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I . INTWDLJCrI0N 

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 attest to derive as 
comprehensive a picture as possible of what is known about the physical oceano-
graphic characteristics of the South Zlexas continental shelf . 

The primary area of study is the mast southern part of the Zexas Louisiana 
continental shelf approximately between latitudes 260-28° N and longitudes 
960-980 W. However, because of the sparseness of the data in this area, the 
important influence of runoff 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 . Fbr 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 editions and departures therefrom. 

In several cases, each topic has been considered by two or mire 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 cxir ~lete, 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 sun 
of observational knowledge . The chapter on currents axes last, and draws 
both implicitly on all of the preceding chapters . 

She 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 
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because of the existence of complex and intermittent convergence regimes . 
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 (N06), the National Marine Fisheries Service (NNFS), 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 NNPS Gulf Coastal Fisheries Center, Section III B1 by Reed 

Armstrong of the NNFS Atlantic Environmental (soup, and Sections II Bl, III A 

and III C by Robert Wfiitaker and Andrew Vastaro of Texas A&M. 
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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, series of weather observations in coastal and 
offshore regions provide the most complete record of conditions in the lease 
area. Meteorological observations are several orders of magnitude more 
numerous than oceanic observations. 

Observations are frost abundant for land stations; a general climatology for 
the coastal area is considered in sec. 1. Special considerations for the 
Calf are discussed in sec . 2 ., Sec. 3 considers severe storms, particularly 
hurricanes, which affect the region. Fbr 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 
summers; however, there are significant variations from north to south. In 
the Galveston area, the climate is predominantly marine, with high htunidities, 
and sufficient rainfall in all seasons. The climate becomes progressively 
drier from north to south. Compared to an average of 134.85 an of rain per 
year at Port Arthur and 106.20 cm at Galveston, Corpus Christi receives only 
71.98 can, and Broansville 67 .95 an. Somewhat further to the south, annual 
precipitation increases again, being 114.81 cm at Tampieo, Mexico and occur-
ing mostly in the simmer 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 gives 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 tenyperate 
zones . Simmer and winter predominate, with shortened spring and fall trans-
itional periods often possessing the characteristics of either winter or 
summer . Characteristic seasonal patterns are : 

Simmer : Climatically, six begins with the month of May and lasts through 
Septeqnber . Mule the highest temperatures are normally reached in July and 
August, both May and September are hit months, and there is little variation 
in the weather regime frncn 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 Golf of Mexico from the Bermuda high pressure cell . 
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Winter : The winter season consists of the traditional period, December 
through February, although little in the way of actually cold weather is 
experienced before the 15th of Decanter. 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 synaptic 
systems of various intensities move in and out of the area. Normally, winter 
tenQeratures 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 sane variety in the 
weather pattern, as modified polar air masses move in and out of the area . 
Day time tesnpexatures 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 becomes dominant during the spring 
months, as the influence of northern anticyclones disappears. Mean pressure 
falls as the equatorial trough migrates northward and the law pressure system 
over Mexico deepens. The minimum mean pressure of about 1014 rib occurs in 
stattnex . 

Beginning in September, the equatorial trough migrates southward, the Mexican 
law pressure system fills, and the Hernaxia 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 system 
and their associated extratropical cyclones are responsible for the wide 
pressure ranges in winter. 

The surface winds of the South Texas coastal region are dominated by the 
general circulation of the BPxnaxia 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 maciirnan frequency in June and July. These winds produce a near monotonous 
simmer period interrupted only occasionally by a rainshawer or tropical storm. 
The lowest mean wind speeds occur during the late summer and early fall with 
a monthly average of about 16 lanVhr . 

As winter approaches, the winds beoane mire 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 lam/h . Although the frequency of 
northerly wind direction increases during winter, the South Texas coastal area 
is far enough south to remain tinder the dominance of the Bermuda High and its 
prevailing southeasterly winds. 
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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. Iaw temperatures occur when strong northerly 
winds associated with cold continental fronts penetrate the area . Freezing 
tenpexatures normally occur at near-coast weather stations at least once 
each winter ; the largest departure from normal air taperatures, and the 
largest temperature departures far 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 from the prevailing south-
easterlies to south and southwest . These winds, having recently left the 
send-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 Septeqnber. Tropical cyclones may acid 
large amounts to the monthly rainfall totals far 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 fin frontal activity and low stratus clouds, the latter pro-
ducing slew, continuous rain . Precipitation may begin at any hour, and may 
continue intermittently for several 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 cumulonimbus clouds develop to 
great heights. 

d. Synoptic Aspects 

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

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

Tropical Maritime (fin)--This air mass enters South Texas fran the south and 
southeast, as a result of the circulation around the Bernax1a high pressure 
cell . During the period March through October Tn air predominates at law 
levels across all of South Texas. From May through September, Mn air dominates 
the area almost oapletely. Overrunning of polar air by tropical maritime in 
the winter season is a inn occurrence . This situation almost always results 
in stratus clouds with accompanying low ceilings and visibilities . 
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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 aver the Calf of Mexico, the return flaw of modified Pc and Z2n 
air almost always produces law 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 flaw of Pm and 
71m air fran 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 mall migratory highes of either Pm or Pc air that move down into Texas 
result in the mist favorable flying weather: clear skies, no fog, and little 
or no turbulence. 

Arctic (A) -The invasion of South Texas by this air mass is riot 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 acoatr-
panying law 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 soap of the worst flying weather in the 
form of law 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 sir months. 
Occasionally, Tc air replaces Tin in South Texas during the summer months as 
is evident by the passage of a dewopoint discontinuity eastward toward the 
mast . 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 predominant southerly and southeasterly 
circulation around the southweatern extension of the Bermuda High brings 
moisture slope 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 flaw from migrating high pressure 
cells may produce stratus which usually covers all of South Texas. Stratus 
resulting from return flaw usually produces very law ceilings that, at times, 
persist for days. In six and early fall stratus forms later in the day, 
breaks earlier, and has higher ceilings . The formation of stratus and 
adv+ection 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 law pressure center 
positioned over the mountainous region of northwestern Mexico. During the 
sir, 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 law moves eastward 
to north central Mexico, further intensifying the pressure gradient, so that 
surface winds in the afternoon may reach 55 .5 }atti/Yi . 
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Fronts : There is little frontal activity in South Texas during May or 
September, and none during the stunner. 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 fawned area far polar fronts to beoame 
stationary, as the invading air mass attempts to move against a strong flaw 
of Zln 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 t 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 law stratus ceilings and law visi-
bilities, while thunderstorms and heavy showers persist intermittently . 

Fronts may become stationary -at any season in which they enter the area, 
but this occurs mist 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 movement of a cold front through South Texas, together 
with a northwesterly flora aloft aver the frontal surface results in little 
or no precipitation, and rapid clearing behind the front. This situation is 
unusual in South Ziexas, however, as mist cold fronts entering the area have 
a shallow slope, and cloudiness and precipitation persist for sore time after 
passage . The overrunning by the 7]m air aloft is sufficient to cause light 
rain or drizzle, rich in turn adds enough moisture to the lower old air 
to produce a law type cloud . This cloudiness persists for 24 to 30 hours. 
As the cold air moves farther to the south, the circulation aloft gradually 
changes to the north and steps 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 Calf of Mexico . 

Cold frontal passages associated with Pc outbreaks from Canada are the frost 
frequent, although Pm fronts in the spring often produce the most violent 
weather when squall lines precede them. Winter frontal activity results in 
law ceilings due to stratus, while spring and fall passages bring mire 
thunderstorm activity. 
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During the fall at'id early winter, while coastal waters are still relatively 
warm, the Calf of Mexico has a retarding effect on cold fronts . As a result, 
when the front passes into the Gulf it tends try 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 lm/hr. 

2 . The Adjacent Gulf Waters 

a. Offshore Climatiology 

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 
coastal area. Summer mean conditions are more similar, but with some important 
diurnal differences . 71ze daily tetYperature 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 Calf 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 
try 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 
coastal and near coastal stations from Noveniber through March as well as in 
the formaticn of dense advectiari 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 tenperatures over the area vary from about 
20°C in December to 17.8°-18 .3°iC in January and February. More than 90% of 
the actual observations are within about ±6°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 tenperature is 2°-3°C warmer than the 
air in December, decreasing try about 1°C in February. 
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Sprig: o e mean mmthlyosurfa8e air temperatures over Pie areas are about 
19 .4 -20 C in March, 21 .79m-22 .2 C in April, and 25o-25 .6 C in May. The 
temperature gradient characteristic of the winter season is still present 
in March. During April, the area becomes mostly dominated by tropical mari-
time air, so that there is less contract in surface air temperature frcin 
north to south. Approximately 90$ of the actual. surface air temper 
observations in the elf of Mexico are within -6°C of Vig mean (22.2 C) in 
April 6 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 from 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 surfaces air 
temperature during the simmer 8eason. The mean for June is about 27 .8dC, and 
for both July, and August, 28 .9 C . Approximately 90% of the actual observation 
are within -3C of the mean. 

During the stamps season there is little difference between the mean surface 
air and sea temperature . An exception may occur in possible ipwelling 
conditions near Brawnsville, where sea temperatures may occasionally be 
3P-69C colder than mean air temperature (see sec. II B) . 

Fall : Both sea and air temperature are quite warm ding September, so that 
it might be mire proper to include th6s month in the summer season. Mean 
surface air temperature is about 28 .3 C with little geographical variation. 
Ding October, surface air temperature isotherms begin to shad a weak south 
to north gradien8 . The mean monthly temperature is about 25 .6 C near Corpus 
Christi and 26 .7 to 27 .8 C south of this area. 

The November pattern of mean monthly surface air temperature isotherms is 
almost identical to ABril's ; the mean sea surface temperature in October-
November 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 old fronts, especially Pc types, become quasi-stationary after 
moving out over the Calf of Mexico in the winter, the area becomes a fawned 
region for cyclogenesis. Waves usually develop in the frost 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 
far 24 hours or longer. 
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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 . Predominant wind 
directions are fran 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 from 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 beoare quasi-stationary farther north, on an 
average, than in February, so that the principal track of law centers associated 
with wave formation along these fronts lies just inland along the Calf coast, 
and north of the lease area. However, quasi-stationary fronts continue to 
frequent the northern Gulf region and cause persistent periods of law 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 from 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. 

She 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 Golf 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 . 

Sir: The easterly circulation is predominant in June so that easterly 
waves, and occasionally more intense tropical disturbances begin to appear in 
the Golf of Mexico during the month . The percentage of favorable weather is 
high. She frequency of sky cover 7/8 or more is only about 10$ in June and 
July. She greatest frequency of calm and light winds occurs in the summer, 
especially in August. No restriction to visibility occurs except in heavy 
rainshawpxs . 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 frown early morning to early evening . The fre-
quency of cloud cover 7/8 or more increases to about 20% in August . 

10 



The Bermuda Hick is very strong during July and August with a normal anti-
cyclonic curvature in the isoabar pattern over the Calf. Easterly waves and 
tropical storms in the elf of Mexico increase significantly in August . 

Fall : Although September is considered a fall month in more northerly 
latitudes, it belongs more properly with seer months as far as Calf weather 
is concerned . Easterly waves and tropical storms reach their peak frequencies 
during this month . Tie principal storm tracks enter the Gulf of Mexico through 
the Yucatan Cannel, 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 Hick results in a more easterly and variable wind direction than 
in Joe-August . 

October is the trove fall transitional month, when easterly systems weaken and 
westerly system are not yet strong enough to read the Gulf with any regu-
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 September, and the lease area has not 
recorded any tropical storm impacts after early October . The frequency of 
cloud cover 7/8 or more is law, about 15% . There are very few thunderstorms 
in October compared do September . 

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

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 lam/ti . 

Virtually all tropical cyclones which have affected the Texas coast have 
originated in the Calf of Mexico, the Caribbean Sea, or the southern part of 
the North Atlantic Ocean . The season extends from June to October; storms 
are frost frequent in August and September, 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 mist frequent in 1886 and 1933, with 
four in each of these years . A metal of 37 hurricanes affected Texas during 
the period 1900-1974, about one every 2 years . All occurred from Joe 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 Brawnsville on 
October 12-13, 1880) . The storms are often mall in diameter ; the August 1970 
hurricane which brought 200 14r4/ti 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 mist destructive . The mist 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 inviediate coast in the same area . Stone 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 in-heiqhts have been 
recorded, and Padre Island has been inundated several times . 

Far offshore, in depths of 100 m or mire, 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; riw-
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 become inportant. 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 r 
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 from June to October, 
all of these storms except one occurred in August and September . 

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

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

b. Northers 

Some 30 to 40 polar air masses penetrate from the North American continent 
to the Gulf of Mexico each winter . During the year some 15 or 20 of these 
generally bring forcible northerly winds to the Gulf, and are called northers . 
The riorther 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 km/h when speaking of northerst and from 
46 up to 92 .5 km/h or more may occur in severe northers over the Gulf. 
From one to six rbrthers are likely to be severe aver the Gulf during indi-
vidual years . Northers ordinarily occur fran November to March, and are 
most severe from December to February . As these winds travel southward 
fran the elf into the Caribbean Sea, their strength is diminished. 

c . Tornadoes 

Tornadoes can be spawned in association with hurricanes over the South Texas 
mast (three were reported during Carla in 1961) but are rare otherwise. 
Waterspouts are fairly oomn:)n over the Calf of Mexico and the bay waters during 
the simmer 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 shall boats and to poorly constructed buildings . 

d. Severe Thunderstorms 

As a general rule, severe thunderstorms are riot frequent in South Texas, 
as they are in North Texas or Oklahoma . Damaging hailstorms rarely occur 
south of about 3latitude, and wind damage is usually spotty and of no 
major significance. 

B . Zervperature, Salinity, and Densit 

1 . Climatological Temperature, Salinity, and Density 

TEMPERATURE AID 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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fran the Department of Oceanography, Texas A&M University (TAM) and was 
provided by the National Oceanographic Data Center. These data were supple-
mented and updated with temperature and salinity recordings from TANU 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 attest to bolster the number of observations in the area south of Aransas 
Pass . However, the spatial coherence, 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 taperature, salinity, and density computed 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 tenperatures 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, coniUined with the rapid decrease in the 
number of observations with depth, makes it impossible to construct typical 
vertical sections of temperature and salinity. Vertical sections fran indi-
vidual cruises are available and these are presented. 

SEA SURFACE TEMPERATURE 

The monthly maps of sea surface tenperature 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 mzxurnun 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 cooling produces an increasing 
tenperature gradient. 

For mist of the year, cooler water is found nearshore and the tenperature 
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 tepexature 
increases from south to north cops the entire shelf. 
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During January the temperature east gf 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 g62 lam. In the same period the temperature just north of the Rio Grande 
is 20 C. In February the surface temperature east of Galveston has increased 
to 140C, but the temperature 243 }an to the south has decreased to 21 Ca 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 M$rch east 
of Galveston, as well as in the shallow waters in the vicinity of 26 30'N. 
The open Gulf temperatures increase slightly over the same time period a 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 Ca 
The waters 250 lam south of GalvestAn have temperatures between 22 and 23 C . 

The sea surface temperatures are radically altered over Vie next four months, 
May through August. During May, temperatures between 24 and 25°C are found 
frown east of Galveston southwest go the region north of Vie Rio Grande. The 
lowest temperatures, less than 24 C, are found a.r~and 28 15'N. By June, 
temperatures greater than 28°C are found above 28`"N, 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 maintained through August. 
The surface temperature east of Galveston is greater than 29 S during ,Tiny 
and greater Vhan 30 C in August. Along the coast south of 28 N, temperatures 
less than 28 C and 29°C are found in July and August, respectively. 

The pattern of isotherms is rapidly realigned with the coastline from August 
to September, although the temperature gradients remain smalk 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 Vie Rio Grande . Off-
shore, in the open Gulf, the surface temperature is 29 C and higher . 

The effects of seasonal cooling are evident aver the October, November, and 
December periodb The surface waters east of Galvestron exhibit a decrease of 
approximately 6 C from October to Novenqr 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~are not 
as drastic. FrT October to November in this region, the temperature changes 
from 27 C to 23 C, $pproximately. During December the temperature is reduced 
to approximately 20 C . The 8emperature changes in the surface waters of the 
opgn Calf amount to abort -2 C per month, or a total change fran greater than 
27 C to greater than 23 C, during the period October through December. 

THE NAY DISTRIBUTION OF SURFACE SALINITY 

The monthly pattern of isohalines (Figures 13 through 24), like surface iso-
therms, parallel the coast during mist of the year . Beginning in May, the 
isohalines, under influence of less saline water introduced fran the east, 
assume an increasingly normal. aligrmmt to the coast . In September, the 
isohalirbes 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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Fran January through April, the 36-4046o isohaline is found offshore over 
the shelf break . Nearshore, about 29`"N, the salinity changes from the law 
thirties in January to the twenties in April. The data are not sufficient 
to portray changes ~ the salinity during this period in the region south 
of approximately 27`"N . 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 mast as well as in the offshgre direction in this time period . 
Moreover, the surface salinity about 27 30'N increases fran 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 stun 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 Calf, and the Mississippi rates are for Red River 
landing, about 490 km from the Head of Passes. Taking the distance fran the 
mouth of the Atchafalaya to 94°W as 258 km gives an average speed of about 
26 cnv/s if the travel titre is taken as thirty days. This speed is in agree-
ment with the regional westward drift of less than 50 cq/s given by the 
current charts for Ap)ril and May (U.S .N.O.O., 1972) . The distance from the 
Head of Passes to 94`W .is 465 ]an . Over thirty days, this gives an average 
speed of 37 ar/s, which again is reasonable . Thus, it appears that both the 
Mississippi and Atchafalaya Rivers have wing rules in producing the 
atypical pattern of isohalines present fran May through August. 

Monthly surface salinity patterns, fray September Wrough December, inclusive, 
are quite similar. Salinities of 30.0 /oo to 31 .0 /oo are found east of 
Galv8ston . Proceeding offshore from Galveston the salinity increased to 
36 .4 /o$ over the shelf break, except for December when the maxinaun salinity 
is 36 .5 /oo . 
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During September in the area north of the Rio Grange, the surface salinity 
increases slightly from 36.0%o nearshore to 36 .2 /oo midway to the shelf 
break . In October and November the salinity ~rbcrease from nearshore to 
the shelf break is approximately 34 .0 to 36 .0 /oo. During December the 
salinity gradient in the regign north of Vie Rio Grande is large, with the 
salinity increasing frown 34 .0 /oo to 36 .5 /oo over a distance of 60 ]an. 

THE Nl3NflHLY SURFACE DENSITY 

Figures 26 through 37 show the monthly distribution of surface density given 
as sigma-t values (cft) where 0j:7 (1-p) 1p3 ; p 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 from. 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 . 

Throughput the year, the less dense surface water is found east or east and 
southeast of Galveston. The sigtna-t values range frcm 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 envirorurent 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 Decanter a tongue of water with signa-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 
ford 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 elf the surface water 
density is less than or equal to 25 . By March, the denser watgxs of greater 
than or equal to 26 exists as an elongated cell centered at 28 N, 95°50'W. 

VERrICAL 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 sane traverses month 
to month, or year to year. The exception is the series of observations by 
the National Marine Fisheries Service, Galveston. However, vertical sections 
from. 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 
transacts . The sections identified as Texas A&M University (TANAJ) cruises 
54J2, 61H19, 64A7, 66A12, and 67A4 originated at Galveston . Cruise 54J2 
extended south-southwest frown Galveston while cruises 61H19, 66A12, and 67A4 
made southeast traverses across the shelf (Etter and Oochrane, 1975) . 

Vertical harogeneity characterizes the shelf waters during the period October 
through March (Figures 41 through 48 and 54 through 56) . Tenperature 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 spared to conditions in March. Notice that during 
January the tap of the thernncline in the deeper regions delineates a 
sensibly Yomohaline surfaces layer . 

The January and February density sections (Ficjure 41 through 47) deserve 
attention in that both show the presence of very dense (at>26 .5) water aver the 
shelf. These waters are the same types found beneath the subtropical underwater 
wore 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 Calf, as sug-
gested by Nowlin and Parker (1974) . 

Figures 48 through 50 indicate that a thinning of the mimed 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 from the east . Notice that in the southern 
and northern sections, the fresher water is nearshore and nearly hacmhaline in 
the vertical . In section 2, however, the fresher water is found in a narrow, 
thin region offshore . 

Thermal stratification intensified during Joe (Figure 56) and July (Figure 51) 
while the water temperature in general, increases . During August (Figure 52) 
the temperature structure reveals isothermal oonditiaris exist to depths of 20 too 
25 m, beneath which is a pronounced theYtrocline . Moreover, in conjunction with 
the corresponding salinity sections, the waters to depths of 20 to 25 m are 
homogeneous 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 zee . This core of relatively fresh water probably represents the last 
vestiges of the freshening effect vanienoed the previous spring. 

ANNUAL CYQM OF SURFACE Z'IIWERAZURE 

In order to examine the seasonal fluctuations of surface temperature and haw 
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 sires . Zocie 1 extends 
from the shallowest depths to the 20 m isaUath, 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 teq:)erat~ of 12 .x9°C occurs ~n 
January 

in the nearshore 
zone, while minimums of 16 .T'C, 19 .3 C, and 20 .3 C are experienced during 
February in zones 2, 3, and 4, respectively . 7he maximum temperature is 
found during August in all four zones.. The m$xim~un mean temperatures for 
zones l, 2, 3, and 4 are 29 .40C, 29 .1 C, 29 .1 C, and 29 .40C, respectively. 

The ann8alrange of the monthly means rapidly decrease from 16 .6°C in zone 1 
do 12 .2 C in gone 2 . Zone 3 experiences $n even smaller range of 9 .8°C . As 
one would expect, the smallest range (9 .1 C) is found in cane 4, which reflects 
the moderate fluctuations normally experienced in an oceanic environment . 
The monthly ranges also tend to decrease with distance from shire. Inade-
quate sampling is probably responsible for the few anomalous cases seen in 
Figure 57 . 

SEASONAL VARIATION OF THE MIXED IAYER DEPTH 

Th~ annual trend of iso depths for the zarial band between 2'x°30' and 
27"50'N and from. 92° to 96W is given in Figure 58 (Nvwlin and Parker, 
1974) . Zhe data used to prepare this figure were solely from Texas A&M 
University, Department of Oceanography, BT files . Notice there were no 
observations for April, July, September, and November . 

Figures 59 through 70 are monthly maps of the mixed layer depth (MID), defined 
here as the depth at which the temperature has decreased by 1.1 C from the 
observed surface temperature . 'Ihe annual course of isotherms and the maps 
of NLD exhibit a seasonal trend in which the NIID 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 NOD deepens during this period under 
the combined effects of instability prods by seasonal cooling and mire 
vigorous vertical mixing by surface waves . Nbreover, since the evaporation 
rate far exceeds the precipitation rate ding this period, the mixing process 
is enhanced (Etter, 1975 ; Nbller, 1955) . 

From April to Joe (Figures 62 through 64) the MM decreases under the influ-
ence of subsiding winds and increasing seasonal heating. By Dime, surface 
heating and licit winds have produced a thin mixed layer above a strong 
thernncline (Figure 58) . 

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

INTRODUCTION 

Between 1962 and 1965 the GalvesbDn 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 Calf of 
Mexico . Although this survey was designed primarily to provide biological in-
formation an shrimp (Kutkuhn, 1963; Zenple and Fischer, 1965 and 1967; Bnisher, 
Renfro, and Neal, 1972 ; and Temple, 1973) and finfish (Nbore, Brasher, and 
Trent, 1970), the collection of hydrographic data was incorporated into the 
study to provide information essential for a more complete understanding of 
the envimnment~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 sailing sites . 

Much of the aforementioned 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 . Consequently, and as specified in Interagency Agreement 
08550-IA5-19 between the Department of Interior and the Department of CaYmerce, 
the objective of this report is to : 

1 . Compile and analyze the historical temperature and salinity data . 
2 . Compile and analyze the historical drift bottle data to docent the 
direction and rate of flaw of surface ocean waters. 

The drift bottle data are considered in Section II E1. 

TEMPERATURES AND SALINITIES 

Between January 1963 and 
shelf waters of the northwestern 
Sailing was conducted monthly a 
which were either in or adjacent 
The inshore stations were in 7 .3 
109 .8 m of water . operations 
arrival on station regardless of 
stations could not be occupied' 
mechanical breakdowns . : 

December 1965, 35 cruises were conducted in continental 
Gulf of Mexico with a chartered shrimp trawler. 
t stations positioned on ten sections, four of 
to the south Texas SLM study area (Figure 71) . 
m of water and the outermost station was in 

were continuous with observations made upon 
time of day . Occasionally, however, sane 

because of adverse weather conditions or 

Tesnperatures-Temperatures were measured with mechanical bathYthernegraphs 
that were allowed do sound bottom on all casts . Surface bucket tsnpera 
were taken for correction purposes with stem thernometers graduated to 0 .1 ~C. 
In the laboratory, temperature and depth corrections were calculated for each 
slide before photography, and bathythermDgram profiles were aligned by the 
average correction process as outlined by La Fond (1951) . For tabulation pur-
poses, temperatures at a station were recorded at O (surface), 3, 11, 24, 43, 
70, 107 and B (bottom) m, depending on total water depth . 
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Salinities--Sanples of surface water for salinity determinations were obtained 
from the bucket sales used for bathythercmgraph reference tenperatures . 
Samples of subsurface waters were taken at depths of 3, 11, ?.4, 43, 70, and 
107 m with Nansen bottles . The deepest sample at any station was 3 m above the 
bottcxn . 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-mn culture tubes with Polyseal caps . Chlorinity was determined 
in the laboratory by the Knudsen method as soon as possible after each cruise . 

Coctpilation- 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 wane 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 (old fronts, river discharge, 
etc . ) are reflected in the day-D-day records . As continuous synoptic obser-
vations are not available for offshore regimes, these records provide a unique 
time scows for coastal conditions . summaries of these observations are 
available from the National Ocean Survey (U .S . Department of Commerce, 1973) . 

Compared do open-sea stations, shore stations exhibit large seasonal and daily 
var6atioals . o able 6 gives monthly mean t~e~atures for stations at GalgestAn 
(2$ 17'N, 94 47'W), Pert Aransas (2~r~~49'N, 97 03'W), Bravos Santiago (26 04'N, 
97 09'W), and Ciudad Nladero, Mexico (22°15'N, 97°48'W) as well as records from 
adjacent Continual 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 patterns . Table 7 gives mean coastal salin-
ities at Galveston, Port Aransas, Brazos Santiago, and Ciudad Madero . Except 
in the seer, there is sufficient local precipitation and runoff in all seasons 
to make salinities lower at Port Aransas and Braaos Santiago than offshore . 
However, there is a distinct spring minim= in the salinity at Galveston and 
Port Aransas which is not ford at Brazos Santiago . The main sources for law 
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 law salinity water from the north normally extends into, 
but not to the sauthemborder, of the lease area. The extent of penetration 
of law 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 law 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 law 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 flaw . 

The record at Ciudad Modem, showing about 400 km south of the lease area, 
is distinctly different from the Texas stations. The salinity is law in all 
seasons due to direct river influence and shows a summer-fall salinity minimum 
associated with the onset of the rainy season as well as easterly, rather than 
southeasterly, spring-seamier 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 iniportant implications for oil spill and pollutant 
trajectory modelling. 

The records are useful also as indications of the variability do 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 5-year period at Galveston, Port Aransas, and Brows 
Santiago for the months of January (winter), May (spring; lowest salinity), 
and August (simmer ; highest temperature and salinity), together with tempera-
tures and precipitation at Galveston, Corpus Christi and Brcxwisville . 

Consistent with the results of Sec. II, B1, 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 monthly 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 von-
sistent south to north gradient 6*n water temperature, although the mean air 
temperature increases by about 2 C from Galvnston to Braansville . The most 
notable aspect of simmer temperatures is the arianalously law values of Brows 
Santiago, die frost probably, to intermittent upwielling (see below) . 

Synoptic records can provide indications of significant dynamic processes . On 
examining monthly mean records, a summer decrease in mean temperature from 
Dime try July is ford 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 Joe-July 1973 with vector mean daily winds at 
Brawnsville are shown in Figure 72 . It is hypothesized that the periodic 
ananalously 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 tenuously, it is not observed at Fort Aransas, where the 
winds are less parallel to shore, although root 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 fran year to year. The daily march of tenpexature 
at Galveston and Hrazos 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-tea-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 coastal locations bordering the lease area; those at Aransas Pass 
(2 o50'N, 97°03'W) which has numerous breaks in the record and Hrazos Santiago 
(26 04'N, 97°09'W) . The exposed coastal station at Galvestcin Pleasure Pier 
(29°17'N, 94°47'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 astronanic component of the tide, 
but also meteorological, climatological, and geological disturbances, with 
time scales ranging fran decades down to a few minutes. Tide station records 
have been used by many investigators to study such phenomena as perturbations 
in the Gulf Stream (Niiler and Rim, 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 rivpxine locations. The predictions 
are published annually by the National Ocean Survey (U .S . Department of 
OoRmerce, 1974a), and include seasonal, but not short-term, non-astronanic 
variations . 
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Astronomical 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 
moon, and mixed semi-diurnal near times of zero declination with a diurnal 
range of 40-50an along the coast. Typical tidal curves are shown in 
Figure 74 (after Manner, 1954) . ;here is ply a mall phase digferesice 
between Aransas Pass (27°50'N, 97 03'W) and Brazos Santiago (26 04'N, 97°09'W) . 

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

Predictions of tidal currents for inshore and estuorine regions, and passes 
are provided in an annual N06 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 45crr4/s at flood, and 60cm/s 
at stab, but velocities 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-astronanic variation is larger than the astro-
panic. Long-term records of monthly highest and lowest tides at Galvestaz 
(Figure 75) straw 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 frost of the abnormally low 
levels are associated with set-clown and drainage out of Galvestan Bay during 
Northers. The set-down effect is similar, but less pronounced in the lease 
area. 

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

The inverse barometer effect is the mist elementary factor which tads to 
alter sea level, both synaptically and seasonally. A rise/fall of lmb in 
the sea level pressure wild cause a lan fall/rise in sea level. In sore areas, 
this effect alone can avoc.unt for a lOcm or more increase in sea level from 
winter to summer. 

Steric effects are usually of considerable inportance in coastal areas. 
Lighter water will tend to stand higher, and denser meter lower. The seasonal 
departure from mean sea level is given by Pattulo et. al . (1955) and Brunson 
and Elliot as : $ _ $ oa d$ a-p S o 
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where 

$a = steric departure from mean sea level 

= average water column density 

= departure of specific volume from yearly mean 

$Y =depth of shelf bottom 

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

Wind effects can be large, but are riot completely quantifiable . In Asia, 
the shift frown the winter northeast Monsoon to the summer southeast monsoon 
probably accounts for mist of the lm rise in mean sea level from winter to 
summer in the shallow Bay of Bengal . 

