «2z 1964 —B—6—R—8= -
TS os 1963
A=A
D =X O O I9§3 O 5
e === 5 oo
[5]
Qg ee
U-g yJFrimlalm]ololals]ofn]o
180°
Z o © e TTLTLLIE e
@) 150 NN
% F e A 7 o RMEANN N\ ees B
= lﬁj i 7 (1964-1973) L\ 7
= o 90°] L s 1963 Y -
5 ..... "\ 1965
60°
slrlmlalmwlololalslolnlo
MONTH
Figure 170. Shelf water flow and wind dynamics (1963-1965) :
a. Magnitude of monthly mean Ekman transport at 27°N, 96°W
b. Direction of flow over outer continental shelf from
GUS III surveys
¢. Monthly mean wind direction at 27°N, 96°W
(a & ¢ from Pacific Environmental Group results, based on FNWC data;

231



96°

— 28*

~ar

- 28

TR T T 1] — T T
- } LY p

- o

g 9% =
- v h - —

! 7]

] a

Y w
- \, . E
e T e SR

\\tl
a ]
'y
L) q —
N n,........:»n.u.. ....................... Swi 01
Tyesdy ¥

97

& 3 »
~ N ~
T .._ 1.,, T T T T T T I T
5 b,
Pt 0
! b 3 ~
Tl - S —
; <
\ u
e — e ..
2t . )
T
< 4
A\
o?

Mereo,

IR PR O X}

]

24l

Figure 171. Centroid trajectories for east winds of 5 and 10 m/s.

Time in hours.



— 28
-
-
—far

-

LomereT 30 fme.--c
&° \f

97*

0

SE

— 23.
-
—{er

eennrenee 30 f-ct
]

-—126°

233

96*

96°

Centroid trajectories for southeast winds of 5 and 1. m/s.

in hours.

Time

Figure 172.



96°

96*

—j28°

A

comers 30 IO

—27r°

10 4

SSE

Time in hours.

— 28°

Y

o

m\

27

-—26°

-

96°

Centroidﬁtrajectories for soutﬁ—éoutheast wihd§ of 57and 16>m/s.

Figure 173.



—2¢

-
-]
=

ramerescs 30 WG
<
\®
R

-

—ar

et { ad

10

96

- 280

B

.

rmorenen 30 ees
-
P

—ar

~—{26°

235

Time in hours.

Centroid trajectories for northwest winds of 5 and 10 m/s.

Figure 174.



LITERATURE CITED

Allen, J.S. (1973) Upwelling and coastal jets in a continuously stratified
ocean, J. Phys. Oc., 3(3), pp. 245-257.

Alofs, D.J., and R.L. Reisbig (1972) An experimental evaluation of oil slick
movement caused by waves, J.Phys. Oc., 2, pp.-439-443, -

Balasz, E. (1973) Quasi-stationary sea surface topography and variations of
mean sea level with time-an interim compendium. National Ocean Survey
Report. (unpublished)

Beardsley, R.C. and B. Butman (1974) Circulation on New England continental
shelves: response to strong winter storms, Geophys. Res. Lett., 1(4),
pp. 181-184.,

Bishop, J.M. and J. Overland (1975) An analytical sea current model for
coastal regions with application to the New York Bight, Submitted to deep
Sea Res.

Boicourt, W.C. (1973) The circulation of water on the continental shelf from
Chesapeake Bay to Cape Hatteras. Ph.D. Dissertation, Johns Hopkins University,
pp- 183.

Brichett, J.A. (1967) Temperature-salinity relationships in the surface layers
of the eastern Gulf of Mexico in August, 1966, Unpublished M.S. Thesis,
Dept. of Oceanography, Texas A&M University, pp. 146.

Brunson, B.A. and W.P. Elliot (1974) Steric contribution to the seasonal
oscillation of sea level off Oregon, J. Phys. Oc., 4, pp. 304-309.

Brusher, Harold A. William C. Renfro, and Richard A. Neal (1972) Notes on
distribution, size, and ovarian development of some panaeid shrimps in the
northwestern Gulf of Mexico, 1961-62, Contributions in Marine Science,
University of Texas, 16, pp. 75-87.

Bumpus, D.F. (1973) A description of the circulation on the continental shelf
off the east coast of the United States. Progress in Oceanography, 6, New
York, Pergamon Press, pp. 111-156.

Carr, J.T., Jr. (1967a) The climate and physiography of Texas. Texas Water
Development Bd., Rept. 53, pp. 27.

Carr, J.T., Jr. (1967b) Hurricanes affecting the Texas Gulf Coast. Texas
Water Development Bd., Rept. 49, pp. 58.

Collins, C.A. and J.G. Pattulo (1970) Ocean currents above the continental shelf
off Oregon as measured with a single array of current meters. J. Mar. Res.,
28(1), pp. 51-68.

Curray, Joseph R. (1960) Sediments and history of holocene transgression,
continental shelf, northwest Gulf of Mexico. In Recent sediments, north-
western Gulf of Mexico. The Collegiate Press, Menasha, Wisconsin, pp. 221-
266.

236



Cutchin, D.L. and R.L. Smith (1973). Continental shelf wave: low-frequency
variations in sea level and curremts over the continental shelf, J. Phys.
Oc.,3(1), pp. 73-82.

Drennan, Kirby L. (1963) Surface circulation in the northeastern Gulf of Mexico.
Gulf Coast Research Laboratory, Oceanographic Section, Ocean Springs, Miss.
Technical Report No. 1, pp. 1-116.

Ekman, V.W. (1905) ¢on the influence of the earth's rotation on ocean currents,
Ark. Math., Astron. Fysik., 2(11), pp. 1-53.

Etter, Paul C. (1975) A climatic heat budget study of the Gulf of Mexico, unpub-
lished M.S. Thesis, Dept. of Oceanography, Texas A&M University, pp. 87.

Etter, Paul C. and John C. Cochrane (1975) A summary of water temperature on the
Texas-Louisiana shelf. Institute of Applied Geosciences, Texas A&M University,
pp. 51.

Fisher, W.L., L.F. Brown, Jr., J.H. McGowen and C.G. Groat (1972) Environmental
Geologic Atlas of the Texas Coastal Zone-Galveston-Houston area. University
of Texas at Austin, Bureau of Economic Geology, pp. 91l.

Franceschini, G.A. (1953) The distribution of the mean monthly wind stress over
the Gulf of Mexico, Texas A&M Res. Found., Sci. Rep. No. 1, pp. 1-18.

Fuglister, F.C. (1947) Average monthly sea surface temperature of the Western
North Atlantic, Ocean. Paps. Phys. Oceanogr., Meteor., 10(2), pp. 25.

Hall, J.M. (1972) Hurricane-generated ocean currents - part 1, the development
of a measurement program, Proc. offshore terminal Conf. May 1-3, 1972.

Harrington, D.L. (1966) Oceanographic observations on the continental shelf of
the northwestern Gulf of Mexico, U.S. Bureau Comm. Fish. Circ. 246, pp. 7-10.

Hicks, S.D. (1973) Trends and variability of yearly mean sea level, 1893-1971,
NOAA Technical Manual, NOS 12, pp. 13.

Hill, G.W., L.E. Garrison, and R.E. Hunter (1975) Maps showing drift patterns
along the north central Texas coast, 1973-1974, U.S. Geol. Survey Misc.
Field Studies Map MF-714.

Hunter, R.E., G.W. Hill, and L.E. Garrison (1974) Maps showing drift patterns
along the south Texas Coast, 1970-1973, U.S. Geol. Survey, Misc. Field Studies,
Map MF-623, 2 sheets.

Hunter, R.E., G.W. Hill, and L.E. Garrison (1975) Maps showing drift patterns
along the south Texas coast 1970-1973, U.S. Geol. Survey Misc. Field Studies,
Map MF-623.

Huyer, A., B.M. Mickey, R.D. Pillsbury, J.D. Smith, and R.L. Smith (1975) Along-
shore coherence at low frequencies in currents observed over the continental
shelf off Oregon and Washington, (to appear in J. Phys. Oc.)

Huyer, A., R.D. Pillsbury, and R.C. Smith (1975) Seasonal variations of the

alongshore velocity field over the continental shelf off Oregon, (to be
published).

237



Hydrographic Dept. Admiralty (1956) West Indies Pilot, 1, pp. 841.

Ichiye, T. (1962) Circulation and water mass distribution in the Gulf of Mexico,
Geofisica Internacional (Mexico), 2(3), pp. 47-76.

Ichiye, T., and H. Sudo (1971) Mixing processes between shelf and deep sea waters
of the Texas coast, Dept. of Oceanogr., Texas A&M University, Ref. 71-19-T,
pp. 30.

Ichiye, T., W.P. Janes, R.W. Hann, D.R. Basco, D.M. Brago, J.S. Osoba, J. Dameron,
D. von Gonten, and R. Darnell (1972) Spread and transport of oil, In Environmental
Aspects of a Supertanker, Port on the Texas Gulf Coast, Report to Texas A&M
University Sea Grant Program, Ref. TAMU-Sf-73-201, pp. 157-192.

Kimsey, J.B. and R.F. Temple (1963) Currents on the continental shelf of north-
western Gulf of Mexico, U.S. Bureau of Commercial Fisheries Circ. 161, pp. 23-27.

Kimsey, J.B. and R.F. Temple (1964) Currents on the continental shelf of the
northwestern Gulf of Mexico, U.S. Bureau of Commercial Fisheries Circ. 183,
PP. 25-27.

Krauss, E.B. (1968) What we do not know about the sea-surface wind stress, Bull.
Am. Met. Soc., 49 (3), pp. 247-253.

Kutkuhn, Joseph H. (1963) Expanded research on Gulf of Mexico shrimp resources.
Proceedings of the Gulf and Caribbean Fisheries Institute, 15th Annual Session,
1962, pp. 65-76.

LaFond, E.C. (1951) Processing oceanographic data, U.S. Navy Hydrographic Office,
Washington, H.O. Publication No. 614, pp. 114.

Leipper, Dale F. (1954) Physical oceanography of the Gulf of Mexico. In Gulf of
Mexico, its origin, Waters and marine life, U.S. Fish and Wildlife Service,
Fishery Bulletin No. 89, 55, pp. 119-137.

Lisitzin, E. and J.G. Pattulo (1963) The principal factors influencing the seasonal
oscillation of sea level, J. Geophys. Res., 66(3), pp. 845-852.

Marcus, S.0., Jr., Coordinator, (1973) Environmental Conditions Within Specified
Geographical Regions. Offshore East and West Coasts of the United States and
in the Gulf of Mexico, NOAA, NODC, EDS, pp. 735.

Marmer, H.A. (1954) Tides and sea level in the Gulf of Mexico, U.S. Dept. of the
Interior, Fishery Bulletin No. 89, pp. 101-118.

Moller, F. (1955) Vierteljahrskarten des niederschlags fur die ganze Erde,
Petermanns Geographischen Mitteilungen, 95, pp. 1-7.

Moore, Donald, Harold A. Brusher, and W. Lee Trent (1970) Relative ébundance,

seasonal distribution, and species composition of demersal fishes off Louisiana
and Texas, 1962-1964, Contributions in Marine Science, 25, pp. 57-70.

Moore, George T. (1973) Submarine current measurements - northwest Gulf of Mexico,
Trans. Gulf Coast Association of Geological Societies, 23, pp. 245-255.

238



Munk, W.H. (1950) On the Wind Driven Ocean Circulation, J. Meteor., 7, pp. 79-93.

Neumann, G. and W.J. Pierson (1966) Principles of Physical Oceanography, Prentice-
Hall, Englewood Cliffs, New Jersey, pp. 545.

Niiler, P.P. and Richardson, W.S. (1973) Seasonal variability of the Florida
Current, J. Mar. Res. 31, pp. 144-167.

Nowlin, W.D., Jr. (1972) Winter Circulation Patterns and Property Distri-
butions, Texas ASM University Oceanographic Studies, 2, Houston, Gulf
Publishing Co., pp. 3-52.

Nowlin, W.D., Jr., and H. J. McLellan (1967) A characterization of the Gulf of
Mexico waters in Winter, J. Mar. Res., 25, pp. 29-59.

Nowlin, W.D., Jr., and C.A. Parker (1974) Effects of a cold-air outbreak on
shelf waters of the Gulf of Mexico, J. Phys. Oc., 4,(3), pp. 467-486.

Orton, R. (1964) The Climate of Texas and the Adjacent Gulf Waters, U.S. Department
of Commerce, Weather Bureau Rept. No. 161, pp. 195.

Orton, R.B. (1969) Climates of the States, Texas, NOAA EDS Climatography of the
United States No. 60-41, pp. 46.

Patchen, R.C., E.E. Long, and B.B. Parker (1975) Analysis of Current Meter
Observations in the New York Bight, August 1973-June 1974 (to be published).

Pedlosky, Jr. (1974) On coastal jets and upwelling in bounded basins, J. Phys.
Oc., 4(1), pp. 3-18.

Platzman, G.W. (1972) Two-dimensional free oscillations in natural basin, J. Phys.
Oc., 2, pp. 117-138.

Reid, R.0. (1975) Class notes and problem sets, Department of Oceanography, Texas
A&M University.

Robinson, M.K. (1973) Atlas of monthly mean sea surface and subsurface temperature
and depth of the top of the thermocline - Gulf of Mexico and Caribbean Sea,
Scripps Inst. Ocean. Ref. 73-8, 1-12, 93 figs.

Seadock (1975) Environmental analysis report for deepwater port application.
Submitted to NOAA/EDS Deep Water Parts Project Office, Washington, D.C.,
December 1975.

Simpson, R.H., and M.B. Lawrence (1971) Atlantic Hurricane Frequencies along
the U.S. Coastline, NOAA Tech. Mem., NWS, Sp-58, pp. l4.

Smith, F.G. Walton, A. Franco Medina, and A.F. Brooks Abella (1951) Distribution
of vertical water movement calculated from surface drift vectors. Bulletin
of Marine Science of the Gulf and Caribbean, 1(3), pp. 187-195.

Smith, R.C. (1974) A description of current, wind and sea level variations during

coastal upwelling off the Oregon coast July-August 1972, J. Geophys. Res.,
79(3), pp. 435-443.

239



Stewart, R.W. (1974) The Air-Sea Momentum Exchange, Boundary Layer Meteorology,
6, pp. 151-167.

Stidd, C.K. (1975) Meridional profiles of ship drift components, J. Geophys.
Res., 80(12), pp. 1679-1682.

Stommel, H., and A. Leetma (1972) Circulation on the continental shelf. Proc.
Nat. Acad. Science U.S. 69, pp. 3380-3384.

Sturges, W. (1974) Sea level slope along continental boundaries, J. Geophys.
Res., 79, pp. 825-830.

Sturges, W., and J. P. Blaha (1975) The Gulf of Mexico Stream-another western
boundary current, submitted to J. Mar. Res.

Sugg, A. L., L.G. Pardue, and R.L. Cappodus (1971) Memorable Hurricanes of the
United States since 1873, NOAA Tech. Mem. NWS, sp-56, pp. 52.

Temple, Robert F. (1973) Shrimp research at the Galveston Laboratory of the Gulf
Coastal Fisheries Center, Marine Fisheries Review, 35 (3-4), pp. 16-20.

Temple, Robert F., and Clarence C. Fischer (1965) Vertical distribution of the
planktonic stages of penaeid shrimp, Publications of the Institute of Marine
Science, 10, pp. 59-67.

Temple, Robert F., and Clarence C. Fischer (1967) Seasonal distributions and
relative abundance of planktonic-stage shrimp (Penaeus spp.) in the north-
western Gulf of Mexico, 1961, U.S. Fish and Wildlife Service, 66(2), pp. 323-334.

Thom, H.C.S. (1968) Toward a universal climatological extreme wind distribution,
Proc. Int. Res. Seminar, Wind Effects on Buildings and Structures, Sept. 1968.

Thom, H.C.S. (1971) Asymptotic extreme value distributions of wave heights
in the open ocean, J. Mar. Res., 29, pp. 19-27.

U.S. Army Corps of Engineers (1956) Hurricanes Affecting the Coast of Texas
from Galveston to Rio Grande, Tech. Mem., No. 78, pp. 17.

U.S. Army Corps of Engineers, New Orleans District Office, Pers. Comm., (1975)
Monthly discharge paces of the Mississippi and Atchafalaya Rivers, 1961-1970.

U.S. Department of Commerce (1961-1970) Local Climatological Data, Brownsville,
Texas.

U.S. Department of Commercé (1961-1970) Local climatological Data, Corpus Christi,
Texas.

U.S. Department of Commerce (1970-1975) Local Climatological Data, Brownsville,
Corpus Christi and Galveston, Texas.

U.S. Department of Commerce (1950-1974) Local Climatological Data, Brownsville,
Corpus Christi, and Port Arthur, Texas.

240



U.S. Department of Commerce (1962-1963) Local Climatological Data, Brownsville
and Galveston, Texas and New Orleans, Louisiana.

U.S. Department of Commerce (1973) Surface Water Temperature and Density,
Atlantic Coast, North and South America, NOAA, NOS Pub. 31-1, pp. 109.

U.S. Department of Commerce (1974a) Tide Tables, 1975, East Coast of North and
South America, NOAA-NOS, pp. 298.

U.S. Department of Commerce (1974b) Tidal Current Tables, 1975, Atlantic Coast
of North America, NOAA, NOS, pp. 200.

U.S. Department of Commerce (1949) TU.S. Coast Pilot. Gulf Coast, Key West
to Rio Grande, Third Edition, Coast and Geodetic Survey, pp. 505.

U.S. Geological Survey (1964) Surface water supply of the United States 1951-60,
Part 7, Lower Mississippi River Basin, Geological Survey Water-Supply
Paper 1731, U.S. Department of Interior, U.S. Government Printing Office,
Washington, D.C.

U.S. Geological Survey (1969) Surface water supply of the United States 1961-1966,
Part 7, Lower Mississippi River Basin, Vol. 1, Lower Mississippi River Basin
except Arkansas River Basin, Geological Survey Water-Supply Paper 1920, U.S.
Department of Interior, U.S. Government Printing Office, Washington, D.C.

U.S. Geological Survey (1964) Surface water supply of the United States 1950-60,
Part 8, Western Gulf of Mexico Basins, Geological Survey Water-Supply Paper
1732, U.S. Department of Interior, U.S. Government Printing Office, Washington,
D.C.

U.S. Geological Survey (1969) Surface water supply of the United States 1961-1965,
Part 8, Western Gulf of Mexico Basins, Vol. 1, Basins from Mermentau River to
the Colorado River, Geological Survey Water-Supply Paper 1922, U.S. Department
of Interior, U.S. Government Printing Office, Washington, D.C.

U.S. Geological Survey (1970) Surface water supply of the United States 1961-1965,
Part 8, Western Gulf of Mexico Basins, Vol. 1, Basins from Lavaca River to the
Rio Grande, Geological Survey Water-Supply Paper 1923, U.S. Department of
Interior, U.S. Government Printing Office, Washington, D.C.

U.S. Geological Survey (1973) Surface water supply of the United States 1966-1970,
Part 8, Western Gulf of Mexico Basins, Vol. 1, Basins from Mermentau River to
the Rio Grande, Geological Survey Water-Supply Paper 2122, U.S. Department of Interior,
U.S. Government Printing Office, Washington, D.C.

U.S. Geological Survey (1974) Surface water supply of the United States 1966-1970,
Part 8, Western Gulf of Mexico Basins, Vol. 2, Basins from Lavaca River to the
Rio Grande, Geological Survey Paper 2123, U.S. Department of Interior, U.S.
Government Printing Office, Washington, D.C.