Along the West Coast .of the United States, a seasonal shift from winter long-
shore southerly winds to summer longshore northerly winds appears to account, 
by F~anan 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 langshore 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 (Fedlosky, 
1974), and this may be important in the Calf of Mexico. If non-local factors 
produce a longshpre 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 sYiom for 
Galveston and Brazos Santiago . The pure inverse barometer effect, a lan 
rise/fall in sea level for each lun 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 autumn rise and late autumn fall can be correlated with changes in 
the wind and density pattern. 

The spring rise is attributable to high river runoff, the summer 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-team variations are also significant and may be associated with large 
synoptic shifts in the coastal current regime (Heardsley and Butsnaiz, 1973 ; 
Cutchin and Smith, 1973) . The application of a 39-hour low pass filter to 
a tide record effectively rgroves the astronomical vonrponent, 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 Hrawnsville . The first record 
is for the late winter season, February 5 - March 20, 1970 . The notable 
set-dawns at Galveston are associated with the passage of Northers ; set-down 
at Hrazos Santiago is noticeable, but quantitatively less in most cases ; 
in the February 25-26 instance, winds were much less intense at Brawnsville 
than at Port Arthur, with little associated set-dam . 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 Imo) . 

The second record is for the period August 15 - September 30 . In this season, 
the law sea level in the early period is associated with persistent winds 
fran 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 simmer type southeasterly 
winds, then undergoes the characteristic seasonal rise with the seasonal 
shift to higher speed, mire variable winds more in the east quadrant. There 
is a characteristic shift in mean currents along the Texas coast in Septgnber 
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 mangy investigators (e .g., Nhmk, 1950) that the large-
scale patterns of ocean circulation are related to the distribution of wind 
stress over the ocean . More recently (Collies and Pattulo, 1970 ; Huyer et . 
al., 1975), fluctuations in time-variable langshore currents have been found 
to be barotropic and to be strongly coherent with variations in the longshore 
wind. The seasonal mean circulation is more caplex, being produced in mist 
areas by a conibination of steric (8runson 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 m means unambiguous clear-cut procedures (Krauss, 1968 ; 
Stewart, 1974) . For this reason, vector mean wind is displayed as the funda-
mental parameter. 

The o8fshore wind observations are taken from ships; the number of observations 
per 1 square per month varies from 13 t~ 18~9, with the median number being 
about 120 . Squares from 24°-30"N and 92 -98"W which include at least sore 
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 
Hrawnsville, Corpus Christi and Fort 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 summer-type conditions occurs in March and 
by April, winds are predominantly southeast, being very steady from June-
August . In September, the winds become 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-Noveqr-ber) the easterly winds 
can be associated with the weakening and development of a secondary High in 
the eastern U.S . The April-August circulation is dominated by a southeast 
flaw around the Bermuda High. At all times a frictional departure of 10 -20° 
from geostroghic flaw parallel to the isobars if evident. The mist important 
characteristics of the wind in each month are given below. In general, lard 
station data are compatible with Calf data . The differences between land 
stations and open-Gulf squares is not notably greater thin that between near-
shore and offshore squares in the lease area . 
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January : Winds show a broad anticyclonic sweep frccn the east to east-northeast, 
as would be expected frcm the wok high pressure center over the southeastern 
U.S . Also as would be expected fran the migrating weather systems character-
istic of the winter season, average speeds are high and steadiness is low, 
the magnitude of the vector 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 fran the east, and have moderate 
steadiness in the southern portion of the area. 

April : The mean circulation around the Bermuda Jiigh is well established in 
April over the entire northwest Gulf but steadiness is only moderate ; sane 
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 fran the southeast south of 28°N, with steady 
summer circulation oonpletely established. In the northernmost region, winds 
are more south-southeast, and sarewhat less steady. Winds at Port Arthur 
are considerably less steady than those in the adjacent Calf. This pattern 
persists throughout the sir months and through September. 

,Tiny: 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 sarewhat less steady, mist noticeably so in the northern and eastern 
portion of the area . 

September : A major shift in the wired pattern is evident over the entire 
region . The winds back in a pronounced manner into the east and beoare less 
steady. This shift is associated with an elongation of the Benmada 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 aver the Middle Atlantic States, 
sanewhat south of its September position is evident, with noticeable depar-
tures in squares adjacent to land stations, although not of the land stations 
themselves. 

Nbveniber : Steadiness continues to decrease . Although mean speeds are gen-
erally higher then in October, vector means are only about half the magnitude 
of June-July in southern and western areas . 
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December : The general winter pattern of January and February is evident 
in December ; high speeds, law steadiness and mean circulation about the 
southeast U.S . anticyclone . 

2 . Statistical Winds and Waves 

Wind and wave data were obtained fran the National Climatic Center . The tune 
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 frown the following sources : ship logs, ship weather 
reporting forms, published ship observations, autanatic observing buoys, 
and teletype reports . It is understood that there is a bias towards better 
weather conditions as ships tend to avid severe weather . Also the greatest 
number 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 yes. Monthly median values 
for all observations taken during this time period are shown in Figures 94 
and 95 ; the values given for wired and wave statistics in Figures 96 and 97 
are such that 95$ of all observations are less than or equal to the value 
indicated. 

Over the western Golf of Mexico wind speeds range fran calm to greater than 
68 km/h. Minimum wind speeds occur frown July through September, the lowest 
being in August. Maximain wind speeds occur from November through February . 
Generally wind speed increases seaward and to the south. During the winter 
months (December to March) highest wired speeds occur in a band between 
latitudes 26°N and 28`N fran the Texas coast seaward in an east-west direction . 
As simmer approaches the orientation of this changes too 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 beeare less significant during the seamier and occupy 
a mall area near the coast. 

Generally, 95$ of the recorded observations fell below 67 km/h from November 
through February. Maximn recorded wind velocities occurred in December along 
the South Texas coast near Brawnsville. 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. Flan November through march wind speeds range between 
13 and 31 lame approximately 52% of the time. The frequency increases to 
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greater than 60$ fran April through October . Wind speeds between 0 and 
13 km/h occur 15$ of the time fran November to April, greater than 20% in 
May, and reach 31$ by August. The occurrence of wired speeds greater than 
31 km/h is highest in December (33%) and lowest in August (7%) ; from October 
through May the average is 27$ and from June through September the average 
is 12$ . 

Minimum wave heights occur during the sir, predaminan' 8ly during July and 
August. Maximum wave heights occur offshore south of 28 N during the 
winter months fran December through February . Highest wave heights recorded 
from the Western Gulf of Mexico were greater than 6 .4m and occurred in 
February. Generally wave heights increase fran north to south and seaward 
for all months . During May, July, and August an increase in wave height is 
found nearshore off the Tecas ooa~t south gf 28°N and in November off Vie 
Texas coast between longitudes 95`"W and 96"W and,latitudes 280N and 29 N 
(Figures 96 and 97) . 

Median wave heights average between 1 and 1 .5m frcm November through May 
and between .5 and 1 .1m fran June through October . Ninety-five percent of 
all wave height observations generally fell below 2 to 3 .7m from Novenber 
through February. These statistics begin to show a decrease in maxinaan 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 shoran in Table 10 and displayed 
in Figures 98a and 99a. Approximately 55$ of the time wave heights range 
fran 1 to 2m for frost months. During July and August this falls below 50% 
when calm waters (0 to lm) bees predominant. Calm conditions exist about 
25$ of the time from October through May. The frequency increases fran June 
through September and is greatest during July and August at around 50% . Wave 
heights greater than the 2m range occur 24% of the titre 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 flaw of surface waters in the northwestern Calf of 
Mexico . The ultimate goals of this study were : (1) to document on a monthly 
basis surface current direction and velocity; and (2) to attest to relate 
monthly variations in current direction and ahead with the successes or 
failures of the yearly shrimp crops, i.e., the young shrimp (larvae) are 
planktoni.c, 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 Calf 
of Mexico have been generally described by Smith, Med.ina, and Abella (1951), 
Leippex (1954), Curray (1960), and Ichiye (1962) . More recent works on currents 
include those by Drennan, 1963; Watson and Hehrens, 1970 ; Ichiye and Such, 
1971; and Nbore, 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. 

Guise coverage-cruises were conducted monthly with chartered shrimp vessels 
fran February 1962 to November 1963. This schedule 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 ooRQlete a cruise (all 10 transacts) was increased. The 
latter effect explains same discrepancies in the date labeling of figures used 
in the analysis to follow. Far 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 aril 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 battles within 30 days after release for, as shown 
below, the percent recovered in 1963 was greater than in 1962 . 

Year 
N63_2 1963 

Total released 2402 629 
Total recovered 381 234 
Percent recovery 15 .9 37 .2 

The increase in percent recovery eras probably due to greater public awareness 
of the program in 1963 thin 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 kilane~ters 
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 eras the existence of the sand or sand-shell beaches throughout the 
northwestern Calf of Mexico, and the possibility of bottles drifting ashore, 
rgnaining intact, but not being found until sane later date . 

Daily wind data from the climatological records published monthly bay the 
U .S . Weather Bureau were used to depict prevailing wind conditions over the 
study area during each cruise (U.S . Department of Camierve, 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 vectors for the cruse 
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, cumulative 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 coast (Figures 100, 101 and 102) . Slight deviations fran 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 dormant flaw decreased generally between January 
and February. In January velocities ranged from 17-22 kilometers per day with 
an overall average of about 19, while in February they ranged from 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 predcminantly northerly in January, 
particularly during the 15 days prior to the release of drift battles, but 
shifted to easterly in February. This charge may have accounted for the de-
crease rated in current velocities . 
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March-May: Drift bottle movements indicated a transitional period for surface 
currents in the study area during both years (Figures 103-108) . The daninant 
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 searing 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 dcni.nant 
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 Calf of Mexico . From this set of data, it appeared 
that in the surface waters three current system 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 fran 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 fran 9-46~and 7-32 averaging 22 and 20 for the respective 
manths. Rates of 46 and 32 were exceedingly excessive (original data recheck 
verified accuracy), but even after elimination of these figures, velocities 
wire still greater in 1963. In May, although only one bottle was recovered in 
1962, current velocities were similar, ranging from 4-13 and averaging about 
9 . Overall current velocities, however, tended to decrease from March through 
May. 

Wind direction during this period had shifted fran the east (as noted during 
the January-February time period) to the south-southeast, a condition that is 
prevalent in this area during the sir months. The only exception to this 
was the prevailing east wind in March 1962 . A comparison of wired 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 
flawed north, either onshore or paralleling the Texas coast (Figures 109-112) . 
This condition became even mire pronounced as simmer conditions became firmly 
established; average current velocities increased slightly from 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 fran the south-southeast with very 
little daily variation. Wind farce was greatest in July 1962 . These winds, 
acting on a northeast-southwest shoreline, clearly augmented the northward flow 
of surface voters . 

August : Drift bottles were released during this time period only in 1963, 
and their mavarexits indicated still another transitional period in darunant 
current direction and velocity (Figure 113) . Surface currents, rather thin 
moving alongstnre 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. 

She 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 simmer conditions that resulted in a general north 
too northeast flaw of surface waters. 

September-December : The release and recovery of drift battles indicated 
that surface currents returned to the dominant flaw 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 rested . 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 component 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, frost 
were released at rLearshore stations . Whether this was due to the lack of 
areal coverage or the total number of bottles released is not lanawii, 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 eras extensive. 
This absence of recoveries may indicate either an along- or offshore irovment 
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 : 

(J4 

September 2-19 
October 2- 9 
November 4-22 
December 4- 7 

L962 1963 
Average Ran e Avexa 

dar~y ~ l day) 

9 13-19 17 
6 No data 

15 No data 
6 No data 

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

l . 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 . Daninant currents from September-February were generally southwest with 
indications of a southerly alongshore or offshore movement in Novenber 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 flawed 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 Brvwnsville 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 
Tanple 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 
grater movement . " Their results are summarized belay. Watson and Hehrens 
studies drifter movement frown nearshore regions for drifter released in depths 
of 2, 4, and 5m (approximately 321an from shore) . Their major conclusion was 
that nearshore circulation is influenced by wind circulation. 

Hater, 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 561an fran shore) . Their results are 
shown in Figures 121 and 122 . Hill, Garrison, and Hunter (1975) extended 
the drifter study of Hunter, et . al ., from Corpus Christi to Galveston, Texas . 
They also released drifters from. an airplane in 9, 20, 30, and 45m of water 
seasonally from July 1973 to January 1974 . , Their results are shawri in 
Figure 123 . Also shown in Figure 123 is an insert map depicting the study 
area. Tabulated results of bottle recoveries of berth 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 fran a winter 
wind regime to a sir 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 an 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 irovenrent. They ford a bottan convergence zone which at times 
occurred several kilometers south of the surface convergence area . This was 
ford 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 bottan drift was southward . Few 
surface drifters were recovered while a larger number of bottom drifters were 
found. A northward drift was ford nearshore . 

Spring (April-May) : The surface drift was predondnantly 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. Drily a small area in the northerrmmst region showed a southerly 
drift. Bottan 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. 

Starrier (July-August) : Surface drift was qtly 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 
bottcm 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 
mire 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 omQlex 
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 601an per day along the south 
Texas coast between .1 and 461an per day along the north central Texas coast. 

Drifter nnverient and daily wind vectors for the South Texas Lease Area are 
given below. The results are summarized fran the Hunter, et. al., survey-
Daily wind vectors were plotted for April, July, and Nbventer 1970 in order to 
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correlate with the Hater, 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: 

8raansville 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 predaninaritly 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 shall nearshore zone off of the southern end of Padre Island where the 
bottom 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 nearshpre 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 sees in the surface drift results . 

July 1970 : Wind direction was steady and southeasterly for both Brownsville 
and Corpus Christi . Surface currents south of 27 N were northeastward and 
north of 27°N were predominantly southwestward. Bottan drift was mainly 
southward. The surface convergence zone was located argued central Padre 
Island. Resultant direction for both locations was 140 and resultant wind 
velocity was around 13 lm/h. 

November 1970 : Wind direction and speed were highly variable during November 
although the resultant direction was southeasterly at Corpus Christi and 
southerly at 8rownsville . Resultant wind velocity was slightly less at 
Brownsville than Corpus Christi but averaged near 5 km/h. During the first 
10 clays from the release date the wind changed direction continuously fran 
northerly to southerly such that it did riot blow for more than 3 days in 
any one direction. F'ran the 25th of the month to around December 5th the 
winds blew steadily from the southeast. Surfacp 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 SFADOCK proqra¢n fran July 
through September 1973 . Drift bottles were released at various intervals 
from July 11 through September 25 at or near the SEA= proposed tennirlal 
site . Some releases were made frown the Buccaneer platform. The general 
release area is indicated in Figure 125 and the results are tabulated in 
Table 12 . 

Their results snowed that, with southerly to westerly winds, the drifters 
moved north to northeastward and, with southerly to easterly winds, drifter 
movement ranged fran westward to southwestward . Generally, with southeasterly 
winds, the surface drifters were ford 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 compiled several thousand ship drift 
reports for the Texas continental shelf, and has grouped than by month and 
by 1 subsquare, giving prevailing currents where sufficient observations 
exist. The ship drift currents are ooeqputed 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 some 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 upraelling and dawnwelling 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 sham 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-insistent picture. The data have 
been supplemented with prevailing direction and speed from the current meter 
mooring at Buccaneer. (See the next section for a further discussion of 
these data.) These serve too 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 sane kind of convergence zone 
in the northern part at certain times of the year, but the shall amount of 
data from zones 1 and 3 prevents definite conclusions from being drawn . 

The ship drift data provide a useful supplement too 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 broad sweep to the west to west-northwest is evident over 
the northern portion of the shelf. The flaw 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 component, 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 Joe the current set becomes salt mire northerly; the bimodal 
Buccaneer distribution may be an indication of transition ooryditions . 

July-August : Ship drift in general has a mire 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 270-290 
shelf band a strong tendency to set west is evident. Transition conditions 
can also occur in August (note the SFADOC'iC drifter data) . On the other hand 
the Buccaneer set to the northeast (fr(m a limited amount of data) may show 
that the transition can be delayed. 

October-December : The October-Decenber 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 flaw 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 platfornn (Hall, 1972) . Three meters, located near 
the surface (1 .7 m until 7/73 at 3.7 m thereafter) at mica-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 SFADOC',EC (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 lose 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 caparison with 
currents delivered by other methods and for comparison with mean winds . Arty 
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 sane months, particularly for 
the bottom meter, only a part of a single calendar month is represented . 
Despite this, comparison 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 suhsquare 094 . 

It is evident fran the figures that a simile relationship between wind and 
current does nit 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 mm. 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 too the southeast winds . 
Winds are predominantly frown 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 
riot clearly related to wind or runoff ; by November currents at all depths are 
showing the binndal quality characteristic of the winter. 

Several short team studies were conducted by SFADOQC at locations other than 
the Buccaneer platform. The mist comprehensive 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 from 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 Decanter study; it can 
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be expected to have been so during the September study as well . Directional 
coherence 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 accompanied by notable current shifts 
at the Buccaneer platform. Currents shifted from the north quadrant on the 
14th to the west quadrant on the 15th, acoanpanying a wind shift from south 
too north-northwest. A return to south winds on the 17th was accompanied 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; from 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 siiroultaneous observations serve to illustrate the com-
plexity of the current regime on the Texas continental shelf . The tide, which 
is sav--what 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 
(Nawlin, 1972) appears to be present in the spring and summer, and may curie 
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 STfJpIFS 

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 from the 
coastline to the 18 m isobath 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 thezmahaline indices (temperature-salinity values) from within each zone, 
for each month, were plotted with a symbol corresponding to the zone number 
on a teiperature-salinity (T-S) diagram. These are shown in Figures 155-160 . 
The miniuraan salinity was taken at 18%o since there are few observed 
salinities less than 18°%0 . 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 thenro-
haline indices . The August distribution of indices is suspect, in this 
regard, because there are few data from zone 1 in this month. Generally, the 
range of temperatures is larger for zone 2 than for zone 3, brut smaller than 
that for the nearshore zone . 

The effect of increasing river offing from the Mississippi and Atchafalaya 
Rivers on the zone 1, 2, and 3 thernnhaline indices is proved . From 
Navanber through March and indices in the three shallowest zanies range aver 
a 10° to 11° C band and a salinity band of 8 to 12°%0 . 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%0 . Notice 
that, in March and April, a significant number of zone 2 indices are of the 
sane character as the subsurface water of the open Calf . 

Starting in June, and continuing through October, the thenrohaline indices for 
the three landward zones are grouped in a gradually increasing range of 
t~nperature and an even mire slowly decreasing salinity band . 

Throughout the year, the zone 4 thernphaline indices for temperatures less 
than 15° C are consistent with the deep-gofer T-S relation reported by 
Nvwlin and McLellan (1967) . Curiously, anomalous 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 thernohaline 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 Nawlin and Parker (1974) and Ichiye and Szdo (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 ID'S 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 Fran GUS III 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 
Commercial 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 bathythennographs 
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 fran the three years of the 
GUS III surveys were used fran the 19 stations along the four transects 
between Galveston and Sraansville (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 fran the GUS III surveys were made 
available by the NMFS Calf 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 (EIQnan) 
transport data provided by the NMFS Pacific Fnvirornrexital Group Monterey, 
California ; based on data files of the U.S . Navy Fleet Numerical 
Weather Central, Monterey, California, 
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0 offshore oceanographic data acquired from the historical files of the 
National Oceanographic Data Center (DIODC) 

o local weather records for the 1963-65 period provided bay 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 III 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 fran Galveston to Corpus Christi, and to Srawnsville . 

An exception to the parallelism of surface water temperatures and air tempera-
tures was in the time of occurrence of minimum. temperatures offshore in the 
winter (Figure 2), whPxe 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 tarperatures at Galveston, Corpus 
Christi and Brawnsville were coldest in the winter of 1962-63 and progressively 
warmer in each succeeding winter, through the end-of-year, 1965 . Surface water 
taTperatures from the GUS III in the winter of 1963-64 were colder than in 
1964-65, and those from 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) . FYnm the time of the 
spring minittn.an (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 column almost isothermal and raised bottcm tecQ-
eratures to their annual maximum. Further cooling through the winter tended to 
decrease temperatures through the water column in unison, but continuation of 
the cooling of the bottom waters offshore in the spring apparently resulted 
from 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 law bottom te:rQ-
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 tenperature 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 from the surface value during each station occupation) . Figure 163a 
is contoured for the rate of change of temperature at each standard sampling 
depth (teperature 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 cleveloprent of a 
strong thernrxline and, thereby, high vertical stability during spring and 
summer . In the fall and throucth the winter, vertical mixing due to overturn-
ing virtually destroyed all thermal structure and stability of the water 
column . The rate of change of temperature in Figure 163c emphasizes the 
periods of warming and cooling, and the contrasts between upper waters and 
bottom waters . Times of maximun warning 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 simmer 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 a]sriost to the coast 
(Figure 162b) . 

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

SALINITY CYCLE 

Figure 165 illustrates (1) fibs 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 fran 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 freshwater discharge from the Louisiana Rivers . The profile labelled 
"Texas Rivers" (Figure 165a) is the combined discharge from all rivers from the 
Rio Grande around to Galveston Hay. 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 .50/6o) 
throughout the three-year period, while surface salinities reached minimum 
values each spring, at the time of peak discharge fran the Mississippi River . 
The degree of spring freshening in the GUS III records also corresponded to 
the magnitude of outflow fran 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 law 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 developed in the fall which carried 
brackish water westward and dawn the coast. Lack of a parallel cycle in the 
surface waters offshore, indicates that there was also an onshore drift, 
acting to hold the lawyer 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 STRLU= 

Vertical cross-sections of temperature and salinity along transect 8 of the 
CATS 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 
bottan. In the upper waters there was an onshore drift of warm, saline water 
(> 36 .5%0), producing a packing of isotherms around the 25 m isobath . This 
circulation would be associated with a westward flowing geostrophic current 
over the outer shelf . 

The sections in May (Figure 166b) shag 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 law salinity water from spring runoff 
was held offshore by the offshore drift . 

The July sections (Figure 166c) indicate eastward flaw because of the distinct 
upwelling, which extends to the surface over the 25 m isobath. 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 bottom. 
For geostrophic balance this circulation would require a return to westward 
flaw. 
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The pattern described here consists of divergence in the upper waters over 
the outer shelf in spring and simmer, with associated northward and eastward 
flaw, and convergence toward shore during fall and winter, with westward and 
southward flaw. 

Lang-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 from GUS III data, may be a typical pattern and is associated 
with conditions extending over most all the western Calf . Figure 167 reproduces 
fran Robinson (1973) her maps of monthly mean tenperatures in the Gulf at 150 
meters in April and October. In the April map, a zone of warm water convergence 
( >180 C) extends fran off the central Mexican coast over to the shelf off 
western Louisiana, and a large cell of cool water is located in the northwestern 
Calf, centered over the shelf-break . For geostraphic balance, such a temperature 
distribution requires flaw to the north and east along the Cbntinental Slope and 
in the offshore waters of the northwestern Calf. In the October map (Figure 167) 
the temperature pattern over the northwestern Gulf is reversed, with cold water 
off Louisiana 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 flew to the north and east fran March through August 
and to the west and south frcm October through January . September and 
February appear to be transitional months . 

CIRCULATION PA=INS 

For each cruise conducted in the GUS III surveys, the general pattern of 
circulation throughout the water column was inferred fran the distribution of 
temperature, salinity, and density (sigma-t) in vertical and horizontal sections . 
The circulation pattern representative of the entire water column, 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 bathymetzy, with law salinity 
water near the coast and high salinity water (> 36 .5%0) covers the outer 
shelf . During spring salinity decreases as fresh water discharge from the 
rivers increases, and spreads offshore between Corpus Christi and BroHnisville ; 
also, the higher salinity water offshore shifts eastward. Through sir 
water of greater than 36%o covers mist of the shelf, with remnants of the 
law salinity water appearing to have been pushed back to the east . In fall, 
despite the fact that river discharge is at near minimm amounts, the area 
of law salinity water again increases, and spreads to the west and south 
aver the inner shelf. 

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

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

In the southern area, fran Port Aransas to Brawnsville the occurrence and 
non-occurrence of an eddy, apparently at irregular times, is the principal 
variation of flan. Such an eddy seemingly could develop during any season and 
is probably related to locally interacting flaw 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. Fran the GUS III observations, it seems 
as though the convergence develops because of contrasting flaws of nearshore 
and offshore water . The former flaw 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 fran October through February, because the flaw is 
to the west and south throughout the study area . 

DEEP WATER CIRCULATION 

Zb examine the relation of the seasonal current reversals aver 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 sailing to 500 m, or greater, and lying within the area of 25°-30o N 
latitude and 90°-100° W longitude . Fbr each cruise ccaputed dynamic heights 
at the surface, referenced to the maximum coaman NODC Standard Depth, were 
examined to ascertain the direction of geostrophic flow. Directional tendencies 
from the dynamic height evaluations are summarized in Table 13, based on whether 
the flaw was part of a cyclonic or anticyclonic circulation . Cyclonic flaw 
would be similar to the fall-winter (October-January) circulation pattern 
the shelf and anticyclonic flaw would relate to the spring-simmer (March-August) 
shelf circulation . 

The data in Table 13 show that circulation in the deep-water of the northwestern 
Calf exhibits much the same seasonality as described fran 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 CIRCULATICN 

Relations between surface wind-stress and flaw patterns have been noted in a 
number of previous studies of the northwestern Gulf. Franoeschini (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 Calf 
is largely wind-driven . Ichiye (1962), working with data from the ALASKA and 
JAKLII.TA cruises of 1951-1955 developed a wind-&-ivpn model for the Calf 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 Hehrens (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 calf 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 tonal components of wind-driven (Eknan) transport, 
on a 3° latitude and longitude grid . These values, which were supplied by the 
NNES Pacific Environmental Croup, Monterey, California, are based on data files 
of the U.S . Navy Fleet Numerical Weather Qentral, Monterey, California . Mean 
monthly values were generated for each month of the three years of the CATS III 
surveys (1963-1965), as well as 10-year monthly means for 1964-1973 and larig-
texm (1946-1969) monthly means. 

Lang-Term Nbaithly 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 
Calf, with isobars aligned almost due east west from Florida to the coast of 
Mexico (Figure 169, November) . In this pressure field, geostraphic winds in 
the northwestern Calf would blow from. east to west and Elanan transport in clasp 
water (directed 900 to the right of the winds) would be northward . Basically 
the sire pressure pattern persists through January. 

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

February and September are typically transition periods in the fields of long-
term monthly mean surface pressure and Elanan transport. 
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Nbnthlv 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 Calf. 

Typically beginning in March, and persisting through August, Ekman transport 
increased about three-fold over October-January values (Figure 170a), while 
wind direction shifted fran about east to southeast (Figure 170c) . Coinci-
dentally, flaw over the outer shelf shifted from 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 Louisiana. A general northward drift onto the shelf fran deep 
water would, therefore, be expected during this period. For continuity of 
mass, an organized flaw to the west or east is required on the shelf . As water 
depth decreases across the shelf, the direction of wind-driven transport be-
cams more aligned with the winds (fin, 1905) . Because the monthly mean 
winds in fall and winter were typically fran the east (Figure 170c), westward 
flow would develop on the shelf . The resulting circulation would tend to be 
cyclonic over the northwestern Calf, made up of northward transport of water 
onto the shelf off Louisiana which would sweep westward across the shelf and 
then flaw southward in the western margin of the shelf, yielding the west and 
south circulation seen in the analysis of GC1S III data in fall and winter 
(Figure 170b) . 

In spring and summer, the sharp increase in Fin 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 
27° N, 90° W for each month of the spring and simmer) . Therefore, off south 
Texas, the spring-simmer 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 survey 
area, there was still a component of wind that would set up a westward flowing 
coastal current . Where this coastal current and the north and east flaw 
fran offshore meet, a zone of convergence would develop, as described in the 
circulation patterns derived fran GUS III observations . 

Values for 10-year (1964-1973) monthly means of Ekman transport and wind 
direction are shown in Figure 170 (a and c) . Omparisan 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 . 
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Scare 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 III 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 Elanan transport during this month (Figure 
17na) - highest of the three-year period - provides an explanation for 
a decrease in water temperature that occurred throughout the water 
column during the following month, as shown in Figure 163c . In the 
section on the temperature cycle, this tenr-erature decrease was at-
tributed to intense upwelling. 

2 . Elementary Barocli.nic Currents 

Extensive observations of winds, density structure and currents in shelf regions 
have accumulated in recent years (e .q. Hoicourt, 1973 Patchen, IAnq and Parker 
1975, Huyer, Pillsbury, and Smith, 1975) . However models of real time shelf 
circulation are fundamentally incorrplete and basic questions concerning the 
relationship between seasonal mean flaw and large synoptic flaws observed in 
connection with the passage of storms (Beardsley and Butinan, 1974, BLUnpus 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 mere 
general conditions is rat yet clear. 

It is apparent from previous sections that the observed conplex 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 
Calf (Nawlin, 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 
wrticity over the Calf (Sturges and Blaha 1975) . Non-local effects critical 
in enclosed basins (Pedlosky 1974) may be important in the Gulf. 

Despite the oaYplexity of the general problem, local effects have 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) . LDngshore sea level slopes may also be important 
(Stacmel and Leetsna, 1972) . 

Bishop and overland generate a simple model of shelf circulation based on 
combining the elementary current system of F.Iman (NeLanann and Piers 1966 
p. 197 f) for a finite-depth sloping shelf with baroclinic currents generated 
diagnostically from observed densities, assuming no banxlinic motion at the 
shelf bottom. 
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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 
frown Section II. Currents derived fmm such oonQutations must be used with 
caution, however. Near the shelf break non-local open-Gulf considerations 
are inportant, while close to shore (within 10-20 km, the Rossby radius of 
defoxmaticn, Allen 1973) the flaw is mire vmplex, the synoptic response 
being in many cases baroclinic (Walin, 1972 a, b) and non-linear . 

With the above cautions in mind, it is still instructive to ooipute the sur-
face elementary baroclinic current and to mare it to the observations of 
Section II. Section II 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 me at 28 .5° N, with the coast idealized to run southwest-northwest. 
Significant changes in surface currents between these points can indicate a 
oornplex current system between them. 

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

Longshore and Offshore Elanar. (E and O) : She 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 . Fbr caoputational purposes the stress fcrnada of Steward 
(1974) is used : 

T = 1 .3 x 10-3 Pa 
U10 

where T is wind stress, U720 the observed wind speed at 10 m height .~ 
p is the air density . ~Fe mixing coefficient A is taken as 100 an`/s~, 

and 
p 

current magnitude, which is resolved into longshore and offshore oouponents 
is then : 

uo = 
1.3 x 10-3 P iJ2 10 

(2 pAwsin¢)h 

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 Elaman's assertions 
for a long straight coast . With no longshore slope in the sea surface, a 
barotropic loazgshore current must be generated to provide zero offshore-on-
shore mass flux. Dze magnitude of the current is 

VG = vo (2)~ acs o 
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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 slaps, as indicated 
by Stccmiel and Leetrna . 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 computations in Table 1A, the long-

shore sea surface slope is taken as zero . 

Longshore Banxlinic (B) : on the assumption that the shelf bottan is a level 
of no baroclinic motion, the surface baroclinic current can be straightforwardly 
computed from the observed density distribution, and is given by : 

vB = gh ap 
2pwsin~ a-n 

where g (cm/s2) is the acceleration of gravity, h is the water depth, n 
the outward normal direction to the oust and p is the mean density of the 
water column . The important factors in each season are : 

Winter : The mean wind is of law strength and out of the east in the lease 
area, and more from the northeast in the northerly location. The result 
is Elanan flan ashore and to the right facing the coast in the lease area 
and weakly onshore and to the left at the upper location. The per location 
flaw is augmented by a barotropic current to the left. These mean barotropic 
currents will not generally be observed; 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 synaptic flow, 
is dominated by the baroclinic oonponent, which for moderately offshore dis-
tances is rather strongly left . 

She magnitude of the mean flaw, although probably not of the synoptic flaw, 
is dominated by the baroclinic component, which for moderately offshore dis-
tances is rather strongly to the left at the upper location, samwhat 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 maxiirnan points to a strong offshore-onshore gradient in 
the baroclinic node, and therefore at the total mean flaw. In the mid to 
outer portion of the shelf, the baroclinic component will vanish or beoom 
weakly to the right . The total mean surface flaw will then beoare ckminated 
by the weak frictional barotropic current with flay 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 flaw 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. 

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

Fall : Nearshore conditions are similar to those in the winter, but with a 
somewhat smaller and simpler barocluzic component. 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 chance signifi-
cantly to the south . 

Overall, the results of these si.rrple computations are encouraging . The long-
shore currents are qualitatively consistent with ship drift and drifter data. 
Mere sufficient data are available, the currents also support the notions, 
deduced fran other means, of convergence zones in or near the lease area . 
Wbrk is presently underway to attest to take into account the seasonal and 
year-to-year variability in wind stress and river runoff. 

C. Oil 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. 7he trajectories presented in this report was based an 
analytical work by Reid (1975) and a numerical model developed by Whitakrer 
and Vastano (1975) . Steady-state currents ooatQuted for the shelf waters 
are derived through the equations of mtion and correspond to a forcing 
function representing a steady field of wind stress . By neglecting field 
accelerations and lateral friction the (x,y) velocity ooatponents (u,v) 
satisfy : 
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-fv + g ~ =K2!2~ Z(1) 

fu +g~=KBz 

where the fluid assumed to have a hamgeneous density p and a constant value 
of the vertical exchange coefficient, K. A surface slope is permitted where 
n is water elevation relative to mean sea level and n « D, where D is 
variable field of depth. As stated, the equations represent the classical 
FFl~anan problem expanded to include the slope terms of the geostrophic relation-
ship. The pertinent boundary conditions are : 

at z=-D : u=v=0 

x aZ = Tx (2 at z=n=0 : 

K aZ=~'Y 

where TX - Tip-1~ and Ty - Tip-1 are the kinematic wind stress components . 

The vaiQlete solution for this system is 

T i -(l+i) aD P ( l+i) xz 
V = K +i a - ~ e M 

Lc) s + TG e - (l+i) aD e (l+i) a ( Z+D) + 
L9 -S 

f K (l+i) a M f 

where 

V=u+iv 

all s= aX+i ay 

TS = TX + iTy 

a = C 
4K 

M = 1 + e -2 (l+i) aD 
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Application of this system to the South Texas lease area provides estimates of 
oil spill oentroid trajectories only when the model assumptions are approxi-
mated and : 

1. a steady-state wind field T= T(x,y) exists over the regicn 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 . Dine 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 Broamsville to a latitude slightly 
north of 28° N . 

A suite of cases have been selected which correspond to prevailing winds over 
the region . Constant and uniform winds are introduced as forcing functions 
for the prototype . Sao 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 caoputer to what was judged to be a dynamic equilibrium . 
Surface water velocity components frown each run were combined with the Stakes 
drift vector to provide a total velocity vector in each grid square . Seven 
source locations were picked in the region and trajectory plots made for the 
oentroid of the oil spill in each case . Figures 171 through 174 provide the 
trajectories indeed 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 vl) . Due to the strong geostrophic regime 
set up along the coastline, the movement of oil spill oentroids toward the coast 
as in the 5 m/s case is augmented by a long sequence parallel to the coast . 
The implications are cleat 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 oentroids 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 too trove the oil spill along trajectories which, for the greater part, 
will approach shore in the local area . 
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IV. REOOMENDATIdNS FOR FOUBER 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 ply 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 develop a reliable cl.imatology of the scalar fields . 
Nbreover, 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 mire comprehensive geological, 
biological, and chemical studies are not presently answerable . Answers to 
these questions can only be given through the implementation of a catpre-
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 level of effort, will be 
the obtaining of substantial amounts of processed and analyzed current data . 
These data are invaluable in themselves and are essential to all correlative 
analysis and mxlelling studies . 

The program outlined below encompasses an extensive observational program 
coordinated with a significant filling 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 observed 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 component 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 instnunented with : 

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

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

This station will define the essential temporal scales of the flaw. rib 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 simultaneous 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 buoys, 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 give 
essential supplementary information on spatial scales . 

3 . Hydrographic Measurements 

Monthly tettrcerature 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 fan the histor-
ical analysis . A particular effort should be made to obtain supplementary 
data at certain critical times . 
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a . During the spring runoff period. 

b. In the early seer 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 level height, both onshore and offshore provides important 
information an the dynamic response of the region to meteorological influences, 
are an invaluable supplement to the current observations, and provide inportant 
input to models . Longshore and onshore-offshore sea level slopes are a critical 
element in coastal dynamics . Therefore, three onshore title gages should be 
installed and maintained at exposed locations along the coast, and should be 
supported by one~transect, with pressure sensors about 10 ]an 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 hydmgraphic 
stations . Possibly a spectral radiareter 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. Nbdelling Efforts 

l. 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 ooaiPlement to mere 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 ; 
nil results, in turn, will assist interpretation of observational results 
and will guide the design of future efforts . During this phase, development 
of a omplete predictive model, in which density structure can respond to 
changing wind and fresh water inputs, should be begun. 

3 . Dispersion and Oil 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 
canbined 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 nil, from which three-diurensional 
predictive trajectories can be derived . 
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TABLES 



Galveston (29°18'N, 94°50'W) 

J F M A M J J A S O N D ANN 
T 12 .8 13.9 16.1 20.0 24 .4 27 .8 28 .3 28 .3 26 .7 23 .3 17 .2 13 .9 21.1 
P 8.9 7.4 7.4 6.6 7.1 6.6 12 .2 11 .2 13.0 7.4 9.1 9.9 106.8 
D 10.0 9.0 8.0 6.0 6.0 6.0 9.0 9 .0 9.0 6.0 8.0 10 .0 96.0 

W 5.4 5.4 5.4 5.4 5.4 4.9 4.6 4.0 4.6 4.6 4.9 4.9 
PD N SE SE SE SE SE S S SE SE SE SE 
Q% 46 .0 52 .0 64 .0 71.0 74 .0 80 .0 80 .0 86 .0 67.0 54 .0 50 .0 46 .0 

Brownsville (25°54'N, 97°30'w) 

J F M A M J J A S O N D ANN 
T 16 .1 17 .8 20 .0 23.3 26 .1 28 .3 28 .9 28 .9 27.2 24 .4 20 .0 17 .2 23.3 
P 3.6 3.8 2.5 4.1 6.1 7.6 4.3 7.1 12 .7 8.9 3.3 4.3 68.3 
D 7.0 6.0 4.0 4.0 5.0 5.0 4.0 7.0 10.0 6.0 6.0 6.0 70.0 

W 5.4 5.4 6.2 6.2 5.8 5.4 4.9 4.9 4.6 4.6 4.9 4.9 
PD SE SE SE SE SE SE SE SE SE SE SE N 
Q$ 53.0 61 .0 68.0 80 .0 83 .0 89 .0 91 .0 85 .0 68.0 59 .0 53 .0 49 .0 

icy (122°12'N, 97°30'W) 

J F M A M J J A S 0 N D ANN 
T 18 .9 20 .0 21.7 24 .4 26 .7 27 .8 27 .8 27 .8 27 .2 25.6 21.1 20 .0 23.9 
P 4.6 1.8 1.5 1.8 4.8 18 .0 16 .3 14 .5 29.2 15.0 4.3 3.0 114.8 
D 7.0 4.0 4.0 3.0 5.0 11 .0 13 .0 10.0 16 .0 11.0 8.0 7.0 99 .0 

W 
PD N NE NE E E E E E E E N N 
Q$ 35.0 44 .0 45.0 66.0 74 .0 67 .0 54 .0 49 .0 51.0 41 .0 40 .0 43 .0 
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Corpus Christi (27J46'N, 97"30'W) 

J F M A M J J A S O N D ANN 
T 13 .9 15 .6 18 .3 22 .2 25 .6 27 .8 28 .9 28 .9 27 .2 23 .3 17 .8 15 .0 22 .2 
P 4.1 4.1 3.6 5 .3 7.6 6.1 5.8 7.1 11 .2 7.1 4.3 5.3 71.8 
D 8.0 7.0 6.0 5.0 6.0 5.0 4.0 5.0 9.0 7.0 6.0 7.0 75 .0 
$ 9.7 9.0 5.3 4.6 3.6 2.6 1.4 3.1 6.0 4.3 5.3 7.7 
W 4.9 5.4 5 .4 5 .8 5.8 5.4 4.9 4.6 4.6 4.6 5.8 4.6 
PD N SE SE SE SE SE SE SE SE SE N N 
Q$ 49 .0 50.0 64 .0 78 .0 83 .0 84 .0 90 .0 83 .0 64 .0 56 .0 45 .0 48 .0 

MSS 076 (270-28°N, 960-97°W) 

J F M A M J J A S O N D ANN 
T 18 .3 18 .3 19 .4 22 .2 25 .0 27 .8 28 .3 28 .9 28 .3 25 .6 22 .8 17 .2 23 .9 
P 
D 

9.1 7.1 3.6 4.2 3.7 4 .1 3.3 6.7 6.6 1.9 4.7 9.7 
W 7.1 6.7 6.2 6.2 5.8 5.8 4.9 4 .6 5 .4 5 .8 7.1 6 .7 
PD SE SE SE SE SE SE SE SE E E SE SE 
Q$ 48 .0 50 .0 60 .0 75 .0 80 .0 90.0 86.0 81 .0 70 .0 64 .0 55.0 41 .0 

Table 1. Monthly mean temperature (Z-°C), precipitation (P -CM), days with precipitation (D), percent 
of observations with precipitation (%), mean wind s peed (in-Ws), prevailing direction (PD), and 
percent of observation from the PD quadrant (Q$), for Galveston, Brawnsville, Tampioo, Corpus Christi 
and Nlarsden subsquare 076 . 
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Faecurrenoe 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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Date 

1875 
14-19, Sept . 

1880 
12-13, Oct . 

1886 
19, Aug . 

1916 
18-19, Aug . 

1919 
13-14, Sept. 

1933 
3-5, Sept. 

1942 
20-30, Aug. 

Inland Movement and 
Location 

from E over Matagorda 
Bay ; recurved to IINE 

from SE over 
Brownsville 

free ESE to SW of 
Matagorda Bay 

from SE over Corpus 
Christi 

Winds 

est. 160 km/h 

115 km/h, higher 
gust S 

Storm Serge 

est . NE 160 km/h 1.8 m Corpus 
Christi 

free FSE, S of est . NE 160 km/h 4.9 m Corpus 
Corpus Christi Christi, 3.7 m 

Aransas Pass, 2 .4 m 
Port Isaibel 

free E over 170 km/h, est. 3 .7-4 .6 m Braans-
Sraansville max . 192-200 km/h ville, 2.$ m Corpus 

Christi 

free SE over est. 192 km/h 4.6 m Matagorda 
Matagorda Bay at Port Lavaca 2.8 m Port Lavaca 
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Remarks 

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

Srownsville nearly 
destroyed 

Tnr3 i anola destroyed by storm 
surge : NW wind, very law water 
at Corpus Christi 

20 killed, $1 .8M damage; 
rapid irovanent resulted in 
only moderate storm surge 

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

40 killed, $12M damage 

8 killed, $26.5M damage 



lIZJ 

26-27, Aug. 
y v~~ 

Matagorda Bay Lavaca ; 200 km/h Lavaca ; 3 .0 m 
Port Aransas Matagorda 

1961 fmri SE over Gusts 280 }an/ti 5 .2 m Port Lavaca 46 killed, $408M damage 

10-12, Sept. Matagorda Bay Port Iavaca 4.6 m Matagorda 
240 lan/h Port 3.0 m Port Aransas 
Aransas 

1967 from SE over est. 136-192 km/h 5.5 m Padre Island 15 killed, $200M damage 

19-21, Sept. Brawnsville gust 174 lan/h at 3.7 m Port Isabel 
Brawnsville 2 .4 m Corpus Christi 

1970 from ESE over 208 km/h, gusts 2.8 m Port Aransas 11 killed, $453M damage 

3-5, Aug . Corpus Christi to 258 km/h Corpus Reach 
Christi, 200 km/h 1.5 m Corpus Christi 
gusts 240 km/h 
Aransas Pass 

1971 
136 km/b, 1.2-1 .8 m 2 killed, $30 .2M damage, 9-13, Sept. ~~ ~St~ 
16(T* lan/Yi gusts, very heavy rains 
Port 0'Conner 

Table 3 . most severe hurricanes which have impacted the coastal region bordering the 
lease area, 1875-1974 . 
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Sector 1 2 3 4 

Earliest 
storm 8/4 6/23 6/23 6/22 

Latest 
storm 9/22 9/20 10/16 9/11 

No. Tropical 
Cyclones 8 10 11 10 

No. Hurricanes 7 6 6 8 

No . Great 
Hurricanes 2 4 3 3 

Table 4 . Tropical cy clone characteristics 1886-1970 by 50 mile coastal 
is North fran the Mexican border to the mid-Mexas 9W1-f .-Sector 2 

terminates dust Sout h of Corpus C hristi Bay ; Sector ternunates midway 
between Matagorda and Galveston Bays. 
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Mam SURFACE TEMPERATURE 
No. of nervations 

January 657 
February 443 
March 669 
April 285 
May 593 
June 391 
July 129 
August 284 
September 362 
October 251 
November 272 
December 216 

Totals T,-5 5- T 

SURFACE SALINITY 
No . of nervations 

150 
97 

222 
89 

114 
136 
95 

120 
111 
129 
227 
124 

114 

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 0 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 

N6S 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 

MS 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 0 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 

MS 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 
Ca.idad Nkdero 19 .3 20 .1 21.9 25 .2 27 .0 28 .2 28 .9 28 .8 28 .1 26 .4 24 .2 21 .6 

MS 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 tetperatures (°9 ) at coastal 
tide stations and adjacent 1 squares. 
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Galveston 

Port Aransas 

Brazos Santiago 

Ciudad Madero 

J F M A M J J A S O N D 

29 .1 29 .1 28 .4 26 .1 24 .8 28 .2 31 .8 33 .3 '28.6 28 .5 29 .7 29 .5 

30 .4 31 .2 31 .6 31 .0 29 .5 32 .8 35 .3 36 .6 33 .5 30 .6 30 .8 31 .5 

32 .7 33 .2 33 .8 34 .1 34 .1 35 .9 36 .6 37 .0 35 .8 34 .0 34 .4 33 .2 

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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JANUARY 

Galveston 

1970 1971 1972 1973 1974 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 --- ---- 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 
Nin 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. 

70 



Srazos Santia 

1970 1971 1972 1973 1974 1975 

Max T 17 .8 20 .0 20 .0 16 .1 20 .0 20 .0 

Mean T 13.4 16 .2 17 .6 12 .4 15 .8 16 .7 

9.7 8.9 10.0 4.4 10 .0 13 .9 

Max S 35 .3 34 .6 35 .3 33 .6 34 .9 33.2 

Mean S 32 .7 32.4 31 .8 30 .8 32 .1 30 .7 

Min S 31.6 31 .5 27 .2 29 .0 27 .8 28 .6 

Max T 23 .4 26 .6 24 .4 21 .4 24 .7 25 .0 

Mean T 14 .2 19 .2 18 .9 12 .5 16 .4 16 .5 

Min T 4 .7 2 .5 5 .8 1 .4 5 .8 2 .8 

Precip. 104 .6 5 .6 33 .0 52 .6 16 .5 15 .2 
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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 

Mme' S 24 .8 ---- 4.8 21 .0 20 .3 15 .8 

Table 8b . 
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NAY 

Corpus Christi 

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 Santia 

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 S 28 .0 31.6 29 .4 27 .5 25.9 19 .9 

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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AUGUST 

Galveston 
1970 1971 1972 1973 1974 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 .1 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 

Pert 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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AUGUST 

Brazos Santia 

1970 1971 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 

BroHmsville 

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 . MaximIIn daily monthly mean and mininaun daily temperature (°C 
and salinity (%o) at coastal tide stations, together with maxinaun daily 
mean, monthly mean and unman daily mean tezpexature and monthly precip-
itation (mm) at nearby meteorological stations (Galveston WB for Galveston, 
Corpus Christi for Fort 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 

Joe 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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WAVE HEIGHT (m) 

Month 1 1-2 - 2-3 >3 

January 26 .2 52 .6 16 .5 4.7 

February 23 .2 52 .9 16 .6 7 .3 

March 28 .1 53.6 14 .8 3.5 

April 26 .8 58 .7 11 .1 3.4 

May 28 .5 58 .8 10 .9 1.9 

June 32 .5 60 .0 6.3 1.3 

July 48 .6 46 .6 4 .2 .6 

August 47 .5 48 .5 3.2 .8 

September 36 .1 51.7 9.3 2.7 

October 30 .3 55 .2 11 .8 2 .7 

November 27 .0 51.0 15 .8 6.2 

December 23 .2 53 .7 16 .8 6 .3 

Average Percent 31 .5 53 .6 11 .4 3.5 

Table 10 . Percent frequency of wave heights by month. 
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SOUTH TEXAS NORTH cMNT!RAr, zEcAs 

BR(k JNSVIIS.E - CORPUS CHtISfI WRPpS CH4tI.STI - GALVFS'ICki 

DATE OF REI.FASE SATE OF RELEASE 

Average Average 
JAN 16 APR 28 JUL 13 NC)V 4 MAY 27 DFL 6 APR 4 AUG 29 OCf 4 JAN 18 APR 7 Of All July Oct . Jan . April Of All 
1970 1970 1970 1971 1971 1972 1972 1972 1972 1973 1973 Release 1973 1973 1974 1974 Release 

INNER 
RELEASE 
LINE 

21 60 50 33 45 48 50 15 58 57 45 45 33 48 27 43 38 

OVPER 
TBREE 
RELEASE 
LINES 

7 20 0 2 0 6 7 6 8 4 9 5 6 1 8 0 9 

ALL 
FOUR 10 30 50 25 41 17 57 16 35 17 33 30 43 28 20 33 31 
LINES 

INNER 
RELEASE 45 25 28 45 22 45 33 0 10 40 30 29 33 27 93 27 33 
LINE (5) (2) (1) 

O[ltEFt 

RE[.FASE 4 7 1 1 5 3 2 1 4 6 2 3 7 10 14 2 8 
LINES (2) (5) (2) (1) (1) (1) (1) (4) (3) (1) (1) (2) 

ALL 
FOUR 
LINES 

14 12 8 12 9 14 10 1 5 14 9 10 13 14 31 8 14 

ALL DRiFRM 12 21 29 18 25 15 35 8 20 16 21 20 28 21 21 21 23 
ALL LINES 

Table u. Percentage of recovery of msfaoe and bottom drifters 
for each date of release (percentages in Pai'aitheses are 
offshore z+ea oroeries) . 
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Date Number 
Mininnun 
Return 

Bottles of Cards $ Time in 
Released Bottles Returned Return Days 

July 11 60 16 27 17 

July 19 60 21 35 7 

July 24 60 24 40 15 

July 27 20 5 25 15 

Aug. 23 120 56 47 10 

Aug. 24 46 3 6 9 

Aug. 28 20 7 35 3 

Aug. 30 40 2 5 21 

Aug. 31 40 7 18 29 

Sept . 13 20 1 5 31 

Sept . 14 .20 3 15 18 

Sept . 18 15 3 20 17 

Sept. 19 60 22 37 4 

Sept. 20 60 30 50 9 

Sept. 21 60 20 33 5 

Sept. 22 60 13 22 3 

Sept. 23 60 17 28 3 

Sept. 24 60 10 17 2 

Sept . 25 50 9 18 11 

Total 930 269 29$ 

Wind 
Direction Direction Inaction of 
of Drift After Recovered 
East or West Release Bottles along coast 

N to NE S to W Galveston Bay - Sabine Pass 
S to SW Aransas Pass - Matagorda Bay 

N, NE S to SW Galveston Bay 

S to W Galvestori Bay 

N S to W Galvestari Bay 

SW S to E Rio Grande - Aransas pass 

W to SW S to E Aransas Pass - Matagorda Bay 

W to SW SE to E Aransas Pass - Matagorda Bay 

SW SE to E Rio Grande - Aransas Pass 

SW SE to E Rio Grande - Aransas Pass 

N SW to N Brazos River 

W to SW N to S Aransas Pass - Matagorda Bay 

W NE Matagorda Bay 

W NE to SE Matagorda Bay 

W SE Matagorda Bay 

W E to S Matagorda Bay 

W S to NE Matagorda Bay 

W S to N Matagorda Bay 

W to SW . NE to S Aransas Pass - Matagorda Bay 

SE S to SE Aransas Pass 

Table 12 . Summary of Seadock drift bottle survey, 1975 . 
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Flow Direction 
Vessel Cruise Date Cyc onic ticyc mic 

HIDALGO Jan . 1962 X 
ALAMINOS Jan . 1964 X 
ALAMINOS Jan . 1966 X 
ATLANTIS Feb . 1947 X 
HIDALGO Feb . 1959 X 
AIAMIIJOS Feb . 1966 X 
ALAMINOS Feb .-Mar . 1968 X 
ATLANTIS Mar .-April 1935 
HIDALGO Mar . 1962 g 
HIDALGO Mar . 1968 X 
ALAMINOS May 1970 
ALASKA June 1951 
ALAMINOS June 1966 g 
ALAMINOS Joe 1967 
KNORR June-Aug. 1969 g 
ALAMINOS June 1970 X 
ALAMINOS July 1969 
ALAMINOS Aug . 1965 
ALAMINOS Aug . 1967 X 
ATAMIN0S Aug . 1968 X 
ALAMINOS Sept . 1965 X 
ALAMINOS Sept . 1967 X 
ALAMINOS Sept . 1968 
HIDALGO Oct . 1961 X 
VIRGILIC LTRIBE Nov. 1970 X 

(Mexico) 
ALAMINOS Dec . 1963 X 

Table 13 . Direction of geostrophic flew in deep water 
(frown DX)DC historical station data files) 
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Winter 

E x G x B = 

27°N, S-N 4.2 0 -13.8 

28 .5°N, 
SW-NE -3 .7 -5.0 -20.7 

Spring 

E G B 

27°N, S-N +6 .6 +4 .9 -27.6 

28 .5°N, 
SW-NE +2 .9 -1 .8 -41.4 

E 

Simmer 

G B 

27°N, S-N +8 .2 +6 .6 0 

28 .5°N, 
SW-NE +4 .9 +1 .9 -3.4 

Fall 

L O 

- 9 .6 -4 .2 

-29 .4 -0 .9 

L O 

-16 .1 -1 .7 

-40 .3 -4 .9 

L O 

+14 .8 +1 .5 

- 3 .4 -2 .8 

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 . Cznputed surface elarentary baroclinic currents 
(cm/sec) by season at locations 50 offshore in 75 m deep 
water. Longs re with coast on the left and off re are 
to c~ as positive . E is the Elamaz spiral ooRipcanent, G is the 
barotropic caponent, B is the baroclinic carpanent, L is the 
total longshore flaw and O is the total (Manan) offshore flaw. 
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Fig. 4 . April sea surface temperatures (°C) . 
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O 
r 

.. . 

WI 

W56 
W I3 W3 

W 14 
W54 

~ W 59 
~' 

W15 
~
--- I w2a w5?, . . ..-=~ ~"SECTION 3 

w23 SECTION 2 

W22 

W581- 1 
SECTION I 

Ia. 97* 96* 95, 94' 93, 

Fig . 38 . Location of sections and stations . 
Stations designed by National Marine 
Fisheries Service, Galvesto:i . 

JV 

LOCATION OF TRAN 

29° ~ / 

o~° \/ 

JANUARY re62-M-I (8 " I, II-2)- 
~v 62-H-I (11-8, 11-18) 

FEBRUARY 0 55-J- IC 
JJ 

t 
UNE + 62-H-5 

OCTOBER 0 61-H-16 
N 

W 

OVEMBER 0 6 1-H- 19 

98* 97' 96* 95, 94* 93 . 

Fig . 39 . Location of transects by Texas A&M Uni- 
versity, Dept . of Oceanography cruises . 



1-' 0 
N 

30 

29 

28 

27 

e F 
a S4e~N 0MOti ~~ ~~ 
m F ,o 

4 SS --
ho25 

GALVESTON~ A 12 X24 

Q~ Oil X 13 - OX 3 

x°1%9K 14 X122 
v 

1 >02 -~)b9 X15 
0~( 21 ~ 8 0( 1 6 

/ R3 20 ~~
. 

!~ 

5 6 p(19 
\0~ kP 618 

.00, ~ O ~2 o ,L % 'L 
/ 0 66-Q- 

x 6 
2 60' 'iii r I i t 
98° 97° 96° 95° 94° 93° 92° 

Fig . 40 . Location of sections and stations . Texas A&M University, Department of 
oceanography cruises 66A1 and 66A2 . 



0 
w 

STATI 

f 
i 

F 
a 
W 
O 

STATi 

w 

s 

x 
r 
a 
W 0 

n a 
u 0 , t--~-

` ,~8 p/,~ 1 1 
*17 ~II~7 'O 

i 21" 
1 

so 
i 

21 " 

ioo ~J 
20, 

~~19 " 
i , 

Is* 

.so 66-A-I > ~~,T" 

TEMPERATURE 
(CELSIUS) 

.00 
SECTION A 15* 

,via 

S TAT 

S 

x 
r 
a 
W 
D 

~ 0 25 50 75 100 125 
DISTANCE FROM SHORE (NAUL MI.) 

1 . ~v y e r o 

/~ p 

SO 'f 

100- 
'~ GV " 

~"--"19" 

i8" 
150- ~~iT, 

66-A-I 
TEMPERATURE ~ "-"~is' 

'°° (CELSIUS) 

SECTION B 

2500 
23 SO 1 75 \ 1 !00 

$T 

V 
r 

Z 
F a 
W 0 

Vn 1L 13 1 . 17 16 1/ Is 

I4* 1 " 1 -IT* 
~ f8* 

i 22 " ~ -i~ 
1 

so 
22 " 

1 
- . 1 -. 21- 

-j 19' 
100-

IT-

16* 

-1 

T - 
~ISO 

66-A-1 
'°° TEMPERATURE (CELSIUS) 

ia " 

SECTION C 

250 
0 25 50 75 100 125 150 

DISTANCE FROM SHORE (HAUL MI.) 

AT ION 23 24 23 22 21 20 19 

O ~ ~~ 16' 17- 18~ , ~ 
~ 191 2'O' , ; 

1 

22 " 
30 

211 21-

100- 

17" -- ~. 
iso _ 

'6" 

66-A-I 
----f 

is " 
TEMPERATURE (CELSIUS) 

SECTION D --

250 0 z5 D : 7s roe i25 150 
DISTANCE FROM SHORE (NAB? VI .) DISTANCE FROM SHORE (NAU'.. Ms,) 

Fig . 41 . Temperature sections for January, cruise 66A1 (from Nowlin and Parker, 1974) . 