U.S. Navy (1955) Marine Climatic Atlas of the World, Vol. 1, North Atlantic
Ocean. .

241



U.S. Naval Hydrographic Office, Summary of ship drift observations, Marsden
Square 082.

U.S.N.0.0. (1972) Environmental-acoustics atlas of the Carritbean Sea and Gulf
of Mexico, Vol. II, Marine Environment, U.S. Naval Oceanographic Office,

Washington, D.C.

Walin, G. (1972a) On the hydrographic response to transient meteorological
disturbances, Tellus, 24(3), pp. 169-186.

Walin, G. (1972b) Some observations of temperature fluctuations in the coastal
regions of the Baltic, Tellus, 24(3), pp. 187-198.

Wanstrath, John J., R.E. Whitaker, R.0. Reid, and A.C. Vastano (1975) Storm
surge simulation in transformed coordinates, unpublished report, Department
of Oceanography, Texas A&M University, Ref. 75-5-T, pp. 189.

Watson, R.L. and E.W. Behrens (1970) Nearshore surface currents, southeastern
Texas Gulf Coast, Contr. Mar. Sci., 15, pp. 133-143,

Wennekens, M.P. (1959) Water mass properties of the Straits of Florida and related
waters. Bull. of Marine Sci. of the Gulf and Carribbean, 9, pp. 1-52.

Whitaker, R.E., and A.C. Vastano (1975) The rectangular computing mesh and
boundary conditions are given by Wanstrath, et al, 1975, Department of
Oceanography, Texas A&M University,.

Wilson, Basil W. (1957) Hurricane Wave Statistics for the Gulf of Mexico, Tech.
Me. No. 98, U.S. Army, Corps of Engineers, Beach Erosion Board, pp. 61.

Wilson, Raymond J. (1967) Amount and distribution of water masses in February
and March 1962 in the Gulf of Mexico, Unpublished M.S. Thesis, Department
of Oceanography, Texas A&M University, pp. 54.

Zetler, B.D., and D.V. Hansen (1972) Tides in the Gulf of Mexico, In contribution
on the Physical Oceanography of the Gulf of Mexico, Texas A&M Oceanographic
Studies, 2, pp. 265-275.

242



APPENDIX

243



[~} o .
Table 1. ?emperature ( C) and salinity ( /oo) values by station, cruise, and depth made along transect 7 from 1963-1965.

STATION: W-55

LDEPTH: 7.3 M . v o *
LATITUDE: 29°g3' N A o :
LONGITUDE: 95 06' W . § : .
LI L Temperatures (°C) . Salinity (o/o0}
Cruise Day ‘Month Year ~ ' : Deoth (M) : Depth (M)
: ) . 3 11 24 43 70 107 B ) 3 11 24 43
N . -
2 11 3 1963 14.7 14.8 ) 14.8 31.47  31.43
3 2 4 1963 . 22.2 22,2 . . 20.4 28.97 28.97
4 7 5 1963 . 25,2 25.3 ' . " .- 24.0. 22.68 23.23
[ 19 5 1963 26.7 26.6 ) * 23.2 33.68 34.82
6 b 7 1963 29.0 28.9 ' : 28.8 "34.90 34.81
7 17 7 1963 . 28.7 28.7 28.4 36.15 26.17
‘8 28 8 1963 31.1  31.1 S - 3.1 37.06  36.97
9 1 10 . 1963 25.9 25.9 o 25.9 29.29 29,26
10 n 10 " 1963 24.6 24.6 ’ 24.6 30.74  30.67
11 30 - 1 1963 16.2 00.0 A . '00.0 31.99 32.10
12 13 12 1963 ©11.8 1l.8 ) 1l.6 32.18  32.09
13 26 1 1964 9.9 9.7 9.4 32,01  31.83
14 19 2 1964 12.4 12.4 12.2 33.55  33.72
15 22 3 1964 15.1 15.0 . ' ’ 14.6 31.78  31.93
16 15 4 1964 19.7 19.6 19.4 25.81 25.76
17 22 5 1964 27.1 27.1 . 26.2 23.47 23.49
18 24 ‘6 1964 29.6 29.6 ; . 25.8 31.58 31.59
19 16 7 1964 28.5 28.5 . 28.5 | 34.52 34.79
20 29 8 1964 29.6 29.6 : . 29.6 36.64 36.62
21 25 9 1964 28.0 28.0 - 28.0 30.45 30.41°
22 28 10 1964 21.9 - 21.9 ©21.9 31.96  32.02
23 19 11 1964 ° 23.5 23.5 ' 23.5 31.10 31.05
23" 19 12 1964 12,1 12.1 12.1 28.66 2B.61
25 10 1 1965 . 15.4 15.4 16.0 30.45  30.41
26 26 2 1965 ‘13.8  14.2 " 14.2 32.78 33.13
27 20 3 1965 14.7 1.7 . A 14.5 30.16 30.12
28 23 4 1965 23.9  23.9 . 23.8 28.96 29.01
29 2 6 1965 27.3 . 27.3 . ‘ 26.4 21.06 20.98
a0 15 6 1965 29 3. 27.8 . 25.9 24,70 25.68
32 11 8 1965 "29.0 28.9 ‘ 28.7 |« 34.84° 35.07
33 8 9 1965 ' ,29.8 29,7 29.6 00.00  00.00
35 9 12 - 1965 17.3  17.2 . . 17.1 00.00 00.00




Table 1. (Continued)

STATION: W-1

DEPTH: 13.7 M '
LATITUDE: 29701'°‘N-
LONGITUDS: « 95°05' W

: . Temperatures °c) Salinity (0/00)
Cruisa Day Month Year Depth (M) + Depth (M)
o N ) o, 3 . 1 24 43 70 307 . B 0 3 11 24 43
Al . n - .
1l 6 2 1963 . 10.3 10.3 10.9 ) 10.8 31.00 31.00 31.70
2 2 3 1963 ™. . 12.8 12.8 12.8° 12.8 31.31 31.40 21.31
3 3 4 1963 « . |* 21.9 22.0 19.4 : 19,2 29,34 29.20 32.40
4 7 5 1963 25.2 25.3° 24.0 . 23.9 00,00 32.62 34,11
S 20 5 1963 25.6 26.1 23.2 . v ' 23.0 34,32 34.92 35.81
6 1 7 1963 28.9 28.9 28.6 . 28.1 34.69 34.69 35.26
7 17 7 1963 29.3 2%.3 29.3 ’ . . 29.3 "36.53 36.38 36.61
8 . 28 8 1963 30.4 30.2 30.1 - 30.1 . 00.00 26.94 36.92
9 2 e £ I 1963 26.0 26.1 26.2 : . 26.1 - 30.22 30.36 30.68
10 31 10 . 1963 24.3  24.4 24.9 . . 25.1 30.81 30.76 32.56
11 30 11 ~.1963 . 17.4 17.4 17.5 R 17.6 33.20 33.13 33.35
12 19 <12 1963 12.3 12.3 12.3° : 12.3 32.59 32.52 32.54
13 26 l - 1964 . 9.8 9.8 9.8 v - 9.9 . 32.79 32.87 ° 34.01
14 19 2 1964 12.4 12.4 12.4 12.4 35.02 34.91 34.97
15 22 ‘3 1964 15.1 15.1 14.9 . . 14.9 31.93 32.08 34.€0
16 1s 4 1964 -19.4 19.4 19.3 19.2 28.78 26.88 29.31
17 22 S 1964 26.% 2€.4 26,3 : . 25.8 26,34 26.40 27.05
18 25 6 1964 29.0 28.6 25.8 25.0 31.61 31.83 34.29
19 16 7 1964 27.9 27.9 26.8 . 26.5 34.84 34.82 34.87
20 29 8 1964 29.3 29.3 29.3 : ¢ 29,2 36.37 36.37 36.33
21 25 9 1964 27.9 27.9° 27.9 T 27.9 31.40 31.33 31.49
22 28 10 1964 22.0 22.0 22.0 . 22,1 32.86 32.88 32.89
23 19 11 1964 23.9 23.0 23.0 ,23.0 31.00 30.93 30.99
24 19 12 1964 12.8 12.8 13.2 13.3 30.15 30.12 30.61
25 10 1 © 1965 15.4 15.4 15.5 ' 16.3 30.51 30.52 . 33.79
26 26 *.2 1965 13.7 14.0 14.7 ) 14.7 33.37 33.68 35.55
27 21 3 1965 © 14.8 . 14.8 14.9 14.9 32.47 32,39 32.40
28 23 4 1965 ' 23.4 23.3 23.2 : 23.0 29.97 29.96 30.62
29 2 6 ‘1965 27.1 27.1 26.7 . 26.6 21.16 21.12 31.94
30 15 6 1965 - 29.3 28.7 25.6 . 25.5 24.51 26.59 34.81
32 11 8 1965 29,0 29.0 28.6 28.5 34.87. 35.28 35.32
33 ‘9 9 1965 29.6 29.5 29.4 ' . 29.4 00.00 00,00 00.00
35 9 12 1865 i8.9% 18.9 18.9 . 18.5 ' 00.00 00.00 00.C0



Table 1. (Continued) . ' e

STATION: W-2 N . ‘
DEPTH: 27.5 M . " _ .
LATITUDE: 28°40' N .

LONGITUDE: 94°56' W

AR

. Temperatures (°C) Salinity (o/00)
Cruise Day Month Year ' . Depth (M) : . Depth_ ()
‘ - 0 30 11 24 43 70 107 B ] 0 3 12 24 43 10 107

1 31 1 1963 ] . 13.4 13.2 12,7 13.4 13.4 35.45 35.50. 35.30 35.78
2. 3 3 1963 .. | v 4.2 13.7 13.5 13.8 ' 13.8 35.73  35.73 35.68 .35.98
3 3 4 1963 20.1 19.7 19.3 18.5 ° 18.5 36.17 36.23 36.46 36.24
4 ? 5 1953 23.7 24.1 24.2 23.6 - 23.3 34,13  34.97 35.24  35.37
S 20 ‘5 1963 26.4 26.4 .25.7 23.1 - © 22.8 32.29 32.24 _33.53 36.08
6 26 6 1963 28.7 28.6 28.6 26.1 . . 26.0 .| 34.45 °34.93 34.91 35.58
7 17 7 1963 29.2 29.2 29.2 28.8 : . 24.7 36.44 36.44 36.38  36.37
8 3l 8 . 1963 : 279 29.8  29.7 29.6 . 28.6 36.62 36.89 '36.57 36.64
9 2 10 1963 . 27.5 27.5 27.5 27.5 . 27.4 36.33  36.37° 36.36  36.32
10 3 10 1963 25.7 25.7 25.7 25.6 . 25.6 36.24 36.28 36.30 36.27
11 30 11 1963 20.8 20.8 - 20.8 20.8 ‘ 20.7 35.24 36.17 36.21  36.19
12 19, 12 1963 17.3  17.3  17.3  17.3 . 17.2 36.21 36.3% 36.31 36.61
13 26 1 1964 14.8 14.8 4.8 14.4 13.8 356.53  36.64 356.66  36.77
14 23 2 1964 23.7 13.6 13.6 13.7 13.8 36.31  35.19 36.21  36.24
15 18 3 1964 17.3 17.3  17.1 16.8 16.8 36.81 36.68 36.70 36.70
16 15 4 1964 18.6 18.6 18.6 18.6 . 18.4 36.56 36.53 36.68 35.57
17 22 5 1964 _ 25.2 25.2 25.2 24.3 24.1 *26.15 36.14 36.20 36.29
18 25 6 1964 28.3 28.2 28.1 26.4 ; 24.8 32.74 32.65 32.85 35.05

19 16 7 1964 | 28.5 23.5 28.6 23.1 23.1 34.02 34.00 34.84 36.34 -
20 29 8 1964 29.4 29.4 29.4 29.1 . 29.1 35.12 35.10 .35.55 36.12
21 29 9 1964 27.9 27.9 28.0 28.3 28.3 34.97 00.00 35.01 35.42
22 28 10 1964 23.5 23.5 23.4° 23.4 . 23.3 35.06 35.07 35.04 35.09
23 27 11 ' 1954 - 21.7 7 21.7  21.6  21.5 . 21.5 35.41 - 35.56  35.45  35.40
24 .16 12 . 1964 18,3 18.3 18.3 18.2 © 18.3 35.36 35.33 35.40 00.00
25 1 1. 3 1965 16.3 16.3 16.4 16.6 16.6 .] 34.50 34.50 34.99  35.33
26 26 2 1965 16.5 16.5 16.5 16.5 16.5 36.62 36.62 36.58 36.59
27 21 .3 - 1965 ~+ 15,9 15.9 15.8- 15.8 . 15.7 36.00 35.95 35.91 35.93
3% 23 4 1965 22.4 22.3 22.2 21.6 . 21.6 |} 36.59 36.57 36.59 36.46
29 2 6 ..;1965 * 27.1  27.1 25.5 25.0 . 25.0 22.68 22.58 135.09 35.68
0 11 6 1965 29.7 28.9 26.5 26.0 25.8 .| 30.89. 31.50 34.66 36.36
Y] 11 8 1965 , 29.2 20.1 29.2 28.3° : 28.3 34,02 34.84 35.04 35.02
33 9 ) 1965 29.3 29.3 29.2 29.1 29.2 00.00 00.00 00.00 00.00
.35 9 12 1965 21,2 21.2 21.2 21.2 21.1 00.00 00.00 00.00 ©0.00




‘able 1. (Continued)

TATION: W-3

EPTH: 45.8 M
ATITUDE: 28°18' N
ONGITUDE: 94°46' W

Temperatures °c)

Salinity (o/02)

335 9 1l

36.00
1

ruise Day Month Year ¢ , Depth (M) Depth (M)
. ' 0 3 L1 24 43 70 107 B 0 3 11 24 43 70 107

1 k3§ 1 1963 18.7 . 18.¢ 18.2 17.7  17.1 15.9 36.32 36.37 36.54 35.60 36.56
2 3 3 1963 - 18.2 18.1 18,1 17.9 7.2 17.4 36.55 36,55 36.60 26.56  36.57
3. 3 4 1963 2.9 2.9 21.7 19.5 19.0 18.% 36.71 36.61 36.54  35.59  36.61
4 7 5 1963 24.3 24,2 24.1 22.2 19.7 .19.¢€ 35.40 35.32 35.54 38.30 35.56
5 20 5 1963 26.6 26.6 25.7 23.2° 20.6 20,2 32.24 32.39  .34.91 36.50 36.63
6 26 6 1963 28,7 28.4 28,3 25.0 21.2. 21.1 35.88 35.86° 35.98 36.39 36.39
7 17 7 1963 29,1 29.1 29.1 29.1 22,3° 20.2 36.56 35.48. 36.58 36.57 35.42
8 31 8 1963 3v.0 30.0 29,9 29.6 23.5 23.5 36.60 36.60 , 36.52 36.57 36.38
9 2 10 1963 27.5 27.5 27.5 27.5 27.5 27.4 36.40 36.49 36.51 36.42 36.5C
10 31 10 1963 26.2 26.2 26.2°  26.2 26.2 26.1 36.68 36.64 36,67 35.63 36.62
11 30 11 1963 22,7 22.7 22.7 22,7 22.7 22.7 36.84 36.73 *+36.€8 35.72 35.7%
12 19° 12 1963 20.7 20.7 20.7 20.6 . 20.6 - 20.6 - 36.88 36.84 36.80 36.80 36.81
13 26 b *1964 16.7 16.7 16.7 16.6 16.1 16.1 36.55 36.79 . 25.59 36.64 36.71
14 23 2 1964 16.5 16.5 16.4 16.4 16.3 16.3 36.79 36.786 36.73 36.€5 00.CO
15 18 o3 1964 ' 18,2 18.2 18.1 17.6 16.0 16.0 36.72 36.70 36.74 36.68 36.70
18 15 -4 1964 19.5 19.5 19.4 18.7 18.2 18.2 36.68 36.68 36.61 36.76 36.83
17 22 S 1964 25.9 25.8 25.7 23.9 21.1 20.6 '33.65 33.62 33.90 36.57 36.62
13 25 6 1964 28.1 28.1 27.9 26.5 21.1 - 20.5 32.76 32.72 32.97 34.4¢€ 26.49
19 16 7 1964 28.7 28.7 28.7 28.4 22.9 ¢ 20.4 33.76 33.35 33.80 35.72 36.47
20 29 8 1964 29.8 29.8 23.7 29.4 24.3 22.5 34.54 34.50 34.50 36.31 36.432
21 29 9 1964 28,3 28.3 28.2 . 28.3 27.3 27.0 35,91 35.84 35.88 35.96 36.25
22 28 10 1964 24.8 . 24.8 24.8 24.8 - 24.8 24.8 36.15 36.11 36.3 36.32 35.46
23 27 11 1964 23.2 23.2 23,2 23.1 23.1 23.1 36.58 36.65 36.57 36.36 36.55
24 ~ 116 12 1964 20.8 20.8 20.8 20.8 20.8 20.8 36.65 35.58 36.62 36.621 36.61
25 7 1 1965 20.6 20.6 20.5 20.4 20.4 20.4 36.69 36.64 36.70 36.71 35.8%
25 26 2 1965 18,7 18.7 18.6 RN ) 18.5 18.5 36.76 36.69 - 36.92 36.73 36.73
oy 21 3 1965 17.3 17.3 17.2 ii.2 17.2 17.2 36.58 36.47 35.52 36.59 36.59
28 23 4 1865 22,5 22.5 22.4 19.7 17.6 17.6 36.37 36.32 36.53 36.51 356.338
32 11 8 1965 29,3 29.3 29.3 28.0 21.3 20.9 34.57 34.70 35.05 36.53 36.53
- 9 9 1965 29.3 29.3 29.3 29.3., 23.5 23.4 00.00° 00.C0 00.00 00.00 CS.Co
2 1965 21.8 21.8 21.8 21.7 21.7 21.7 35.97 35.97° 36.00 35.04