0 

HYDRO. STATION POSITIONS 

x 
a 
W 0 

~ 16~ i ~ 20 " 
~ ;IB" I 

" . 
so 

100 -

150 -
- 

\ 
66-A-2 

TEMPERATURE 
'-0 (CELSIUS ) 

SECTION A 

'9 " 
`f
~/x

.18 " 

.~'~.ir 

is- 

11TU1(U. JINIIVIV YVJI I IV 
0 

18" i 

so 

x 
a 
w 0 

66-A-2 
TEMPERATURE (CELSIUS) 

SECTION C 

~~~~I~~~~I~~ 
25 50 75 

-1120- - : 
19* 19* 

18" 

7" 
~' 16" 

---~'S " 

la " 

13* 

125 ISO S 
DISTANCE FROM SHORE ( NAUT Ml . ; 

HYORO. STATION POSITIONS 

w 
t 
0 
I 

x 

a 
W 
O 

10', 12'. 
i 

14" ' 16- i lei 
, . i 

20 " 
so 

- 20, 
ioo 1g" 

18 " 

17 " 

DSO ~ 
66-A- 2 ''v is" 

TEMPERATURE 
!00 - (CELSIUS) 

SECTION B 
a 

!soo zs so 7s ioo 
DISTANCE FROM SHORE (NAUT. M1 .) 

DISTANCE FROM SHORE (NAUT. MI .) 

HYDRO. STATION POSITIONS 

2 0 
20, 

T. 

ISO- 6 

15' 
66-A- 2 ' 

goo 
TEMPERATURE (CELSIUS) i4" 

SECTION D ' ,,3 . 

soO ' ?S 1%n M - iea rcn 

Fig . 42 . Temperature sections =or January, cruise odAz t=rom Nowlin ana rarxer, 1~~4~ . 



N 0 

STATION I 2 3 4 S 

r 
r 
0 

x 
F 
a 
W 
O 

34 
35.0 

360 

so I 36.0' 
36 .1 

36.2 
36.3 
36 .4 

i0o 

36 .4 

ISO i 36.2 

66-A-I 36 .0 
'00 - SALINITY ( PPM) 35.9 

SECTION A 

1500 2s so 7s too is 

TION 12 13 14 15 16 17 18 

w 

0 

x 
I .- IL 
W 
O 

S 

STA1 

DISTANCE FROM SHORE (NAUL MI.) 

10 9 B 7 6 

i 

x 
H 
a 
W 
D 

u 
30 

32 , 
34 
S I 36 .1 I . I 

3G0 

50 

36 .2 " / l 
1 

1 
100 

36.4 

i 

150- 36.2 ----

66-A-I 
°° SALINITY (PPM) ----- 36.0 -

SECTION B ~` 

tsoo is so 7s too 42e 

i 

2 
F a 
W 
O 

34.0. 35 .0 
-

M ~ 36 .1 
i so 36. 

36.3 1 
7 

36.4 -'i 

l . ~ 36.2 
150- 

6. 0 - 3 

66-A-I 

z°° SALINITY ( PPM ) 

SECTION C 

tso 
n 25 3o 71% 100 1?S ISO 

DISTANCE FROM SHORE (NAUT MI .) 

23 24 23 22 21 20 19 

4.0 35 .6 
-ttc . 36.0 ) ~ ~ 1~ . 36.~~ I! . 

rn -< <36,~36.4 a 
so- 

too- 

r 

. 36.5 

36 .4 

ISO - - - -' -36.2 

66-A-I _ _ -ss.o 
too SALINITY (PPM) 

SECTION D 

tso o 25 so 75 too 12s ~sn 
DISTANCE FROM SHORE (NAUT. MI.) DISTANCE FROM SHORE (NAUT, MI .) 

Fig . 43 . Salinity sections for January, cruise 66A1 (from Nowlin and Parker, 1974) " 



N 
0 
oh 

STATION I 2 ! 4 S 

`o 

x 
H 
a 
W 0 

srai 

w 
i 
0 

x 
1- a 
W 
O 

r \ 
35.p 

36 .0 ' ' 

\ 36.2 36.2 
SO "f 

` X36.3 

"/ ioo X36.4 

. / 36.4 

ISO 
36 .2 

66-A-2 - 
100 

~~ --3s.o 
-SALINITY (PPM ) X35.9 

SECTION 
i 

A 

'sO0 25 50 75 10f1 ~4 
DISTANCE FROM SHORE (NAUT MI .) 

10 9 8 7 6 ~5.o - . 36.z: 1 
36.3 

36.3 

36.4 
T . 

I 

-36.4 

36.2- 

666-A-2 _ --36.2 
SALINITY ( PPM) 

SECTION D 

50 7S 100 12S 150 
DISTANCE FRnu cunoc tueu7 w1 

Fig . 44 . Salinity sections for January, cruise 66A2 (from Nowlin and Parker, 1974) . 

- ~ 
0 LO 

I 
--

36.3 
'I 50- 

n 

100- , 

36 .4 

IS 36 .2 

66-A-2 ~----3s.o 

'°° SALINITY ( PPM ) 

SECTION B 

50 0 2S S0 7S 100 12; 
DISTANCE FROM SHORE (NAUT MI .) 

Y 

s 
F 
a 
0 

IN 12 13 14 1S 16 17 Is 
v 

r~` \43 .0 ~ / . 

I I 
3&0 36.4 

SO 
yl 

100- 
36.4 

36.2 
150- 

66-A-2 ----- -36.0 

'-°° SALINITY (PPM) 

SECTION C 

50, 11 
75 SO 75 1[Yf 195 ISO 

DISTANCE FROM SHORE (NAUL MI .) 

24 23 22 21 20 19 

w 
i 
i 

x 
r-
a 
W 
O 



N 
O 
v 

STATION I 2 3 4 S 

a 

Y 

x 
t-
IL 
W 
D 

230\ 

2 

25 .4 . I I 

25 .4 j ~ 

SO 
N 

N 
1 
I ~ti 

N -~ 

" 23.2 
~. 

5.4 
25.5 ~ 

5, 
25 .8 ioo 

26.0 

26 .2 
" 26.3 

iso 
L 

26.4 

66-A-I ~~ 2s.s 
goo 

"\ 26.6 

SECTION A 26.7 
0 5 n 7S S(1 

2 
71. IAA 17 

ATION 12 13 14 15 16 17 Is 

YI 

x 
a 

O 

S 

2. 3 i 5.2 

O ~ I 25.4 25.5 I 

25 .2 
25 
~ 25.4- . 25 .5 

5.9 ~~ ~~ 2y,3 

.26'4 

.26.5 
-' . 26.6 

- __26.7 

66-A-1 ___26.e 

SECTION C -- - -Zs.s 

~0 25 50 75 100 125 ISO 

DISTANCE FROM SHORE (NAUT MI .) DISTANCE FROM SHORE (NAUT MI.) 

fATION 11 10 9 8 7 6 STATION 25 24 23 22 21 20 19 

4 

25.3 
25 .4 

"~ 25.6 
~~ ~5.8 
- ~~26.0 

;, .7 

I ~,Zg.4 
==-- 

i 
----26.6 

----26.7 

--- -26.8 

DISTANCE FROM SHORE (uAUT MI.) DISTANCE FROM SHORE (NAUT. MI .) 

Fig . 45 . Density sections for January (from Naalin and Parker, 1974) . 

0 
2~.ro2ao . i 

25.4 
~ 

o k 
so 25.4 

.'~ 

100 
25.3 ;, 

V _` _=~ ̀ Y 

s -Z-2 r`o x 
ISO ~`~ 6.? 

W 
o ~+`26.4 0 

66-A-I 
---~ ._?ss 

xoo 

SECTION B 2s,F 

, 
2500 

25 50 75 100 125 



O 
00 

STATION I 2 3 t S 

b 

x 
H 
a 
W 
O 

r 
i 

x 
a 
W 
0 

24.CY / 

. 6 0 26.0 ,. 

25 .8 
so 

25.6 

100 ~25.8 

26.0 

26 .2 

iso 

66-A- 2 -- --2&6 
!oo --26.7 

SECTION A ---26.8 

2500 25 so 79 100 12 
DISTANCE FROM SHORE (NAUT. MI.) 

10 9 8 7 6 

4.0 4 
01 

2!a.0 - r .. 

2s .o 
I I . 

26.0 ~123.6 
25.8 

6p 

'°° 25.8- 
2&0- 
26.2- 

26.4 ----- 
150 - 

--- - --26.6 

66-A- 2 -- - T - 
'oo 

a'f 
SECTION B , _ -- _ 26.9 

~~0 25 50 73 100 12! 

ATION 12 13 14 15 16 17 to 

Y 

x 
f-
IL 
W 
O 

s 

f 

x 
1- a 
W 0 

0 26 .0 - 

'24.0 ~ - 26I .01 I . "25.6 
25.8 

so 

too-

Z/ 26
. 

Z,v 

150- 

A 

-?6.6 

66-A- 2 ---- --26.8 

200 

- 26.9 

SECTION C 
250 

25 50 75 100 125 150 
DISTANCE FROM SHORE (NAUT MI.) 

25 24 23 22 21 20 19 

26 .4 26.4 26.2 
00 

1, 
0 00 

(d cy CY CY cy < 25.7 
so ~ ~ 258 n 

1 

ioo 
~-- 25. 

---r . 2fi0 
26 .2 

---- 26.4 
ISO ---- 

----.-26.6 

66-A- 2 
too ---26.8 

t 
SECTION D _26.9 

!SO 
2s sn ~s ~�n ~. 

DISTANCE FROM SHORE (NAUL MI .) DISTANCE FROM SHORE (NAUT M1.) 
Fig . 46 . Density sections for 'January (fiat Nawlin and Parker, 1974) . 



1z S a a a 11 

21JO 

.4 t 2&4 

218 2 6 21.6 126.12 270 

2 

2,/. 

- 40 

-00 

DENSITY 
t

DENSITY DENSITY 

SECTION 1 SECTION 2 SECTION 3 
FEBRUARY 1964 FEBRUARY 1964 ~ FEBRUARY 1964 

nA*rows 

i ss 

38.6- 

wol3r. . 
~

.i 

I 

x . 
i 
J ~-1- p 

36 .6 p 

SALINITY SALINITY SALINITY 
SECTION 1 SECTION 2 SECTION 3 
FEBRUARY 1964 $ FEBRUARY 1964 ~ FEBRUARY 1964 

. . 
s s s i 

2- 
s s i i 

Fig . 47 . Temperature PC), salinity (%o) , and density (Qt) 
sections for February (data from NIB'S, Galveston) . 

109 



STATION N0. 
0 OD fl- t0 to 'CF M N ., 

50 

W 
W 100 

x 
f-a 
w 0 

150 

200 

250 

o-
O 
N 

MARCH 
TAMU CRUISE 54-J-2 

28000, 29°00, 
LATITUDE 

Fig- 4 e- Temperature (°C) section for March (from Etter and 
Cochrane . 1975) . 

110 



50 

W 
I .-
w 

c0 to st M N 
- 2 m m f~ en .n 

0 

Z 
F 
a 
W 
C3 

100 

150 

MAY 
TAMU CRUISE 64-A-7 

27000' 28000' 290 00' 
LATITUDE 

Fig . 49 . Zp.niperature (°C) section for May (fnxn Etter and COchraner 
1975) . 

111 



VA tons 

by s i i i 
0 0 

iBBB 20 ~9~ 22 ''~I2pzZll '\ / ~22` 20 
22, 

~~ 
2420 24 I I I I 2, 

2S-~ 

b 26 b 

/26 \ 

i 
iw p 

X 

b 

DENSITY DENSITY DENSITY 
SECTION 1 SECTION 2 SECTION 3 

°° MAY 1964 MAY 1964 MAY 1964 100 

~to 
ST-ors Izo 

ii i s s i ~ s s i iX 
0 

o 50 
2B 70 32~ Y 

!o Zt

JJJ
~~~ 3\ I I I 

- V ~36.~ r 3B.4 ~~J62 

36 .2 

/366 b 

7 

q 
'° - 

b p 

SALINITY SALINITY SALINITY 
SECTION 1 SECTION 2 SECTION 3 

'°° MAY 1964 MAY 1964 MAY 1964 -100 

1 :o stArHoin so 
. ~ ~ 3. : .. : : i 0 0 c 

30- 
-20 

/ ~- =- 
10 

Ile M 

20 , =o w 
-00 

o 

M 
b 

TEMPERATURE TEMPERATURE TEMPERATURE 
SECTION 1 SECTION 2 SECTION 3 \ 

'°° MAY 1964 MAY 1964 MAY 1964 '°° 

uo iio 

Fig . 50 . Teniperature (°C), salinity (0%o), and density (Qt) 
sections for may (data from Nm4'S, Galveston) . 

112 



STATION N0 . 
m Os O - N M qt to tp ti GD Of O N M 

V O' in in ~ ~ ~A ~ ~A 
~ V it ~ ~ 

in to 

'~f qt Q tf V tr tT ut qw 

U 

V 

50 

100 
w 
F 
W 

2 
H 
a 
W 
D 

150 

2oa 

2 5G 

e 

I \ 

JULY 

TAMU CRUISE 67-A-4 

27°00~ 28.00 
LATITUDE 

29.00 

Fig . 51 . Zprtiperature (°C) section for July ( fran Etter and Qochrarye, 
1975) . 

113 



ti"ilOMf 

x x x ~ " ^ R- l ) ! ! f 1 )LLL~~~" 

24 

24V 

1'` F / 

i %s 
~ w- 

SALINITY ~ SALINITY 
SECTION 2 .I SECTION s 
AUGUST 1964 ~- AUGUST 1964 

\ b 

DENSITY DENSITY DENSITY 
SECTION 1 SECTION 2 SECTION 3 

'°° AUGUST 1964 AUGUST 1964 AUGUST 1964 '°° 

ixo ~» 
st~noon 

ii i i s a s s i s ss s s i i o r 0 
L 366 
~~8.6 'J6~ \\ 330 
V ~~ \ J 

36.6 < 5 < 36.8 36.0 20- :o 
/36.2 

-
~ 
/ \ J6.4 

366 366 

b pl 
7 

o p 
i 

SALINITY 
SECTION 1 
AUGUST 1964 

g 

i 
s 

0 

TEMPERATURE 
SECTION 1 
AUGUST 1964 

2 f! 
i 

ze- 

i 26 

22 

i 

TEMPERATURE TEMPERATURE 
SECTION 2 SECTION 3 
AUGUST 1964 AUGUST 1964 

100 

Fig . 52 . Temperature (0C), salinity (%o) and density (at) 
sections for August (data fNNES, Galveston) . 

114 



STATION N0. 
~A (D CD M O N M 
cD tC t0 CD 1- ti t~ f~ ti ti ~ ti 

50 

W 

W 
Ga 

Z 
H a 
W 
D 

100 

125° 

AUGUST-SEPTEMBER 

TAMU CRUISE 66-A-12 

150 

115° 

28°00' 
LATITUDE 

29000, 

Fig . 53 . Temperature (OC) sectirn for August-September (from Etter 
and Cochrane, 1975) . 

115 



CD CO P- (0 to tt M N - O m fn r~- m ~n .+ .n ..I 

U 

50 

100 
w 
H 
w 

x 
F-
a 
w 
0 

150 

200 

250 

24° 23° 22° 

, . 

24° j' 
i 

200 

NOVEMBER 

TAMU CRUISE 61-H-t9 

15° 

27000' 28000' 
LATITUDE 

Fig . 54 . Terrperature (°C) sectioaz for November (fran Etter and Cochrane 
1975) . 

116 



IT

"TqM7 

: : x- x s . 
-1--- 

25 ~~ 

20 

3 20 

- 

YS 2[ 25 22 21 

40 - b 

b 

Y 
O 

b 

DENSITY DENSITY DENSITY 

'°° 
SECTION 1 
NOVEMBER 1964 

SECTION 2 
NOVEMBER 1964 

SECTION 3 , 
NOVEMBER 1964 ~ - I'°° 

.. 
1.0 i ~ ) i i ! ! 1 H t ! ) 

40 

i 

t 

SALINITY SALINITY SALINITY 
SECTION 1 SECTION 2 SECTION 3 
NOVEMBER 1964 1 NOVEMBER 1964 4 NOVEMBER 1964 

1i 1 . i .8 i i s i s is i s i s 

p 

i 

i 

Fig- 55 . Temperature ("C) , salinity (0/6o), and density (Qt) 
sections for Novenber (data from NWS, Galvestori) . 

117 



STATIONS 

Nl - n1 - 0 N - M M N - co 01 0 - N In v V) tD f- W 

. _ O~ Ol OD m m CD 

N 

F-
LO 

x 
r- a 

O 
~,15 15 1 20 

1 ~ ` 
50 20 20 

1 

100 - 

150 -

?00 -I5~ 

62-H-I 62-H-I 55-J-IC 
250 JANUARY JANUARY FEBRUARY 

300 - 

50 

100 

150 

200 

STATIONS 

M M O O R Q R 'Y R ~f ~ ~[I rn N 001 pp f~ tD U1 V M (v _ 
~N 4l ~V ~~ ~ O'~ ~OtDtG t~0 N hU Y~YN ~ ~ 

W 

x 
a 
0 

e 

3 

i 

50 

20 
00 

u 

20 

62-H-5 61-H-16 
so JUNE OCTOBER 

JO 

l 
f N 

25 
50 1 25 

' ioc 

V 15( 

~ 

61-H-19 
120 

NOVEMBER js 
25 

7 

D 

....0 

Fig . 56 . Temperature (°C) sections for January, February, June, October, 
and November (Personal canmmication, Paul Etter) . 

118 



J F M R M ~ ~ R 5 D N D 

30 

20 

10 

30 

20 

10 

30 

20 

10 

30 

20 

10 

REGION 3 

REGION 4 

Fig . 57 . Annual cycles of mean surface temperature(OC) . 

119 



0 

SIC 
W 

d 

I 

0 - 
Lo 

2' 

MONTHS 

Fig . 58 . Annual course of isotherm (°C) depths for the zonal band, 27°30'N to 
27°50'N and 92 to 96oW (fran Nowlin and Parker, 1974) . 

120 



~ 25 

50 

N N 

Fig . 59 . January mixed layer depths (m) . 

B' 97' 96' 95' 94. 93 " 

Fig . 60 . February mixed layer depths (m) . 



ze* 

-- _ '. 

>> " ' : 
N 
N 

J-
97' 

-- 

751 

001 

Fig . 61 . March mixed layer depths (m) . 

I/ I I 
96' 95. 94 " 



N 
N 
W 

9B' 97' 96. 95' 

Fig . 63 . May mixed layer depths (m) 

94. 93" vc- 7~- yo- y~- vv- 

Fig . 64 . June mixed layer depths (m) . 

93" 



r 
N 

98. 97. 96 . 95. 94. 93" 

Fig . 66 . August mixed layer depths (m) . 

98. 97' 96. 95' 94 . 93" 

Fig . 65 . July mixed layer depths (m) . 



N 

98' 97' 96. 95" 94. 93" 

Fig . 67 . September mixed layer depths (m) . 

98' 9T' 96. 95' 94. 93" 

Fig . 68 . October mixed layer depths (m) . 



N 

Fig . 69 . November mixed layer depths (m) . 

8' 97' 96. 95. 94 . 93" 

Fig . 70 . December mixed layer depths (m) . 



98°w . 
(V . 

3° 

6° 

96° 94° 

FIGURE 71 . THE IACATIQJ OF TRANSECTS 7-10 WITH TIC RESPDCrIVE STATIONS AT MIC:Ei 
mY SwL1NG wAS CCNllL1CTED BEAUM JANU1RY 1963 AND =4BER 1965 . 



Day of Mon 

30 

Brazos 
Santiago 

25 

r 
N 
00 20 

30 

Brezos 
Santiago 

25 

20 

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 

JUNE 1973 (°C) 

10000\ 

SSE SE SSE SE SE NE NE E ESE SE SSE SSE SSE SSE SSE SSE SSE SSE SSE ESE NE NE ENE ESE SE SE SE SSE SSE SSE 
19 32 34 25 22 10 6 6 13 13 22 27 78 21 22 22 24 26 26 8 8 11 73 16 11 6 10 71 1 . 18 
19 32 34 26 22 10 8 13 14 14 22 27 70 22 22 24 24 28 26 11 13 13 14 16 13 10 10 13 16 34 

JULY 19731°C) 

ESE ESE SSE SSE 8 SSE fSE SSE SSE SSE SSE SSE SSE SSE S SSE SSE SE SE SSE SSE SE SSE E E ESE SSE SSE SSE SSE SSE 
14 13 10 3 10 18 22 24 19 18 14 13 18 22 

21 
19 18 14 77 14 74 16 18 8 6 8 13 18 21 22 21 

I 14 13 19 0 11 19 22 22 19 18 14 13 18 22 22 21 18 1 . 13 1 . 16 18 18 10 10 10 13 19 21 22 22 

FIGtM 72 . SEA WATER TEMPERATITRE AND DAILY WINDS, SRAZ06 SANTIAGO. 



iy of Month 

15 

.3alveston 
P . P . 

10 

5 

V a 

20 

Brazos 
Santiago 

15 

10 

5 

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 

1972 

__
..... ... .*,OO 

i ~1* 

_ % 1973 

QwMaMa . ."" 
.." 

1972 

1973 v " 

FIGUM 73 . SEA WATER TEMPERATURES : JANUARY (°C) . 



w 
0 

C:1 
30 

20 

10 

0 

10 

20 

.30 

CM 
1 

30 

20 

10 

0 

10 

20 

30 

G/\ LVE S"i0' ; 

23 24 25 26 27 23 29 

23 24 25 26 27 28 

PORT ISABEL 

F'IGL7RE 74 . TIDE CURVES, GALVESTON AND PORT ISABEL, JUNE 23-30,1948 

29 

30 

30 



r 
w 
H 

3.0 

2.6 

2.0 

E . 1 .6 t 

1.0 

0.5 

0.0 

-0.6 
1941 1942 . 1943 - 1944 1945 1946 1947 1948 1949 1950 1951 

FIGURE 75 . MONTHLY HIGHEST AND LOWEST TIDES 

GALVESTON . 



JAN FEB MAR APR MAY JUN JULY AUG SEP OCT NOV DEC 

+30 ' 

+20 - 

GALVESTON 

+10 - 

0 - 
i 

-10 - 

+30 

s 
+s0 

BRA20S 
+10 

SANTIAGO 
0 

-".. ~~~ .... 

" ... 

-10 

+30 

+20 
GALVESTON 

MINUS +10 
BRAZOS 

SANTIAGO 0 - 

-10 

FiGUM 76 . 1966-1973 : MNI'fLY rSANS OF SL (can, solid _ 
Line ) WI'I'fi STMC VARIATION (an, dashed line) . 

132 



.+2 

GALVESTON 
+1 

+3 

+2 

BRAZb5~ 
.+1 

SANTIAGO 

-1 

+3 

+2 
GALVESTON 

MINUS 

BRAZOS 

SANTIAGO 

-1 

JAN FEB MAR APR MAY JUNE JULY AUG SEP OCT NOV DEC 

30 -

0-

0-

0-

of- 

0 
t 

0- 

0-

0 . 

r 
0 _ 

0 

0 

0 

0 

0 

FICA 77 " 1970 - MONTHLY MEANS OF SL' (in CM) 



GALVESTOr 

BRA20S 

SAN TIAGO 

GALVESTOIS 

MINUS 

BRA20S 

SANTIAGO 

JAN FEB MAR APR MAY JUNE JULY AUG SEP OCT NOV DEC 

+30- 

+20 

I 

+10 

0 

-10 

+30-
t 

+20 -

- ~ . +10- 

0--

-10-

+30-

+?0 -
I 

+10-

0-

. -10 

FIGC1lM 78. 1971 - MONTHLY MEANS OF SL (in CM) 

134 



6 
40r 

Ht (cm) l 

20 

0 

GALVESTON 
P.P, 

-20 

MARCH 

26 5 10 15 

FEBRUARY 

10 16 40 

-40 

-60 

20 
Ht (cm) 

0 

BRAZOS 
SANTIAGO 

-20 

-40 

S N S N ESE NE NW SE 
28 19 19 19 19-22 22 30 29 

11 
S 

11 
NW 

11 
S 

11 
N 

1 .1 
S,SE 

11 
NW 

11 
SE 

111 1 
N SE 

29 19 24 24 19-24 27 24 19 28 

FIGCkE 79. ' AAMY SEA LEVEL HEIGHTS (in an) - 1970 AND 
SIGJIFZC'.ANT -STEADY WINDS (hU/hr) . 

135 



15 

Ht (cm) 

4! 

?L 

GAL` 1F : i ON 
P.P. 

C 

-2d 

Ht (rm) 

40 

20 

SRA20S 
SANTIAGO 

0 

- 20 

FIG1M 80 . DAILY SEA LEVEL HEIGHTS (in can) - 1970 AND 
SIGNIFICANT STUDY WR1D6 (km/hr) 

136 

AUGUST SEPTEMBER 

20 25 30 5 10 15 20 25 



JANUARY 
980W 960 940 97, 9 00 

.,., . . . : . 
PORT ~ARTHUR ~ 

30° u---~------- 30° 
6.1 249 .. A 6.5 239 52 235 
19 .fl 2i .3 L 21 .3 

.~.r 

273 310 313 
11 . 1 ' 201 ' 5 .4 ~" ~ 245' 8,3 219 7 .8 238 7.4 235 
18 .9 ~ f 25 .2 

_~_ 
22 .9 25 .0 25 .4 

r 

280- AA~ 15 102 225 1097 1555 
] 206 8.5 240 8.3 253 7.0 259 1.4 266 &1 235 

I-~ CORPUS CH RISTI` 29 .4 27 .8 . 29.4 27 .9 26.8 
W 9.1' , 
v 25 5 

J ~f '.o~ `v' 'o" ~J 
l- 

89 670 384 491 324 310 
10 .0 287 6.1 278 6.8 213 
27 .2 ' ' 26.8 27 .8 

` 4" STEADINESS : 
BROWNSVILLE> 

18 123 116 IVecta Meant 
> 87 : / 

5 .2 ar~ti r~ 278 6.3 283 10 .2 259 
. 

Scalar Mean I - 

22 .0 26.5 29 .0 
Nector Mear~ i 

.33 < < 
- IScalx Mean 

.67: 

Vector Mead 
Scalar Mean 

61 98 55 

2.0 158 7.0 303 6J 248 7.5 208 
24.8 ~, 25 .5 25 .5 028 

f 

toe ea ee ~5 ° 24O N 
' 

N 24 
98°W 960 940 92° ( Mean Wind Speed I 90° I 

~wm.ttr of 
Magnitude of Onservat uns 

~ 81 . JANLiAF~f MaTI'~ILY MEAN WIND VEC'II~RS . 
Wind vecio~ p �ecc on or 

W ind Vector 



9~°r~ 
I 

960 FEBRUARY 94o 

300 
PORT ARTHUR 

- 
5 .7 248 

17A 271 21b 

314 :i< 

7 .0 
. 

f"
;, . . . .,. .,2 . 

8 .0 
25 .0 

VwV 

232 ~ 
- 

5 .2 
22 .8 

252 8.1 245 
25.2 

L ~. .y 

. .. 
13 91 226 976 - 

v 
216 

--- 

7 .2 

- 

258 7.1 285 6.8 264 7.0 27 :; 
CORPUS CHRISTI 27 .8 28 .5 29.0 28.1 

W 
16 .6 

I 
00 31 .41, . . ~ ~,y fo- 44- 

55 371 502 .12 2" _ _ 
100 297 8.0 e86 8.5 280 
22 8 28.8 27 .2 

+~ `, STEADINESS : 
BROWNSVILLE . 

18 101 114 Nector Mean) __ 
260- 

5 .9t .,~~'211 
~- 

7.4 239 12 .6 ~ IScalarMean I - 

f 25 .7 - 28.5 28 .7 
Nector MesI ` 

.33 < 
Scalar Mean) 

1 {t 

Vector Mear~ 

68 134 75 Scalar Meanl 

5.4 227 6J 280 7~e 238 
26 .8 26.8 27 .4 

i 118 120 92 
24°N 

98°W 96° 94° 

FIGURE 82 . FEBRUIRY MN'IHLY NEM WIND VEMRS . 

24°N 
Mean Wind Speed ~00 

a,ro~,de of 
. . ._ . __ . _. 

\~~ .. 

92° 90° 



980V 960 
MARCH 

940 920 90" 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .: :. : : -T:.. . . . . . . .: . .: 

O R AR'HUR?: .:;<'': T 
. . . . . .. . 

30° :.. . . . . . 
5.7 . . : 71 

.. . 30° 
: 204 

~o- 

258 327 311 e 
1 t 1 300' ̀ 8.5 ' 267 8.9 272 7.0 266 6.7 268 
20.5 ~~ 

w~;J' 
24.0~+~ 
Ci 

~+" 21 .8 23 .3 242 

"--- ~--- "o- o- 

28° r------~- 
r n 112 z~ »u 1e2~ 

2B° 
~~~i 29q 9.8 ~g 18.4 272 9.8 2gi 8J ~1 8J 279 

I-+ CORPUS CHRISTI ~ 24 .2 28.6 25.6 28.5 25.5 
13 .3 

5 
7
"~ m`0. f~~ 

50 402 640 472 336 313 
13 .5 278 &1 279 12.4 281 
25 .9 25.0 28.5 

^--- " moo. 
STEADINESS : 

BROWNSVI LLE'. l 
x> >06 120 N~taM~ , 

- 
.67 : 

231 8 .9 11 .7 284 11 .5 286 IScaIxMean l 
25 .2 22.6 25.3 

, 
lNector Mear~ ` 

,33 < < 
-Scalar Mesnj 

.87: ~ 
~ 

lNecta Mead 33 
"9 109 e0 

< 
IScalw Mean 

. 

5.4 279 11 .1 281 12.8 288 7.5 208 
23.1 25.1 24.6 . 028 

E 

.- 

... 

~ az ion Zss 
240N 

2`~ 

940 97, Mean Wind Speed 

'~~~'' 83 . MARCH ~.~~Y MEAN ~D ~+ .IOiRS " Mag 
I 

nitude of 
Number of 

Wind Vector 
Gbservat,wx 

D, rect,on of 
Wi nd Vector 



APRIL 

263 335 358 
13. 9 290 70.4 ,296 10 .6 279 10.4 299 10.0 296 
283 

_, 
21 .5.E-~ Lr' 22 .6 22.1 22 .8 

tr~ 

` 

Y 
24 85 180 1001 1512 

29~ 
~ I 

15.4 301 13 .7 298 14.8 303 13 .9 305 12.0 301 
P S CH CO RIST 26 .1 z5 .2 255 25 .9 24.4 

O 
R U 

130 
~ 

t 
~ ~~ 

1 

\ \ 231 ~` ~ \ \ \ 

49 381 515 126 291 323 
16 . 5 301 19 .2 307 13 .3 299 
20 . 4 , 2~ 7.0 26.6 

STEADINESS : 
BROWNSVI LLE 

29 ~ 114 101 N~ta me > ~ .e7 : 
12 .6�x_ X314 15.5 291 13.9 306 IScalarMean ~ 
21 .6 ~'=~ 23.9 27 .4 

'l 
I 

Vector Mesa \ .~ < 
< .87: 

fScslx Mesnj 

I Vectw Mesa < 3 
!J 

.3 : y 
IScalsr Meanl 

28 102 52 
'15.4 308 13 .3 298 77 .2 288 
21 .6 22 .8 25 .7 

77 77 80 
24°N 

w 960 940 C 

FIGUF2E 84 . APRIL NDN'MY MEAN WIND VECTORS . 

280 

F 

7.5 208 
029 

x5 
24°N 

Mean Wind Speed I I 
Number cf 

Maqmtur? of CL ;etis~~ons 
Wind Vector 

.. " nn p1 

. . . .'~'e . . . 



- - 
. 

NAY 
9B°1N 960 940 920 

. . . . . . . . . . . . . . 
! 

.. r . '.. . . . ~s:. .~: ::~xc:v . ; 
PORT ARTHUR`~~:? ::' 

y 
": . 

0- 
. . . . . . . . . . . . . . . . . . . . . . . . . . . : ~. 

:ss 3f4 .4 ' . . . . . 
: . 

sr~ 
, . . . . . . . . . . _ : 278 328 320 

150 ~ 299 ~ 14.2 . _ ~294 '~ 11 .1 298 11) 304 10 .9 302 
19 .6 22 20J 20.0 21.5 

W 

34 92 /.W 1128 

~~ 

1R7Z 

fp T 
~ 

291 15 .5 301 16.1 301 14.8 300 14.6 302 12.8 301 

CORPUS CHRISTf " . 23 .7 23.1. 23.1 22 .4 21 .1 
f., 
A 

a 

17 .4 
27 . 0 

so 3ft 68B 16 3 X65 362 

t 9.2 
~ i ~ 

289 19 .1 307 15.7 289 
i i 257 ~ 24.2 22A 

STEADINESS : 

BROWNSVI LLE 
n 1u ~~ ecta Mesn~ l vector .a~. 
2 

/ 
~x~~^I 17. 297 15.4 298 17 .8 28d 

21 . t 23.8 24,t I 
er ~ < N xMex,j < . . _ s~ 

ly.cwr Me.q < .33: 
Iserlx Mean) :q X 45 120 76 

13 .1 298 15.7 288 14 .8 291 7.5 20B 
21 .3 23.1 22 .4 028 

103 106 76 265 
24°N 24°N - ~ I , - i ~ I I 

IoW 
~ ~o 

~ 
I 

Mean Wind Speed I 

FIGTM 85 . MAY M2N'I'HLY MEAN WIND VECTORS. Magnitude of 
Number of 
Ocsenac,ons 

Wind Vector 
p~rect~on of 

' Wind Vector 



98°W 960 JUNE 940 920 9 0° 

; . 
. . . : ORTARTHUR ::t . . . < ;,: : : . . : : ; ::" ;. : .::::::. 

-77' 7 
° 

. . . . . ; 
0 " " 3 13 1 j L 11 

30 

I 
. 

18 .5< 
9 

.:~ 
. 

18A !» 1~.2 r . 

a 

322 388 385 

^20 2 ? 34 7 12.2 318 12 .4 324 11 .3 328 10.7 325 22 0 l E ~- 
f 

LI 
18.7

. ........ 
1:2 

c~- 

20 .0 18.0 17.8 

2r- 332 
14 

319 15.9 

78 

318 15.7 
248 

313 

1226 
14 .1 311 11 .5 

1707 

311 
-2r 

CORPUS CHRISTI ~ 
s o 

~ 19 .6 
21'1 ' 20'7 20'2 19 .2 

84 389 678 648 392 340 
122 
20 .7 

315 313 77 .8 
22 .0 

309 

\` 20: 
24.4 

STEADINESS: 
BROWNSVI LLE' 

21 
~ 

112 138 (Nxta Meant 
> ,87 : 

l r M n I - IS 

l 

~--- 17 .6 - 311 17 .8 311 18 .0 304 cs a ea 
209̀~ 22,4 23 .6 

tNector Mean~ 
< .87: .3< 

~ScalarMeant 

l1/ectw Mea~ 

38 102 108 Scalar Memo 

318 16 .5 311 15.9 304 7.5 208 

21 .1 
24 .6 

20 .5 22 .4 

24°N 
e6 e7 e7 26.5 

24°N 
saw ss~ 940 sp I Me,nw;ndsad ~ s~ 

" JUNE MY ME'"AN WIIVD Vf.'.C7.0IG . I Msgmtude of 
Number of 
Observat ons 

Wind Vector 
Direction of 
Wind Vector 



980w 
JULY 940 sr 

. . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . ., . 

RT ARTHUR 
30° . . . . . . . . . . . . . . : : . .. :? .:.:; :: :r :: 10.7 . 359 :::.353 : .7>~ > . . . . . . . . . . . . : 

. .: 
16 .3 16.8 : . . :::: . 

1 
317 367 325 

14.2 ~ ~ 
20 .0 ~ 

322 
/ 

12.2 
18.7 ~ 

~,~339 
" 

9.8 
16.1 

347 9.1 345 
18 .3 

8.3 
18 .6 

315 

Nr V 

W 

27 101 247 11" 1139 ` 
321 16 .8 324 14.8 330 13 .0 337 10.8 326 6.1 334 

J 
CORPUS CHRIS ~ 2~~7 \ 18.9 \ 

\\ 
18 .3 ` 

, 

16.! 

` 

1".9 

` 
a 

20 .4 \ \ ~ 

L 

35 337 8~ 6!6 999 948 

1 
1 .5 309 20.2 330 12 .8 325 

14 .6 24.0 17 .6 

f 
t 

STEADINESS : 

BROWNSVILI ~ 
28 

~ 
92 145 IVeetor ~Awr~ > 

~~~I 
.87: 

~ t4 318 15.9 313 16 .5 724 
17 .4 18.4` 

\ 
1Y.61 
\ INator M < .33 < .87: 

~lar I~e~n~ 

INxta Mear~ 
< .33

: ,/ ~l ,ScO.. Mean I 
41 108 t8 

13 .5 321 18.8 310 13 .9 302 
' \ 17.6 2 2 16 .5 

97 1 81 78 
24°N 

960 940 92 

FIGCJRE 87 . JULY NYN'IMY MEAN WIND VECPORS . 