o770

Table 1. (Continued) . ' ' ¢

STATION: W-54

DEPTH: 73.2 M . . ’ : )
LATITUDE: = 28°00° N o .
LNGITUDEs 94°38' ¥ v
. Temperatures °c) . Salinity (o/oo)
Cruise Day Month Ydar -’ . Depth (M) Deoth (M)
: . - 0 3 11 24, 43 70 107 B i 0 3 11 24 43 70 107
Bt 32 1 1963 © .. 19,. 1¢.1 18.8 18.4 18.2 17.3 T 17.2 36.49 36,43 36.41 36.54 26.53  36.57
2 3 3 1963™ 18.6 18.6 18.5 18.3 17.5 = 17.4 17.2 36.57 36.51 36.55 36.49 36.54 36.57 °
3 3 4 1963 21,6 2.6 21.5 20.0 19.3 18.4 18.1 36.55 36.57 36.61 356.53 36.58 36.50
4 6 5 11963 24,2 24.1 23.9 23.3 20.5 18.8 . 18.4 35.71  35.71 35.63 35.52  26.37  36.63
5 20 5 1963 26.3 26,2 25,7 25.3 20.8 19.3 18.6 32,90, 32.93° 35.40 36.24 26.41 36.51
6 26 6 1963 28.6 °"28.6  28.6 28.3 23.8 ' 19.7 19.6 36.46  36.49 36.46 ©00.00 356.35 26.49
7 17 7 1963 28.8 28,7 28.6 27.8 22.8 19.1 19.1 36.59 36.46. 36.50 36.49 36.48  36.42
8 3 8 1963 29.7 29.7 29.6 25.6 . 21.9 18.3 18.2 36.89 36.90 36.43 36.63 36.31  36.33
9 2 10 . 1963 1 27.3  27.3  27.3 27.3 27.3 23.5 . 21.4 36.59 36.61 36.54 36.58 36.57  36.43
10 3 10 1963 26.3 26.3 26.3 26.2 .26.2 .26.1 22.7 36.76 36.63 36.74 35.75 36.69 36.63
11 30 1n 1963 23,3 23,3  23.3  23.3 23.3 23.3 21.4 36.84 36.85. 36.83 36.82 36.76 36.61
12 19 12 1963 21,1  21.1  21.1 21.0 20.9 20.7 20.7 36,77 36.71  36.71 35.70 36.77 36.76
13 26 1 1964 18.3 18.3 18.2 18.2 18.2 17.4 17.3 36.60 356.72 26.64 36.62 36.77  36.€2
14 23 2 1964 18.2 18.2 18.2 18.1 17.9 17.1 17.0 36.75 36.65 36.54 36.49  36.70  00.00
15 18 3 1954 19.5 19.5 19.5 19.4 19.3 17.5. 17.5 36.59 36.59 36.58 36.58 36.54 36.51
16 15 4 1964 20.7 20.7 20.6 19.2 18.4 16.8 16.8 |. 36.65 36.62 36.61 . 36.45 26.66 356.58
17 22 5 1964 26.1 26.1 26.0 23.9 19.1 17.9 - 717.9 33.30  33.29 34.34 36.35  36.37 3&.%
18 25 6 1964 28.1  28.1 27.9 © 27.6 21.6 18.6 18.6 33.26  33.27 33.35 24.62  36.5L  356.40
19 16 ) 1964 28.7 28.7 28.7 28.4 25.1 20.3 17.5 35.05 35.04 36.02 36.55 36.66  35.62
20 30 8 1964 29.6 29.6 29.4 29.2 24.4 201 19.9 36.16  36.05 36.63 36.64 36.72 36.60
21 26 9 1964 28,2 28.2 28.1 28.1 20.7 20.3 20.2 35.97 35.90 35.09 36.20 36.60 35.60
22 23 10 1964 25.4 25,4 25,4 25.3 25.4 21.9 . 21.9 36.68 35.59 36.62 ° 36.62  36.85  36.60
23 27 11 1964 23.4  23.4  2s5.4 23.3 23.3 23.2 . 23.1 36.80 36.70 36.65 35.66 36.€8  35.35
24 16 12¢ 1964 21,7  21.7  21.7 21.7 21.7 21.7 21.7 36.67 36.66 36.66 356.69  35.63  35.67
25 7 ‘1 1965 22,1 22,1 22,1 22.0 21.9 21.2 21.1 36.82 36.78 35.80 36.51 35.78 35.76
26 26 2 196s° | . . 19.6 19.6 19.4 19.4 19.4 19.3 19.3 36.78 . 36.69 35.70 36.72 35.66  25.67
27 21 3 1965 17.7  17.7  17.7  171.7  17.7  11.1 17.1 36.32  36.30 36.31 36.26 36.28  35.32
28 23 4 . 1965 22.5 22.5 22.4 22.3 19.7 1i7.8 17.7 36.56 36.68 26.66 36.51 35.76 25.51
25 2 6 1965 26.6 26.6 26.4 24.7 20.6 18.8 18.8 35.58 35.57 35.64 36.54 33.65 36.83
30 12 6 1965 26.5 26.5 24.7 - 206 19.3 18.9 18.9 35.23 35,45 - 35.92 35.056 26.58  36.61
32 11 8 1965 26.7 26.4 24.8 20.8 19.3 19.0 719.0 | 34.64 35.08 35.19 36.53 3&.61 36.89
35 9 12 1965 0 23.4 23.4  23.3 23.2 - 23.2 23.1 23.1 00.00 00.00 00.00 ©0.00 00.C0 €0.00



~Table 1, .(Continued)

STATION: W-6
DEPTH: 109.8 M

. LATITUDE: 27°55' N
LONGITUDE: 94°36' W

- ’ Temperatures (°c) ‘Salinity (o/c0)
Cruise Day Month Year ¢ Dapth (M) ] . Denth (M)
) : 0 3 11 24 43 70 107 B ' 0 3 1l 24 43 70 107

g § 31 1 ‘19637 .. 20.3 20.1 19.8 19.6 19.1 19.0 00.0 00.0 36.40 36.42 38.51 26.49 26.45 28.52 36.58

2 3 3 1963 o - 19.7 19.7 19.6 19.5 18.9. 18.3 17.1 17.1 36.65 |, 36.57 36.62 36.53 36.58 36.57 36.58

3. 3 4 1963 . 21.7 21.6 20.4 19.8 . 19.2 18.7 17.5 - 17.3 . 36.50 36.44 36.61 "36.49 36.54 36.52 36.42

4 6 5 1963 . 24.1 24,1 24,0 23.4 20.9 19.3 1.8 18.8 35.47 35.34 35.45 35.44 36,41 36.52 35.49

5 20 5 1963 26.8 26.4 26.3 26.1 23.6 20.9 '20.2 - 19.9 33.50 35.58 36.00 36.33 36.53 35.51 36.3C

6 t28 -6 1963 : - 28.9 28.8 28.7 28.4 '24.5 20.9 ' 18.8 18.7 . 36.83 36.48 36.58 36.54 2%.41 ° 26.49 36.46
-7 16 1 1963 29.1 -29.1 28.8 28.7 25,9 18.4 17.8 17.8 36.53 36.36 36.51 36.52 36.47 36.40 36.35

8 31 8 1963 29.9 29.8 23.7 25.6 21.7 18.6 16.9 16.9 36.43 36.39 36.42 36.45 356.41 36.28 36.320

9 2 10 . 1963 26.8 26.8 26.7. 26.7 26.6 22.1 17.6 17.6 36.50 36.48 36.38 36.39 36.41 36.49 36.34
10 31 10 . '1963 26.3 26.2 26.2 26.1 26.1 - 23.9 19.¢ 17.9 36.79 36.62 36.71 36.75 36.67 35.83 36.47
11 30 . 11 1963 23.5 .23.5 23.5 23.4 23.4 23.3 19.2, *19.1 36.83 36.73 36.78 36.79° 36.75 536.72 36.59
12 19 12 1963 21.6 21.5 21.4 21.3 21.3 21.2 20,3 17.1 36.70 36.70 36.55 356.71 . 35.78 36.69 36.34
13 26 s 1964 19.4 19.4 19.4 19.3 19.3 19.0 17.8 17.6 36.66 36.62 36.656 35.67 36.62 36.62 2E8.55
14 23 2 1964 . 18.6 18.6 18.6 18.6 18.5 17.9 17.4 17.4 36.74 36.63 36.65 36.65 35.61 26.70 cc.CC
15 18 3 1964 20.3 20.2 19.8 19.4 19.3 18.9 17.8 17.7 36.72 36.69 36.59 36.65 36.64 36.56 26.43
16 15 4 1964 ' 20.8 20.8 20.7 20.4 20.3 18.8 17.1 00.0 36.68 36.65 36.66 36.65 36.74 35.69 36.85
17 22 5 ° 1964 25.8 25.7  25.7 23.9 19.7 18.2 17.6 16.8 25.72 34,60 34.74 36.28 36.26 36.41 36.54
18 25 6 1954 : 28.3 28.3 28.3 27.1 218 19.0 18.2 -17.4 33.51 33.47 32.91 35.77 36.47 26.49 36.45
19 16 7 1964 28.6 28.6 28.6 28.3 25.6 20.8 17.4 16.5 . 36.39 36.38 36.36 36.39  36.71 36.57 356.5C
20 30 . 8 1964 . 29.5 29.5 29.5 29.3 26.3 20.8 18.3 17.9 36.64 36.61 36.63 36.63 36.74 36.63 36.45
21 28 9 1964 28.7 28.8 .28.7 28.7 28.0 19.3 19.0 18.9 -36.18 36.34 36.62 36.64  36.78 ° 25.80 36.656
22 29 10 19¢4 25.7 25.7 25.7 25.7 25.6 21.0 19.1. 18.8 . 36.82 36.81 36.80 36.91 36.€8 25.57 3€.51
23 27 b O 1964 23.5 23.5 23.5 23.4 23.4 23.3 18.6 18.3 36.74 36.71 36.72 36.76 36.82 356.77 356.56
24 16 12 1964 . 21.8 . 21.8 21.8 21.8 21.8 21.8 18.8 18.7 36.82 36.G6 36.75 26.67 36.68 36.65 36.57
25 7 1l 1965 . 22.. 22.2 22.2 2z.1 21.9 21.5 21.1 20.8 36.81 36.78 36.80 36.81 36.78 36.76 36.76
26 27 2 1965 " 19.6 19,7 19,7 19.6 19.3 19.2 18.3 17.8 36.76 36.72 36.75 36.69 36.70 36.73 36.€8
27 21 3 1965 19.8 19.8 19.8 19.7 19.7 19.7 16.9 16.9 36.83 36.60 36.67 36.68 36.70 26.67 26.39
28 23 4 1965 23.3 23.3 23.1 22,5 21.1 18.2 17.4 17.4 36.68 36.47 36.68 36.66 36.78 36.42 36.42
239 1 6 1965 26.8 26.8 . 26.7 24.9 21.1 . 18.% 18.8 18.8 35.49 35.52 35.46 36.33 36.62 36.59 36.57
30 12 6 1965 25.6 24,9 - 22,2 20.3 18.8 17.9 17.2 17.1 35.00 35.08 35,33 36.57 36.24 34.82 36.53
32 11 8 1985 26.6 26.6 25.3 20.8 19.4 17.4 16.7 ° 16.7 . 35.49 36.03 36.67 35.73 36.52 36.60 356.50
a5 ‘9 12 1965 23,5 23,5 23.5 23.5 23.5 23.5 19.8 19.6 00.00 00.00 00.00 00.CC ©0.00 00.C0 00.00



Table 2. Temperature (°c) and salinity (°/oo) values by sta;ion, cruise, and depth made along transect 8 from 1963-1965.

.STATION: W-56

DEPTH: 7.3 Mo \
LATITUDE: 28 83‘ N
LONGITUDE: 96 20' W

) . Temperatures (°c) . Salinitv (o/00)
Cruise Day Month Yerr Depth (M) *__Pewnth (M)
. - 0 -3 . 11 24 43 70 107 B 0 3 1l 24 43 b

2 8 3 1963 " 13.9 13.8 . : 13.1 31.72 21.92

3 7 4 1963 . 20.8  '20.8 ' $20.2 20.38  30.40

4 3 5 1963 v 24.5 24.5 . " 24.5 25.61 _25:61

5 22 5 1963 26.4 26.2 . ' 26.0 34.87 34.94

6 27 6 1963 ' 28.7 28.7 T , 28.3 © 35.70 35.67

7 16 7 1963 . 29.2 29.2 . R ' 24.17 36.80 36.71

8 ‘28 8 1963 .30.2 30.2 e ) . . 30.2 "36.88 36.87

9 5 10 1963 25.8 25.8 ’ . . 25.7 30.17 30.17
10 4 11 1963 23.0 23.0 . 22,9 33.84 33.78
11 1 12 1963 16.7 - 16.7 ’ 18.8 32.74 32.79
12 20 12 *. 1963 11.1 11.1 . " 10.8 31.81 31.80
13 30 1 1964 12.2 12.9 .11.9 32.29 32.42
14 19 2 1964 13.4 13.4 o . " 13.4 35.44 35.46
15 21 3 1964 16.1 16.0 15.5 33.37 33.32
16 18 4 1964 . 21.0 21,0 21.1 27.12 27.21
17 25 3 1964 . 26.7 26.2 ’ 25.0 00.00 00.00
18 27 6 1964 29.2 29.1 - 28.6 33.57 33.49
19 19 7 1964 28.6 28.6 : 28.5 34.53 34.44
20 1 9 1964 29.3 29,3 . . 29.0 36.85 36.83
21 25 9 1964 28.3 28.3 ) 1 o 28.3 | 33.35 33.21
22 31 10 1964 22.7 22.7 . 22.7 32.83 32.76
23 26 11 1964. 17.7 17.7 . 17.7 31.73 31.68
24 i8 12 1964 13.9 13.9 ° 13.9 31.12 31.09
25 10 1 1965 15.7 15.7 ‘15,7 30.56 30.52
26 . 1 3 1965 15.9  15.9 ' 15.8 34.53  34.52
27 25 3 1965 16.5 16.4 ) : 15.7 31.10 31.17
28 26 4 1965 - . 24.4 24.2 ' 2.2 30.81 31.00
29 29 5 1965 26.8 27.0 ] 27.1 20.15 20.71
30 14 6 1965 30.0 29.3 . 25.8 26,21 27.33
32 14 8 165 29,3 29.2 28.6 34.78 34.74
33 12 9 1965 29.3 29.2 29.2 00.00 00.00
35 12 12 1965 19.1. 13.2 ‘19.5 28.93, 29.36



ble 2. -{(Continued)

ATICN: W-13
PTH: 13.7 4
TITUDE: 28°%9‘ 8
NGITUDE: 96°21' w

— Tempcratures (°C) ) Salinity (o/03)
uise Day Month Year | . Depth _(i4) Derth. (M)

- ) . [} 3 11 24 43 70 107 B 0 3 11 24 43 70 107

Mo . ; ‘~ .
2 8 3 1963 .o+ 14,1 14,1 12,8 12.8 00.00 32,92 31.75
3 7 4 1963 . - .. 20.8 20.8 20.8 ’ 19.8 30.71 30.71 00.00
4 3 5 1963 RS ‘24,7  24.7  24.7 . 24,7 25.85 25.88 25.91
5 22 5 1963 26.2 26.1 23.4 . 23.1 35.52 35.42 35.72
7 16 7 1963 29.2 29.2 25.0 . o 24.3 36.67 00.00 00.00
8 28 8 1963 30.3 30.3 30.3 . . - 30.3 © 37.03 36.93 .358.92
9 5 10 1963 25.9 25.8 ° 26.0 : 26.3 30.63 30.57 31.71
10 4 11 1963 23.4 23.4 23.3 ’ ’ 23.3 33.97 33.94 33.72
11 ’ 1 12. 1963 . 17.4 17.4 19.2 ’ 19.3 32.61 32.47 34.05
12 20 12 1963 13.3 13.3 13.3 . 13.2 33.06 33.55 33.50
13 30 1 1964, . 11.1 11.0 10.9 . 10.9 32.88 32.84 32.82
14 19 2, 1964 . 13.8 13.8 .13.8 ' _' 13.8 35.73 35.67 35.69
15 21 3 1964 , 16.2 16.0 15.6 . 15.6 32.88 32.89 32.94
16 18 4 1964 20.8 20.5 . 19.% 19.1 27.34 27.81 30.92
17 ' 25 S 1964 . . 00.0 00.0 00.0 : 00.0 27.17 28.94 31.89
18 27 6 1264 28.9 28.8 27.9 27.9 33.83 33.80 33.85
19 19 7 1964 28.2 2t.2 28.1 - 28.1 35.59 35.62 35.58
20 1 9 1964 29.0 29.0 29.0 . 29.0 - 36.78 36.77 36.73
2 25 9 1964 28.4 28.3 28.3 ;’ 28.3 33.28 33.26 33.29
22 31 10 1264 22.6 22.6 22.6 ' 22.6 32.85 32.82 32.81
23 26 11 1964 18.5 18.5 18.8 ) 20.4 32.05°  32.16 32.40
24 18 12 1964 14.4 14.4 14.4 14.4 31.71 31.73 31.77
25 10 1 1965 15.6 15.6 15.6 15.7 . 20.53 30.48 20.81
26 1 3 1965 : 16.2 16.2 16.2 16.3 34.19 34.56 00.00
27 24 3 1965 16.7 16.5 15.6 ) 15.6 31.78 31.87 32.25
28 25 .4 1965 ] 24,7 24,3 23.6 23.6 30.98 30.97 31.11
29 29 S 1965 27.0 27.0 26.3 , 25.5 22,32 22.40 29.40
30 14 6 1965 '30.6 28.0 25,1 25.1 28,08 29.19 33.88
32 14 : 1965 . 29.2 29.1 28,9 28.8 34.82 34.86 35.10
33 12 9 1965 : 29,2 29.2 29.2 . - 29.1 00.00 00.00 C0.00
35 12 12 1985 19.0 19.0 20.2 . 20.3 28.73 30.44 32.74

A



Table 2. (Continued)

STATION: W-14

DEPTH: 27.5 M
LATITUDE: 28°07' N
LONGITUDE: 96°13'30" W

Termeperatures (°C)

Saiinity {o/c0)

Cruiseo Day Month Year Depth (i) Deoth (1)
. . ] 3 11 24 , 43 70 107 B 0 .3 11 24 43 rbl 107
2 8 3 1963 15.6 14.2 14.1 14.7 15.1 00.00 35.70 35.56 35.80
3 4 4 1963 19.5 19.5 19.2 19.7 19.8 33.64 33.81 35.13 36.27
4 2 5 1963 23.6 23.6 23.6 23.6 23.5 33.75 33.84 . 33.82 34.67
s 21 5 1963 26.0 26.0 25.4 22.2 « 20.2 ., 35.15 35.10 35.47 36.07
6 27 6 " 1963 27.8 27.7 27.7 24.7 24.7 36.28 36.28  36.40 36.32
7 16 7 1963 27.8 27.7 27.7 23.9 * . 21.7 36.44 36.45 36.54 36.41
8 30 8 1963 29.3 29.3 29.3 23.9 - 22.3 37.04 36.68 ' 36.66 36.61
9 3 10 1963 27.5 ° 27.5 27.5 27.5 27.5 36.11  36.04° 36.24  36.40
10 1 11 1963 25.6 25.6 25.6 25.6 25.5 36.44 36.32 36.37 36.32
11 1 12 1963 19.4 19.4 19.6 20.4 20.3 35.54 35.65 35.94 36.14
12 20 12 . 1963 18.6 18.6 18.6 18.2 17.9 36.79 36.69 38.71 35.78
13 28" 1 1954 17.4  17.4 17.4 17.3 * 15.9 36.69 36.63 35.59  36.62
14 19 2 1964 16.1 l16.1 16.0 15.9 15.9 | 36.74 36.78 36.70 36.65
15 22 3 1964 16.8 16.8 16.8 16.8 16.8 36.22 36.18 26.20 36.29
16 16 4 1964 18.8 18.8 18.5 18.2 18.2 35.36  35.46  35.46 36.06
17 23 5 1964 26.3 26.2 25.4 23.6 23.2 .26.42  26.48 30.21  35.40
18 26 6 1964 28.3 28.3 28.2 24.0 23.9 33.57 33.35 33.45 35.79
19 17 7 1964 27.5 27.5 27.4 21.8 7 21.8 36.37  36.39  256.33  35.40
20 30 8 1964 29.3 28.8 28.6 28.1 28.0 36.76 36.63 36.70 36.71
21 28 9 1964 28.4 28.4 28.4 28.3 28.3 35.17 35.16 35.22 35.352
22 29 10 1964 24.0 24.0 24.1 - 24.3 24.3 35.48 35.52 35.55  35.&8
23 26 11 1954 21.6 21.6 21.6 21.6 22.5 35.57 35.49 00.00 35.50
24 17 12 1964 18.6 18.6 18.6 18.5 18.3 35.34 35.31 35.33  35.24
25 ° ] 1 1965 16.9 00.0 ©00.0 00.0 17.4 34,79 34.79 34.80 35.00
26 27 2 1965 14.7 00.0 00.0 0.00 17.4 31.78 31.53 35.13  36.54
27 22 3 1965 "15.7 00.0 00.0°'" 00.0 15.7 35.38 35.34 35.41 35.45
358 24 4 1965 22.0 00.0 00.0 00.0 20.5 35.08 35.05 35.27 35.50
29 29 5 1965 26.1 00.0 00.0 00.0 24.3 31.73 31.20 35.85 25.36
30 13 6 ~ 1965 29.1 00.0 00.0 00.0 24.6 27.80., 28.03 29..94 35.41
22 12 8 1965 28.7 00.0 00.0 00.0 - 27.1 35.60 35.63 35.56  31.35
33 11 9 1965 29.3 29.2 29.1 28.9 28.9 po.0oo 00.00 03.00 ¢0.00
35 10 12 1965 21.3 21.3 21.3 2.2 21.2 34.92 34.87 34.8) 34.79



ffable 2. (Continued)

STATION: W-15 ° ) , .
DEPTH: 45.8 M . . .

LATITUDE: 27°57' N ' : ' . K
LONGITUDE: 956°07' W - : , .
Temperatures‘(oc) . Salinity {o/co)
Cruise Day Month Year Depth (M) Depth (M)
. . . ¢} 3.1 24 43 70 107 3 - 0 3 11 .24 43 70 1Cc7

2 8 3 1963 - 16.9 16.9 . 16.9 1s.0 15.6 ’ ' 15.7 36.35 36.22 36.27 36.01 36.28
3 4 4 1963 .} - . 22.1 22.1 22.1 21.4 19.1 19.1 36.34 36.36  26.30 36.37 36.44
4 2 5 1963 - +23.8 23.8 23.8 21.1. 20.3 20.2 35.30 35.21, 35.02 26.06 36.02
5 21 5 1963 26.5 26.4 25.9 22.8 20.0 18.6 32.34 32.49 33.96 35.97 36.55
6 27 6 1963 28.8 28.6 28.5 24.4 22.2. ' 22.2 36.35 36.327 356.42 356.45 26.42
7 16 7 1963 28.5 28.5 28.5 28.3 23.3 : T 20.5 36.58 36.53 36.51 38.41 - 26.47
8 klo] 8 . 1963 28.7 28.6 28.2 25.4 . 23.1 . 0 23.1 36.30 37.04 36.32 28.50 356.54
9 3 10 . 1963 27.2 27.2 . 27.1 27.0 26.9 ‘ ' 27.0 36.62 36.50 36.57 36.55 26.54
10 ’ 1 11 1963 26.2 26.2 26.2 26.2 26.2 26.1 36.59 36.63 36.60 36.70 36.72
11 1 12 1963 22.7 22.7 22.7 22.7 22.7 22.6 36.71 36.68 36.62 36.65 36.69
12 20 12 1963, 20.9 20.9 20.8 20.8 19.8 . ) 19.6 36.80 36.69 36.70 36.75 35.8
13 . 28 1 1964 . 18.2 18.2 17.9 17.2 14.3 14.0 + 1. 36.55 36.56 36.60 36.60 36.27
14 19 2 1964 17.0 17.0 17.0 16.9 16.4 : 16.4 "+ 36.59 36.75 36.55 36.65 36.63°
15 19 3 1964 16.9 16.9 16.9 16.9 16.9 16.9 36.53 36.40 36.3° 36.4 36.59
16 16 4 1964 : 19.4 19.4 19.2 18.7 17.9 17.9 34.39 36.11 36.51 36.73 26.790
17 23 5 1964 25.6 25.4 25.4 22.7 21.1 21.0 31.99 32.20 34.53 35.94 36.20
18 26 6 1964 28.2 23.1 28.1 25.9 20.7 19.9 33.46 33.44 33.57 24.88 36.30
19 17 7 1964 28.2 28.2 28.2 27.3 19.4 19.4 36.58 36.50 36.62 - 36.50 36.65
20 30 8 1964 29.2 29.0 28.7 ' 28.5 26.2 - 25.2 36.70 36.60 356.59 358.62 35.45
21 23 9 1964 . 28.3 -28.3 28.3 28.3 28.2 ! 27.9 35.62 35.60 35.68 35.87 35.27
22 29 10 1964 24.S 24.9 24.9 24.9 24.9 24.9 36.33 36.33 36.21 356.32 36.33
23 26 1Y 1964 : 22.9 22.%8 22.9  22.9 22.9 . 22.9 36.50 . 36.50 356.48 36.57 36.48
24 17 12 -1964 20.6 20.6 20.5 20.6 20.4 20.3 36.42°  38.57 36.42 356.4 256.51
25 8 1 1965 20.8 20.8 20.7 20.4 20.3 . 20.0 36.67 36.63 00.00 35.55 36.51
25 27 2 1965 18.7 18.7 18.6 18.6 18.6 18.6 36.67 36.64 36.€0 36.67 36.68
27 22 3 1265 17.7 17 7 17.6 17.6 17.6 17.6 36.66 36.09 3€.04 36.10 36.13
28 24 4 1965 23.3 23.2 22.5 21.5 18.9 12.8 35.00 34.80 35.79 36.41 25.23
29 1 6 1965 26.6 26.6 26.3 25.5 22.3 20.1 33.51 35.31 34.41 35.32 38.62
30 12 6 1965 30.0 28.2 27.0 26.1 - 23.8 20.7 30.72 31.03 32.53 35.87 38.59
32 12 8 1965 28.5 28.5 28.4 28.3 21.3 . 21.2 36.17 36.19 36.04 35.C6 36.59
33 11 9 1965 29.3 29.3 29.3 . 29.2 23.8 23.7 00.00 00.00 00.00 00.00 00.00
35 10 12 1965 22.6 22.6 22.6 22.6 22.6 22.6 00.90 © 00.00 00.00 00.00 00.00




7360

Table 2. (Continued)

TATION: W-57
DEPTH: 73.2 % .
IATITUDE: 27 46' N
LONGITUDE: 96°00* W

Temperatures (°C)

(0/02)

ity
Cruise Day Month Year : Depth (M) Denth (M)
.- 0 3. 1l 24 43 70 107 B 0 3 11 24 43 70 10

2 8 3 - 1963 18.6 18.6 18.6 - 18.5 17.9 17.3 16.4 36.61 35,51 36.48 36.452 36.5% 36.50
3 4 4 1963 . 21.6 21.3 21.2 20.6 19.8 18.1 18.1 36.27 36.20 36.28 3€.29 36.35 26.63
4 2 5 1963 23.9 23.9 23.9 23.9 21.1 19.6 15.3 35.87 35.87 35.86 35.82 36.31 36.28
5 21 5 1963 26.5 26.3 25.7 23.4. 20.7 19.3 19.3 34.25 34.38 24.3¢8 35.90 36.26 25.42
6 26 6 1963 28.6 28.5 28.3  25.6 22.2 19.8 19.6 36.50 36.42 36.52 26.452 36.28 36.44
7 16 7 1963 29.1 29.1 28.0 28.9 22,7 .20.0 18.2 36.54 26.438 36.52 26.59 256.48 38.25

8 30 8 1963 29.4 29.4 29.4 29.7 26.4 23.7 22.8 36.84 36.37 35.70 26.51 35.76 36.38
9 2 .10 1963 26.9 26.8 26.8 26.7 26.7 2.7 21.5 36.82 35.47 36.42 26.49 C3.00 36.43
10 1 11 1963 26.3 26.3 26.3 26.2 26.2 26.1 22.5 36.5¢9 36.63 356.60 36.73 36.€4 36.73
11 30 11 *.1963 23.3 23.3 23.3 23.3 23.3 23.3 23.2 36.80 36.76 36.77 36.82 36.76 36.73
12 20 12 1963 20.8 © 20.8. 20.8 20.8 20.8 19.7 12.6 36.66 356.56 36.75 26.76 26.7 36.71
13 28 1 1964 1% 5 19.5 19.4 19.3, 18.9 17.2 16.4 36.64 36.66 36.81 35.64 356.52 5.8
14 20 2 1964 18.3 18.3 18.2 17.9 17.0 16.9 16.9 36.71 36.64 36.63 36.55 36.57 26.72
15 19 3 1964 . 19.5 19.5 19.5 19.4 18.5 16.0 15.8 © 36.58 36.57 36.59 36.55 36.50 26.57
16 16 4 1954 20.3 20.3 20.2 18.8 18.1 17.1 16.9 © 36.45 36.29 3€.20 36.41 36.68 26.75
17 23 5 . 1964 24.° 24.9 25.1 22.7 -19.4 18.8 18.4 . 32.05 32,60 33.78 36.16 36.52 38.49
18 25 6 1964 28.4 28.4 28.2 23.8 21.2 19.3 18.9 32.85 33.00 23.18 35.49 26.57 36.54
19 17 7 1964 28.6 28.6 28.6 28.1 26.2 . 138.0 19.0 ' 36.74 36.72 36.67 36.74 36.64 36.52
20 30 8 1964 28.8 28.7 28.7 28.6 24.3+ 20.9 20.9 36.70 ' 36.66 36.71 36.7C 36.65 36.656
21 28 9 1964 28.3 28.3 - 28.3 28.3 22.8 21.6 21.6 36.51 36.50 36.52 36.51 35.62 36.58
22 29 10 1964 25.4 25.4 25.4 25.4 25.4 23.6 20.8 36.72 36.68 36.71 38.89 35.70 35.8¢
23 26 11 1964 23.9 23.9 23.9 23.9 23.9 23.5 23.5 36.64 36.51 35.58 25.48 36.52 26.48
24 17 12 1964 22.2 22.2 22,2 22.2 22.2 21.4 21.4 36.65 36.58 2E.€3 26.53 36.57 25.5¢8
25 7 1 . 1965 22,3 22.3 22.2 22.2 22.1 21.8 21.3 36.82 36.79 26.80 36.73 235.89 36.72
26 27 .2 1965 18.4 18.4 18.4 18.4 18.4 18.4 1.4 36.59 36.60 36.53 35.58 35.80 35.63
27 22 3 196F - 19.6 19.6 19.6 19.5 15.4 19.3 19.3 36.69 36.68 - 36.67 35.80 26.71 36.77
28 24 4 1965 23,3 23.3 22.7 20.9 19.1 17.5 17.5 * 35.45 35.41 35.42 36.66 36.52 36.49
29 1 6 1965 26.6 26.6 26.1 23.3 20.6 19.7 18.5 32.78 32.74 33.61 36.4 26.61 35.62
30 12 6 1965 28.6 26.7 25.1 22.9 15.9 19.5 19.6 31.85 32.09 27.43 34.99 36.65 23.39
32 12 8 1965 27.7 27.7 27.2 23.9 21.8 19.9 19.9 36.81  35.€% 36.69 36.61 36.72 23.60
33 11 9 1965 29.0 - 28.9 23.9 26.7 2.8 21.6 21.6 c0.C0 00.00 00.00 C0.00 00.C2 £e.00
35 10 12 . 1965 23.2 23.2 23.2 23.2 23.2 23.3 Y 00.00 ©€0.00 00.00 00.20 C0.00 00.00

23.2




Table 3, Témperatute (°c) and salinity (°/oo) values by station, cruise, and depth made along transect 9 from 1963-1965.

I0N: W-59

ZP7H: 7.3 Mo '
LATITUDE: 27 gl' N ’
LONGITUDE: 97 01' W

(SR ]

TAT
o7

R "]

Temperatures (°C)

Salinity {(o/co)

Cruise Day Month Year Depth (M) . Depth (M)
. - 0 3 11 24 43 70 107 B [+} 3 11 - 24 43 . 70 107
2 9 3 1963 15.3 15,3 15.0 32.49 32.53
3 6 4 1963 .23.6  2-.6 22.7 29,41 29.30
4 S s 1963 25.6 25.6 25.2 27.20 27.20
5 22 5 - 1963 T 24.8  24.4 24.7 36.29  36.23
.6 27 6 1963 29.0 29,0 . 28.9 36.47 36.50. .
7 16 7 1963 26.2 25.0 28.0 37.02- 37.31
8 28 8 1963 30.1 30.1 ) 29.6 36.89 -36.89
©9 3 10 1963 26.2 26.2 . 256.7 30.52  30.40
10 S | 1 1963 23.6 23.6 . 23.6 34.31  34.30
11 1 12 19863 -17.3  17.3 15.9 32,99  32.98
12 21 12 1963 - 11,9 1.8 11.8 33.30  33.30
13 30 1 . 1964 11.6 1l1l.6 11.6 33.12  33.12
14 20 2 1964 13.8 13.8 . 13.8 35.31  35.41
15 20 3 1954 17.2  17.1 15.6 34,14 34.15
16 18 4 1964 21.0 21.0 19.7 27.22  27.31
17 25 5 1964 00.0  00.0 00.0 25.54 25.60
18 27 6 1964 28.3 28.2 28.3 . 00.00 35.10
19 18 7 1964 28.5 28.4 28.2 36.04 36.02
20 1 9 1964 29.2  29.2 N 29.2 35.76 36.76
21 29 9 1964 28.5 28.5 28.6 34.29  34.35
22 31 10 1964 22,9  22.9 22,7 33.31 33.30
23 20 11 1964 23.5 23.5 23.5 34.26  34.24
24 18 12 1964 12.8 12.8 12.8 - 31.15  31.12
25 9 1 1965 17.0 17.0 16.9 30.89 ° 30.90
26 1 3 1965 16.0 . 16.0 16.5 34.00 34.08
27 - 23 3 1965 16.4 16.1 15.3 33.36 33.36
28 24 4 1965 23.3 °°23.2 . 22.7 30.28  30.2
29 30 5 1965 26.5 26.5 26.4 26.77 26.77
30 14 6 1365 28.5 28.5 27.2 28.95 28,98
32 12 8 1965 28.8 28.7 28.6 " 36.62 36.61
33 12 9 1965 29.4 29.4 29.3 00.00 00.00
35 10 12 1965 '19.3 19.2 19.1 30.44

30.81



Table 3. (Continued)

STATION: W-24
DEPTH: 13.7 M
LATITUDE: 27°48' N
.LONGITUDE: 97°00' W

Temperatures (°c) Salinity (o/co)
Cruise Day Month Yeax . Depth (M) Deopth (M)
) 3 11 24 43 70 107 B 0 3 11 24 43 70 07

2 9 3 1963 14.2 13,9  13.4 .13.4 32,90 32.96 33.95

3 6 4 1963 |- 21.6 21.6 20.9 20.6 30.43 30.48 31.73

4 3 5 19637 24.6 24.6 24.86 24.6 26,21 27.48  28.15

5 22. . 5 . 1963 25.2 25,0 22.7 22.6 36.40 36.22  35.99

6 27 6 1963 28.8 28.8 28.8 28.7 36.48 36.52 36.58

7 16 7 1963 25.9 25.9 22.8 22.8 36.37 36.39  37.96

8 28 8 1963 29.3 29,3 28.9 28.8 36.54 36.57  36.€0

9 - 3 10 1963 26.0 26.1 26.7 25.5 30.35 30.79  30.09

10 3 11 1963 23.8 23.7 23.6 23.6 34.82 34.65 34.¢8

11 1 12 .. 1953 17.4 17.4 19.4 15.5 00.00 33.12 35.68
12 21 12 11963 13.0 13.0 13.0 13.0 34.04 34.20 34.15

13 0 - 1 1964 1.2 11.2  11.2 11.3 33.39 33.38. 33.35

14 20 2 1964 14.2  14.2 14.2 14.2 35.68 35.67 35.66

15 20 3 1964 17.1 16.8 15.6 15.6 33.96  34.08  34.67

16 18 4 1954 21.0 21.0 19.9 19.6 27.48 27.84 23.58

17 25 - 1964 26.7 26.6 26.6 26.5 26.69 26.66 25.78

18 27 6 1964 27.8 27.8 28.1 28.6 34.98  34.95  35.59

19 18 7 1964 28.4 28.4 28.4 i 28.3 35.96 36.07  35.93

20 1 9 1964 28.6 28.6 28.6 : 28.3 36.75  356.71 36.72

21 25 9 1964 28.2 28.2 28.2 28.3 34.27 24.20  34.42

22 31 10 1964. 22.8 22.8 22.7 22.6 33.39  33.44 33.38

23 20 11 1964 23.9  23.9 23.9 23.9 33.89 33.91 33.88

24 18 12 1964 14.8  14.7 14.7 ©14.7 31.63  31.64 31.65

25" 9 1 1965 16.4 16.4 15.7 15.7 30.33 31.20 32.59

26 1 3 1965 16.7 16.6 16.5 16.5 34.52 34.33 - 34.90 ,
27 23 3 1965 . 16.1 15.6 15.1 15.0 33.59  33.53  33.58

28 24 4 1965 24.3  23.5 22. 22.7 29.07 30.43  31.47

29 30 5 1965 26.8 26.8 26.7 26.7 26.32  26.32  258.33

30 14 6 1965 28.6 28.6 27.0 25.3 30.15 30.23  32.23

32 12 8 1965 28.7 -28.6 238.4 28.4 36.50 35.38 35.24

33 12 9 1955 29.4. 29,4 29.3 29.3 00.00 00.CO  00.00

35 10 12 1965 19.5 19.5 19.4 L 15.4 30.66 ° 30.68 30.56




Table 3. (Continued) ' .

STATION: W-23

EPTH: 27.5 M
LATITUDE: 27°35'30" N
LONGITUDE: 96°55* W

Temperatures (°C) ' ' ) Salinity (o/c0)
Cruise Day Month Year " . Depth (M) ' Cepth (M
o N o 3 ;1 24 43 70 107 B 0 3 11 24 43 79 107
2 9 3 1963 |’ 15.6 5.6 15.6' .15.3 15.3 34.49 34.71 35.79 35.66 .
3 4 4 1963 22,4 22,3 20.4 18.3 " 17.7 29.42° 29.527 35.34 35.50
4 5 5 " 1963 - : 24.8 24.8 24.4 23.9 22.9 32,63 32,73 32,73 " 31.12
5 21 -] 1963 25.8 25.4 24.4 19.4 . . . + 19,3 26.02 36.05 36.15 36.36
6 27 6 1963 27.8 27.8 23.9 23.8 . . 23.8. 36.52 36.49  36.40 ' 36.49
7 -16 7 1963 27.6 27.5 27.4 23.1 ) . - .23.1 36.46 36.43 36.40 | 36.42
8 30 8 1963 29.1 29.1 29.0 22.4 .22.3 36.52 36,90 36.47 36.60
.9 . 5 10 1963 .. 26.3 26.7 26.9 27.0 : 27.0 33.09 33.45 34.45. 34.80
10 1 11 ‘1963 " 25.5 25.5 25.5 25.5 . 25.4° 36.18 © 00.00 00.00 00.00
11 2 12 1963 21.2 2.2 21.2 21.2 21.3° 36.39 35.29 36.32 26.38
12 21 12 1963 ©  16.8 13.8 16.8 16.8 : : . 16.6 | 36.20 36.19 36.14 36.10
13 30 b 4 1964° 16.0 16.0' -16.0 15.8 , - 15.4 36.00 35.97 35.95 35,94
14 20 2 " 1964 15.2 15.2 15.1 15.2 . : 15.2 35.70 35.76 35.74 35.75
15 19 3 1964 16.8 16.8 16.8 16.8 . 16.8 35.60 35.74 - 35.16 36.21
16 16 .4 1964 - 19,3 19.3 1.0 17.7 . 17.5 29.63 29.64 31.05 33.93
17 24 5 1964 25.3 25.3 25.4 25.0 24.4 - 00.00 00.00 00.00 C0.00
18 26 6 . 1964 27.8 27.7 27.4 25.6 25.0 33.86 33.83 34.13 35.19
19 17 7 1964 27.6 27.6 27.2 21.6 . 21.5 36.68 36.64 36.62 36.51
20 31 8 1964 28.4 28.4 28.3 28.1 - [ 27.2 36.72 36.68 36.67 36.71
21 26 9 1964 28.7 28.4 238.5 28.4 28.5 34.38 34.34 35.48 35.42
22, 29 10 1964 23.7 23,6 23.5 00.0 . 00.0 34.40 34.28 34.78 35.04
237 24 11 1964 21.9 21.9 21.9 21.9 21.9 35.15 35.11 35.13 35.15
24 17 12 1954 17.3 17.9 18.5 18.7 ) 18.8 32.70 34.78 34.88 35.57
25 8 1 1965 : 16.9 16.9 1.8 20.5 . 20.3 34.15 34.01 35.38 36.32
26 ~" 28 2 1965 - 15.3 15.3 16.7 17.8 17.6 31,77 31.72 35.7¢ 35.40
2T 22 3 1965 16.0 16.0 16.0 15.9 15.9 35.39 35.32 35.27 35.32
23 24 4 1965 . 24.0 23.2 20.3 19.9 19.8 00.00 00.00 00.00 00.00
29 30 -5 1965 26.6 26.6 26.5 25.6 25,2 00.00 35.27 29.65 31.52
30 13 6 1965 27.5 27.5 27.5 25.7 24.1 30.85 30.86 31.33 34.20
32 13 8 1965 28.4 28.4 28.3 28,2 28.2 36.52 36,48 26.56 26.61
33 12 9 1965 29.3 29.2 28,7 28.6° . 28.6 00.00 00.00 00.00 00.50
35 11 12 1965 20.2- 20.5 21.2 21.3 . o 21.2 31.89 31.82 33.91 34.00



able 3. (Continued) . .