7.5 -208 

2ss 
24°N 

Mean Wind Speed 
^JR .Gtf 

Magnitude of pGxrvat,cns 
Wind Vector 

D!,ection of 
W,t,a Vector 



AUGUST 
939W 960 940 92° 90° 

PORT ARTHUR 

~83~'`'''' ti 61 325 0 ~ 337 
15' 6 3341163_ 152 

I 

322 330 320 
122 321 91"""~-, X21 8.1 314 7.0 328 6~3 318 
196 16.1,,~d 15.5 15.9 15.9 

,t W ~V C~ 

\Y 

U 

29 129 241 7209 1717 
317 12.8 314 11 .3 316 9.1 315 9.1 309 5.2 317 

N CORPUS CHRI I''~ ~ 19 .2 18.0 . 1&8 18.8 15 .2 

22 .0 
~ 18 \ \` ` . 

46 337 820 699 402 353 
15 .4 - ' 316 14.1 311 10 .4 305 
20 . 2 '' 18 .7 17 .4 

+ 
STEADINESS: 

BROWNSVI LLE 

2W \\\ \ 26 145 142 Necta Memo 
> 87 : 

10 .9 yJ-- 308 10 .2 311 14 .1 315 
. 

IScalar Man l 
172 17 .4 17 .8 

33 < ec ~ 67 : 
i 

~ Scalar Meant ~ 

~~ Vector Mear ~ 
< 

,f 
G' 98 

99 103 

. 

Scalar Mean 
33

. 

11 .5 321 13.5 319 13.9 302 7 5 208 
16 .6 17 .8 17 .0 

. 
-028 

24°N 
152 e6 79 

° 24 N 
98ow 960 ~0 

' 

~ i Mean Wind Speed 900 

" AUGUST M~'1'~~Y Pg~AN WII~TD VECTORS . Magnitude of C6servat o}ns 
Wind Vector 

' O~rtcLOn of 
Wind Vettur 



98°W 

30° 

".. 

tot 
~_ 

;i65' 9 .1 

r` 

27 .4 

~~ 

18 

Y ' . 
39 

280- 269 11 .7 279 12 .1 

CORPUS CHRIS-1- 
23 .1 22.2 

15 .4 
(n ~ 

1 

24~p -- ~- 

W JY/ 

t 3 .7 262 13 .7 290 11 .7 
21 3 22 .0 21 .1 

K �,r .r r 

l 
BROWNSVI LLE 

so ,ze 
260- 7.8 478 9.8 286 9.8 

23 . 3 Z0.4 25"0 

70 105 
7.2 267 8.7 259 9.8 

20 .0 19 .1 182 

1~ al l 74 

R gq0 

5 10.2 
19 . 

13.0 274 12 .2 275111 . 8 
6 21 .3 21 .3 

205 
270 13.6 

23.7 
5 271113 . 

22.8 

1205 1732 
13.1 M 
23.5 

M 

93 
290 

STEADINESS : 

.e7 : 
IScalarMean I - 

.33 < 
Nacta Mea~ < .87: ~i 

- IScalr Meant 

INecta Meant 
< .33 : 

IScalsr Mean 

24°N ~ 1 ~o 
9$°V1/ 

FIGURE 89 . SEPTEMBER M7N'IHII.Y MEM WIND VECTORS. 

280 

7.5 

--- 24eN 

Mean Wind Speed 
Number of 

Magnitude of Observanons 
Wind Vector 

Direction of 
Wind V t! tw 



980W 960 O CTCBR 940 9 

::: :';:> PORT ARTHUR 
30° . :::: : ::; :: : : . . . , 

. : . 9.2 . . : :283 ft 
- 

9.2 : . . . . . . . . . 253 9 4 : 229 
20 .5 � : 20 .0' 21 1 y 

L 

f 

:..._.._ . 
~ 

322 323 337 r 
9 .4 221 10 .7 226 10.2 255 10 .9 250 11 .8 246 
200 

bv +ti/ 
26.3 -rte 
G' 

4" 21 .6 22 .6 22.9 

280- ' 
31 180 282 1218 1738 

f232 11 .3 263 12.4 254 12 .0 252 12.2 250 13.0 213 
CORPUS CHRISTI : i'-; v ~ 23.3 23.5 23.5 23.5 25.2 

'' 13 .9 
26 .6 

I 

56 373 624 513 372 388 
7 .6 213 10 .8 277 10.6 283 

21 .3 ̀  20 .5 22.0 

.--- 
/ STEADINESS: 

BROWNSVILLE 
30 124 150 IVxtor Mean 

87 : > 
9.4 208 7.0 283 13 .0 2u 

. 
I~Iar Mean ~ - 

26 3 19.4 ~.~ 

33 C 
Necco. Mea~ 

< s7 . . : 
-Scalar Mean 

l1/ector Mear~ ,f 
< .33

: 
Scalar Mean 91 143 yg 

7.2 213 7.8 M5 10.4 218 
24.2 20.4 21 .3 

159 109 121 
24°N 

98°W 96° 94° 9 

FIGUM 90 . OCTOBER M7N'IHLY MAN W3ND VDCTORS . 

280 

7.5 208 
028 

T65 2 

Mean Wind Speed I 

Number of 
Magnitude of Observat,ons 
Wind Vector 

Di rection of 
W . r:d Vettw 



98ow 960 
NOVEMBE R 940 

_ 
<' 

::: ::
:zRTH~ RT A U PO 

. . . . : .:: .: . ~.z . . .;. _ . .250? s.7 : 
21 .5 ' 21 .1 

299 

8 .0 223 ' 8.5 ~237 
T 

7 .8 275 8 .0 
26 .8 28 ~ +" 23 .5 25 .5 

~. ~ 
r., 

._ 

37 123 213 
280- 

T ._. .T 
2.3 8.9 292 9.4 281 9.8 266 9.4 

N CHRISTI CORPUS 29 .0 26.8 Z7 .0 28.5 

11 .3 
28 .1 

i 

80 388 558 188 

8.7 198 9.8 276 8.7 263 
32 .4 2b.5 27 .0 

92° 

~ zea .:. 2ao 
. .. '' 24.0 

326 303 
248 8.5 244 

25 .7 

1100 1548 
266 9.4 249 

24.4 . 

1 STEADINESS : 

BROWNSVILLE J 

26 101 123 lVxtor Mean t 
> .87: / 

205 7,2 Z74 al 271 IScalr Mean l 260- 5.4 
-

{ 
23 .9 27 .0 24.0 

¬ .33 < Necwr Me .r ~ < .s7 : ' 
- ISeular Meant 

.. .b 
Iyecta Mew, < .33: 
IScalx Meant 

90° 

30° 

7.5 
F 

TOB 
OQB 

FIQJM 91 . NCIVENSER MOW= NEPN WIND VECTM . 

°- 20N 

Mean Wind Speed 
Number of 

Magnitude of I Obsenavons 
Wind Vector 

Direction of 
Wind Vector 



98°W 96° R 94° -- -- --- - 92° . 90° 

PORT ARTHUR : : : 
30° ._ . . . . _ 30° 

102 8 . 9 250 6 .5 247 
23 . 5 219 22 .2 23 .3 

288 285 280 

10 .7 229 10 .6 226 6 .1 224 7 .8 237 8 .0 245 
26 .3 27 .0 '" 22 .1 25 .4 25 .5 

i ~ we 
.A" 

l ! 

22 83 241 1049 1571 

v 
206 5.9 232 6.7 235 7.4 247 8.3 243 8.7 236 

CORPUS CHRISTI ' 27 .9 27 .6 27 .8 29 .0 27 .0 
... 

(%7 31 .4 
f dor ,f1 ,ra' .A" ,f~ . 

I 

82 387 529 182 335 293 

2.6 249 4.3 226 8.5 273 
30 .0 28J 24.8 

~ 

."~ \ r STEADINESS : 
BROWNSVILLE 

33 96 122 INector Mearil 
> 87 : 

3.5w.~.~~.173 6.5 275 8.8 239 IScelarMean~ - 
. / 

~° 

27 .0 t 27.4 25.4 
[vector Mesa .33 < < 

- Scalar Mean 
.87: 

~J Vector Mear~ 
(I' 

< 
IScalar Mean 

.33 
55 111 69 

1.7 300 8.5 232 6.7 242 7.5 208 
23 .5 27 .2 28 .5 .028 

.cf .P' 

102 97 ~ 
~5 0 24 N 24°N 

98°W 96° 94° 92° I Mean Wind Speed 9(r 

11V1JFE 92 . 'ER MONTHLY MEAN nJ 1"DVf.:ti.lVi r7 . ynit udeof Ma 
Number Of 
Otserva~~ons 

Wind Vector 



980 '940 90° 860 820 

280 

24° 

20° 

FZGLW 93 . IDCATICN OF NIARSIlN SQLIAM 82 . 

N 

149 

940 goo 860 82oW 



980 960 940 920 980 96 0 94 0 920 980 960 94 0 920 

30 
o 

28 
o 

26 
0 

240 

3C1° 

28° 

Z6° 

240 

30° 

280 

26° 

24° 

30° 

280 

28° 

24° 

~s 
i j 

~~~~ ~e--{ 

i 
78~~-------- ~ t 

---------- i is 
JAN FEB 

1 ~ ']DJ 22 
22 

~is,~ 

2a ' ; ~~ 
is ~ n 

l 
i8 

i 
~ 1 

r-----J--- r-----;- 

APR ; MAY 
i i 
i ~ i 

te~ 

i 
i 

i C8 

25-0 ,. 
22 

- ~ 
,a 

- - -C m . ------- r - - 

JUL ~ AUG 

.- 
~e--i 

v ,e 

~ 
i i 

7Z i 
-------" 

~ 
J 

--------- r 
i 

ie 
r 

OCT ~ NOV 
X14 __ -- 'e 1 ` ' ----= 

,e 

II i 
i 

2a~~ 

22 MAR 

------- 

r 

i 

--' 

22 4 - 22 JUN 

22 >19 

2 1 2 2 
Is 

30 SEP 22 
1 

a~ 
a ; 

m 
25 

2S 32 DEC 

-a 
-~-----= 

30° 

28 
o 

260 

24° 

30° 

280 

26° 

240 

30° 

280 

26° 

24° 

30° 

28° 

26° 

24° 

980 960 940 920 980 960 940 920 980 96° 940 920 

WIND SPEED (km/hr) 

FTGJIR'E 94 . MEDIAN VALUES OF MONUILY WIND VEIACITIES (knots) RECORD BEIWMIQ 
` 1884 AND 1973 . 

150 



98° 96° 94° 92° 98° 98° 94° 92° 9B° 88° 94° 82° 

300 

28 
O 

260 

24° 

30° 

28 o 

260 

2a° 

30° 

28 0 

26 
O 

24° 

30 o 

280 

260 

24° 

i 
i 
i 
i 

i ~ 
" 

~ i 

____! 

1 1 I 
~ ~ 

~2` __L_J__~:! 

i 

JAN ~ FEB 

i 
i 

i 
i 

j 

i 
r-------'~ ------- r- 

APR MAY 

v 

i 
<1 .6 i 

r--------- 

1 

1 
--------- 

i 
1 

JUL ~ AUG 
/ 1̀ ~ 

i 

i 
«~ 
` et .s 

i 
r--------~ i 

.t 
i 

.-------- 

i 

OCT ~ NOV 

`2 

i 

i 
1 
I 
i 
I 

1 I'----- 

i 

MAR 

`-t --li-~ -- 

I 
1 

t 
i 
i 

JUN 
i 

---- 

c1 .6 

1 

SEP 

r 
i 

i 

i - « 1 
DEC 

i i 

30° 

28 
O 

260 

24° 

30° 

ZBo 

ego 

2a° 

30° 

280 
260 

t4° 

30° 

?e 

260 

24° 

98° 96° 94° 92° 98° 96° 94° 92° 98° 96° 94° 92° 

WAVE HEIGHT (m) 

FZGUIE 95 . NmIAN VALiES OF Mi]'limY wAVE HEIGHTS (feet) F~EODROED BEIWW 
1884 AND 1973. 

151 



98° 96° 94° 92° 98° 96° 94° 92° 98° 96° 94° 92° 

30 
o 

280 

260 

24° 

30° 

Z8 o 

260 

240 

30° 

28° 

260 

240 

30 o 

28° 

, .0 

24° 

~- .~ 
t4 ~ ' 

N 
w 

' 

J 
52 i 

i 

r 
5~ 

~ _L_____! 
/ 1 

JAN j FEB ~ 
e~ 

44 

N 

~ VJ '{4 

l \ I 
-- - L ~ 

I 

I 1 
` r - - -- `� 

~o r-- -- - 

APR MAY 
36 40 

40 

32 3 2 C 

32 

- - - - - 

- - -- 

32 
- - - - - - 

LL r 

- 

24 
r 

J 

U 

L UL ,A U AUG . 

32----4 

40 4O 

36 48 

44 
52 48 

48 40 

r 

56 4B 
44 

40 w 

OCT 

r 

NOV NOV 
4 B 40 52 

48 

3. 

412 

MM AR 
40 

32 32 
32 32 

40 

40 36 

r 

44 

Jj UN 

30 
- - - - - - : LL 

48 
4 0 

44 

40 44 48 

r 
SEP 

36 

WD p5-2- 

as 
D E DEC 

52 
)1(48 

300 

28 0 

260 

40 

30 0 

28 0 

260 

0 24 

30 0 

28 0 

26 0 

24 0 

300 

280 

26 0 

240 

98 0 960 940 gio 980 960 ~ 94~ 92- 980 960 640 920 

WIND SPEED (km/hr) 

FIGM 96 . WIND VELOCITY (knots) STATIS,'PICS IN WHICH 95$ OF Zip OHSEFt 
VATICNS TAINT BEIWFEN 18814 AND 1973 WERE LESS MAN OR EV7HL 
TU THE INDICATED VALUE . 

152 



98° 96° 94° 92° 98° 96° 94° 92° 98° 96° 94° 92° 

30 
o 

28 
O 

26 
O 

240 

30° 

280 

260 

Z40 

300 

28 
O 

26° 

24° 

~ 'ts~ 
2.s 

A 'z.s t-----~---' 

MAY 

26 ' ~ 

° 30 --mar 
Y 

2,1 

O / - 5 i ~ i 3 3 

26- ___"____J 
--! 

3.5 i . 
r 

o 
4 3~~ i 4 

OCT 

~ 

3~ ~ NO~/ 

~ " 35~ ~i 
i ~~ ~ i 

Z4~ _.a .... . ~L~.- 1 .._ 
' ' ' ' 

1~~ 

i 

F 2% ' 

MAR 
2.6 ~ 

1 
i 

J 

i 
i 

2 r--------- 

i 2.54 JUN 1 
24 

2i 
2 .5 A 2.5 2.5 

3- IL IL 

2 

SEP 

.2 .6 

%-2 

44 3: 4 4 
3 

3 
L 

r 

,5 

3 
DEC 

4 

30 0 

28 0 

260 

24 0 

30' 

280 

26° 

Z40 

30° 

,z80 

260 

24° 

30° 

Z80 

26 0 

Z40 

98° 96° 94° 92° 98° 96° 94° 92° 98° 96° 94° 92° 

. ' WAVE HEIGHT (m) 

FIQJR'E 97 . FIVE IMIGiT (feet) STATISTICS IN MICH 9596 OF THE OBSERVATIONS 
TAKEN SEIWMW 1884 AND 1973 MM LESS THAN OR EQUAL TO Zip 
DTDICATED VALUE . 

153 



100 

80 

60 

40 

20 

0 
J F M A M J J A S O N D 

WAVE HEIGHTS 
FIGUM 98 (a) . PERCENT OCCURRENCE OF WAVE HEIGHTS (feet) 

BY M)NTH . 
00 

80 

60 

40 

20 

0 

0 

20 

40 

80 

80 

100 

0 

20 

40 

60 

80 

100 
J F M A M J J A S 0 N D 

WIND SPEEDS 

FIGLJRE, 98 (b) PERCENT OCCURRENCE OF WIND VELOCITIES (knots) BY 
MN'Ii3 . 

154 



80 ~~-- ; 

~,~~~~ I , 60001 40 moo 1-2 m 

40 
96 

20 0.1 m 
u. . . . ... .� ,. 2-3 m 

""~~~punu~~ 

see >3m 

J F M A M J J A S O N D 
WAVE HEIGHTS 

FIG[JFtE 99 (a) . PERCENT FFE4tlENCY WAVE HEIGi'I'S (feet) BY M7Ni'fi . 

60 

to* 13-30 km/hr * [ 

4° r 
20 130.40 km/hr 

> 40 km/hr 
X0.13 km/hr 

J F M A M J J A S O N D 
WIND SPEEDS 

F'IGCIRE 99 (b) . PERK FREQL04Gy WAD vELpCTTIES (knots) By MWM. 

155 



Figure 100 . Surface circulation deduced from recoveries of drift bottles released on 
Cruise 1-63, February 1--4, 1963 . 
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Figure 101 . Surface circulation deduced from recoveries of drift bottles released 

on Cruise 1-62, February 24-27, 1962 . 
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on Cruise 2-63, March 8-9, 1963 . 
Figure 102 . Surface circulation deduced from recoveries of drift bottles released 
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Figure 104 . Surface circulation deduced from recoveries of drift bottles released 

on Cruise 3-63, April 3-6, 1963 . 
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Figure 105 . Surface circulation deduced from recoveries of drift bottles released 

on Cruise 3-62, April 19-26, 1962 . 

161 



97*oo~w. 96 "oo~ 

28 

27' 

on Cruise 4-63, May 2-5, 1963 . 
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Figure 106 . Surface circulation deduced from recoveries of drift bottles released 
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Figure 107 . Surface circulation deduced from recoveries of drift bottles released 
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on Cruise 5-63, May 20-23, 1963 . 
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Figure 108 . Surface circulation deduced from recoveries of drift bottles released 



V/-uu w. yo-uu-

qAUTIG1l MILES I ' 4/ 
0 IQ ?n 30 2 

20 4 0 
.~--60 4~- ~ G ~ 1 11 

KILOMETERS 
(KM/DAY) 

RESULTANT DRIFT (0-15 OAYS1= 2 -1-sp 
RESULTANT DRIFT (16-30 DAYS) SAN 7 
RELEASE STATIONS ANTONIO I 
O=NO RECOVERIES BAY I 
"=RECOVERIES 10-30 DAYS) I 

v 

I I ~5~ 
10- \~ ~, I I 

CORPUS 
CORPUS CHRISTI CHRISTI ~ 

I I BAY 
\ ~ 90m 

J, \ I ^ I / ,80 

-.7 0 

6 
\~ 6 

7 \ I 

01- 
13 

JUL . 8 DUNE 1962 . ,\ 
17 ~ \ 'Df ~., . � . ., l0 

BEAUFORT 

JUN. 3\l ~y 

\\ 
I 1Ull 23 \ 

JUN. 19 \ 1 

JUN. 

Figure 109 . Surface circulation deduced from recoveries of drift bottles released 
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Figure 110 . Surface circulation deduced from recoveries of drift bottles released 

on Cruise 6-G3, June 26-27, 1963 . 
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Figure 111. Surface circulation deduced from recoveries of drift bottles released 
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on Cruise 7-63, July 15-16, 1963 . 
Fig»1'e 112 . Surface circulation deduced from recoveries of drift bottles released 
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Figure 114 . Surface circulation deduced from recoveries of drift bottles released 
on Cruise 7-62, September 9-12, 1962 . 

1 '7^ 

97°00'W . ~ 96000' 



on Cruise 9-63, October 2-4, 1963 . 
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Figure ],15, Surface circulation deduced from recoveries of drift bottles released 
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on Cruise 10-63, October 31-November 4, 1963 . 
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Figure 117 . Surface circulation deduced from recoveries of drift bottles released 
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Figure 139 . Currents and wind for January. 
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Figure 142 . Currents and wind for April. 
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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 . 

204 



CURRENT METER AND WIND ROSES 

NOVEMBER 

WIND 

299 

VELOCITY RANGE - (km/hr) 

0-11 31-39 >62 r r 
WIND 234 

12-30 40-61 
NO . OF OBSERVATIONS 

0.0-0.46 0.92-1.38 >1.85 r 
CURRENT 421 

0.46 -0.92 1 .38 -1 .85 
I NO . OF OBSERVATIONS 

FREQUENCY SCALE 
10 0 10 20 30 
PERCENT OF TIME 

56 

Figure 149 . Currents and wind for November. 
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Figure 150 . Currents and wind for December . 

206 



m 

E co 
Y 

Nf O 
0 

o 
f. M 

t 
0 

C O 

m 
of 

Y 
"-

a~ fA O 

v 0 

a e 

t 
0 

65 
t0 

E o0 Y r 

E N O 
b o 

o ,$ 
M 

o 
0 

c 
0 

m 

0 0 

,r n 

;~ Buccaneer 

Terminal 

1 1 I 

- 
I 1 ~ 1 

77 

TN ."', A A 1, 

Al '..I VI I 

i 
j ~ Terminal 

Buccaneer 

P = P 

J r /I V 'M I I 1 / T 1-- 1 

i i i v 
v i 

i ' Buccaneer 

J ,200 ( 1200 ~ 1200 ~ 1200 ~ 1200 ( 1200 ~ 1200 
SSept . 19 Sept. 20 Sept . 21 Sept . 22 Sept . 23 Sept . 24 Sept . 25 

FIGURE 151 . CURmV'!'S FOR SEPTEMBER 7-LAY STUDY . 

207 



N 
M 

L 

E 
Y 

N 
O 

C 

3 M 

W 

t 0 
H 
d 

E o 

= M 
O 

m 
9 

O 

X200 ~ 1260 ~ 126 
Sept.19 Sept.20 Sept.21 

FIGURE 152 . WIND AND TA.S FOR SEPTEMBER 7-DAY CURRENT 
STUDY . 

208 

1200 1 1200 1 1200 I 1200 I 
Sept. 22 Sept. 23 Sept . 24 Sept . 25 



m 
E " 
E 
Y 

O 

c V a 
0 

fj ~ 

0 
o 
W 

0 

0 
m 

E 
Y 

?+' r 

Y 

C 0-0 
t~D 

j ~ ~ c~ 
a 
cto 
i 
O 

0 

. m r vi 
E 
Y 

x 
W 

C 

v r O 

M 
Um 

Terminal Site 
Buccan eer 

I Terminal Site 

Buccaneer 

Terminal Site 

Terminal Site 

T 
Terminal Site 

rn 
W 

0 

N 

0 

1200 2400 1200 2400 1200 2400 1200 2400 1200 2400 1200 
Dec. Dec. , Dec. Dec. Dec . Dec. 
14 15 16 17 18 19 

FTGCM 153 . CtTRFENTS FOR DECEMBER 5-DAY STUDY. 

0 Buccaneer 

209 



E 
E 
Y 
T 

v c 

m 

Buc caneer 
N 

I / \ 
1 

Y 
m 

"` i V 

Termin al 

0 
3 

4 

f 
O 

O W 
"-

O 

0 

m 
c 

co 
o m 

a 

J Q 
c 

H y 
r 
M 

O 
I 

I 

r 

1 I 

l I I 1 I I 1 I I I I I I 
1200 2400 1200 2400 1200 2400 1200 2400 1200 2400 1200 2400 1200 
Dec. Dec . Dec. Dec . Dec. Dec . Dec. 
14 15 16 17 18 19 20 

FIGURE 154 . WITTD6 AND TIDES FUR DECEMBER 6-DAY C[TRFtNT STUDY. 

210 



TEMPERATURE (°C) 

2 

2 

2 0 
0 

z 2 
J 
Q 

~ 3 

3 

3 

3 

3 

0 -
11 ~1 

1 i ~1 i 1 l 2 - 
11 2 
11 1 1~~22 

H ~2 
6 

R 
JRNURRY 

TEMPERATURE (°C) 
is, 

?0 

24 0 
0 
~ 25 -

28 -
J 
CE 
U-) 

30 

36F 

'I R 
FEBRUARY 

Figure 155 . Thermohaline indices for January and February 

11 

44M 4% y tj U yj 119 ~ 1 -"' 

111 1 



TEMPERATURE (°C) 

0 

~. 
z 
J 
Q 

18 

20 

22 

2 0 
0 
>- 2 

z 2 

Q 
(n 3 

3 

3 

3 

3 

TEMPtRRTURE (°C) 

1 
1 

1 

1 2 

112 21 ~" 
1 ~P 

1 22 

WJM4AI 

RPRIL 

Figure 156 . Thermohaline indices for March and April 

212 



TEMPERATURE (°Cl 
1 

1 

~ l 22 - 
1 

24- _, 
0 
0 

26- l 1 
2 l~ 

(n 30 
21~ 

32 1 2213 

34 

A 4 LM ss 4 4 
MAY 

38 

TEMPERATURt (°Cl 
1 

20r I 

0 ̀ T 1 
0 
~ 26 

1 
28 2 

J 
Q 
u~ 

3032 3 ?3 

34 

3E ~~ 2 
JUNE 

38 

Figure 157 . Thermohaline indices for May and June 

213 



TEMPERRTURE ("Cl 
1 

2 

� 2 0 

z 2 
J 
Q 
U7 _ 

1 

41 
2 

l 

34 
L44 

36 4 ~ 4 L IAN" 

[ 
4 

38 

TEMPERRTURE (°Cl 
lE 

2 

2 

2 0 
0 

z 2 .~ 
J 
Q 

RUGUS1 

Figure 158 . Thermohaline indices for July and August 

214 



TEMPERATURE (OCI 
1 

2 

^, 24-0 

}- 26 

28 -
i 
Q Ln 

30 - 

1~ 32- 
l l tl 

34- 

1 

36 

SEPTEMBER 
38 

TEMPERATURE (°C) 

?21 

0 
0 

r 

z 
J 
Q 

?8 
]1 

30 - 

32 -

34- 

11 

1 
14 

36 ~l1 
S 

~g~41~1p~ 
QCTOBER 

38 

Figure 159. Thermohaline indices for September and October 

215 



TEMPERATURE (°C) 

2 

24 1 0 
0 
~ 26 

z 28 2 
J 
Q 
Ln 30 

32 1 1 1 111 

1 j~ 
34 l-~ Z. 

!~2 

36 

NOVEMBER 
38 

TEMPERATURE ('C) 

o __ 

26 

J 2 8 1 l 
un 
301 

32 I 111 1111 
1 ~1 ~ 2 

34 ~~ ~ 1 1 1 2 112 

& 

2 
36 ~ 3 

DECEMBER 
38 

Figure 160 . Thermohaline indices for November and December 

216 



30° 

280 

26° 

_ 1, 

GALVCSTON 

., y 2 
Lp 

.40M~~ - ~ . . 

.-60M~ 

. .' .. . . 
~ . " "loom . . 

CORPUS': - . ,~'., ~~ ~ . 

. 
. . . , 

. . . ~ ~ 
. . . . 2ooM . . . --- 

CHRISTI ? 
. . ' . . . B AN. ~ ~ . . . . .iooo M . 

. : . ~: 

\~ G~ 

. ~ R e 
.o 

2000 M 

" ~ .i
. . 

96° 94° 

Fire 161 . Station locations for monthly surveys of GUS III, 1963-1965 . 

217 



r. 
v 
v 35- A. CORPUS CHRIST I 
W 30 

j ~ 1 1 1 25-

20- 1 . 1,11 i . w 
a. 

LONG -TERM I (-` ~ I %%~~ O~JTHLY 10 MONTHLY ~:;EANS ~ ~~O~JTHLY ~~;EA,NS i 
RANGE OFDAILY (1931-/96 01(1963-1965) I ~ AVcF:AGES FOR 

5 ~ ~ IEACH MONTH, 
1963 - I°65 

F MAIM J Ji A 5 O I N I DIJ F MIA+:SI J J1 A 5IOjN DIJ f=lN' A 1d IJi JIAI S O N D 

1963 1 1964 1 1965 

35 B. NEARSHORC STAI ION (WATER DEPTH 7m) 
. . 1 1 
30 SURFACE I 

V TEti1PERATURE 1 
25- 

BOTTOlt1 

20- ~ TE/:9PERATURE~~, 

I I 
15 a 

J F M AIMIJIJ AISIO NID J FIMIAIAI J J A S OIPJ D J F A'lAlM JI,IJAIS 0 N D 

2 3~ C. OFFSHORE-1 STATION (WATER DEPTH 73m) 
W 30- SURFACE I 

4P TE~IIPERATURE 
25 - 

i W 
F- ~ ~ 
Q Z0 ~ i 

~~ eorroM 
15 ~ TEMPERATURE 

I I 
I 1 

10 

J I F M A Itl J J A S 0 N 0 I J F tAA . J J A v U IJ D J F F6 A FBI J J A S 0 N U 

1963 ~ 1964 ~ 1965 

DATE 

Fiqure 162 . Air and water temperature cycles, 1963-1965 ". 
a) Air temperature, Corpus Christi (from Local Clima-

tological Data, National Weather Service) 
b) & C) GUS III water temperatures off Pass Cavallo (transect 8) 

218 



CRUISE N0. 1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 232425 2627 28 2930 32 35 
~w w w ~ ~ w w ~ ~ ~ mss s s ~ s e~ 

0 

25 

50 

75 

100 

125 

r1 

0 
25 

z- 50 
Q- 75 

100 

125 

0 

25 

50 

75 

100 

125 

OA TEMPERATURE (°C)- 
20 \~ J I \`~!.:~ :. ?5 

20 2 5 
20 -=- 

19 
20 ~~ 

17 17 17 17 / \17 
JIFIP.11AIM 1JIJIAISI0INIDI 

r -r+ c- w- v ~ ee w. 

J F M A M J J A S 0 N D 
~ w s err ~ ~n Qr v is ~ ~ v 

~JIFIt~IIAIP~I1JIJiAISI01tdID 
a~ v A 

@ VERTICAL TEMPERATURE GRADIENT (°C) (Referenced to surface) 

` ̀  / ~` ~ ` /n \ 5 I 5 to \~ ~I 5 / 1 `~ ~~ ~ ~5~~ :. 
13 I7. 10 

JiFIti',IAIMIJIJ IAIS1OINID JI FIMIAIMI JIJ IAIS~0INID JIFIM IAtP.11JIJ IA S1OiN D 

.. -w- 1w 

OF CHANGE OF TEMPERATURE ( Hundredths °C/day RATE OC . . . 

"\ ̀ +`. .' r 
. . . ~. . . . 

JIFI MIAIMIJI JIAISIOINIp JIFIMIAIMIJIJIAISIOINiD JIFIMIAIMIJIJIAISIO1 NID 

I 1963 I 1964 I 1965 

DATE ~ COOL /NG 

WA RM/NG 

Figure 163 . Thermal structure over outer continental shelf south of Galveston - GUS III cruises, 
1963-1965 . 



r ~M_"~AVERAGE TEMPERATURE (°C) 
0 - 

\ 24 
X28 

2 2 27 

50 - 25 

9 23 

100 
21 

19 
16 15 

150 i F M A M J J A S 0 N D 
F- 

W 0 OB RATE OF CHANGE OF TEMP (Hundredths°C/day) 

. . 
:~ . 

50 - . . . . 

100 
. . . 

~
. :
.

:
.
:

. 
: : : : : : :: 

150 J 
F .~ .~ .~ M A M 

:~ J 
J A . .~ .S . . . .' .0 . .~ .~N D 

MONTH 
M COOL /NG 
D WARMING 

Figure 164 . Average thermal structure at 27°N, 96°W 
-derived from Robinson (1973) . . 

220 



N 
N 

A MONTHLY MEAN RIVER DISCHARGE RATE r c 
i N, 0 

(n 30 LOUISIANA RIVERS ~ 3pp C r 
(INCLUDING FLOW ~ G7 

U /NTO SAB/NE ~ 1 n 
LAKE) ~ i 

20 . IC ~ ~ 200 
O 

i ~u -TI 
i ~ - v Lv < X to , ~ goo C 

w 
Z A- 

TEXAS RIVERS :-

O J FIp~! " A "~~1 "" J ""J "J A I""S " 0 NIDIJ ""FIhJIA " i,A " J """ JIA " S ""OIN " D~JI FIA4IAIh7IJ,J1 " +~ "SIO ;"J ";DI O 
1963 ; 1964 1955 

' NEAR Borro/w 35 - ~ f 

0 30 i i 
i ~ 'SURFACE 

25 
i 

Q NEARSHORE STATION (WATER DEPTH 7m) ~' 
2-0 I_.;_IIIIIIIIIIIIIIIIIIIIIIIIIIIIII 

z = G' 
35 - I i 

NEAR BOTTOM (70m) ~ SURFACE 

30 - ~ I 
i 

25 ~ 
(J GFFS, HORE STATION (WATER DEPTH 73m) 
JIFIFdIAIMIJIJIAISIOINIDIJIFIMIAIMIJIJIAISIOINIDIJIFIMIAIMIJIJIAISIOINJD 

1963 ' 1964 1 1965 

DATE 
Figure 165 . River discharge and salinity cycle, 1963-1965 

a . Discharge from rivers of northwestern Gulf (from U .S . Geol . Survey) 
b .& c . GUS III salinities off Pass Cavallo (transect 8) 



0 

25 

50 

75 

0 

25 

50 
W 
H 
W 

75 

0 
Z 
H 

2 s 
w 

50 

0 

25 

50 

75 

( -) CRUISE 13 - JAN 28-30,1964 A v-,V 

17 

14 * . 4\ 

TEMPERATURE 
(°C ) 

I SALINITY 
(%o) 

3G .S ' 

@ CRUISE 17 - MAY 22-23,1964 
26 

. :2sJ 
24 

20~' 

TEMPERATURE 
(0 C) 19 

ZO 27 33-.: 

3 5 

.-

36.5 
SALINITY 
(%0 ) 

@ CRUISE 19 - JUL 16-19,1964 

2a ' ie' 

~26 

TEMPERATURE 
(°C) 

19 

as 
. I 

36.5. 

SALINITY 
(%o) 

OD CRUISE 21 - SEP 25-28,1964 

Figure 166 . Seasonal temperature and salinity structure 
during 1964 off Pass Cavallo (transect 8) from GUS III 
cruises . 

222 



N 
N 
W 

CONTOUR INTERVAL 0.5°C ~ . 

. . ~ , . . . . OA APRIL : ;. 

.'~ . 
17 I S .16'' ~ . 

16 
~~ 

18 