TATION: W-22
EPTH: 45.8 g
ATITUDE: 27°21' N

ONGITUDE: 96°50' W . : )
. Terperatures (°c) : Salinity (o/oc)
Tuise Day Month Year, . : Depth (M) Derta (M)
' 0 3 .11 24 43 70 107 B ' 0 3 12 24 43 70 1c?
2 9 3 1963 1. 6.9 16.9 17.0° .16.9 14.5 14.5 36.39 26.44  36.42 256.46  38.19
3 4 4 1963 . 23,60 22,8 21,1 20.2  19.6 .0 19.5 3l.61. 33.85. 35.97 36.35 26.43
4 6 5 1963 24.6 24.5 24.1 21.1 20.3 19.7 32.74 33,88 23,60 35.98  26.25
) 21 5 1963 26.3 25.7 25.4  20.9 19.4 . 19.4 36.31  38.32 35.39 35.38 25.40
6 27 6 1963 27.2 26.2 26.0 22.6 19.8 . 19.7 |. 36.57 36.34 26.51 36.53 36.42
7 15 7 1963 | 27.2  27.1  26.9 24,1 20.8 . - 20.7 36.48  26.51 35.45 358,43 25.49
8 30 8 1963 28.8 28.8 26.7 24.2 21.7 21.7 36.42 3%6.22 38.32 . 25.535 38.57
9 - 4 10 + 1963. 25.9 27.0 27.1 27.6 27.2 26.8 |. '35.42 35.26 25.51 36.12 36.32
10 4 11 1963 1 25.7 25.7 25.7 25.6 ., 25.6 . : 25.6 36.54 36.47 38.52 36.52 36.50
1l 2 12 1963 22.6 22.6 22.6 22,6 22.6 22.5 36.50 356.59 36.45 36.54  36.36
12 21 12 1963 ) 18.7 18.7 18.5 18.1 17.4 17.1 36.60 36.59 36.59 36.62 26.30
13 29 1 1964 16.3 15.3 - 6.3 18.1 | 16.2 1€.1 35.74 35.74 35.39 36.583 26.29
4 20 2 1964 17.3 17.3 17.3 17.3 17.3 17.2 26.62 36.5¢ 26.55 38.83 36.3%
15 19 3 1964. 18.4 18.2 17.8 17.4 17.3 17.3 2€.39 36.33 36.30 36.25 36.27
16 16 4 1964 17.9 18.4 19.2 18.2 17.7 17.7 33.18 33.13 35.80 38.45 3€.4l
17 24 5 . 1964 25.4 25.4 25.4 23.9 21.7 20.5 31.70 31.90 33.58 35.63 26.30
i8 26 6’ 1964 28.2 28.2 27.9 25.8 20.3 i 19.0 33.72 33.71 34.66 36.00 36.45
19 17 7 1264 27.5 27.5 27.4 22.2 19.2 | 19.2 36.72 36.66 36.81 36.64 36.79
<C 31 8 1964 28.7 28.7 28,5 28.3 27.7 - 22.8 36.78  36.69 36.63 35.70 26.62
2L 26 9 1954 28.4 28.3 .28.2 28.1 27.3 - 25.2 36.32 26.32 36.81  :5.6% 36.62
22 29 10 1964 25.4 | 25.4 25.4 25.2 25.1 25.2 36.40 36.18 35.29 36.31 38.32
23 24 i1 1264 23.5 23.5 23.5 23.5 23.5 23.5 356.18 36.18 2E.18 35.1¢€ 36.18
23 17 12 1964 . 20.2 20.2 20.1 19.9 20.5 20.2 36.12 36.12 35.04 35.03 28.26
23 8 1 1965 20.8 20.8 0.7 20.7 21.0 : 21.0 36.28 36.21 35.23 28,32 26.61
-25 23 2 1965 16.5 16.5 16.7 17.9 18.1 18.0 34.43 34.35 36.27 35.80 36,40
27 22 3 1985 : -17.7 17.7 17.6, . 17.4 17.8 17.8 35.88 35.92 | 35.g8 35.82 36.06
©23 24 4 1965 24.9 24.7 22.0 18.1 17.6 17.6 00.00 00.00 00.00 03.00 00.C0O
29 30 5 1965 26.5 26.5 26.4 25.3 23.1 22.8 29.85 29.93 30.38 34.92  38.34
30 13 6 1965 27.9 27.9 27.7 25.5 22.3 20.9 30.57 30.38 30.93 35.00 36.50
32 i3 8 1985 28.2 28.1 28.0 27.9 24.2 22.3 36.63 36.62 36.57 38.5 36.69
33 11 9 1985 30.2  30.1 29.9 29.5 22.6 22.6 00.00 " €0.00 €0.C0 03.C0  00.00
35 11 12 1965 21.7 21.8 21.8 22.8 23.5 23.5 134.22 34.23 34,25 34.99 35.57




sble 3. (Continued)

FATION: ¥-58

IPTH: 73.2 ﬁ
ATITUDE: 27'86' N
NGITUDE: 96 45' W

Temperatures (°c)

Salinity (o/00)

wuise Day  Month Year Depth (M) Depth (M)

- LIRS 0 3 . 11 24 43 70 107 B 3 11 24 43 70 167
2 9 3 1963 . 8.1 17.8 17.8 17.8 17.8 16.6 16.5 36.41 36.31  36.27 36.27 36.38 28.45
3 5 4 1963 22.2 2.4 20.5 19.4 17.9 17.9 17.9 33.24 33.20 35.30 36.27 36.41 3€6.37
4 6 5 1963 23.9 18.3 18.2 21.2 19.7 18.6 18.5 35.87 35.79 36.14 36.25 26.27 35.42
5 22 s 1963 26,5 26.4 25.9 25.0 20.1 19.1 18.8 36.12 00.00 36.04 36.13 36.23 36.43
6 28 6 1963 28.4 28.3 28.2 -23.) 21.7 19.4 19.4 36.51 36.46 36.44 36.46 36.59 36.40
7 15 7 1963 ‘7.6 27.6 27.6 25.9 21.5 19.1 18.8 36.58 36.44 36.50 36.42 36.44 36.57
8 29 8 1963. 28.5 28.4 28.0 22.6 21.6 19.6 19.6 ,36.28 36.32 36.34° 36.42 35.50 35.40
9 4 . 10 1963 27.3 27.3 27.3 27.3 27.1 26.1 24.3 36.47 36.55 36.44 36.47 36.55 36.60

10 4 11 1963 25.9 25.9 25.9 25.9 25.8 25.8 22.7 © 36.67 36.68 25.62 36.66 36.64 36.75

11 2 12 1963 23.1 23.1 23.1 - 23.0° 22.9 22.7 22.9 36.38 36.39 36.45 36.38 36.34 36.32

12 22 12 1963 21.7 21.7 21.7 . 21.7 21.6 19.1 18.9 36.64 36.64 - 36.64 36.68 26.61 36.54

13 29 .1 1964 19.1 181 19.0 18.2 17.4 15.6 14.8 36.54 36.69 36.58 36.50 36.48 36.28

14 20 2 1964 19.3 19.2 19.2 19.1 ‘' "17.8 16.6 16.6 36.66 36.58  36.60 36.56 36.4 26.41

15 19 3 - 1964 19.0 18.7 18.2 17.7 17.1 17.3 17.3 36.3) 36.42, 36.39% 36.:8 36.40 36.52

16 17 4 1964 20.8 20.6 19.2 18.7 17.9 17.8 17.8 34.24 34,18 36.49 36.46 36.47 36.50
17 24 5 1964 25.4 25.4 25.7 22.8 20.0 18.3 18.1 29.68 29.95 32,66 35.98 36.21 36.49
18 26 6 1954 28.3 28.i 27.4 22.6 19.6 18.5 18.5 35.28 35.03 35.60 35.26 36.41  36.51
19 18 7 1964 28.4 28.4 28.3 27.6 22.1 18.2 18.2 36.71 36.78 36.64 26.60 36.€2 36.55
20 31 8 1964 29.0 28.9 28.9 28.6 23.8 [ 20.6 20.6 36.73 36.66 36.€5 36.69 36.64 2E.53
21 26 9 1964 28.4 28.4 28.4 28.4 27.2 21.8 21.8 36.52 26.49 36.40 36.€6 26.65 26.68
22 30 10 1964 25.5 25.5 ' 25.5 25.6 26.0 25.8 25.8 00.00 00.00 36.41 36.52 35.80 3§.75
b 24 11 1964 23.8 23.8 23.8 23.8 23.8 23.8 23.8 36.62 35.55 36.56 36.49 36.57 26.55
24 17 12 1964 20.9  20.9 20.7 20.7 20.7 20.7 26.7 36.14  36.15 36.13 36.22 36.21  36.27
25 8 1 1965 20.7 20.7 20.6 20.6 20.5 20.1 20.0 36.09  36.10 36.13  36.11  36.40  25.42
26 . 28 2 1965 19.5 19.5 19.4 19.4 19.4 17.5 17.6 36.58  36.49 36.56 25.51 35.36  35.40
17 22 3 1965 19.4 19.4 19.3 19.2 19.2 19.2 19.2 35.43 36.41 - 36.40 36.47 36.4 36.8%
13 24 4 1965 24.6 24.4 18.1 17.2 6.8 - 17.2 17.2 29.52 29.90 33.27 35.97 36.39 36.47
3 30 .5 1565 27.1 27.1 26.4 21.8 20.0 18.9 18.8 28.68 28.68 29.42 36.C4 36.48 35.47
10 13 6 1965 27.5 26.9 25.0 21.9 *© 19.2 18.9 18.9 31.82 31.80 32.04 34,98 26.48 36.48
12 13 8 1965 27.6 27.5 26.6 23.6 22.1 19.4 19.4 36.53 36.50 35.50 36.62 36.64 36.56
13 11 9 1965 30.1 30.1 30.1 27.9 22.7 00.0 22.4 00.00 00.00 c0.C0 c0.00 £J.00 €3.00
15 1l 12 1965 23.6 23.6 23.7 23.7 23.7 23.7 23.7 28.15 356.13 36.13 36.42 36.13 36.11




Table 4. Tempcrature (°c) and salipnity (°/oo) values by statlon, cruise, and depth made along transect 10 from 1963-1965.

[ATION: W-60

PTH: 7.3 M )
\TITUDE: 26°34' N .
WMNGITUDE: 97°16' W ;
SN i
Temperatures (°c) . . ) Salinity {c/co)
ruise - Day Month Year ., ) Depth (M) . Dezth (M)
' - 0 311 24 43 70 107 B P 0 3 11 24 43 73 167
2 9 3 1963 .|, 15.3  14.a : 14.9 34.27  34.15
6. 28 6 . 1963 .. |  26.3  26.3 24.0 26.41  36.32
7 15 7 1963 25.1  23.9 22.8 36.49  36.44
8 29 8 1963 27.6  27.6 : . 24,9 36.47  36.62
9 4 10 1963 26.2  26.2 : 26.3 .| 31.77 -32.13
10 3 11 1963 23.5 23.5 < 23.5 33.95  33.81
11 2 12 1963 19.8 19.8 . 19.7 34.42 34.62
12 22 12 . 1963 . la.2  12.2 , ) 12.2 34.25  34.35°
13 30 1 1964 . 4.2  14.2 : : 24.2 34.08  34.05
15 20 3 1964 17.8 17.8 ’ . 16.8 35.42  35.42
16 17 4 1964 20.7 20.7 - o 20.4 31.86 31.80
17 24 5 1964 26.1  25.1 . ’ 24.7 28.16 28.15
18 27 6 1954 27.4 27.4 _ 27.4 35.49  35.45
19 18 7. 1964 27,1 27.1. - . 26.9 36.40  36.46
20 31 8 1964 27.3 - 26.0 : . 24.6 36.73  36.70
21 26 9 1964 28.8 28.8 28.3 00.00 36.93
22 30 10 1964 24.0 24.0 24.0 34.45  34.43
23 24 11 1964 19.9 19.9 . ; 19.9 33.88  332.85
24 18 12 1964 15.2  15.2 15.2 32.09 32.05
25 9 1 1965 16.9 16.9 : 16.1 32.67 32.66
26 28 2 1965 17.2  17.2 17.5 34.90  35.00
27 23 3 1965 16.7 16.7 : : 16.2 34.32  34.39
23 25 4 1965 24.0  24.0 - 23.3 29,72 23.72
29 3 [ . 1965 26.2 26.2 26.2 | 33.20 33.21
30 T4 6 © 1965 27.2  27.2 . ) . 27.0 34.21  34.37
32 14 8 1965 . 28.0 28.0 27.9 36.65 36.62
35 1 12 1965 -t 2001 20.1 . ) 20.0 31.76  31.73




Table 4.

STATION: W-61

{Continued)

DEPTH: 22.9 g :

LATITUDE: 26 36'.N .. .

LONGITUDE: 97°08' W "

AN
) Temperatures (°c) Salinity (o/00)
Cruise Day Month Yeax . Depth (M) Dezth (M)
. [+] 3. 11 24 43 - 70 107 B [} 3 11 24 43 70 107

2 10 3 1963 14.5 14.5 13.7 15.1 33.78 33.73  34.13
3 S 4 1963 21.9 21.8 21.7 . 18.3 31.23 31.22 31.29
6 28 6 1963 27.2 27,2 22,1 21.8 36.39  36.42  26.40
7 15 7 1963 25.5 25.3 23.3 22,2 36.90 00.00 00.00
8 29 8 1963 28.2 28.0 26.7 23.6° 36.61 356.52 36.56
9 4 10 1963 26.7 26,7 26.8 28.1 31.85 31.96 32.29
10 4 1Y 1963 24.4 24.4 24.4 24.3 34.80 34.63 34.72
1l 2 12 1463 18.6 18.7 20.3 20.6 33,17  33.11 34.75
12 22 12 1963 J5.2 15.2 15.2 * 15.0 35.29 35.31 . 35.25
13 29 1 -. 1964 12.4 12.3 12.3 12.2 33.96 33.81 . 33.91
15 20 3 1964 17.1 16.6 16.5 - 16.4 36.72 35.4) 35.53
16 17 4 1964 19.8 19.8 18.7 g 19.5 00.00 00.00 00.00
17 24 5 1964 25.6 25.5 25.1 22.9 . 27.49 27.42 28.69
18 27 6 1964 26.7 26.4 24.1 23.9 35.88 35.90 35.98
19 18 7 1954 25.4 25.4 24.3 23,2 36.47 36.49 36.45
20 31 '8 1964 28.3 27.5 26.3 23.4 36.69 36.66 35.65
21 26 9 1964 00.0 00.0 00.0 00.0 36.48 36.42 36.50
22 30 10 1964 - 24.0 24.0 23.9 . 23.9 34.53 34.55 34.50
23 24 11 1964 21.6 21.6 21.6 t 21.7 34,46 34,42 34.50
24 17 12 1964 ° 16.0 16.0 16.2 16.7 32.59 32.59 33.09
25 9 1l 1965 16.8 16.7 16.4 17.4 32,48 32.45 33.35
26 28 2 1965 15.5 15.5 16.1 6.2 33.09 33.15 34.59
27 23 3 1965 16.7 16.6 16.6 16.6 3d4.65 34.63 34.81
28 25 4 1965 23.8 23.8 23.5 18.7 29.29 29.22 29.79
29 31 5 1965 26,1 26.0 26.0 25.0 33.18 33.18 33.27
30 14 6 1965 . 1.9 27.9 26.3, 25.7 32,71 32.73 33.81
32 14 8 1965 27.7  27.6 27.5 27.3 36.50 36.63 36,53
35 11 12 1965 20.0 19.9 20.4 31.55 31.53 31.53

21.4




Table 4. (Continued)
STATION: W-62 .
DEPTH: 45.8 g
LATITUDE: 26 gl' N
LONGITUDE: 96 53' W
Temneratures (OC) Salinitv (n/00)
Cruise Day Month « Yeaxr - Depth (M) Depth (M)
‘- 0 3 11 24 43 70 107 B ¢} 3 11 24 43 70 1c?
2 10 3 1963 18.2 18.1 18.1- 1l6.8 16.6 +16.6 36.09 36.43 36.41 36.41% 36.38
3 5 4 1963 . 00.0 00.0 00.0 00.0 00.0 00.0 33.39 3341 36.26 35.86 36.52
6 28 6 1963 27.3 27.2 25.4 21.4 19.8 19.8 36.45 €0.00, 00.00 00.00 26.38
7 15 7 1963 27.0 27.0 26.9 24.0 20.8 20.4 36.48 36.47 36.37 35.48 36.45
8 29 8 1963 29.3 29,2 29.1 24,1 21.4 ‘ 21.3 36.67 36.63 26.64 36.432 3C€.33
9 4 10 1963 27.9 27.9 27.9 27.9 27.6 25.6 36.27 36.35 26.41 26.46 36.48
10 4 11 1963 25.6 25.6 25.7 25.7 25.7 25.7 36.34 36.32 36.36 36.33 36.52
11 2 T ¥ 19€3 22.8 22.8 22.8 22.8 - 22.8 23.6 36.05 36.05 35.94 35.85 36.13
12 22 12 1963 19.8 19.8 19.3 18.7 18.6 18.4 36.69 36.62 35.60 26.63 26.63
13 29 1 . 1964 16.7 16.7 16.7 1l6.8 16.4 16.4 36.24 36.27 26.25 36.31 2€.62
15 20 3 1964 14.6 14.5 14.4 14.3 00.0 13.2 36.56 36.49 36.48 36.49 - 36.49
16 17 4 1964 20.6 20.6 19.3 20.3 17.9 17.9 32.20 32.23 35.68 36.71 36.5C
17 24 5 1964 25.8 25.7 25,1 22.9 20.3 138.7 27.12 26.91 33.32 26.C0 36.57
18 26 6 1964 27.7 27.7 27.4 22.2 20.3 20.2 35.46 35.59 35.53 35.32 28.48
19 18 17 1964 27.4 27.3 23.6 21.5 19.1 19.1 36.58 36.55 36.82 3€.¢€1 S5.34
20 31 8. 1964 27.7 27.7 27.6 24.4 21.9 21.9 36.70 36.71 35.71 356.63 35.63
21 26 9 1964 28.8 23.8 28.8 28.8 23.9 28.9 36.15 36.18 26.322 56..86 35.2
22 30 10 1964 24.6 24.7 24.7 24.8 25.0, 25.0 35.50 35.72 36.05 35.93 35.76
23 24 11 1964 23.4 23.4 23.4 23.6 23.6 23.7 35.92 35.87 35.80 35.09 35.93
24 17 12 1964 20.3 20.2. 20.3 21.0 21.1 21.1 35.68 35.77 35.29 26.17 36.22
25 9 1 1965 - 18.2 18.2 17.6 19,5 20.0 20.0 34.27 24.286 34.90 35.%8 3€.12
26 28 2 1965 15.5 15.5 16.4 18.2 18.06 i7.9 32.19 32.18 24.85 36.03 232,71
27 23 3 1965 16.9 16.9 16.8 17.6 17.8. "17.8 35.03 35.07 35.16 35.2% 353,85
238 25 4 . 1985 24.4 24.3 21.5 18.2 17.9 17.8 28.47 28.42 32.5% 35.89 32.C2
< 31 5 1965 26.5 26.4 26.0 24.2 23.0 23.0 33.08 33.03 32.96 35.12 36.22
30 13 6 1965 . 27.9 27.8 26.6 24.1 22.5 22.3 33.02 34.37. 35.23 36.10 36.50
32 13 8 1965 ¢ 28.2 27.9 27.9 26.5 23.7 23.6 36.50 36.49 36.43 36.53 36.587
" 35 11 12 1965 20.4 20.4 23.2 32.61 32.12 34.74 35.17 35.63

22.6 23.3 00.0




Table 5.

Drift bottle release and recoveries by cruise, station, and date in the south Texas OCS study area in 1962.

CRUISE #: 1-62
INCLUSIVE DATES: 2/24-2/27
RECOVERY
STATION  LATITUDE  LONGITUDE DATE OCCUPIED  TOTAL NUMBER  BOTTLE NUMBER  LATITUDE LONGITUDE __ DAYS OUT
W- 7 244' 95230' 2-27-62 12 e NONE —————-
W- 8 27239 95232 2-27-62 s R NONE-———— - —————
W- 9 27054" 95735 2-27-62 s NONE-~ .
W-10 28°04" 95°40" - 2-27-62 12 e S £ S ——
W-11 28217 95046 2-27-62 2 12— NONE~=mmmm—mm e e m e mm e e
W-13 28002' 96°46" 2-26-62 12 mmmmmmmmmme o TN 1S ——
W-14 27054 96237 2-26-62 R —— NONE- oo —mmm e -
w-15 27%47" 96°30" 2-26-62 12 00138 26°55.5°" 96°57.5" 6
W-16 27%1 " 96°23" 2-26-62 12 e o NONE- .
W-17 27°37' 96°20" 2-26-62 12 memmmemeeeeemeeee NONE - -—
w-18 27232' 96214' 2-26-62 12 e NONE=—mmmmmmmmm e mmm e m e e e
W-19 27%1" 96°32° 2-26-62 R NONE= === m e m e e e cm e e =
W-20 27%4° 96°42°" 2-25-62 S S e - ——
w-21 27%06° 96°48" 2-25-62 s -2 — NONE-—m—mmmmmmmmmm e e mm e m e
W-22 27°%08" 96°56" 2-25-62 12 mmmmmmmmmmmmmmmee - NONE-——mmmmmmmmmm e e e e e e e
W-23 27°12" 97°os' 2-26-62 12 00363 26°17" 97°11" 8
W-24 27°15" 97°19" 2-26-62 12 00347 27%21" 97°20" 5
00350 27°28.5° 97°%15.5° 1
00345 27%29° 97°15° 1
00356 2729 97°15' 14
00346 27°38" 97°11.5° 13
00354 27%28° 97°16.5' 17
00348 27°28" 97°16.5" 16
00352 27°27' 97°%17* 19
00355 27°271 97°17" 18
W-25 26°14" 97%08" 2-24-62 12 00270 26°12.5" 97°10.5° 3
00269 26°14.5" 97°11" 1
00271 26°14.5" 97°11' 1
00274 26°14.5" 97°%11" 1
00276 26°14.5' 97%11" 1



Table 5. (Continued)
CRUISE #: 1-62
INCLUSIVE DATES: 2/24-2/27
RECOVERY
STATION  LATITUDE  LONGITUDE DATE OCCUPIED  TOTAL NUMBER  BOTTLE NUMBER  LATITUDE LONGITUDE __ DAYS OUT
W-25 26°14" 97%08" 2-24-62 12 00277 27°%14.5° 97°11" 1
‘ 00278 27214.5' 97211' 1
00279 27°14.5° 97°11" 1
00280 27°14.5°" 97°11" 1
00272 27°14.5" 97°11° 1
W-26 26215' 97200' 2-24-62 12 e NONE == == —m e mm e e e
W-27 26°21" 96°41" 2-24-62 12 e NONE- === mmmmmmm e e e e
W-28 26°24" 96731 2-24-62 73— NONE==mmmmmm e e e m e e e e e e
W-29 26225 96°26" 2-25-62 S —— NONE==mmmmmm e e e e
W-30 26°26" 96°21" 2-25-62 U ——— NONE-=mmmmmmmm e m e e
CRUISE #: 2-62
INCLUSIVE DATES: 3/22-3/27
W- 7 27244' 94230' 3-22-62 12 00672 28%12° 96°40" 24
W- 8 27249 95032 3-22-62 R S —— NONE-------—- == oo e
W- 9 27254 95°35" 3-22-62 12 00650 27°07" 97222 12
W-10 28%04" 940" 3-22-62 12 00534 26°33.5" 97°33.5° 15
00542 26°43.5" 97°%20" 24
w-11 28:17' 95246' 3-23-62 12 00546 26231' 97215.5 28
W-12 28%34° 95%55" 3-23-62 12 00567 27251 97°02.5" 11
- 00565 27951 97%02" 11
00569 27%52¢ 97%2" 11
00559 27209' 97222' 12
. . 00566 27°36" 97057.5" 6
W-13 28°02" 96°46" 3-23-62 12 00576 26°33.5° 97%16.5° 14
W-14 27%54" 96°37° 3-23-62 12 e NONE~—mm=mmmmmmm e e m e m e
W-15 27%47" 26°30" 3-25-62 12 e NONE= === mmm e e e



-

Table 5. (Continued)

CRUISE #: 2-62

INCLUSIVE DATES: 3/22-3/27

RECOVERY
STATION LATITUDE LONGITUDE DATE OCCUPIED TOTAL NUMBER BOTTLE NUMBER LATITUDE LONGITUDE DAYS OUT
(o} (o]

W-16 27°%41" 96°23" 3-25-62 12 e NONE-=mmmmmmmmm e e e e e e

W-17 27°37¢ 96°20" 3-25-62 12 00623 27°19.5° 97°20° 27

w-18 27%32¢ 96°14" 3-25-62 12 e NONE--====mmmmm e e e =

W-19 27%01" 96°32" 3-26-62 4 00642 26°43.5" 97°%20" 20
00643 27°%36" 97°12.5" 26

W-20 27%04" 96°42" 3-26-62 9 o NONE=====——m e e e e

W-21 27%06" 96°48" 3-26-62 12 00416 26°29° 97°14.5° 19
00414 27°17.5°" 97°11.5°" 13

W-22 27%8" 96°56" 3-27-62 12 e NONE=—=—=—mmmm e e e e

W-23 27212' 97208' 3-27-62 12 e ~=--NONE------ oo

W-24 27°15°1 97°19" 3-27-62 12 00528 27925. 51 97°18" 1
01364 27°23" 97°18.5° 1
00525 27235.5' 97213.0' 2
00530 27°20.5" 97%19.5°" 1
01368 27220.5' 97219.5' 1
01367 27032.5 97°14.5" 4
01363 270325 97°14.5" a4
00526 27%26.5° 97°17.0" 5
00527 27226.5' 97217.0' 5
00529 27°31.5°" 97°15°" 19

W-25 26°14" 97%s8" 3-27-62 12 00518 27%09" 97%22° 8
00520 27°%09" 97%22¢ 8
00522 27%09" 97%22° 8
00524 27%09°" 97%22¢ 8

W-26 26°15° 97%00" 3-27-62 12 00501 26°09" 97°10" 9
00507 26209' 97210' 9
00509 26209" 97°10" 9
00504 26015° 97011 19
00511 26°11" 97°10" 27

W-27 26°21° 96°41" 3-26-62 9 00708 25%56 " 97%08.5" 12
00710 26°03" 97%09" 19
00706 26°15" 97°11" 20



Table 5. (Continued)

CRUISE #: 2-62

INCLUSIVE DATES: 3/22—3/27
RELEASE RECOVERY
STATION  LATITUDE  LONGITUDE DATE OCCUPIED  TOTAL NUMBER  BOTTLE NUMBER  LATITUDE LONGITUDE ___ DAYS OUT
W-28 26224' 96231' 3-26-62 12 00720 26206' 97210' 20
W-29 26°25° 96°26" 3-26-62 12 00438 26043.5" 97220 20
. . 00442 25°55" 97°08" 20
W-30 26°26" 96°21" 3-26-62 12 00430 26°06" 97%s6" 15
00435 26205‘ 97209.5 21
00427 26°32.5°" 97°14.5° 27
CRUISE #: 3-62
INCLUSIVE DATES: 4/19-4/26
o] o]
w- 7 27044 94230" 4-19-62 12 e NONE---~------ =oommmmm oo
W- 8 27%49" 95°32" 4-20-62 12 02455 27°36" 96754 16
02456 27°39" 97°11" 30
02462 27°%13" 97%22" 30
W- 9 27%54" 95°35°1 4-20-62 12 02474 28%04" 96°50.5" 15
o o 02464 27213' 97222' 30
W-10 28%04° 95°40" 4-20-62 12 02480 27%3" 97°23! 30
Ww-11 28°17* 95°46" 4-20-62 12 02344 27%49" 97%4" 21
W-12 28234' 95255' 4-20-62 11 e NONE---—-=---=- === mm oo ommme
W-13 28°02" 96°46" 4-20-62 12 02742 28°47" 95734.5" 25
W-14 27%54° 96°37" 4-26-62 12 02057 27°%03" 97°23" 24
’ 02719 27%45" 97%7" 30
02728 27°%16" 97%21" 30
W-15 27°%471 96°30° 4-26-62 12 02702 27°%13" 97%22" 24
02710 27°%16" 97°21" 30
W-16 27%1" 96°23" 4-26-62 12 02690 28%02" 96°53" 10
02698 27239' 97211' 10
02694 27%52° 97%02" 14



Table 5. (Continued)

CRUISE #: 3-62

INCLUSIVE DATES: 4/19-4/26

RELFASE RECOVERY
STATION  LATITUDE  LONGITUDE DATE OCCUPIED  TOTAL NUMBER  BOTTLE NUMBER _ LATITUDE LONGITUDE _ DAYS OUT
(o} (o] (o} o]
W-17 27°%371 96°20" 4-26-62 12 02686 27°27.5°1 97°17.5" 27
02688 27246' 97206' 29
o . 02696 27016 97°21" 30
w-18 27%32¢ 96°14" - 4-26-62 12 02265 28%24" 96°22" 30
02676 29%32¢ 94%26" 30
W-19 27%1° 96°32° 4-24-62 12 02418 26°19" 97°11.5° 19
W-20 27204' 96242' 4-24-62 12 02414 27213' 97222' 26
w-21 27°%06" 96°48" 4-24-62 12 02399 27911 97%03" 19
W-22 27208' 96256' 4-24-62 12 e ~NONE-~=~~----- smmm oo
W-23 27%12¢ 97%08" 4-24-62 12 02760 27%26" 97°17.5" 5
02764 27°27° 97°17" 5
02772 27%13" 97%22" 5
02765 27%271 9717 12
02766 27°%28" 97°17* 15
02767 27°271 97°%17.5" 15
02768 27%32¢ 97°15° 16
02749 27236' 97212.5' 18
, . . 02761 27013" 97°22" 26
W-24 27°%15°" 97%19" 4-24-62 12 02752 27%16" 97°21" 18
W-25 26°14" 97%08" 4-25-62 12 02268 26°19" 97°%12" 3
02271 26°26" 97°%14" 3
02272 26°21" 97°%12.5° 3
02273 26°23° 97°13" 3
02274 26°26" 97°%14" 3
02278 26°31" 97°15.5°" 3
. . 02280 26221' 97212.5' 3
W-26 26215" 97200" 4-24-62 11 02261 27°13" 97022 26
W-27 26021 96°41" 4-25-62 12 02244 27°371 97°12.5°" 25
W-28 26°24" 96731 4-25-62 12 e ~NONE--------- oo mmooeeeo
W-29 26°25" 96°26" 4-24-62 12 02444 299271 94°38.5 21

W-30 26°26" 96°21" 4-25-62 12 mmmmmmmee e NONE === === == oo oo e



o0J¢

Table 5. (Continued)

CRUISE #: 4-62

INCLUSIVE DATES: 5/20-5/22

RELEASE RECOVERY
STATION  LATITUDE  LONGITUDE DATE OCCUPIED  TOTAL NUMBER __ BOTTLE NUMBER  LATITUDE LONGITUDE __ DAYS OUT
w- 7 27°44" 95%30° 5-20-62 12 e NONE=~—~=— === === m e e e
w- 8 27249' 95232' 5-20-62 12 e NONE-——~———mm === e m e e
W- 9 27°54" 95°35" 5-20-62 12— NONE-=—==mmmmmm e e e mmmmm e e
W-10 28%04° 95%40" 5-20-62 12 e NONE=~—= e mmm e e e e e
w-11 28217' 95246' 5-20-62 12 e NONE === === === e e e e
W-12 28°34" 95°55" 5-21-62 12 oo NONE====mmmmm e e e e e e =
W-13 28°02" 96°46" 5-21-62 12 e ~NONE--------- e
W-24 27°15" 97%19" 5-22-62 12 01423 27°16" 97021 3
03041 27%23" 97%19" 3
03043 27°16" 9721 3
01422 27%16° 97°21" 4
03040 27216' 97221' 4
03042 27°%16" 97%21" 4
03044 27216' 97221' 4
03045 27°16" 97021 4
03046 27°%16" 97%21" 4
03047 27°%16" 97%21" 4
03048 27°%16" 97°%21° 4
03049 27%16" 97%21" 5
CRUISE #: 5-62
INCLUSIVE DATES: 6/19-6/23
O (o] (o] o]
W- 7 27244" 95°30" 6-19-62 12 01505 28°44" 95°41.5'" 20
W- 8 27049° 95°32" 6-20-62 12 01516 28°40" 95748 18
W- 9 27%54" 95°35" 6-20-62 12 01535 28751.5" 95026.5" 15
. . 01531 28°46" 95°36.5" 16
W-10 28%04" 95°%40" 6=20-62 12 01538 28°08.5" 95702.0° 14

01642 29°711° 94 58" 13



Table 5. (Continued)

CRUISE #: 5-62

INCLUSIVE DATES: 6/19-6/23

RELEASE RECOVERY
STATION LATITUDE LONGITUDE DATE OCCUPIED TOTAL NUMBER BOTTLE NUMBER LATITUDE LONGITUDE DAYS OUT
W-11 28°17" 95%46" 6-20-62 12 01648 28%54" 95°17* 7
01652 28°%57" 95°17' 8
01650 28°57" 95°17.5" 8
o o 01658 28249' 95230.5' 15
W-12 28%34° 95%55°1 6-20-62 12 01659 28°55" 95021 18
o o 01666 28391 95°51" 7
w-13 28°02" 96°46" 6-21-62 12 e ~NONE-~-=-=-=-- m—mmmmmmmm e
w-14 27054" 96237 6-21-62 12 01684 28°03" 96°52" 16
W-15 27047 96°30" 6-21-62 L T =NONE-—-=--~-~- === emmmmm -
W-16 27 41" 96°23" 6-21-62 10 03376 28%04 " 96°50.5" 16
w-17 237' 96220' 6-21-62 12 mmmmmmmemmmmmeeee o NONE-=-—mmmmmmmmmmmm e m e e e
W-18 27032" 96°14" 6-22-62 D R NONE~===mm———=— - -
W-19 27201 96232 6-22-62 R ——— ~NONE---—--==-- = -
W-20 27%4" 96°42" 6-22-62 12 01585 28%04 " 96°50.5" 15
01587 28950.5°" 97°o4.o' 16
01582 27236.5' 212 51 10
01583 28°%01.0" 97%03.0" 21
W-21 27206' 96248' 6-22-62 12 mmmmmmmme o ~NONE-- = —
W-22 278" 96°56° 6-22-62 12 01560 27035" 97013' 7
. . | 01557 27935 97013 10
W-23 27°12° 97%08" 6-22-62 12 01554 27044 97007.5" 8
01549 27°31.5" 97215 6
01545 27232.5" 97014.5" 12
. . 01548 27044' 97007 5 7
W-24 27°15" 97%19" 6-22-62 12 01544 36.5° 12.5° 2
01542 27°38.5' 97°11.5' 4
01543 27%39" 97°%11" 4
03394 27%35¢ 97°13" 2
03396 27%35" 97°13" 2
03393 27°43' 97°08' 12



Table 5. (Continued)

CRUISE #: 5-62

INCLUSIVE DATES: 6/19-6/23

RELEASE RECOVERY

STATION  LATITUDE  LONGITUDE DATE OCCUPIED  TOTAL NUMBER  BOTTLE NUMBER  LATITUDE LONGITUDE _ DAYS OUT

W-24 27°%15°" 97%19" 6-22-62 12 03395 27%3" 97°08" 7
03392 27235.5' 97213' 7
03391 27°50" 97°03.5" 23

. . 01541 27245.5" 97°06.5" 6

W-25 26°14" 97%08" 6-23-62 12 03408 26256 97°22.5" 17
03409 26053.5" 97222 29
03404 26049.5" 97°21.5" 29
03402 26249.5' 97°21.5" 29
03400 26°54.5" 97%221 29
03398 26253.5' 97222' 29
03403 26°52.51 97%22" 29

W-26 26°15" 97%0" 6-23-62 12 oo NONE===mmmmmmmmm e mmmmm e —

w-27 26221' 96241‘ 6-23-62 12 03428 28224' 96222.5' 26

W-28 26°24" 96°31" 6-23-62 12 03436 28°12.5" 96°39" 12

. . 03440 28°32" 96°07.5" 17

W-29 26725 96°26* 6-23-62 12 03453 27°%a4" 97°%07.5°" 13

CRUISE #: 6-62

INCLUSIVE DATES: 7/20-7/23

W- 8 27%9" 95°32" 7-23-62 6 = —mmmemmmmm—mmmmmmmeo NONE-==~me—mmmmmmmmmmmmmmmm e e e

W- 9 27254' 95235' 7-23-62 S —— NONE == = === e e e e e e e m

W-10 28%4" 95°%40" 7-23-62 R —— NONE == e e mmmm e e

W-11 28217' 95246' 7-20-62 6 = mmemmmmmmmmm NONE---=---=-~ mmmmmmmmmmmmmmee

W-13 28%02" 96°46" 7-21-62 6 01922 28°24.5¢ 96°21" 5
01724 28°18" 96°28.5" 7
01708 28°18" 96°28.5" 13



LLC

Table 5. (Continued)