~~~.. ~~ 23 24 . . . ,n . ~ : Y. . 
22--x

. . . ~. 
~21 ~2.3.

. 

22 . 

30° 

25° 

20D 

i5° 
100° 95° 90° 85° 

CONTOUR INTERVAL 0.5'C 

OB OCTOBER 

~,~.. 

.~17 . . 

.;'~ .~~ \11 ;I5 
. ' 18 (J ("~~\\~ . . 

~`' ~` 16 
21, 

20 
. , . . ., / J 'J .`,\ . . . 

.~~ 

23 
22 

. . 

80° 100° 95° 90° $5° 60° 

Figure 167 . Monthly mean temperature (°C) at 150 m from Robinson (1973, figs . 27 & 69) . 



30° -1 T P-`-.'' . 

CRUISE I 
JAN 3I,FEB6,J963 .~~ : . 

32 

34 36 

7 

280 

260 

30° 

280 

26° 

CRUISE 4 
h1.AY 2-7,1963 ~ ~ . . . .~ - 

26 
32 

~~-

. .~./Y, . 

/ 35.5 

I I . . . ~ . . . . . . 
CRUISE 2 
MAR 2-11, 1363 ~ .' . .. :'.7~ `i . . . 

I 
f/u i 

-36.5 

32 

.~ 

CRUISE 5 
MAY 19-22,1963. ~ .', .~. 

34 

~3 2 

36 

I I 
CRUISE 3 
APRIL 2-7,1963 

' . . 30 

. ~ 
. . ' _ ` . . // 

T 
i. 36 .5 

;,)> 36 

30 .~ 34 

. 32 

I CRUISE 6 . . 
JUN 26-JUL-I,1963 .': ..: : 

. ~ ' (4. 
. 36 

.. : 
..'? \ 

.~ 36.5 

. ~ ..l-: 

98° 96° 94° 98° 96° 94° 98° 96° 94° 

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

224 



30° i r 
CRUISE 7 ' ,i

. 
- :~ 

JUL 15-17,1963 
.' 

.~ . 

~' 1 

36.5 

28° 

26° 

30° 

280 

26° 
98° 

CRUISE S 
AUG 28-31,1963 

~ . . . 7 

'~~+ . y. 
i,l>/ y 

.. . '~/' 36 .5 

36.5' 

.' . 

CRUISE II 
NOV 30-DEC 2,1963_ : ~~~ . . 

.36 . .~ . . .q / 36.5 

~.~ 

CRUISE 9 
OCT 1-5,196-3 

36.5 

36 

32 

i . .: -'. . : .: : .. : : . 
I CRUISE 12 
DEC 19-.22,1963 . - ~. 

32 
.- . ' ..~ ~- 36 

36.5 
i 

. . .... :7'~ / 

F 

96° 94° 98° 96° 94° 98° 96° 

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

----------- T_ 
CRUISE 10 
IOCT 31-NOV4,1963 ._~~ :~~y~ 

36.5 

", 

. ;.siJN 

. ' 36 

~3 4 -- 

225 



30° 
CRUISE 13 

3C,1964 26-30,1964 

. 32 
34 
36.5 

. . . , ~ . . c 

~-
t 

36 

28° 

26° 

30° 

28° 

26° 

-I 
------ A .-- . 

CRUISE 16 , ' 
APR 15-18,19.64 

26 

36 

.. " / . 

36 

~32 

98° 

I I . . , t 
CRUISE 14 
FEES 19-23,1964 

~_ . . 34 

. . 

36 
. ~ -36.5 

/Yr 

L 
CRUISE 17 
MAY 22-25,1964 

. . ~ : . ~ . .' . . ~ : ~24 

`-,~~r f 36 ~ 34 

.. >,' ' . 

96° 94° 98° 96° 

CRUISE 15 
MAR 18-22,1964 . 

r̀,.~ 

36.5 

. " / ., 
36 " ~ 

CRUISE 18 ~r. . . 
JUN 24-27,1964 . . ', 

. ~ ' . 32 

.~ 

` ~I 
f 

~

"

. 

34 

V 

94° 98° 96° 940 

Figure 168c. Shelf grater circulation and surface salinity (°/oa) GUS III cruises 
(1963-1965) . 

226 



30° 
CRUISE 19 I 
JUL 16-18, 1964 . , ~~~. . 

. . . : : . . 

44, 

.' 
28° 

~r`~` `-/ ~ -, 3G.5 

260 

30° 

28° 

26° 

CRUISE 22 
OCT 28-31,.1964 

. ~ . ~ .. . .~C~32 _ . ~ . 
34 

X36 . . . .~y: . ~3G5 .G~I 

,- : 
.. 

I 

CRUISE 20' 
AUG 29-SEP 1,19G4 . 

. . 
. . _ ._ _ : -;5-36.5 

1 -36 

. . 

: . . -~~ . 

CRUISE 23 
NOV 19-27,1964 . : . 

32 
34 
36 
36.5 

h 

- 1 t l ` _ 
CRUISE 21 
SEP 25-29,1964 

- . ' . . ~ - .~' . . ~.` .Y j32 
. . . ,~ i 

r > %' 

36.5 

36.5 

CRUISE 24- 
16-19,1964 DEC . 

' 
. 

. ~ . 3 (0 
32 

36 .:~~: x.36 5 

i~ . 

`34 

980 960 940 980 960 940 900 960 940 

Figure 1684. Shelf water circulation and surface salinity (°/oo) GUS III cruises 
(1963-1965) . 

227 



30° 
CRUISE 25 . 
JAN 7-10, 165 : ~ . .~~. 

~ 32 

36 

77 36.5 _ , -

31 

280 

26° 

30° 
CRUISE 28 
APR 23-26,1955 

65 

28° 

26° 

36 3 . 

n 34 
T2J~.4. 32 

V " 30 

I 1 

r 
CRUISE 26 . 

.
. .: . . . 

FEB 26-MAR 1, 1965 ~ . ~ . ~ . . ; 

36 . ., 

. :. 
j 

.. ; . . . t 4 

. . 

98° 96° 94° 98° 96° 94° 98° 96° 94° 

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

- , , . i ; .. : . . 
CRUISE 29 ~" 
tr~AY 29-JUN 2,1965 .' ; . 

I ~ f..` 22 
2 6 
'30 

.~`~'~'`1~~! 34 

I 32 

i 
CRUISE 27 
MAR 21-25,1965 . 

2 
34 

�,r 
~ Y . ~ -=f 

36.5 . . . 

CRUISE 30 . ' 
JUN 11-15,1965 . . , '. v 

26 
28 

34 

7 0~ 

228 



30° 

28° 

26° 
98° 

,-
CRUISE 33 
SEP 8-12, 1965 . . , 

SAL/lV/TY NOT TAKEN 

. . .' 

r 
CRUISE 35 
DEC 9!-12,1965 ~ ~. 

, . ., 
' : .: ... 

960 940 980 960 940 980 96° 94° 

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

CRUISE -32 
AUG 11-14,1065 . 

_ . . , . . .j 

. . 

36.5 

:~. . . . 

229 



(A) NOVEMBER 
50° 

40° 

30°N 

20° 

10° 

(B) MAY 

100° 90°W 80° 100° 90°W 80° 

Figure 169 . Monthly mean surface atmospheric pressure (mb) from 
Pacific Environmental Group results, based on FNWC long-term 
(1946-1969) means . 
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a . Magnitude of monthly mean Elanan transport at 27°N, 96°W 
b . Direction of flow over outer continental shelf from 

GUS III surveys 
c . Monthly mean wind direction at 21°N, 46°W 
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Table 1 . Temperature (°C) .and salinity (~/oo) values by station, cruise, and depth made along transect 7 from 1963-1965 . 

STATION : YI-55 
,DEPTH : 7.3 M 
LATITUDE : 2903' N 
LONGITUDE: 9506' W 

Cruise, Day Month Year 

2 11 3 1963" 
3 2 4 1963 
4 7 5 1963 
5 19 5 1963 
6 1 7 1963 
7 17 7 1963 
S 28 8 1963 
9 1 10 . 1963 
10 31 10 '' 1963 
11 30 11 1963 
12' 19 12 1963 
13 26 1 1964 . 
14 19 2 1964 
15 22 ' 3 1964 
16 15 4 1964 
17 22 5 1964 
18 29 ' 6 1964 
19 16 , 7 1964 
20 29 8 1964 
21 25 9 1964 
22 28 10 1964 
23 19 11 1964 " 
214' 19 12 1964 
25 10 1 ' 1965 

. 26 26 2 1965 
27 20 3 1965 
28 23 4 1965 
29 2 ' 6 1965 
30 15 6 1965 
32 11 8 1965 
33 8 9 1965 
35 9 12 ` 1965 

. . " 

tures 
h (M) 

alinity Wool 
Death (::) 

24' 43 2G7 0 3 

14 .7 14 .8 ,, 14.8 31 .47 31 .43 
22.2 22 .2 20.4 24 .97 28.97 
25.2 25 .3 25 .0 . 22 .68 23 .23 
26.7 26 .6 ' , 23 .2 33 .68 34 .82 
29.0 28 .9 28.8 34 .90 34 .81 
28 .7 28 .7 28 .4 3G .15 36 .17 
31.1 31 .1 ' 31 .1 37 .06 36 .97 
25.9 25 .9 25 .9 29 .29 29 .26 
24.6 29 .6 24 .6 30 .74 30 .67 
16.2 00 .0 00 .0 31 .99 32 .10 

' 11.8 11 .8 11 .6 32 .18 32 .09 
9.9 9 .7 9 .4 32 .01 31 .53 
12.4 12 .4 12 .2 33.55 33 .72 
15.1 15 .0 _ 14 .6 31 .78 31 .93 
19 .7 19 .6 19 .4 25 .81 25 .76 
27 .1 27 .1 26 .2 23.47 23 .49 
29 .6 29 .6 , 25 .8 31 .58 31 .59 
28 :5 28 .5 28 .5 ' 34 .52 34 .79 
29 .6 29 .6 29 .6 36 .64 36 .62 
28.0 28 .0 28 .0 30 .45 30 .41 
21.9 21 .9 ' 21 .9 31.96 32 .02 
23 .5 23 .5 23 .5 31.10 32 .05 
12.1 12 .1 12 .1 28 .66 28,61 
15.4 15 .4 16 .0 30.45 30 .41 
13 .8 14 .2 ' 14 .2 32 .78 33 .13 
14 .7 14 .7 ", 14 .5 30 .16 30 .12 
23.9 23 .9 23 .8 28.96 29 .01 
27.3 27 .3 26 .4 21.06 20 .96 
29 3 . 2? . 8 25 .9 24.70 25 .68 
29.0 28 .9 25 .7 ~ 34 .84' 35 .07 
29 .8 29 .7 29 .6 00.00 00 .00 
17.3 17 .2 17 .1 00.00 00 .00 

i 
a 



Table 1 . (Continued) 

STATION: w-i 
DEPTH : 13.7 M 
LATITUDE : 29-Ol''N 
IANGITUDZ: .95°OS' W 

cruise Day Month Year 
' 0 . 3 , il 

1 6 2 1963 " ' 10.3 10 .3 10.9 
2 2 3 1963 12.8 12 .8 12.8' 
3 3 9 1963 21.9 22 .0 19.4 
4 7 5 1963 25.2 25 .3 24,0 
5 20 5 1963 25.6 26 .1 23.2 , 
6 1 7 1963 28.9 28 .9 28 .6 
7 17 7 1963 29.3 29 .3 29 .3 
8 28 8 1963 30.4 30 .2 30 .1 
9 2 ' 10 1963 26.0 26 .1 26 .2 

10 31 10 1963 24.3 24.4 24 .9 
11 30 11 '~1963 17.4 17 .4 17 .5 
12 19 .12 1963 12.3 12 .3 12 .3 
13 26 1 ' 1964 9.8 9 .9 9 .8 
14 19 2 1964 12 .4 12.4 12 .4 
15 22 '3 1964 15.1 15 .1 14 .9 
16 15 4 1964 19 .4 19.4 19 .3 
17 22 5~ 1964 26 ., 2E .4 26 .3 
18 25 6 1964 29 .0 28.6 25 .8 
19 16 7 1964 27 .9 27.9 26 .8 
20 29 8 1964 29 .3 29.3 29 .3 
21 25 9 1964 27 .9 27.9' 27 .9 
22 ' 28 10 1964 22 .0 22.0 22 .0 
23 19 11 1964 23 .9 23.0 23 .0 
24 19 12 1964 12 .8 12.8 13 .2 
25 10 1 1965 15 .4 15 .4 15 .5 
26 26 . . 2 1965 13 .7 14 .0 14 .7 
27 21 3 1965 ' 14.8 . 14,8 14 .9 
28 23 4 1965 23 .4 23 .3 23 .2 
29 2 6 1965 27 .1 27.1 26 .7 
30 15 6 1965 ' 29 .3 28 .7 25 .6 
32 11 8 1965 29 .0 29 .0 28 .6 
33 9 9 1965 29 .6 29 .5 29 .4 
35 9 12 1965 18.4 18 .9 18 .9 

! 0 3 11 24 43 70 107 

10 .8 31 .00 31 .00 31 .70 
12 .8 31.31 31 .40 31 .31 
19 .2 29 .34 29 .40 32.40 
23 .9 00 .00 32 .62 34 .11 
23 .0 34 .32 34.92 35 .81 
28 .1 31 .69 34 .69 35 .20 

" 29 .3 ' 36 .53 36:38 36 .61 
30 .1 . 00 .00 36 .94 36.92 
26 .1 30 .22 30 .36 30 .68 

" 25 .1 30,81 30 .76 32.56 
17 .6 33 .20 33 .13 33 .35 
12 .3 32 .59 32 .52 32 .54 

. ' 9 .9 . 32 .79 32 .87 34.01 
12 .4 35 .02 34 .91 34 .97 
14 .9 31 .93 32 .08 34 .60 
19 .2 28 .78 28.88 29.31 
25 .8 26 .34 26 .40 27 .05 
25 .0 31 .61 31.83 34 .29 
26 .5 34 .84 34.82 39 .87 
29 .2 36 .37 36.37 36 .33 
27 .9 31 .40 31.33 31.49 
22 .1 32 .86 32.68 32 .89 
23 .0 31 .00 30.90 30 .99 
13 .3 30 .15 30.12 30.61 
16.3 30 .51 30.52 . 33 .79 
14 .7 33 .37 33.68 35.55 
14.9 32 .47 32.39 32.40 
23 .0 29 .97 29 .96 30 .02 
26 .6 21 .16 21.12 31 .94 
25 .5 24 .51 26 .59 34 .81 
28.5 34,87 . 35.28 35 .32 
29.1 00.00 00.00 00 .00 
18.9 ' 00.00 00 .00 00 .CO 



Table 1. (Continued) 

STATION: W-2 
DEPTH : 27 .5 M . 
LA2'IT'JDE : 280 401 N 
LONGITUDE : 9456' W ,; 

.,~.V 

Cruise Day Month Year " r De th !My - Depth (t!) 
" 0 3 ', 11 24 , 43 70 107 8 0 3 11 24 43 ' 70 10 . 

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 14 .2 13 .'i 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 30 .17 36 .23 36 .46 36 .24 
4 7 5 1903 23 .7 24 .1 24 .2 23 .6 ' 23 .3 34 .13 39 .97 35 .24 35 .37 
5 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 3A .91 35 .53 
7 17 7 1963 29 .2 29.2 29 .2 28.8 " 24 .7 36.44 36 .94 36 .38 36 .37 
8' 31 8 1963 2^ .9 29 .8 29 .7 29 .6 28 .6 36.62 36.89 '36 .57 36 .64 
9 2 10 1963 27 .5 27 .5 7.7 .5 27.5 27 .4 30 .33 36 .37' 3G .36 36 .32 

10 31 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 30 .24 36 .17 36 .21 36 .19 
12 19 . 12 1963 17 .3 17.3 17 .3 17.3 17 .2 36.21 36 .39 36 .31 36 .u1 
13 26 1 1964 14 .8 11 .8 14 .8 14 .4 13 .8 30 .53 36 .64 36 .66 36 .77 
14 23 2 . 1964 1 .3 .7 13 .6 13 .6 13.7 13 .8 36.31 30 .19 36 .21 36 .24 
15 18 3 1964 17 .3 17 .3 17 .1 1G.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 36 .57 
17 22 

. 
5 1964 25 .2 25 .2 25 .2 24 .3 24 .1 '36 .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 19G4 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 .9 23 .3 35.06 35 .07 35 .04 x5 .09 
23 27 11 1904 ' 21.7 ' 21 .7 21 .6 21.5 21 .5 35.41 35 .56 35 .95 35 .90 
24 ~ .16 12 . 1964 

. 
1n.3 18 .3 18.3 18 .2 ' 18 .3 35.36 35 .33 35 .40 00.00 

'' :25 7 1 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 3G .58 36 .59 
27' 21 ~3 ' 1965 . 15.9 15.9 15 .E- 15 .8 15 .7 36.00 35.95 35 .91 35 .93 . .Id 

23 4 1965 42.4 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 .G8 22 .58 35 .09 35 .08 

~0 11 6 1965 29 .7 28 .9 26 .5 26 .0, 25 .8 : 30.89 . 31 .50 34.66 36 .36 
3T 11 8 1965 29.2 27 .1 29 .2 28 .3' 28 .3 34 .02 34.84 35 .04 35 .02 
33 9 9 1965 29 .3 29 .3 29 .2 29 .1 29 .2 .00 .00 00 .00 00 .00 00 .00 
,3.5 9 12 1965 21.2 21.2 21.2 21 .2 21 .1 00.00 00.00 00 .00 00.00 



:able l . (Continued) 

TATION : W-3 
EPTH : 45.8 M 
ATITUDE: 28°18' N 
Oj~GITUDE: 9946' W 

raise Day Month Year ; 

1 31 1 1963 
2 3 3 1963 - " 
3 3 4 1963 
4 7 5 1963 
5 20 5 1963 
6 26 6 1963 
7 17 7 1963 
8 31 8 1963 
9 2 10 1963 

10 31 10 1963 
11 30 11 1963 
12 19' 12 1963 
13 26 1 '1964 
14 23 2 1964 
15 18 3 1964 
16 15 ' 4 1964 
17 22 ' S 1964 
13 25 6 1964 
19 16 7 19G4 
20 29 8 1SGA 
21 29 9 1964 
22 28 10 1904 
23 27 11 1964 
24 ~ ° 16 12 1964 
25 7 1 1965 
20 26 2 1965 

~- :.J 21 3 19u5 
28 23 4 1965 
32 11 8 1905 

9 9 1965 
35 9 12 1965 

0 3 ' 11 24 - 43 

18.7 . 18 .6 18 .2 17 .7 17.1 
18.2 18 .1 18 .1 17 .9 17.2 
21:9 21 .9 21.7 19 .5 19 .0 
24.3 24 .2 24 .1 22 .2 19.7 
26.6 26 .6 25 .7 23 .2 20 .6 
28 .7 28 .4 28 .3 25 .0 21.2 . 
29.1 29 .1 29 .1 29 .1 22 .3 
3u.0 30 .0 29 .9 29 .6 23 .5 
27 .5 27 .5 :7 .5 27 .5 27 .5 
26 .2 26 .2 26.2' 26 .2 26 .2 
22 .7 22 .7 22 .7 22 .7 22 .7 
20 .7 20 .7 20,7 20 .6 .20.6 
16 .7 16 .7 16 .7 16 .6 16 .1 
16 .5 16 .5 16.4 16 .4 16 .3 
18 .2 18.2 18 .1 17 .6 16 .0 
19 .5 19 .5 19 .4 18.7 18 .2 
25 .9 25 .8 25 .7 23 .9 21 .1 
28 .1 28 .1 27 .9 26 .5 21 .1 
28 .7 28.7 28 .7 28 .4 22 .9 
29 .8 29 .8 27 .7 29 .4 24 .3 
28 .3 28.3 28 .2 . 28.3 27 .3 
24 .8 , 24 .8 24 .8 24 .8 24 .8 
23 .2 23.2 23 .2 23.1 23 .1 
2U .8 20.8 20 .8 20.8 20 .8 
20 .6 20.6 20 .5 20.4 20 .4 
18 .7 18 .7 18 .6 ' .~ .G 18 .5 
17 .3 17 .3 17 .E 1i .2 17 .2 
22 .5 22.5 22 .4 19 .7 17 .6 
29,3 29 .3 29 .3 28.0 21 .3 
29 .3 29 .3 29 .3 29.3, 23 .5 
21 .8 21.8 21 .8 21.7 21 .7 

70 107 B 

15 .9 
17 .4 
18.9 
19 .E 
20 .2 
21.1 
20 .2 
23 .5 
27 .4 
26 .1 
22 .7 
20 .6 
16 .1 
16.3 
16 .0 
18.2 
20 .6 
20.5 
20 .4 
22 .5 
27 .0 
24 .8 
23.1 
20 .8 
20.4 
18.5 
17.2 
17.6 
20.9 
23 .4 
21.7 

Salinity 
' Dent :~ 

0 3 11 :4 43 70 :07 

36 .32 36 .37 36 .54 30 .60 36.56 
36 .55 3u .5S 36 .60 36 .56 36 .57 
36 .71 36 .61 36 .54 36 .59 36.61 
35 .40 35 .32 35 .54 36 .30 36 .56 
32 .24 32 :39 .34 .91 36 .50 36.63 
35 .88 35 .86' 35 .98 30 .39 36 .39 
36 .56 36 .48 . 36.58 36 .57 30 .92 
36 .60 36 .60 36.52 36 .57 Bu.3S 
36 .40 36 .49 36 .51 36 .42 36 .50 
36 .68 36 .64 30 .67 30 .63 36 .02 
36 .E4 36 .73 '36.63 30 .72 3u .75 
36 .88 36 .64 36 .30 36-60 36 .61 
36 .55 3e .79 30,59 35 .64 36 .71 
36 .79 36 .76 36 .73 36 .65 OO .GO 
36 .72 36 .70 36 .74 36 .68 36 .70 
36 .68 36 .68 36 .61 36.76 36 .83 
33 .65 33 .62 33 .90 36 .57 36 .G2 
32 .76 32 .72 32 .97 34 .9E 36 .49 
33 .76 33 .35 33 .80 35 .'2 36 .47 
39 .54 31 .50 34 .50 36 .31 36 .43 
35 .91 35 .84 35 .88 35 .96 36 .25 . 
36 .15 36 .11 36 .3 36 .32 30 .46 
36 ..58 36 .65 35 .7 36 .156 3u .55 
36 .65 30 .58 36 .62 36 .6 30 .61 
36 .69 36 .64 36 .70 30 .71 30 .0 
30 .76 36 .69 36 .92 36 .73 30 .73 
.16 .58 36 .47 30 .52 36 .59 30 .59 
36 .37 36 .32 36 .53 36 .51 36 .153 
34 .57 34 .70 35 .05 36 .53 30 .3 
00 .00' OO.CO OO.CO 00 .00 .^+u .CO 
36 .00 35 .97 35 .97 3u .GO 36.04 



Table 1 . (Continued) 

STATION: W-54 
DEPTH: 73 .2 M 
LATITUDE : .2800' N 
F:C.uGITUDE s 9438' e1 

Cruise Day Month Year 

1 32 
~2 3 
3 3 
4 6 
5 20 
6 26 
7 . 17 
8 31 
9 2 

10 31 
11 30 
12 19 
13 26 
14 23 
15 18 
16 15 
17 22 
18 25 
19 16 
20 30 
21 26 
22 28 
23 27 
24 16 
25 7 

. 26 26 
-'° 27 21 

28 23 
29 2 
30 12 
32 11 
35 9 

D 

1 1963 
3 1963"' 
4 1963 
5 1963 
5 1963 
6 1963 
7 1963 
9 1963 

10 1963 
10 ' 1963 
11 1963 . 
12 ~ 1963 
1 1964 
2 1964 
3 1904 
4 1964 
5 1964 
6 1964 
7 1964 
8 1964 
9 1964 
10 1964 
11 1964 
12 = 1964 
' 1 1965 
2 1965 
3 1965 
4 1965 
6 1965 
6 1965 
8 1965 
12 1965 

, . . 