CRUISE #: 6-62

INCLUSIVE DATES: 7/20-7/23

RELEASE RECOVERY
STATION  LATITUDE  LONGITUDE . DATE OCCUPIED  TOTAL NUMBER  BOTTLE NUMBER  LATITUDE LONGITUDE __ DAYS OUT
w-14 27%54" 96°37" 7-21-62 6 01704 28938. 5" 959571 7
01738 28%29°" 96°13.5" 8
01709 29°18" 94%41.5° 14
01732 28°49.5°" 95°29°* 29
o o 01743 29246.5' 93212' 30
W-15 27°%a7" 96°30° 7-21-62 6 01698 29012 94757 12
01718 29%19.5°" 94%44.5° 12
W-16 27241' 96223' 7-21-62 6 -— --NONE —_— -
W-17 27°37° 26°20" 7-21-62 R — NONE- -
w-18 27°32? 96°14" 7-21-62 S — o))
W~20 27%4" 96°42" 7-22-62 . NONE === mmmm e e e e e e e e
W-21 27206' 96248' 7-22-62 6 01728 29247' 93216.5' 22
W-22 27%8" 96756 7-22-62 6 01726 28953 95°23" 12
01748 28249' 95331' 13
01932 289451 95°38.5" 13
W-23 27°%12" 97%08" 7-22-62 6 01940 27%34" 97°13.5°" 3
01944 27°34.5°" 97°%13.5°" 3
01746 27%49.5°" 97%3" 5
01750 27%49.5° 97%3" 5
. - 03551 27235' 97213' 5
w-24 27°%15°" 97%19" 7-22-62 6 01966 27°17.5" 97°%20.5° 2
01994 27°%17.5° 97°20.5" 2
01998 27217.5' 97220.5' 2
03541 27%24.5°" 97°18.5° 3
W-25 26°14" 97%08" 7-22-62 6 01956 28%04.5° 96°50" 9
03573 28%44.5° 95°39" 29
W-26 26°15" 97%00°" 7-23-62 6 03526 29°16" 94°49.5" 16
01958 29%46" 93°29.5° 27
(o] (o] 28

03543 28 52.5" 95724.5"



veu

Table 5. (Continued)

CRUISE #: 6-62

INCLUSIVE DATES: 7/20-7/23

RELEASE RECOVERY
STATION  LATITUDE  LONGITUDE DATE OCCUPIED  TOTAL NUMBER  BOTTLE NUMBER  LATITUDE LONGITUDE __ DAYS OUT
W-27 26°21" 96°41 " 7-23-62 6 01972 29%45" 93°37" 29
w-28 26224' 96231' 7-23-62 6 = mmmmmmmmmmmmm—eee o NONE~===mmmmmmmmmmmmmmmmmmmmm o=
Ww-29 26°25" 96°26 7-23-62 5 e NONE-===mmmm = m e — =
CRUISE #: 7-62
INCLUSIVE DATES: 9/9-9/12
W- 7 27244' 95230' 9-9-62 10 04658 29219.5' 97212' 20
W- 8 27%49" 95°32° 9-9-62 11 04642 26°42" 97°20° 21
. . 04674 26242' 97220' 21
W- 9 27254 95°35" 9-9-62 10 04610 26°19.5" 97012 20
W-10 28%04" 95%40" 9-9-62 12 04506 26°40" 97°18.5" 13
04512 27233 9714 14
04510 26°39" 97°%18.5" 14
04504 27951 97%02.5" 12
. . 04502 27243' 97208.5' 23
w-11 28°17" 95°%46° 9-9-62 12 04520 28°28" 96°16" 14
04514 28%21" 96°24" 15
04516 28234' 96203.5' 7
. o 04541 26°33" 97°16" 14
W-12 28%34" 95%55+ 9-9-62 11 04528 28°57" 95717.5" 22
04534 28°57" 95217.5" 4
04536 28057 95717.5 5
. . 04613 28°58" 9513 17
W-13 28%02" 96°46" 9-10-62 11 04538 27%56" 96°58" 7
04542 28°03" 96°51.5" 13
04639 27%56" 96°58" 7
04643 27%56" 96°58" 7
04653 27%56" 96°58" 7
04560 28%03" 96°51.5" 12



Table 5.

CRUISE #:

(Continued)

7-62

INCLUSIVE DATES: 9/9-9/12

RELEASE RECOVERY
STATION  LATITUDE  LONGITUDE DATE OCCUPIED  TOTAL NUMBER  BOTTLE NUMBER  LATITUDE LONGITUDE ___ DAYS OUT
(o) [o]
W-14 27054" 96°37" 9-10-62 12 mmemmmmm—mm——meeeo ~NONE - —
Ww-15 27%7" 26°30" 9-10-62 12 04574 27%45°" 97%07° 8
. o 04681 26249.5' 97221' 13
W-16 27°%41" 96°23" 9-10-62 10 04556 27208" 97°22.5° 12
R o 04572 27229.5" 97°16" 13
W-17 27%37° 96°20" 9-10-62 12 04586 26040" 97019" 20
04576 26042" 97220° 20
04554 26042" 97020° 20
04601 26.32" 97015.5 8
. o 04702 26°23.5" 97°13" 8
W-18 27032" 96714 9-10-62 12 e ~NONE ===
W-19 27%1" 96°32° 9-11-62 11 04563 26240" 97019" 19
04525 26°06" 97°%10° 20
W-20 27%a4" 96°42" 9-11-62 11 04744 26°26.5" 97°%14" 19
04551 26°24.5" 97°13° 18
04553 27°32¢ 97°%14.5° 24
w-21 27%06" 96°48" 9-11-62 11 04270 26°41" 97°%19° 11
W-22 27%08? 96°56" 9-11-62 12 04272 26°54" 97%22° 1
w-23 27°%12° 97%08"* 9-11-62 11 04742 27%05" 97°%22.5° 9
: 04734 26258.5' 97222.5' 4
04730 27205 97022.5' 9
04557 27012.5" 97022" 4
04573 26°54" 97%22° 3
W-24 27°15" 97°19" 9-11-62 12 04507 26°47" 97°20.5° 2
04509 27°%03" 97%23" 5
04543 26°57.5" 97°22.5°" 4
04545 27°03.5° 97°23" 2
04708 26°53.5°" 97°%22" 2
04746 26°43.5" 97°19.5°" 2
04738 26°53.5° 97%22" 2
04720 27%7° 97°22.5° 22
04256 27°02.5" 97°%22.5" 27
04593 27°%02.5°" 97%22.5° 5



Table 5. (Continued)

CRUISE #: 7-62

INCLUSIVE DATES: 9/9-9/12

RELEASE RECOVERY
STATION  LATITUDE  LONGITUDE DATE OCCUPIED  TOTAL NUMBER  BOTTLE NUMBER  LATITUDE LONGITUDE _ DAYS OUT
W-25 26°14" 97%08" 9-12-62 12 04503 26°16" 97°11" 12
04722 26°34.5" 97%16.5" 7
. . 04714 26234.5' 97216.5' 14
W-26 26°15¢ 97°%00" 9-12-62 12 04304 26°11.5" 97°10.5' 12
04326 26013.5" 97°10.5' 1
. . 04302 26°18.5" 97°11.5 1
W-27 26°21" 96241 9-12-62 12 04332 26°41" 97°19" 10
W-28 26°24" 96231 9-12-62 12 04292 26°41" 97°19" 10
W-29 26°25" 96°26" 9-12-62 5 oo NONE=-mmmmmmmm e mmmm e
CRUISE #: 8-62
INCLUSIVE DATES: 10/18-10/22
W- 7 27°%44" 95°30" 10-18-62 12 e NONE-=====——mmmmmmmmmmmmm e o=
w- 8 27249' 95232' 10-18-62 10— NONE-=~—=====m—=mmmmmmmmmmmmme =
W- 9 27°54" 95°35" 10-18-62 -2 — NONE=~=mmmmmmm m e mem
W-10 28°04" 95°40" 10-18-62 9 s NONE===—m—mmm e mmm e e m e
W-11 28°17" 95746 10-18-62 12 e ~NONE------—-- =omommmoommm oo
W-12 28%34° 95%55¢ 10-18-62 11 03778 28°24° 96021.5' 11
. . 04760 28°29.5" 96°13" 17
W-13 28%02° 96°46" 10-18-62 11 e o NONE~mmmmmm mmm e e e
W-14 27%54" 96°37" 10-19-62 12 04801 2791 96°47" 3
03808 27215.5' 97221' 12
04984 27°10.5" 97°22" 12
04992 27217 97°21" 12
03816 26°36" 97°17" 30
W-15 27%47" 96°30" 10-19-62 12 04986 26°21° 97°%12.5° 20
W-16 27241' 96223' 10-19-62 11 e NONE======mmmm—mmmmmmmmmmmmmm o
W-17 27237" 96°20° 10-19-62 1 5 NONE - == === mmmmmmmm—mmmmmmme

W-18 27°32" 96°14° 10-19-62 12 mmmmmemmmmmmmeeeee- NONE== === === == m oo e e



Table 5.

CRUISE #:

INCLUSIVE DATES:

{(Continued)

8-62

10/18-10/22

RELEASE RECOVERY
STATION  LATITUDE  LONGITUDE . DATE OCCUPIED _ TOTAL NUMBER  BOTTLE NUMBER  LATITUDE LONGITUDE _ DAYS OUT
O [}
W-19 27201 96°32" 10-19-62 12 mmmemmmmmmmemmme o NONE= === mmmmmm e e e mm o e e e
W-20 27°04" 96242 10-20-62 12 — ~NONE-~-~-==--~ =
w-21 27%e" 96°48" 10-20-62 11 04008 26°07" 97°10°" 15
04003 26202' 97209.5' 18
o o 04001 26202 97009.5" 28
W-22 27%08" 96756 10-20-62 12 04068 26222 97012.5 14
. o 04031 26202 97009.5' 16
W-23 27°%12° 97%08"’ 10-20-62 12 04024 26°59" 97°22.7" 7
04015 26205' 97209.5' 13
. . 04072 27205.5" 97°23" 14
W-24 27°15" 97019" 10-20-62 12 04025 27°11.5° 97%22" 30
W-25 26°14" 97%8" 10-20-62 12 mmmmmemmeeeo NONE~=mmmmmmmmmmmmmmm mm e e e
W-26 26°15°* 97%0° 10-22-62 12 04114 26°21.2" 97°12.5° 5
04112 26°29" 97°14.5° 12
04148 26°29" 97°14.5° 12
w-27 26°21" 96°41" 10-22-62 12 _— ~NONE~—=mmmmmmmmmm e mm e mm e e e
w-28 26224' 96231' 10-22-62 R S NONE-—=~——= - -
W-29 26225" 96-26" 10-22-62 O NONE--- S
Ww-30 26°26" 96°21" 10-22-62 12 ———— == —NONE—=—=mmmmmmmmmmmmmmmm e e e e
CRUISE #: 9-62
INCLUSIVE DATES: 11/15-11/22
W- 7 27%44" 95°30° 11-15-62 12 mmmmmemmmmemee e NONE~===m e e mmmmm e m e
W- 8 27%49° 95°32° 11-16-62 10 - -- == =NONE——mmmmmmmmmmm e e e e e e e
W- 9 27%54" 95°35¢ 11-16-62 12 e NONE-====m—mmmmm e m e e e
W-10 28%04" 95%40°" 11-16-62 11 05100 26°00" 97%9" 24
W-11 28°17¢ 95%46" 11-16-62 12 05493 26°00" 97%09" 24



Table 5.

CRUISE #:

(Continued)

9-62

INCLUSIVE DATES:

11/15-11/22

RELEASE RECOVERY

STATION  LATITUDE  LONGITUDE DATE OCCUPIED  TOTAL NUMBER  BOTTLE NUMBER  LATITUDE LONGITUDE __ DAYS OUT
W-12 28°34" 95°55°1 11-16-62 . 11 05114 27%02.5" 97%22.7" 16
05106 26°57.5" 97°22.5" 16
05124 27%06" 97°%22.5" 19
W-13 28°02° 96°46" 11-17-62 12 03751 27°%12° 97%22" 7
03773 26°47" 97°20.5" 29
w-14 27%54" 96°37" 11-22-62 12 05287 27°33.5" 97°%14" 6
05255 27°32" 97°14. 7" 6
05297 27230' 97215.5' 5
05271 27°30" 97°15.5° 5
05301 27237.5' 97212' 14
05259 27%271 97°%17.5" 5
05303 27°291 97°%16.5° 5
05257 27%27" 97°17° 7
05249 27%27¢ 97°17° 7
05245 27202.5' 97223' 11
. 5 05253 27°27.5" 9717 6
W-15 27%a71 96°30" 11-22-62 12 05237 26°49.5" 97°21.5" 6
05243 26°46.5" 97°20.5" 6
05239 26047" 97°20.5" 6
05285 26°44.5" 97°20" 6
05295 27229' 97216.5' 5
05283 27%28" 97°16.5" 5
05228 27%28" 97°%16.5" 5
05267 27205.5' 97223' 11
05231 26054.5" 97222.3" 11
05229 26°56.5" 97°%22.5" 11



Table 5.

CRUISE #:

(Continued)

9-62

INCLUSIVE DATES:

11/15-11/22

RELEASE RECOVERY
STATION LATITUDE LONGITUDE DATE OCCUPIED TOTAL NUMBER BOTTLE NUMBER LATITUDE LONGITUDE DAYS OUT

w-16 27%41" 96°23" 11-22-62 12 05281 26°29.5" 97°14.7" 8

05277 26208' 97210' 10

05260 26011 97210.5" 10

05299 26 33 97%16" 9

05218 244 5¢ 97220' 16

05216 26052 51 97022 16

05263 2605 97210 9

05275 26205" 97°10" 9

05273 26205 97210 9

. . 05220 26205 97210 10

W-17 27°%37" 96°20" 11-22-62 12 05224 26228 97014.5" 8

05242 26 49.5" 97%21" 16

05240 gos' 97210' 9

05033 26203 97209 19

05234 26%47" 97°20.5° 24

05031 26°05" 97°%10° 10
W-18 27232' 96214' 11-22-62 10 mmmmmmmememeeo NONE--------= oo m e

W-19 27%1" 96°32" 11-17-62 10 04918 26°19.5' 97012 13

04962 26019.5' 97012 14

. . 04960 26016.5" 97011.3" 22

W-20 27004' 96°42" 11-17-62 11 03783 26°42.5" 97°19.5° 8
W-21 27206 96048' 11-17-62 11 mmmm—mmmmemmmee o NONE== == mmm e e e mmm e e
W-22 27208" 9656 11-17-62 12 mmmmmmmmmmeme o =NONE-—---=---= T

W-23 27°12" 97°%08" 11-17-62 11 04898 26205 97009.5 9

04894 26205" 97209.5" 9

04888 26°05" 97°%09.5° 9

04886 26°05° 97°09.5" 9

03789 26°05" 97%09.5" 11

04920 26°07.5" 97°10" 10



(Continued)

CRUISE #:
INCLUSIVE 11/15-11/22
RELEASE RECOVERY
LONGITUDE DATE OCCUPIED  TOTAL NUMBER  BOTTLE NUMBER  LATITUDE LONGITUDE
11-17-62 12 26231' 97215.5'
26233" 9716
2629 97014.5"
26°19.5" 97712
26°19.5" 97°%12"
26°16.5" 97°%11.5°
11-21-62 12 26°33" 97°%16" 6
26°33" 97%16" 6
05085 26°33" 97%16" 6
04954 26°21.5" 97°12.5" 6
05095 26°31.5" 97°15.5° 6
04964 26221.5' 97212.5' 6
05077 26231 97°15.5" 6
05075 26°31" 97°15.5°" 6
04966 26°29" 97°14.5" 9
. o 05069 26224' 97213' 18
W-26 26°15° 97°00° 11-21-62 12 05278 26°21.5" 97°12.5" 6
05268 26221.5' 97212.5' 6
05073 26°24.5" 97°13.5" 6
04906 26219.5' 97212' 6
05071 26°24" 97013 6
05067 26021 97012.5" 6
04970 26031" 97215.5° 6
04968 26°23.5' 97013 9
05079 26024 97013 9
05083 26019.5" 97012 9
04908 26°30°" 97°15°" 4
W-27 26221' 96241' 11-21-62 12 e 370)1
W-28 26024 96231 11-21-62 12 e NONE-====mmmmmm e e
W-29 26225" 9626 11-21-62 11 e NONE==mmmmmmmmm e mm e e e e e
W-30 26°26" 96°21" 11-21-62 12 mmemmmmmmmmoeo NONE== === mmmmm e e e e e



oLC

Table 5. (Continued)

CRUISE #: 10-62

INCLUSIVE DATES: 12/6-12/12

RELEASE RECOVERY
STATION LATITUDE LONGITUDE DATE OCCUPIED TOTAL NUMBER BOTTLE NUMBER LATITUDE LONGITUDE DAYS OUT
W- 7 27%4" 95°30°" 12-12-62 12 e 13701 —
W- 8 27249' 95232' 12-12-62 11 e NONE-———————mmmmmmmmmmmmmemme
W- 9 27%54° 95%351 12-12-62 11 mmmmmmmemeeee o NONE===mmmmmmmmmm e mmm e e e e e
W-10 28204' 95240' 12-12-62 5 e NONE=———=———mmmmmmmmmmmmmemmee e
W-13 28°02" 96°46" 12-6-62 12 e o NONE-==—==mmmmmmmmmmmmmmm e e
W-14 27%54" 96°371 12-6-62 1 172 NONE—~=——mmmmmmmmmmmmmmmmm e
W-15 27%47" 96°30" 12-6-62 7 R NONE—~——mmm ————————————
W-16 27%41°" 96°23" 12-6-62 12 e NONE=m==mmmmmm e m e m e
w-17 27°37" 96°20" 12-6-62 11 mmemmmmmeee o NONE=m=mmmmmmmmm e e e e
W-18 27°32¢ 96°14" 12-7-62 12 e NONE === mm e m e e e e m
W-19 27%1" 96°32" 12-7-62 12 e 0701 S
W-20 27204' 96242' 12-7-62 12 e e NONE-——m———mmmmmmmmmmmmmmm e
W-21 27206 96°48" 12-7-62 11 e NONE===== === mmmmmm e e mmmm e e —
W-22 27°%08" 96°56" 12-7-62 s 2 1301 —
W-23 27212' 97208' 12-7-62 11 e NONE--------- S e
W-24 27°%15" 97%19" 12-7-62 12 05980 27°02.5" 97°22.7" 1
05992 27927. 3" 97°17" 2
05996 27217' 97221' 3
05988 27%28.5¢ 97°16.5" 4
05998 27°28.5" 97°%16.5" 4
06321 26°47" 97%20.5° 9
06347 26°47" 97°20.5" 9
06311 26242' 97219' : 10
06313 26°47° 97%20.5' - 10
06345 26242' 97219' 10
06315 27%2.5" 97°%22.7" 16
W-25 26°14° 97%8" 12-9-62 12 05920 26°12.5° 97°10.5° 1
05922 26212.5' 97210.5' 1
05928 26°12.5' 97°10.5" 1
05930 26°12.5" 97°%10.5" 1



Table 5. . (Continued)

CRUISE #: 10-62

INCLUSIVE DATES: 12/6-12/12

RECOVERY
STATION  LATITUDE  LONGITUDE DATE OCCUPIED  TOTAL NUMBER  BOTTLE NUMBER  LATITUDE LONGITUDE _ DAYS OUT

W-25 26°14" 97%08" 12-9-62 12 05932 26°12.5° 97°10.5" 1

05936 26212.5' 97210.5' 1

05938 26212.5' 97°10.5' 1

05940 26°12.5' 97°10.5" 1

05942 26°12.5' 97°10.5° 1

05946 26012.5' 97°10.5" 1

05948 26°12.5° 97°10.5" 1

W-26 26°15°" 97%00°" 12-9-62 9 05908 25%25¢ 97°%19°" 1
W-27 26°21" 96°41° 12-9-62 10 e NONE-= == === === oo m e e e
w-28 26°24" 96°31" 12-9-62 12 e NONE== === == === mmm e
W-29 26225" 96°26" 12-12-62 1 e NONE=====mm == e e
W-30 26°26" 96°21" 12-12-62 1 S 1



-

Table 6. Drift bottle releases and recoveries by cruise, station, and date in the south Texas OCS study area in 1963.

CRUISE #: 1-63

INCLUSIVE DATES: 2/1-2/4

RELEASE RECOVERY
STATION LATITUDE LONGITUDE DATE OCCUPIED TOTAL NUMBER BOTTLE NUMBER LATITUDE LONGITUDE DAYS OUT

W- 7 27244' 95230' 2-2-63 12 05508 27°32" 97°%14.5°" 18
W- 8 27249 95232 2-2-63 12 e o NONE=—===—mmm e e e e e
W- 9 27254" 95735" 2-2-63 11 memmmmmmmmmmeee SNONE-—--——--- Smmmmmmmmmmmme—ee-

W-10 28%04" 95°40°" 2-2-63 11 05740 26022 97°12.5' 15

05742 26°21° 97°%12.5°" 15

06995 27250.5' 97203.5' 22

05540 26°19" 97012 26

06989 27248" 97007.5" 16

05515 26°23" 97°13" 15

05503 262241 97°13" 15

05746 27237' 97212' 8

. . 06991 26°04" 97210 29

w-11 28°171 95%46" 2-4-63 11 06790 26033.5" 97°16.5' 12

06800 26219 97012 12

06814 26022 97012.5" 12

06796 26°17° 97°11.5°" 12

06757 26°09" 97°10°" 13

06769 26°18" 97°11.5" 12

06727 26°14" 97°10.5°" 12

06755 26°16! 97°11" 12
W-12 28234' 95255' 2-4-63 12 e NONE==———mmmmmmm e e e
W-13 28%02° 96°46° 2-4-63 11 e NONE~——=======——mmmm e e
W-14 27254' 96237' 2-4-63 11 e 70 O
w-18 27%32¢ 96°14" 2-4-63 11 e NONE=————=———mmmmmmm e e m



Table 6. (Continued)

CRUISE #: 2-63

INCLUSIVE DATES: 3/8-3/9

RECOVERY

STATION LATITUDE LONGITUDE DATE OCCUPIED TOTAL NUMBER BOTTLE NUMBER LATITUDE LONGITUDE DAYS OuT

W-13 28%19" 96°21" 3-8-63 8 e NONE === m —m e e e e e mmmm e e e mmme e

w-14 28%06" 96°13" 3-8-63 08091 26°03" 97%09" 17

W-15 27%57" 96°07" 3-8-63 06740 27229' 97216.5' 15
06750 27227 97°17.5 12
08097 26203 97°09" 16
08099 26206 97°10" 15

. . 08087 26205.5" 97°10° 14

W-57 27%6" 96°00" 3-8-63 07428 26°15" 97°11" 19
07925 26°47" 97°20.5° 15
07941 26°02" 97%09.5" 15

W-58 27°%06° 96°45" 3-9-63 07430 26°29° 97°%14.5° 29
07446 26232.5' 97215' 28
07378 26°19.5" 97%12° 15

W-22 27°21" 96°50" 3-9-63 8 e NONE==m == mmm e e e e

W-23 27%36" 96°55°* 3-9-63 07877 26°01.5" 97%09.5" 13
07456 25°%08" 97°%29" 16
07420 257" 97°29.5°" 16

W-24 278" 97%0" 3-8-63 07376 27°%26.5¢ 97°17.5° 2
07737 27°%32¢ 97°%15° 27
07739 27°31°" 97°%15° 13
07998 27°%26.5" 97°17.5" 2
07996 27227' 97217.5' 2
08006 27226.5" 97°17.5" 2
08085 26°00" 97%09° 12

W-61 26236' 97208' 3-9-63 08088 25%54. 5" 97°13.5° 10

W-62 26%41" 96°53" 3-9-63 8  memmeemeee NONE-=-=mmmmmmmmmmmmmmm e e e e



Table 6. (Continued)
CRUISE #: 3-63
INCLUSIVE DATES: 4/’3-4/6
RECOVERY
STATION LATITUDE LONGITUDE DATE OCCUPIED TOTAL NUMBER BOTTLE NUMBER LATITUDE LONGITUDE DAYS OUT
W-13 28219' 96221' 4-6-63 8 08064 28224' 96224.5' 24
W-14 28%07" 96°14° 4-4-63 7 06732 28%29.5°" 96°13.5°" 17
07879 28°37" 95%5¢ 22
W-15 27%57" 96°%07" 4-3-63 8 06787 28°371 95%5: 23
W-57 27%46" 96°00" 4-3-63 8 07400 28°37° 95%51 23
07406 28213' 96238' 28
. . 07394 2846 95°36.5 26
W-58 27°%06" 96°45" 4-4-63 7 05513 28°13" 26°38" 27
06706 28°13" 96°38" 27
wW-23 27%36" 96755 4-4-63 8 08075 26°31° 97°15.5° 6
07707 26231' 97215.5' 6
07408 26°25° 97°13.5" 3
W-22 27221' 96250' 4-4-63 8 08089 28213' 96238' 27
W-24 27%a8" 97%00" 4-6-63 8 07681 27%40.5°" 97°10°" 2
07691 27%49.5° 97%3" 5
07490 27%40" 97°%10.5" 2
07504 27239.5' 97210.5' 2
06703 27248 97°04.5 2
06779 27%9" 97°03.5°" 3
07486 27240.5' 97210' 2
08080 2738 97°11.5°" 2
W-61 26°36" 97%08" 4-5-63 8 07416 25%5.5° 97°11" 2
07931 25°47" 97°11" 2
07448 25245.5' 97211' 2
07759 25%47¢ 97°11° 2
W-62 26°41" 96°53" 4-4-63 7 06785 28°%05 96°49" 26
07424 28225.5' 96220' 19
07372 28°25.5°" 96°19.5° 23



Table 6. (Continued)

CRUISE #: 4-63

INCLUSIVE DATES: 5/2-5/5

RECOVERY

STATION LATITUDE LONGITUDE DATE OCCUPIED TOTAL NUMBER BOTTLE NUMBER LATITUDE LONGITUDE DAYS OUT

w-13 28°191 96°21" 5-2-63 5 07118 28°13" 96°38" 3
07104 28°13" 96°38" 4
07141 28°13" 96°38" 3
07186 28°%131 96°38" 3
07114 28°13° 96°38" 4

W-14 28°%07" 96°14" 5-2-63 7 07102 27°35.5°" 97°12.5°" 4
07108 27°4o 5¢ 97°10" 3
07273 27%29.5°" 97%16" 6
07271 28°4o' 95°48" 13
07194 27955, 5¢ 96°59.5°* 18
07283 28°13' 96038' 16

w-15 27%57" 96°07" 5-2-63 8 07122 27%14" 97°21.5¢ 5
07204 247' gos 5t 7
07206 28°%43" 95°42.5°" 10
07216 28%13° 96°38" 8
07148 27028' 97%16.5° 5

W-57 27%6" 96°00" 5-2-63 8 07172 28°13" 96038' 5
07196 29°%16° 9449+ 23

W-58 27%06" 96°45" 5-5-63 7 NONE-— === === m e e mm e

W-22 27°%21¢ 96°50" 5-5-63 8 07784 28%36! 95°58. 51 11
07782 28240' 96217 5¢ 18
07778 35° 12° 17
07214 28229.5' 96213 5" 27
07218 28°29.5' 96°13.5" 27
07800 28°29.5" 96013.5" 27
07208 29%22.5° 94%44" 19

W-23 27°36" 96°55° 5-5-63 6 07171 28%47.5" 95933, 5" 12
07163 28°39. 5! 95%49°" 8
07143 233 51 96204' 8
07306 24" 21.5° 25



Table 6. (Continued)

CRUISE #: 5-63

INCLUSIVE DATES: 5/20-5/23

RELEASE RECOVERY

STATION  LATITUDE  LONGITUDE DATE OCCUPIED  TOTAL NUMBER  BOTTLE NUMBER  LATITUDE TONGITUDE __ DAYS OUT

w-13 28°19° 96°21" 5-23-63 07361 27°59.51 96°55.5" 10
07379 28°03.5" 96°51 5 2
07383 28203.5' 251 51 2
08550 27253 97°01.5" 2
08523 28°03.5" 96°51.5" 2

. . 08548 27057' 96°58" 5

w-14 28%7° 96°14" 5-21-63 08508 59.5° 96°55.5" 12
08498 °58 51 96°56.5" 4
08516 27258 51 96256.5' 4
08502 58" 96°57.5" 7

W-15 27%57" 96°07" 5-20-63 08556 28013' 96°38" 14
08558 28°39" 95°50.5" 11

W-57 27%6" 96°00" 5-20-63 07371 2s°22 51 96°24" 10
06661 246' 95236.5' 12
06651 o43 .5' 95041.5" 11
06657 28°43.5" 95°41.5" 12
08490 28°41.5' 95°45" 13
08492 28741.5" 95°45" 13
06653 28%37¢ 95%55°1 11
08494 28°40" 95°48" 11

W-58 27°%06" 96°45" 5-21-63 08522 28°13" 96°38" 14
08524 28°13" 96°38" 13
08512 28013' 26°38! 21

w-22 27°21° 96°50° 5-21-63 07373 28°09" 97°22.5' 6
07375 27°12' 97%22" 6
07367 27°35° 97°13" 6
08510 27°%28" 97°17" 6
08566 27°%28° 97°17° 6



Table 6. (Continued)

CRUISE #: 5-63

INCLUSIVE DATES: 5/20-5/23

RELEASE RECOVERY
STATION  IATITUDE  LONGITUDE DATE OCCUPIED  TOTAL NUMBER  BOTTLE NUMBER  LATITUDE LONGITUDE __ DAYS OUT
(o] (o] (o] o]
w-23 27%36" 96755 5-21-63 8 05803 27°26.5" 97°17.5" 5
05805 27°26.5" 97°17.5" 5
05811 27%26.5°" 97°17.5° 5
07515 27226.5' 97217.5' 5
08500 25°59" 97%09" 5
08506 27224' 97218.5' 4
08496 27023.5 97018.5' 5
. . 08504 27023.5° 97218.5' 5
W-24 27%8" 97%00" 5-22-63 7 07365 27°%49" 97%04"* 1
08546 27239.5' 97211' 3
07357 27°%48.5° 97%4.5° 3
08534 27%49" 97%04" 3
08554 27°48.5° 97%4" 3
08552 27%49" 97%3.5° 3
CRUISE #: 6-63
INCLUSIVE DATES: 6/26-6/27
W-13 28°%19" 96°21" 6-27-63 8 07068 28%21° 96°24" 2
07553 28°29.5° 96°13.5" 3
07718 28%21" 96°24° 2
07722 28221' 96224' 1
08108 28%21" 96°24" 1
07545 28239' 96218.5' 17
. . 07561 28°39" 96°18.5" 17
W-14 28%7° 96°14° 6-26-63 8 08110 28%38" 95°54. 5" 5



Table 6. (Continued)

CRUISE #: 6-63

INCLUSIVE DATES: 6/26-6/27

RECOVERY

STATION  LATITUDE  LONGITUDE DATE OCCUPIED  TOTAL NUMBER  BOTTLE NUMBER  LATITUDE . LONGITUDE _ DAYS OUT

W-15 279571 96°07" 6-26-62 8 07740 28%44.5¢ 95°40" 11
05801 29211' 94258.6' 17
07094 29°06.5" 95°05.5 16
07563 29°10" 95°00° 17
07559 29210.5' 94259.5' 16
07557 29%09°" 95°01" 3

W-57 27%6" 96°00" 6-26-63 8 07097 29%27¢ 94°37.5" 20
07207 29°35¢ 94°17.5" 20
07305 29242' 94200' 21
07211 29%22" 94%45" 18

W-58 27%e6" 96°45" 6-27-63 16 08532 28952.5° 95°24.5° 16
07724 28251.5' 95226.5' 22
07714 29°19.5° 94%44.5° 19
07597 29209.5' 95200.5' 22
07543 29°30.5' 94229.5° 22
07091 28°46" 95736.5' 16
07790 28246 95036.5' 16
07774 28°46" 95736. 5" 16
07599 28°46" 95736. 5" 16
08514 28°46" 95736. 5" 29
06170 28%46" 95°36.5° 29

W-22 27°21° 96750 6-27-63 8 07712 28°%13" 96°38" 8
08600 28213' 96238' 10
07319 28013 96238 13

. o 07297 28213 96238 13

W-23 27°36! 96755 6-27-63 8 07325 28704 96°50.5" 8
07708 28013 96°38" 8
07072 28°13" 96°38" 10
07734 28°03.5" 9651 9
07088 28°%13" 96°38" 16
07071 28203.5' 96251.5' 14
07331 28°03" 96°52.5" 9



Table 6. (Continued)

CRUISE #: 6-63

INCLUSIVE DATES: 6/26-6/27
RECOVERY
STATION LATITUDE LONGITUDE DATE OCCUPIED TOTAIL NUMBER BOTTLE NUMBER LATITUDE LONGITUDE DAYS OUT
(o] (o] \ [o] (o]

W-24 27%48" 97%00" 6-27-63 07090 27%58.5¢ 96°56.5" 2
07303 27258.5' 96°56.5' 2
07329 28°04" 96°50.5' 3
07732 27758.5" 96056.5' 2
08584 27758.5° 96°56.5' 2

. . 07069 28°04" 96°50.5" 2

W-62 26°41" 96°53" 6-27-63 07764 28°13" 96238" 16
07772 28°13" 96238" 16
07537 28°13" 96°38" 16
07507 28°13" 96°38" 16
07527 28°13" 96238 16
07752 28%13" 96°38" 16

CRUISE #: 7-63

INCLUSIVE DATES: 7/15-7/16

W-57 27246' 96200' 7-16-63 07796 29216' 94249' 27

w-23 27736 96755" 7-15-63 07728 28933.5° 96°04" 6

W-62 26°41°" 96°53" 7-15-63 6 e NONE-====== == m e e e e e e e e mme e

CRUISE #: 8-63

INCLUSIVE DATES: 8/29-8/30

w-14 28°%07" 96°14" 8-30-63 08272 28213' 96238' 25
08340 28°17" 96031.5" 11
08256 28%19.5" 96°25.5° 10



Table 6. (Continued)
CRUISE #: 8-63
INCLUSIVE DATES: 8/29-8/30
RECOVERY
STATION LATITUDE LONGITUDE DATE OCCUPIED TOTAL NUMBER BOTTLE NUMBER LATITUDE LONGITUDE DAYS OUT
W-15 27%57° 96°07" 8-30-63 6 = emmmmmmmmmmmm———em NONE———= = m e e e e e
W-57 27°%46" 96°00° 8-30-63 6 = memmmmmeemeee o NONE= === mmmmmmmm e e m e
W-58 27°%06" 96°45" 8-29-63 6 08216 27°21.5° 97°%19.5" 15
08166 27°231 97°18.5° 13
W-22 27°%21" 96°50"* - 8-29-63 6 08186 27%8.5° 97°%04.5" 11
08178 27°39. 5" 97°10.5* 9
08170 27°937.5°" 97°%12° 8
08168 27247' 97205.5 12
08238 27°42. 5" 97%09" 12
W-23 27%36" 96°55° 8-29-63 6 = em—mmmmmmmcmmmeeeo NONE=———= == e e e mme
CRUISE #: 9-63
INCLUSIVE DATES: 10/2-10/4
w-14 27°%19° 96°39" 10-2-63 11 08201 26°46.5° 97°20.5°" 18
W-15 27°57¢ 96°07" 10-2-63 12 08173 26244.5' 97220' 18
08139 26°45.5" 97°20° 15
08423 26°46.5" 97°20.5°" 18
08143 26°46.5" 97°20.5° 18
o . 08167 26246.5' 97220.5' 18
W-22 27°21" 96°50" 10-4-63 11 08429 25254.5" 97°13.5" 9
: ' 08417 26°24" 97°%13.5° 16
08322 26°221 97°12.5° 17
08126 25%54 _5° 97°13.5¢ 13
W-23 27%36" 96°55" 10-4-63 12 08268 26°20.5° 97%12" 8
08388 26213' 97211.5' 8
08115 26°46.5" 97220.5" 16
08365 26033.5' 97°16" 17
08361 26031 97°15.5" 17
08145 26230 97°15" 16
08219 26°33.5° 97%16" 16
08421 26°31.5° 97°15. 5" 16
08155 26°46.5" 97°20.5" 16



Voo

Table 6. (Continued)

CRUISE #: 10-63

INCLUSIVE DATES: 10/31-11/4

RELEASE RECOVERY
STATION LATITUDE LONGITUDE DATE OCCUPIED TOTAL NUMBER BOTTLE NUMBER LATITUDE LONGITUDE DAYS OUT
w-14 27%19° 96°39" 11-1-63 11 e 1070) 7
w-15 27%57¢ 96°07° 10-31-63 9 e 3700 .
W-22 27%21° 96°50" 11-4-63 12 e 1370) ) o
W-23 27%36" 96°55° 11-1-63 12 e 370) ) o
CRUISE #: 11-63
INCLUSIVE DATES: 11/30-12/1
w-14 27219' 96239' 11-30-63 12 e 0] ) o
w-15 27057" 96207 11-30-63 11 e NONE--------- ==
W-23 27%36" 9655+ 12-1-63 12 11797 25254.5' 97°13.5" 19
11842 26204.5' 97710 25
11889 26°27" 97°14.5° 17
11893 26°09" 97°%10°" 17
w-24 27%8" 97%00" 12-1-63 12 11865 27%47.5" 97%05" 9
11813 28°13" 96°38" 26
11817 28°13" 96°38" 26
11845 28213' 96238' 26
11864 28°13" 96°38" 26
11874 28213' 96238' 26

11860 27°52! 97702 29



The Department of the Interior Mission

As the Nation's principal conservation agency, the Department of the Interior has responsibility
for most of our nationally owned public lands and natural resources. This includes fostering
sound use of our land and water resources; protecting our fish, wildlife, and biological diversity;
preserving the environmental and cultural values of our national parks and historical places;
and providing for the enjoyment of life through outdoor recreation. The Department assesses
our energy and mineral resources and works to ensure that their development is in the best
interests of all our people by encouraging stewardship and citizen participation in their care.
The Department also has a major responsibility for American Indian reservation communities
and for people who live in island territories under U.S. administration.

The Minerals Management Service Mission

As a bureau of the Department of the Interior, the Minerals Management Service's (MMS)
primary responsibilities are to manage the mineral resources located on the Nation's Outer
Continental Shelf (OCS), collect revenue from the Federal OCS and onshore Federal and Indian
lands, and distribute those revenues.

Moreover, in working to meet its responsibilities, the Offshore Minerals Management Program
administers the OCS competitive leasing program and oversees the safe and environmentally
sound exploration and production of our Nation's offshore natural gas, oil and other mineral
resources. The MMS Minerals Revenue Management meets its responsibilities by ensuring the
efficient, timely and accurate collection and disbursement of revenue from mineral leasing and
production due to Indian tribes and allottees, States and the U.S. Treasury.

The MMS strives to fulfill its responsibilities through the general guiding principles of: (1) being
responsive to the public's concerns and interests by maintaining a dialogue with all potentially
affected parties and (2) carrying out its programs with an emphasis on working to enhance the
quality of life for all Americans by lending MMS assistance and expertise to economic
development and environmental protection.
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