0 3 11 24, 43 70 

, . 19 . .. 1 : .1 18.8 18 .4 18 .2 17 .3 
18,6 18 .6 18 .5 18 .3 17 .5 17 .4 
21.6 21.6 21.5 20 .0 19 .3 18.4 
24.2 24 .1 23 .9 23 .3 20 .5 18 .8 
26.3 26 .2 25 .7 25.3 20 .8 19 :3 
28.6 28 .6 28 .6 28 .3 23 .8 ' 19 .7 
28.8 28 .7 28 .6 27.8 22 .8 19 .1 
29 .7 29 .7 29 .6 25 .6 . 21 .9 18.3 
27.3 27 .3 27 .3 27 .3 27 .3 23 .5 
26.3 26 .3 26 .3 26 .2 26 .2 26 .1 
23.3 23 .'3 23 .3 23 .3 23 .3 23 .3 
21.1 21 .1 21.1 21.0 20 .9 20 .7 
18.3 18 .3 18.2 18 .2 18 .2 17 .4 
18.2 18 .2 18.2 18 .1 17 .9 17 .1 
19.5 19 .5 19 .5 19 .4 19 .3 17 .5 
20.7 20 .7 20 .6 19 .2 18 .4 16 .8 
26 .1 26 .1 26 .0 23 .9 19 .1 17 .9 
28,1 28 .1 27 .9 ' 27 .6 21 .6 18 .6 
28.7 28 .7 28.7 28 .4 25 .1 20 .3 
29.6 29 .6 29 .4 29 .2 29 .4 20 :1 
28.2 28 .2 28.1 23 .2 20 .7 20 .3 
25 .4 25 .4 25 .4 25 .3 25 .4 21 .9 
23.4 23 .4 2j .4 23 .3 23 .3 23 .2 
21 .7 21 .7 21 .7 21.7 21 .7 21.7 
22.1 22 .1 22 .1 22.0 21 .9 21 .2 

. 19.6 19 .6 19 .4 19 .4 19 .4 19 .3 
17.7 17 .7 17 .7 17.7 17 .7 17 .1 
22.5 22 .5 22.4 22 .3 19 .7 17 .8 
26.6 26 .6 26.4 24 .7 20 .6 18.8 
26.5 26 .5 24.7 ' 20 :6 19 .3 18.9 
26 .7 26 .4 21.6 20 .8 19 .3 19 .0 
23.4 23 .4 23.3 23.2 ~ 23 .2 23.1 

r S 

17 .2 
17 .2 
18 .1 
18 .4 
18 .6 
19 .6 
19 .1 
18 .2 
21 .4 
22 .7 
21 .4 
20 .7 
17 .3 
17 .0 
17 .5 
16 .8 
17 .9 
18 .6 
17 .5 
19 .9 
20 .2 

. 21 .9 
23 .1 
21 .7 
21 .1 
19 .3 
17 .1 
17 .7 
18 .8 
18 .9 
19 .0 
23.1 

ity (o/oo) 
ntri ( .:) 
24 C 10 

36 .49 36 .43 36.41 36 .54 36 .53 36 .57 
36 .57 36 .51 36 .55 36 .59 36 .54 36 .57 
36 .55 36 .57 36 .61 30 .53 36 .58 30 .50 
35 .71 35 .71 35 .63 35 .52 36 .37 36 .63 
32 .90 . 32 .93 . 35 .40 36.24 36 .91 36 .51 
36 .46 36 .49 36 .96 00 .00 36 .35 .6 .49 
36.59 30 .40 " 36 .50 36 .49 36 .48 36 .4 
36 .39 36 .90 36 .43 36 .63 36 .31 36 .33 
36 .59 36 .61 36 .59 36.58 36 .57 36 .43 
36.76 36 .63 36 .74 30.75 36.69 36 .63 
36 .84 36 .85 . 36 .83 36.82 36.76 X0 .61 
36 .77 36.71 36 .71 35.70 36 .77 36 .76 
36 .60 30 .72 36 .64 36.62 36 .77 30 .6 
36 .75 36 .65 36 .54 36.49 36 .70 00 .0 
36 .59 36 .59 36 .58 36.58 36.54 36 .51 
36.65 36 .62 36 .61 36.45 36 .66 30 .58 
33 .30 33 .29 3 .35 36.35 30.37 36 .54 
33 .26 33 .27 33 .35 34 .62 ':G .51 36 .40 
35 .05 35 .04 36 .02 36.55 36.66 30.62 
36.16 36 .05 36 .63 36.65 36 .72 36 .60 
35.97 35 .90 35 .69 36.20 36.60 36.60 
36 .68 30 .59 36 .62 ' 36.G2 3G .65 36 .60 
36 .80 36 .70 36 .65 36.66 36 .63 2'0 .05 
36 .67 36 .66 36 .66 36.69 36 .63 3S .G7 
36 .82 36 .78 36 .60 36.81 30 .78 36 .76 
36 .79 . 36 .69 30 .70 36.72 30 .66 36 .67 
36 .32 36.30 36 .31 36.20 36 .28 3u .32 
36 .56 36 .63 36 .66 36.51 36 .76 30 .1 
35 .58 35 .57 ,35 .64 36.54 30 .0 36,63 
35 .23 35.45 35 .92 36.06 36 .58 3u .61 
34 .64 35 .03 35 .19 36.53 36.61. 36 .69 
00 .00 00.00 00 .00 00.00 00.CO C0 .00 



Table l . ,(Continued) 

STATION : W-6 
DEPTH: 109 .8 M 
IJ+TITtJDE s 2755' N 
~IA.iGITUDEs 9436' W 

. - 
- 

Temperatures (°C) 'Salinity Woo) 
Cruise Day Month Year''' DoPth (M) De»th M 

" 0 ~3 11 24 93 70 107 8 0 3 11 24 43 70 107 

1 31 1 '1963' ', . 
~ 

20.3 20 .1 19 .8 19 .6 19 .1 19 .0 00 .0 00 .0 36.40 36.42 30 .51 30.49 30 .45 36 .52 3G .56 
2 3 . 3 1963 19.7 19 .7 19.6 19 .5 18.9 . 18.3 17 .1 17.1 36 .65 , 30 .57 36 .62 36.53 36 .56 36.7 36 .51S 
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 '3G .49 36 .54 36 .52 36 . :.2 
4 6 5 1963 24.1 24 .1 24 .0 23 .4 20 .9 17 .3 1E .8 18.8 35 .47 35 .34 35 .45 3 .44 36 .41 36 .58 30.49 
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 35.53 3 .3 .51 36 .50 
6 '2 : '6 1963 28.9 28 .8 28 .7 28 .4 24 .5 20 .9 ' 18 .8 18 .7 36 .88 36 .48 36 .58 36 .54 36 .41 36 .49 30 .46 
7 1G 7 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 30 .47 36 .43 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 30.41 36 .28 30 .0 
9 2 10 1963 26.8 26 .8 26 .7 26 .7 26 .6 22 .1 17 .6 17.6 36 .50 36 .98 30.32 36.39 36.41 36 .9 36.34 

10 31 10 . 1963 26.3 26 .2 26.2 26 .1 26 .1 ' 23 .9 19 .9 17.9 36 .79 36 .62 36 .71 30 .75 36 .67 36 .63 30 .47 
11 30 11 1963 23.5 .23 .5 23 .5 23 .9 23.4 23.3 19 .2, " 19.1 36 .83 36.73 36.78 36.79 30.75 56.72 30 .59 
12 19 12 19G3 21.6 21.5 21 .4 21 .3 21.3 21.2 20 .3 17 .1 30 .70 36 .70 36 .55 30 .71 . 36.78 3u .69 36 .34 
13 26 1 1964 19.4 19 .4 19 .4 19 .3 19 .3 19 .0 17 .8 17.6 36.66 36 .62 36.60 36 .67 36 .62 30 .02 3u .35 
14 23 2 1964 18.6 1E1.6 18.6 18 .6 18.5 17.9 17 .4 17.4 36.74 36 .63 36.65 36 .65 30 .61 3G .70 GG .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 36 .4-3 
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 30 .64 36 .e5 
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 .20 3u .42 '36 .5 
18 25 6 1904 28 .3 28.3 28 .3 27 .1 21 :B 19 .0 18 .2 17.4 33 .51 33 .47 32 .91 35 .77 36 .47 36 .49 -16 .4G 
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 35 .50 
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 36.6 .1 3u .74 36 .63 36 .46 
21 28 9 1964 28 .7 28.8 .28 .7 28 .7 28 .0 19 .3 19.0 18.9 .36.13 36 .34 36.62 36 .64 30 .73 ' 30 .00 35 .66 . 
22 29 10 1964 25 .7 25 .7 25 .7 25 .7 25 .6 21 .0 19.1 . 18.8 ~3G.82 36 .81 36.50 36 .91 3u .E8 35 .57 36 .1 
23 27 11' 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 .S0 36 .77 36 .5u 
24 16 12 1964 21 .8 . 21.8 21 .8 21 .8 21.8 21.8 18 .8 18 .7 36.82 36 .66 36 .75 136 .67 36 .65 3G .66 36 .57 
25 7 1' 1965 22 . . 22.2 22.2 21 .1 21.9 21 .5 21.1 20.8 36 .81 36 .78 36.80 30 .81 36 .76 36 .76 t6 .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 .63 
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 30 .68 36 .70 36 .67 36 .13 
28 23 4 1965 23 .3 23.3 23.1 22 .5 21 .1 18 .2 17 .4 17 .4 36 .68 36 .47 36.613 36 .u6 36 .73 36 .63 36 .42 
29 1 6 1965 26.8 26.8 . 26.7 24 .9 21.1 . 19 .9 18.8 18.8 35 .49 35 .52 35 .46 36 .33 36 .62' 36 .59 30 .57 
30 12 6 1965 25 .6 24,9 22.2 20 .3 18.8 17 .9 17.2 17.1 35 .00 35,05 35.33 36 .57 36.24 34 .e2 36 .53 
32 11 8 1965 26.6 26.6 25 .3 20 .8 19 .4 17 .4 16.7 ' 16.7 35 .49 36 .03 36.67 35 .73 30 .52 36 .60 36 .50 
35 '9 12 1965 _ 13 .5 23.5 23.5 23 .5 23.5 23.5 19 .8 19 .6 ' 00.00 00 .00 00.00 00 .00 00 .0 00 .00 00.00 



Table 2. Temperature (°C) and salinity (°%o) valuos by station, cruise, and depth nade along transect 8 from 19G3-19G5 . 

- STATION : '.YT-56 
DEPTH: 7 .3 bi 
LATITUDE : 28°23' N 
LONGITUDE : 9620' W 

' Terperature, (0 C) I 5z,1'nitv Woo) 
Cruise Day Month YeA.r 

2 8 3 1963 
3 7 4 19G3 , 
4 3 5 1963 
5 22 5 

. . 
1963~~ 

6 . 27 6 1963 
7 16 7 1963 
S 28 8 1963 
9 5 10 1963 

10 4 11 1963 
11 1 12 1963 
12 20 12 1963 
13 30 1 19G4 
14 19 2 1964 
15 21 3 1964 
16 1F3 4 1964 
17 25 5 1964 
18 27 6 1964 
19 19 7 1969 
20 1 9 1364 
21 25 9 1964 
22 31 , 10 1964 
23 26 11 1964 . 
24 18 12 1964 
25 10 1 196 
26 . 1 3 1965 
27 25 3 1965 
28 26 4 1965 
23 29 5 1965 
30' 14 6 1965 
32 14 8 1965 
33 12 9 1965 
35 12 12 1965 

' Dzot i 
24 3 43 70 :u7 

13 .9 13.8 13 .1 31 .72 31 .92 
20 .8 20.8 20 .2 30 .38 30 .40 
29 .5 24.5 24 .5 25 .61 25:61 
26 .4 26 .2 26 .0 34 .87 34 .94 

' 28 .7 28.7 23 .3 35 .70 35 .67 
29 .2 29 .2 24 .7 36 .80 36 .71 
30 .2 30 .2 , 30 .2 "36.88 30 .87 
25 .8 25 .8 25 .7 30 .17 30 .17 
23 .0 23 .0 22 .9 33 .84 33 .78 
16 .7 16 .7 18 .8 32.74 32 .79 
11 .1 11.1 10 .8 31 .81 31 .80 
12 .2 7.1 .9 ,11 .9 32 .29 32 .42 
13 .4 13.4 ', . 13 .4 3 .44 35 .46 
1G .1 16.0 15 .5 33 .37 33 .32 
21 .0 21.0 21 .1 27 .12 27 .21 
26 .7 26.2 25 .0 00 .00 00 .00 
29 .2 29 .1 28 .6 33 .57 33 .49 
28 .6 28.6 28 .5 34 .53 34 .44 
29 .3 29.3 29 .0 36 .85 36 .63 
28 .3 28.3 + 28.3 33 .35 33 .21 
22 .7 22 .7 22 .7 32 .83 32 .76 
17 .7 17.7 17 .7 31 .73 31 .68 
13 .9 13.9 13 .9 31 .12 31 .09 
15 .7 15 .7 15 .7 30 .56 30 .52 
15 .9 15 .9 15 .8 34 .53 34 .52 
16 .5 16.4 15.7 31 .10 31 .17 
24 .4 44.2 23 .2 30 .81 31.00 
26 .8 27.0 27 .1 20 .15 20.71 
30 .0 29 .3 20 .8 26 .21 27 .33 
29 .3 29 .2 28 .6 34 .78 34 .74 
29 .3 29 .2 29 .2 00 .00 00.00 
19 .1 10 .2 19 .5 28 .93 29 .36 



ble 2 . (Continued) 

?.2ICV: ri-13 
?TH : 13 .7 hi 
TITU^E : 2819' .Q 
\GZTUDE: 96 21' W 

uise" Day Month Year 

. . . . . 

2 8 
3 7 
4 3 
5 22 
7 16 
8 28 
9 5 

10 4 
11 1 
12 20 
13 30 
lA 19 
15 21 
lb 18 
17 25 
is 27 
19 19 
20 1 
21 25 
22 31 
23 26 
24 18 
25 10 
36 1 
27 21 
23 25 
29 29 
30 14 
32 14 
33. 12 
35 12 

3 1963 
4 1963 
5 1963 
5 1963 
7 19G3 
8 1963 

10 1963 
11 1963 
12 . 1963 
12 1963 
1' 1964 ", 
2 , 1964 
3 1964 
4 1964 
5 1964 
6 1964 
7 1964 
9 ' 196n 
9 1964 
10 1°G4 
11 1964 
12 1964 
1 1965 
3 195 
3 1965 
4 1965 
5 1965 
6 1965 
8 1965 . 
9 1965 
12 1965 

0 3 11 

14 .1 14 .1 12 .8 
. 20 .8 20 .8 20.8 
'24 .7 24 .7 24.7 
26 .2 26 .1 23.4 
29 .2 29 .2 25.0 
30 .3 30 .3 30.3 
25 .9 25 .8 ' 26.0 
23.4 23 .4 23.3 
17 .4 17 .4 19 .2 
13 .3 13 .3 13.3 
11.1 11 .0 10.9 
13 .8 13 .8 .13.8 
16 .2 16 .0 15 .6 
20 .8 20 .5 19 .9 
00 .0 00 .0 00.0 
28 .9 28 .8 27 .9 
28 .2 2;; .2 .:8.1 
29 .0 29 .0 29 .0 
28 .4 28 .3 28 .3 
22 .6 22 .6 22 .6 
18 .5 18.5 18 :8 
14 .4 14 .4 14 .4 
15 .6 15 .6 15 .6 
16 .2 16 .2 1G .2 
16 .7 16 .5 15 .6 
24 .7 24 .3 23 .6 
27 .0 27 .0 26 .3 , 
30 .6 28 .0 25 .1 
29 .2 29 .1 23 .9 
29 .2 29 .2 29 .2 
19.0 19 .0 20 .2 

43 70 107 B 

12 .8 
19 .8 
24 .7 
23 .1 
24 .3 
30 .3 
26 .3 
23 .3 
19 .3 

' 13 .2 
10 .9 
13 .8 

" 15 .6 
19 .1 
00.0 
27.9 
28.1 
29 .0 
28.3 
22 .6 
20 .4 
14 .4 
15 .7 . 
16 .3 
15 .6 
23 .6 
25 .5 
25 .1 
28 .8 
29 .1 
20 .3 

0 Y 43 70 107 

00 .00 32 .92 31 .75 
30 .71 30 .71 00 .00 
25 .85' 25 .98 25 .91 
35 .52 35 .42 35 .72 
36 .67 00 .00 00 .00 
37 .03 36 .93 .30 .92 
30 .63 30 .57 31 .71 
33 .97 33 .94 33 .72 
32 .61 32 .47 34 .05 
33 .06 33 .55 33 .50 
32 .88 32 .84 32 .82 
35 .73 35 .67 35 .69 
32 .83 32 .59 32 .94 
27 .34 27 .81 30 .92 
27 .17 28 .94 31 .59 
33 .83 33 .80 33 .85 
35 .59 35 .62 35 .53 
36.78 36 .77 36 .73 
33 .28 33 .26 33 .29 
32 .85 32 .82 32 .81 
32 .05 32 .16 32 .40 
31 .71 31 .73 31 .77 
30 .53 30 .68 30 .81 
39 .19 34 .11G 00 .00 
31 .78 31 .87 32 .25 
30 .98 30 .97 31 .11 
22 .32 22 .40 29 .40 
28 .08 29 .19 33 .88 
34 .52 34 .86 35 .10 
00 .00 00 .00 00 .00 
28 .73 30 .44 32 .74 



Table 2 . (Continued) 

STATION : W-14 
DZ?T:i s 27 .5 M 
LATITUDE : 2807' N 
LCP,LGITUDE : 96°13' 30" W 

. Temperatures (°C) Salinity (0/co) 
Cruise Day Month Year ; Depth (td) Acnth (t":) 

0 3 ^ 11 24 , 43 70 107 B 0 3 . 11 21 43 70 1.07 

2 8 3 1963 ,~ . 15 .6 14 .' 14 .1 14 .7 15 .1 00 .00 35 .70 35 .56 35 .80 
3 9 4 19G3 - " 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 
5 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 .318 - 36 .3S '3G .40 3G .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 3u .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 .41 36 .32 36 .37 36 .32 
11 1 12 1963 19 .9 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 36 .71 30 .78 
13 28' 1 19u4 17 .E 17 .4 17 .4 17 .3 " 15 .9 30 .69 36 .63 30 .59 3G .E2 
14 19 2 1904 16 .1 16 .1 16 .0 15 .9 15 .9 , 36 .74 36 .78 36 .70 116 .05 
15 22 3 1969 16 .8 16 .8 16 .8 16.8 16 .8 36 .22 36 .18 36 .20 36 .29 
16 16 4 1964 18.8 18.8 18 .5 18.2 " . 18 .2 35 .36 35 .46 35 .4.6 30 .06 
17 23 5 1964 26 .3 26.2 25 .4 23 .6 23 .2 ~2G .42 26 .48 30 .21 35 .50 
18 26 6 1964 28.3 28.3 28 .2 24 .0 23 .9 33 .57 33 .35 33 .95 35 .79 
19 17 7 1964 27 .5 27.5 27 .4 21 .8 ~ 21 .8 36 .3? 36 .39 36 .33 36 .60 
20 30 8 1964 29 .3 28 .8 28 .6 28.1 28 .0 36 .76 36 .69 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 .31 
22 29 10 1964 24 .0 24 .0 24 .1 29 .3 24 .3 35 .98 35 .52 35 .55 35 .68 
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 .E 18.b 18.5 . 18 .3 35'.34 35 .31 35 .33 35 .24 
25 6 1 :,"1965 16.9 00 .0 00 .0 00.0 17 .4 , 34,79 34 .79 39 .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 3 .45 
.1-9 24 4 1965 22.0 00 .0 00 .0 00 .0 20 .5 35 .03 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 .05 20 .36 
30 13 6 . '1965 29 .1 00 .0 00 .0 00 .0 24 .6 27 .E0, 28 .03 29 ".94 35 .41 

". "~. 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 Q0 .00 00 .00 00 .00 00.00 
35 10 12 1965 21.3 21.3 21.3 21 .2 21 .2 38 .92 39 .87 34 .81 34 .79 



iablc 2 . (Continued) 

S:AiION : W-15 
DEPTH : 45.8 M 
LATITUDE: 27°57' R 
LONGITUDE : so 07, sa 

(°c) 
Cruise Day Month Year De th (:4) 

0 3 , ' 11 24 43 70 107 B 

2 8 3 1963 16 .9 16 .9 . 16 .9 15 .0 15.6 15 .7 
3 4 4 1963 . . 22.1 22 .1 22 .1 21 .4 19 .1 19 .1 
4 2 5 1963 ~23.8 23 .6 23 .8 21 .1 . 20 .3 20 .2 
5 21 5 1963 26.5 26 .4 25 .9 22 .8 20.0 19 .6 
6 27' 6 1963 28.8 28 .G 28.5 29 .4 22.2 . 22 .2 
7 16 7 1963 28.5 28 .5 28 .5 28 .3 23 .3 ' 20 .5 
B 30 8 . 1963 28.7 28 .6 28 .2 25 .9 . 23.1 23 .1 
9 3 10 . 1963 27.2 27 .2 . 27.1 27 .0 26 .9 27 .0 
10 1 11 19G3 26 .2 26 .2 26 .2 26 .2 26 .2 26 .1 
11 1 12 1963 22.7 22 .7 22 .7 22 .7 22 .7 22 .G 
12 20 12 1963, 20 .9 20 .9 20 .8 20 .8 19 .8 19 .6 
13 . 23 1 19G4 . 18 .2 18 .2 17.9 17 .2 14 .3 14 .0 
14 19 2 1964 17.0 17 .0 17.0 16 .9 16 .4 16.4 
15 19 3 1964 16 .9 16 .9 16 .9 16 .9 16 .9 16 .9 
its 16 4 1564 19 .4 19,4 19 .2 18 .7 17 .9 17 .9 
17 23 5 1964 25.6 25 .4 25.4 22 .7 21 .1 21.0 
18 26 6~ 1964 28 .2 23 .1 28.1 25 .9 20 .7 19 .9 
19 17 7 19.64 28 .2 28 .2 28 .2 27 .3 19 .4 19 .4 
20 30 d 1964 29 .2 29 .0 28.7 ' 28 .5 26 .3 25 .2 
21 28 9 1964 28 .3 28 .3 28 .3 23 .3 28 .2 ' 27 .9 
22 29 10 1564 24 . : 24 .9 24.9 24 .9 24 .9 24 .9 
23 26 11' 1964 22 .9 22 .9 22 .9 22 .9 22 .9 22 .9 
24 17 12 1564 20 .6 20 .6 20 .5 20 .6 20 .4 20 .3 . 
25 8 1 1~J65 20 .8 20 .8 20 .7 20 .9 20 .3 , 20 .0 
26 . 27 2 1965 19 .7 18.7 18 .6 18 .6 1E .6 18 .6 
27 22 3 1965 17.7 17 7 17 .6 17 .6 11 .6 17 .6 
28 24 4 1965 23 .3 23 .2 22 .5 21 .5 18 .9 1e .8 
29 1 6 1965 26 .6 26 .6 26 .3 25 .5 22 .3 20 .1 
30 12 6 1965 30 .0 28 .2 27 .0 26 .1 23 .8 20 .7 
32 12 8 1965 28 .5 28 .5 28 .4 28 .3 21 .3 21.2 
33 11 9 1965 29.3 29 .3 29.3 . 29 .2 23.8 23 .7 
35 10 3.2 1965 22.6 a2 :6 22.6 22 .6 22.6 22.6 

Salmi 

70 107 
Depth ( :.) 

0 3~ ii .24 43 

36 .35 36 .22 36 .27 36 .01 36 .28 
.16 .34 30 .36 36 .3 30 .37 36 .44 
35 .30 35 .21, 35 .02 36 .06 36 .02 
32 .34 32 .49 33 .96 35.97 30 .5 
36 .35 36 .37 36 .42 30 .45 36 . .2 
36 .58 36 .53 36 .51 3u.41 ' 36 .47 
36 .30 37 .04 36 .32 -6.50 36 .54 
30 .62 36 .50 30 .57 36.55 X6 .54 
36 .59 36 .63 36 .60 3 .70 36 .72 
36 .71 36 .613 36 .62 36.65 36 .69 
36 .80 36 .69 36 .70 36 .75 36 .83 
36 .55 36 .56 36 .60 36 .G0 36 .27 
36 .59 36 .75 36 .5 36.65 36 .03' 
30 .53 36 .90 36 .39 36.41 36 .59 . 
34 .39 30 .11 36 .51 30.73 36 .70 
31 .99 32 .20 39 .3 35.94 30 .20 
33 .96 33 .44 33 .57 34 .So 36 .C3 
36 .58 36 .50 36 .62 36.50 36 .65 
36 .70 36 .60 30 .9 36.62 36 .43 
35 .62 35 .60 3 .68 35 .97 35 .27 
30 .33 36.33 36 .31 30.32 36 .33 
36 .50 . 36 .50 36 .4S 30.7 36 .43 
36 .42 36 .57 36 .42 36 .43 :0 .51 
36 .67 36 .u3 00 .00 36 .55 36 .51 
36 .67 36.64 36 .E0 3 .07 36 .68 
36 .66 36 .09 36 .04 36 .10 36 .23 
35 .00 34 .E0 35 .79 3G .41 36 .33 
33 .51 35 .31 31 .41 3 .31 36 .62 
30 .72 31 .03 32 .53 3 .07 1-6,59 
36 .17 36 .19 36.04 3u .CG 36 .59 
00 .00 00.00 00 .00 00.00 00 .00 
00 .00 ' 00.00 00.00 00.00 00 .00 



n 

Table 2 . (Continued) 

STATION: 41-51 
DEPTH : 73.2 .'" : 
I.aTIT'JDE : 27° 46' N 
LONGITUDE : 9 600' W 

. Tem cratures (0 C) Salinitv (o/o~) 
Cruise Day Month Year Depth ( :t) Death (M) 

0 3 . 11 24 43 70 107 S 0 3 11 2; ~3 70 10' 

2 8 3 1963 , 10 .6 18.6 18 :6 18.5 17 .9 17 .3 16 .4 36 .61 35 .1 36 .58 30 .42 36 .55 30 .50 
3 4 4 1963 '` 21 .6 21 .3 21 .2 20 .6 19 .8 18 .1 18 .1 30 .27 .16 .20 36 .28 36 .29 36 .35 36 .61, 
4 2 5 

� , 
1963 23.9 23.9 23 .9 23.9 21 .1 19 .6 19 .3 35 .87 35 .87 35 .86 35.E2 36 .31 36 .3 

5 21 5 1963 26 .5 26.3 ~^5 .7 23.4 . 20 .7 19 .3 19 .3 39 .25 34 .38 34 .9£ 35 .90 36 .25 36 .42 
6 26 6 1963 28.6 28 .5 28 .3 25 .6 22 .2 19 .8 19 .6 36.50 36.42 30 .52 30 .-.2 30 .3 36 .<4 
7 16 7 1963 29 .1 29.1 29 .0 28 .9 22 .7 20 .0 18.2 36.54 36 .43 36 .52 36 .54 20 .43 z6 .35 
8 30 8 1963 29 .4 29 .4 29 .4 29 .7 26 .4 23 .7 22 .8 , 36 .84 36 .37 35 .70 36 .51 36.76 35 .56 

9 ' 2 .10 19G3 26.9 26 .8 26 .8 20 .7 26 .7 21.7 21 .5 36.82 3u .97 36 .2 36 .49 CO .00 '176 .43 
10 1 11 1963 2G .3 26 .3 26 .3 26 .2 26 .2 26 .1 22 .5 36.59 36.61 30.60 36 .73 36 .64 36 .73 
11 30 11 '.1963 23 .3 23 .3 23 .3 23 .3 23.3 23.3 23 .2 36.80 36 .76 3u .77 36 .82 36 .76 36 .73 
12 20 ,12 1963 20 .8 ' 20 .8 . 20.8 20 .8 20 .8 19 .7 19 .6 36 .66 30 .56 . 36 .75 36 .76 36 .70 30 .1 
13 28 1 . 1964 1f " 5 19 .5' 19 .4 19 .3, 18.9 17 .2 1G .4 36.64 36 .66 30 .01 36.64 36 .51 _'5 .51 
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 30 .57 30 .71 
15 19 3 1964 . 19 .5 19 .5 19.5 19 .4 18.5 16 .0 15 .8 36 .5E 36 .57 36.59 3i: .55 36 .50 _'0 .57 

16 16 4 1904 20 .3 20 .3 20.2 18 .8 18 .1 17 .1 16 .9 ' 36 .45 36 .29 36 .30 3G .41 30 .68 36 .75 

17 23 5 , 1964 24 .9 29 .9 25.1 22 .7 -17 .4 13 .8 18 .4 . 32 .05 32 .60 33 .73 3G.16 130 .52 36 .49 
13 25 6 1964 28 .4 28.4 28.2 23 .8 21 .2 19 :3 18 .9 32 .85 33 .00 23.18 3 .59 35 .57 36 .54 
19 17 7 1964 28 .6 28 .6 28.6 28 .1 26 .2 . 19,0 19 .0 ' 36 .74 3G .72 36 .67 36 .74 36 .64 30 .52 

20 30 8 19u9 28 .8 28.7 28 .7 28.6 24 .3+ 20 .9 20 .9 36 .70 ' 36 .66 36 .71 36 .70 30 .65 36 .6u 

21 28 9 1964 28 .3 28.3 23 .3 28.3 22 .8 21 .6 21 .6 36 .51 30 .50 36 .52 36 .51 36 .u2 36 .5E 
'22 29 10 19.64 25 .4 25 .4 25 .4 25.4 25 .4 23 .6 20 .8 36 .72 36 .68 36 .71 3-Z .69 30 .70 36 .54 

23 26 11 1964 23 .9 23.9 23 .9 23 .9 23 .9 23 .5 23 .5 36 .64 36 .51 36 .53 .'.u .SEi 36 .5Z 36 .49 

24 17 12 1964 22 .2 22 .2 22 .2 22 .2 22 .2 21 .4 21 .4 36 .65 36 .59 26 .66 --0 .53 1;u .57 3c .56 
25 7 1 ~1965 22 .3 22.3 22 .2 22 .2 22 .1 21 .8 21 .3 36 .82 36 .79 36 .30 5.73 35 .i3 3o ."?. 

26 27 .2 1965 18.4 18 .4 18 .4 18 .4 18 .4 18 .9 18 .4 36 .59 36 .60 3G .53 36 .58 25 .60 20 .63 

27 22 3 1964 19.6 19 .6 19 .6 19 .5 19 .4 19 .3 19 .3 36 .69 36 .68 36 .67 35 .E0 36 .71 36 .77 
,)8 24 4 1965 '23.3 23 .3 22 .7 20 .9 19 .1 17 .5 17 .5 ' 35 .45 35 .91 3 .42 35 .u6 .15 .52 3u .44 
29 1 6 1965 26.6 26 .6 26 .1 23 .3 20 .6 19 .7 16 .5 32 .78 32 .74 33 .61 36 .4£, 36 .61 ~u .63 
30 12 6 1965 28.6 26 .7 25 .1 22 .9 19 .9 19 .5 19 .6 31.85 32 .09 27 .63 34 .99 16 .65 35 .9 
32 12 8 1965 27.7 27 .7 27 .2 23 .9 21 .8 19 .9 19 .9 36 .01 . 30 .60 3u .69 30 .02. 30 .72 . . :. .c0 
33 11 9 1965 29.0 28 .9 28 .9 26 .7 22 .8 21.6 21.6 00.00 00.00 00 .00 00 .00 00 .CJ ~^0 .03 
35 10 12 . 1965 23.2 23 .2 23.2 23 .2 23 .2 23.2 23 .3 100.00 00.00 00 .00 00 .00 C0 .00 00 .00 



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

STATION : W-59 ' ' 
:i : 7 .3 M 

LATITUDE : 2751' N 
LONGITUDE: 97°Ol' W 

Cruise Day Month Year 

2 9 3 1963 
3 6 4 1963 
4 5 5 1963 
5 22 5 1963 

. 6 27 6 1963 
7 16 7 1963 
8 28 B 1963 
9 3 10 1963 

10 3 11 1963 
11 1 12 1963 
12 21 12 1963 . 
13 30 1 .1964 
14 20 2 1964 
15 20 3 1954 
16 18 4 1964 
17 25 5 19G4 
18 27 6 1964 
19 18 7 1964 
20 1 9 1904 
21 29 9 1964 
22 31 10 1964 
23 20 '1 1964 
24 18 12 1964 
25 9 1 1965 
26 1 3 1965 
27 23 3 1965 
28 24 4 1965 
29 30 5 1965 
30 14 6 1465 
32 12 8 1965 
33 12 9 1965 
35 10 12 1965 

' Temperatures (0 C 
Depth (M) 

0 3 11 24 43 

15.3 15 .3 
23.6 2 : .6 
'25.6 25 .6 
24.8 24 .4 
29.0 29 .0 
26.2 25 .0 
30 .1 30 .1 
26 .2 26 .2 
23.6 23 .6 . 
17 .3 17,3 
11 .9 11.8 
11 .6 11.6 
13 .8 13.8 
17 .2 17.1 
21 .0 21 .0 
00 .0 00 .0 
28 .3 28 .2 
28 .5 28 .4 
29 .2 29.2 
28 .5 28 .5 
22 .9 22 .9 
23 .5 23 .5 
12 .8 12 .8 
17 .0 17.0 
16 .0 . 16 .0 
16 .4 16 .1 
23 .3 '23 .2 
26 .5 26 .5 
28 .5 28 .5 
28 .8 28 .7 
29 .4 29.4 

i '19 .3 19 .2 

a 

8 

15 . 
22 .', 
25 . : 
24 . . 
28 :5 
28 .( 
29 .( 
20 .' 
23 .E 
15 . 5 
ll .f 
11 .E 
13 .f 
15 .f 
19 . . 
00 .( 
28 .' 
28 . : 
29 .', 
28 .( 
23 . . 
23 . .° 
12 . F 
16 .<. 
16 . .° 
15 ., 
22 .' 
2G . d 
27 . : 
28 .( 
29 . : 
19 .] 

32 .49 32 .53 
29 .41 29 .30 
27 .20 27 .20 
36 .29 36 .23 
36 .47 36 .50 . 
37 .02 37 .31 
36 .89 ~3G .89 
30 .52 30 .40 
34 .31 34 .30 
32 .99 32 .98 
33 .30 33 .30 

' 33 .12 33.12 
35 .31 35 .41 
34 .14 34 .15 , 
27 .22 27 .31 
25 .54 25 .60 
00 .00 35 .10 
36 .04 36.02 
36 .76 36.76 
34 .29 34 .3 
33 .31 33.30 
34 .26 34 .24 
31 ._15 31 .12 
30 .89 30.0 
34 .00 34 .08 
33 .36 33 .36 
30 .28 30 .25 
26 .77 26 .77 
2f3 .95 29 .98 
36 .62 36.61 
00 .00 00.00 
30 .81 30.44 

7 



Table 3 . (Continued) 

STATION : T~7-24 
DEPTH : 13.7 t! 
LATITUDE : 2748'. N 
-LONGITUDE : 9700' W 

Te:n eraturr_5 (0 C) Salinity Woo) 
Cruise Day Month Year Depth W Depth (M) 

_ 0 ~ 11 24 43 70 107 8 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 .58 31.73 
4 3 5 1963- 24 .6 24.6 24 .6 24 .6 26 .21 27 .48 28.15 
5 22 5 1963 25 .2 25 .0 22.7 22 .6 36 .90 36 .22 35 .99 
6 27 6 1963 , 28 .8 28.8 28 .8 28 .7 36 .43 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 36.60 
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 39 .82 34 .65 34 .E8 
11 1 12 . 1903 17 .4 17.4 19 .4 . 15 .5 00.00 33 .12 35 .68 
12 21 12 1963 13 .0 13.0 13 .0 13 .0 34 .04 34 .20 34 .15 
13 30 1 1964 11.2 11.2 11 .2 11,3 33.39 33 .38 . 33 .35 
14 20 2 1969 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 .G7 
16 18 4 1904 21.0 21 .0 19 .9 19 .6 27,8 27 .54 23 .58 
17 25 5 1964 26 .7 26.6 2G .6 26 .5 26 .69 26 .66 20 .78 
18 27 6 1964 27.8 27.8 28 .1 28 .6 34 .98 34 .95 35 .59 
19 18 7 19G4 28.4 28.9 28 .4 23 .3 35 .96 36 .07 35 .93 
20 1 9 1969 28.6 28 .6 28 .6 28 .3 36 .75 30 .71 36 .72 
21 25 , 9 1904 28.2 28,2 28 .2 28 .3 ' 34,27 39 .20 34 .42 
22 31 10 1964 . 22 .8 22 .8 22.7 22 .6 33 .39 33 .44 33 .38 
23 20 11 1969 23.9 23 .9 23 .3 23 .9 33 .E9 33 .91 33 .88 
24 18 12 . 1964 14.8 19 .7 19.7 .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 
20 1 3 1965 16.7 16 .6 16 .5 i6 .5 34 .52 34 .3 3 .3 .90 
27 23 3 19G5 . 16.1 15.6 15 .1 15 .0 33 .59 33 .5 33 .53 
23 24 4 1965 24 .3 23 .5 22 .7 22 .7 29 .07 30 .53 31 .47 
29 30 5 1965 26 .8 26 .8 26 .7 26 .7 2G .32 26,32 20 .33 
30 14 6 1965 28 .6 28.6 27 .0 26.3 30 .15 30 .23 32 .23 
32 12 8 1965 28.7 28.6 23 .4 28 .4 36.50 3u .38 30 .34 
33 12 9 1905 29 .4 . 2^.4 29.3 29.3 00 .00 00 .CO 00 .00 
35 10 12 1965 19 .5 19 .5 19.4 15 .4 , 30 .66' 30 .63 30 .S6 



Table 3 . (Continued) 

STATION : W-23 
D'-j'?2R : 27,5 M 
I.F:TZTGDE : 27°35' 30" K 
LONGITUDE : 96°55' W 

Cruise Day Month Year 

2 9 
3 4 
4 ' S 
5 21 
6 27 
7 16 
8 30 
9 . $ 

10 l 
11 2 
12 21 
13 30 
14 20 
15 19 
16 16 
17 24 
18 26 
19 17 
20 31 
21 26 
22 29 
23~~ 24 
24 17 
25 8 
26 ~ " 28 
2T' 22 
28 24 
25 30 
30 13 
32 13 
33 12 
35 11 

3 1963 
4 1963 
S 1963 
5 1963 
6 1963 
7 1963 
8 1963 
10 163 
1] . 1963 
12 1963 
12 1963 
I 1964 
2 1964 
3 1964 

,4 1964 
5 1964 
6 . ' 1964 
7 1964 
8 1964 
9 1954 
10 1964 
11 1964 
12 19:.4 
1 1965 
2 1965 
3 ' 1965 
4 1965 
~5 1965 
6 1965 
8 1965 
9 1965 

12 1965 

0 3 ; 11 24 4 : 

15.6 15 .6 15 .6' .15 .3 
22.4 22 .3 20 .4 18 .3 
24.8 24 .8 24 .4 23 .9 
25.8 25 .4 24 .4 19 .4 
27.8 27 .8 23 .9 23 .8 
27.6 27 .5 27.4 23 .1 
29 .1 29 .1 29 .0 22 .4 
26 .3 26 .7 26 .9 27 .0 
25.5 25 .5 25 .5 25 .5 . 
21.2 21 .2 21.2 21 .2 

" 16 .8 io .8 16.8 16 .8 
16 .0 16 .0 .16.0 15 .8 
15 .2 15 .2 15 .1 15 .2 
16 .8 16 .8 16.8 16 .8 
19.3 19 .3 19.0 17 .7 
25 .3 25 .3 25.4 25 .0 
27.8 27 .7 27.4 25 .6 
27.6 27 .6 27.2 21 .6 
28 .4 28 .4 28.3 28 .1 
28.7 2e .4 2a.5 28 .4 
23 .7 23 .6 23.5 00 .0 
21 .9 21 .9 21.9 21 .9 
17 .3 17 .9 18.5 18 .7 
16 .9 16 .9 1S .8 20 .5 
15 .3 15 .3 16.7 17 .8 
16 .0 16 .0 16.0 15 .9 
24 .0 23 .2 20.3 19 .9 
26 .6 26 .6 26.5 25 .6 
27 .5 27 .5 27.5 25 .7 
28 .4 28 .4 28.3 28 .2 
29 .3 29 .2 28.7 28.6' 
20 .2 20 .5 21.2 21.3 

70 107 8 

15.3 
17.7 
22.9 
19 .3 
23 .8 . 

" . 23 .1 
22 .3 
27 .0 
25 .4 
21 .3 
16 .6 
15 .4 

" 15 .2 
16 .8 
17 .5 
24 .4 
25 .0 

,' 21 .5 
27 .2 
28 .5 
00 .0 
21 .9 
18.8 
20.3 
17.6 
15.9 
19.8 
25 .2 
24.1 
23.2 
28.6 
21.2 

inity (o/oo) 
Depth (td) 

24 43 70 107 
I 

34 .19 39 .71 35 .79 35 .66 
j 29 .42 ~ 29 .52 35 .34 3 .50 
I 32 .63 32 .73 32.73' 31 .12 

36 .02 36 .05 36.15 30 .36 
'I 36 .52 36 .49. 36.40 ' 30 .49 

36 .46 36.93 36.40 36 .42 
i 36 .52 36 .90 36.47 36 .60 

33 .09 33 .45 34 .45 . 34 .80 
II 36 .18 00 .00 00.00 00 .00 

36 .39 30.29 36.32 30 .33 
36 .10 36 .19 36 .14 36.10 
36 .00 35 .97 35 .95 35.94 
35 .70 35 .76 35 .74 35.75 
35 .60 35 .74 ' 30 .16 36.21 
29 .63 29 .64 31 .05 33.93 
00.00 00 .00 00 .00 C0.00 
33 .86 33 .83 34 .13 35 .19 
36.68 36 .64 36 .62 36 .51 
36 .72 36 .6E1 36 .67 36.71 
34.38 34 .34 35 .48 35 .42 
34.40 34 .38 34 .78 35 .04 
35 .15 35 .11 35 .13 35 .15 
32.70 3 .78 39 .88 3 .57 
34.15 34 .01 35 .33 10 .32 
31.77 31 .72 35 .7£ 30 .40 
35.39 35 .32 35 .27 35 .2 
00.00 00 .00 00.0 00 .00 
00.00 35 .27 29 .65 31 .52 
30.85 30 .86 31 .33 34 .20 
36.52 36 .<8 26.56 36 .61 
00.00 00 .00 00.00 00 .00 
31.59 31 .82 33.91 34 .00 



able 3 . (Continued) 

TATION : W-22 
DEPTH : 45 .8 K 
ATITUDE : 2721' N 
.GtGIiUDE : 9650' W 

Ter eratu:es (o C) 
:raise Day Month Year, . DcDth (t4) 

0 3 11 24 43 70 107 

2 9 3 
3 4 4 
4 6 5 
5 21 5 
6 27 6 
7 15 7 
3 30 8 
9 4 10 
10 4 11 
11 2 12 
12 21 12 
13 29 1 
14 20 2 
15 19 3 
16 16 ' 4 
17 24 5 
i8 26 6' 
19 17 7 
20 31 3 
Ii 26 9 
22 29 10 
?.3 24 11 
3, 17 12 
_- d 1 
-=b 2 8 2 
27 22 3 
~i3 24 , 4 
29 30 5 
30 13 6 
32 13 3 
33 11 9 

11 12 

1963 16.9 16 .9 17 .0' .16 .9 14 .5 
1963 23.6 22 .8 21 .1 20 .2 19 .6 
1963 24.6 24 .5 24 .1 21 .1 20 .3 
1963 26.3 25 .7 25 .4 20 .9 19 .4 
1963 27.2 26 .2 26 .0 22 .6 19 .8 
163 27.2 27 .1 2G.9 24 .1 20 .8 
1963 28.8 28 .8 26 .7 29 .2 21 .7 
1963 . 20.9 27 .0 27.1 27 .6 27 .2 
1963 25.7 25 .E 25 .7 25 .6 , 25 .6 
1963 22.6 22 .6 22.6 22 .6 22 .6 
19G3 18 .7 18 .7 18 .5 13 .1 17 .4 
1964 16.3 10 .3 16 .3 18 .1 16 .2 
1964 17 .3 17 .3 17 .3 17 .3 17 .3 
1964 . 18 .9 18.2 17 .8 17 .E 17 .3 . 
1964 17 .9 18 .4 19 .2 18 .2 17 .7 
1964 25 .4 25.E 25 .1 23 .9 21.7 
1904 28 .2 28.2 27 .9 25 .8 20 .3 
1964 27 .5 27.5 27 .4 22 .2 19 .2 
1964 28 .7 28.7 28 .5 23 .3 27 .7 a 
19u4 28 .4 28 .3 28 .2 28 .1 27 .3 
1964 25 .4 . 25 .4 25 .4 25 .2 25 .1 
1964 23 .5 23 .5 23 .5 23 .5 23 .5 
1964 2u .2 20 .2 20 .1 19 .9 20 .5 
1965 20 .8 20.8 .̂0 .7 20 .7 21 .0 
1965 16 .5 16 .5 16 .7 17 .9 18 .2 
1905 17 .7 17.7 17 .6 _ 17 .9 17 .E 
1965 24 .9 24 .7 22 .0 18 .1 17 .6 
1965 26 .5 26 .5 26 .4 25 .3 23 .1 
1965 27 .9 27 .9 27 .7 25 .5 22 .3 
1905 28 .2 28.1 28 .0 27 .9 24 .2 
1965 30 .1 30 .1 29 .9 29 .5 22 .6 
1965 21 .7 21.8 21 .8 22 .8 23 .5 

B 

19 .5 
19 .5 
19 .7 
19 .4 
19 .7 
20 .7 
21 .7 
26 .8 
25 .6 
22.5 
17 .1 
16 .1 
17 .2 
17.3 
17 .7 
20.5 
19 .0 
19 .2 
22 .8 
27 .2 
25 .2 
23 .5 
20 .2 
21 .0 
18 .E 
17.8 
17 .6 
22 .8 
20 .9 
22 .3 
22 .6 
23.5 

Salinity Woe) 

0 3 1: 2 4 4s 
I 

70 1G7 

36 .39 36 .44 36 .42 36 .46 30 .19 
31 .61 . 33 .85, 35 .57 36 .35 36 .43 
34 .74 33 .68 3,60 35 .98 36 .25 
36 .31 36 .32 36 .39 36 .33 30 .40 
36 .57 30 .33 26 . 51 31G .53 :.6 .43 
36 . .48 ;;6 .51 30 .45 36 .48 .36 .4: 
'6 .42 ~u .2Z .. 30 .32 . 26 .15 36 .57 
35 .92 35,26 ."3 .51 30 .12 36 .32 
36 .54 36 .47 36,52- '36 .52 30 .50 
36.50 35 .59 36 .45 36 .54 :G .SG 
36 .60 36 .59 36 .59 30 .62 -0 .30 
3 .74 35 .74 3 .39 36 .63 36.39 
36 .62 36 .59 36 .55 ~u .u3 36 .46 
36 .39 30 .33 26 .20 30 .25 30 .27 
33,10 33 .13 X5 .80 20 .45 36 .4 : 
31 .70 31 .90 33 .8 35 .03 36 .30 
33 .73 33 .71 34 .66 36 .00 36 .46 
36 .72 36 .66 36.F1 36 .64 36 .79 
36 .78 36 .69 3u .G3 36 .70 36 .62 
36 .32 36 .32 36 .61 X0 .60 36 .62 
36 .40 36 .13 36 .29 36 .31 36 .32 
30 .13 36 .18 -26,15 36 .1E 36 .1S 
36 .12 36 .12 35 .04 36 .03 36 .26 
36 .28 36 .21 30 .23 '.r'. .G 1 
34 .43 34.30 30 .27 3 .80 36 .10 
35 .56 35 .92 ,35.83 35 .52 36 .06 
00.00 00 .00 00 .00 0 .00 00 .CJ 
29 .E5 29 .93 30 .30 34 .92 30 .54 
30 .57 30 .58 30 .93 15 .00 36 .50 
36 .63 36 .62 36.57 30 .59 36 .09 
00 .00 CO .00 CO . CO 03 . 00 00 .33 
,34 .22 34.23 34 .25 31.99 35 .57 



able 3 . (Continued) 

PATION : 47-58 
:PTtis 73 .2 M 
kTITUDE : 27^06' N 
)NGITUDE t 9645' 4I 

'U1S0 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
i .I 

?S 
25 
26 
>.7 
>.a 
y 
10 
12 
13 
15 

Day Month Year 
Salinity 

Depth 
11 24 43 70 107 

9 3 1963 ' 18 .1 17.8 17 .8 17,8 17.8 16 .6 16 .5 36 .41 3 .31 36 .21 36 .27 36 .36 30 .45 
5 4 1963 22 .2 21 .4 20 .5 19 .4 17 .9 17 .9 17 .9 33 .24 33 .20 35 .30 36 .27 36 .1 36 .37 
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 36 .27 36 .42 

22 5 1963 ' 26 .5 26 .4 25 .9 25 .0 20.1 19 .1 13 .8 36.12 00 .00 36 .04 36 .13 36.23 30 .43 
28 6 1963 28 .4 20.3 28 .2 23 .1 21.7 19 :4 19 .4 36.51 36 .46 36 .44 36 .56 30 :59 36 .60 
15 7 1963 17 .6 27 .6 27 .6 25 .9 21.5 19 .1 18 .8 36 .58 36 .94 36 .54 36 .42 36 .44 36 .57 
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 36.50 35 .40 
4 

. 
10 1963 27 .3 27 .3 27 .3 27 .3 27.1 26.1 24 .3 36.47 3G .55 36 .44 36 .47 30.55 36 .60 

4 ~11 1963 25 .9 25.9 25 .9 25 .9 25.8 25 .8 22 .7 '36,67 36 .68 36 .62 36 .66 36 .64 36 .7 
2 12 1963 23 .1 23 .1 23 .1 ' 23 .0 22 .9 22 .7 22 .9 36.38 36 .39 36 .45 30 .38 36 .34 3u .32 

22 12 1963 21 .7 21 .7 21 .7 21 .7 21.6 19 .1 18 .9 36.64 36 .64 30 .64 36 .68 36 .61 30 .54 
29 .1 1964 19 .1 19 ;1 19 .0 18 .2 17.4 15 .6 14 .8 30.54 36 .69 36 .58 36 .50 36 .48 36.28 
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 .-'.3 20 .41 
19 3 1904 19 .0 18.7 18 .2 17 .7 17 .1 17 .3 17 .3 36 .41 36 .42, 36 .35 36.8 36 .40 X0 .52 
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 
24 ' 5 1964 25 .4 25.4 25 .7 22 .8 20.0 18 .3 18 .1 29.68 29 .95 32 .66 35 .59 30 .21 36 .49 
26 ' G . 1964 28 .3 28 .1 27 .4 22 .6 19 .6 18 .5 18 .5 35 .28 35 .03 35 .60 30.36 36 .41 30 .51 
18 7~ 1964 28 .4 28.4 28,3 27 .6 22.1 18 .2 18 .2 36.71 36 .73 30 .64 30.60 30 .63 36 .55 
31 8 1964 29 .0 28 .9 28 .9 28 .6 23.8 ;20 .6 20 .6 36.73 36 .66 36 .65 36.69 36 .64 36 .53 
26 9 1964 28 .4 28 .4 28 .4 28 .4 27 .2 21 .8 21 .8 36 .52 36 .49 30 .40 36 .66 30 .65 :0 .08 
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 36 .E0 30 .5 
24 11 1964 ' 23 .8 23.8 23 .8 23 .8 23 .8 23 .8 23 .8 36 .62 36 .55 36 .56 36 .49 .36 .57 30 .5 
17 12 1969 2~w.3 20 .9 20 .7 20 .7 20.7 20 .7 23 .7 36 .14 36 .15 30 .13 36 .22 36 .21 3u .27 
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 3u .42 
28 2 1965 19 .5 19 .5 19 .4 19 .4 19 .4 17 .5 17 .6 36 .58 36 .49 36 .6 36 .51 30 .30 35 .10 
22 3 1965 19 .4 19 .4 19 .3 19 .2 19 .2 19 .2 19 .2 36.43 36 .41 36 .40 36 .47 36 .48 3u .5D 
24 4 1965 24 .6 24 .4 18 .1 17 .2 16 .8 '17 .2 17 .2 29 .52 29 .90 33 .27 35 .97 30 .39 3u.47 
30 5 1565 27 .1 27.1 26 .4 21 .8 20 .0 18 .9 18 .8 23 .68 28 .68 29 .42 36 .04 36 .48 30.47 
13 6 1965 27 .5 26 .9 25 .0 21 .9 ' 19.2 18.9 18 .9 31.81 31 .80 32 .04 34 .93 36 .4S 36 .48 
13 8 1965 27.6 27 .5 26 .6 23 .6 22 .1 19 .4 19 .4 36.53 36 .50 3u .50 30.62 36 .64 30.0 
11 9 1965 30 .1 30 .1 30 .1 27 .9 22 .7 00 .0 22 .9 00.00 00 .00 00 .00 60 .00 00 .00 G3.00 
11 12 1965 23 .6 23.6 23 .7 23 .7 23.7 23.7 23 .7 0 .15 30.13 30 .1 36 .92 36 .13 36.11 



Table 4 . Temperature (°C) and salinity (°/oo) values by station, cruise, and depth radc along transact 10 :row 1963-1965 . 

CATION : W-60 
:?i:i : 7 .3 M 
+TITJDE : 26°34' N 
)VvZiJDE : 97°16' W 

Temperatures 0 C) Sali^itv 
:wise Day Month Year ., De th (14) Depth 

0 3 ', 11 24 43 70 107 B h 0 3 11 2 ": 

2 9 3 1963 15 .3 14 .E 14 .9 34 .27 34,15 
6 

. 
28 6 1963 �, 26 .3 26 .3 24 .0 36 .41 3u .32 

7 15 7 1963 25 .1 23.9 22 .8 3G .49 36 .49 
8 29 8 19G3 27 .6 27.6 24 .9 36 .47 36 .62 
9 4 10 1363 26 .2 26 .2 26 .3 , 31 .77 32 .13 

10 3 11 1963 23 .5 23 .5 23 .5 33 .95 33 .31 
11 2 12 1963 19 .8 19 .8 13 .7 34 .42 34 .62 
12 22 12 . 1363 11 .2 12 .2 12 .2 34 .25 34 .35 
13 30 1 1964 14 .2 14 .2 14 .2 39 .08 34 .05 
15 20 3 19G4 17 .8 17.8 16 .8 35 .42 35 .42 
16 17 4 1964 20.7 20.7 20 .4 31 .E6 31 .80 
17 24, 5 1964 26 .1 20 .1 24 .7 25 .16 28 .15 
18 27 6 1904 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 23 .8 28 .8 23 .3 00 .00 36 .93 
22 30 10 1964 24 .0 24 .0 2 .1 .0 34 .5 34 .43 
23 24 11 1964 19 .9 19.9 ~ 19 .9 33 .68 33 .65 
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 
20 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 19G5 24 .0 24 .0 23 .3 29 :72 29 .72 
39 31 5 1765 20 .2 26 .2 26 .2 ' 33 .20 33 .21 
30 19 6 . '1965 27.2 27.2 27 .0 3 . .21 30 .37 
32 14 8~ 1965 28.0 28 .0 27 .9 3u .65 36 .62 ' 
35 11 12 1965 ' 20.1 20.1 20 .0 31 .76 31 .73 

4: 73 1G7 



Table 4 . (Continued) 

STATION : 59-61 
DEPTH: 22 .9 bt 
LATITUDE : 260 3G',N 
LOt1GITUDE : 97°08' W ~ .. 

Temperatures( °C) salirit Woo) 
Cruise Day Month Year Depth (M) Depth ( :~'.) 

0 3 . 11 24 43 70 107 II 0 3 11 24 4.3 70 107 

2 10 3 1963 . 
3 5 4 1963 
6 28 6 1963 
7 15 7 1963 
8 29 Q 1963 
9 4 10 1963 
10 4 11' 1963 
il 2 12 1L63 
12 22 12 1963 
13 29 1 .1964 
15 20 3 1964 
16 17 4~ 1964 
17 29 5 1964 
18 27 6 1964 
19 18 7 1904 
20 31 ' 8 1964 
21 26 9 1964 
22 30 10 1964 
23 24 11 1964 
24 17 12 1964 
25 9 " 1 1965 
26 28 2 1965 
27 23 3 1965 
28 25 4 1965 
29 31 5 1965 
30 14 6 ' 1965 
32 14 8 1965 
35 11 12 1965 

14 .5 14.5 13 .7 
21 .9 21.8 21 .7 
27 .2 27.2 22 .1 

' 25 .5 25.3 23 .3 
28 .2 28.0 26 .7 
26 .7 26 .7 26 .8 
24 .4 24.4 24 .4 
18 .6 18 .7 20 .3 
35 .2 15.2 15 .2 
12 .4 12 .3 12 .3 
17.1 16 .6 16 .5' 
19 .8 19 .8 19.7 ', 
25 .6 25 .5 25.1 
26.7 26 .4 24.1 
25.4 25 .4 24 .3 
78 .3 27 .5 26 .3 
00 .0 00 .0 00 .0 
24 .0 24 .0 23,9 
21 .6 21 .6 21.6 
16 .0 16 .0 16 .2 
16 .8 16 .7 16 .4 
15 .5 15.5 16 .1 
1G .7 16.6 16 .6 
23 .8 23.8 23 .5 
26 .1 26 .0 26 .0 
2,7 .9 27.9 26 .3 

` 27 .7 27.6 27 .5 
20 .0 19.9 20 .4 

15 .1 33 .78 33 .73 34 .13 
18,3 31.23 31 .32 31 .29 
21 .8 30 .39 36.42 36 .50 
22 .2 36 .90 00 .00 00 .00 

" 23 .6 ' 36 .61 30.52 36 .56 
28.1 31 .95 31.96 33 .29 
24 .3 34 .80 34 .63 34 .72 
20 .6 33 .17 33 .11 34 .75 
15 .0 35 .29 35 .31 35 .25 
12 .2 33 .96 33 .91 . 33 .91 
16.4 36 .72 35 .41 35 .53 
19 .5 00 .00 00.00 00 .00 
22 .9 27 .49 27 .42 28 .69 
23 .9 3 .88 35.90 35 .98 
23 .2 36 .47 36.49 36 .45 
23.4 30 .69 36.66 30 .65 
00 .0 36 .48 36.42 36 .50 
23 .9 34 .53 34 .55 34 .50 

+ 21 .7 34 .46 34 .42 34 .50 
16 .7 32 .59 32 .59 33 .09 
17 .4 32 .48 32.45 33 .35 
16 .2 33 .09 33 .15 3.3 .59 
16 .6 34 .65 34.63 34 .81 
18 .7 29 .29 29.22 29 .7 
25 .0 33 .18 33.18 33 .27 
25 .7 32 .71 32.73 33 .S1 
27 .3 36 .50 36.63 36 .53 
21 .4 31.55 31.53 31.53 



Table 4 . (Continued) 

STATION : t,-62 
DEPTH : 45 .8 :4 
I.r7iI:UDE : 26°41' N 
LONGITUDE : 90 53' W 

Temperatures (°C) Salini.tv Woo) 

Cruise Day Month , Year Depth (rt) Dept`. (M
.- 0 3 11 29 43 70 107 B 0 3 11 24 43 70 1G7 

2 10 3 1963 18 .2 18 .1 18:1 16 .8 16.6 16 .6 36 .09 36 .93 36 .41 36 .41. 36 .3 
3 5 4 1963 , 00 .0 00 .0 00.0 00 .0 00 .0 00 .0 33 .39 33 :41 36 .26 35 .96 .G 36 .52 

6 28 6 1963 27 .3 27 .2 20.9 21 .4 19 .8 19 .8 36 .45 CG .00, 00 .00 00 .00 -20 .3 ..̂ 
7 15 7 1963 27 .0 27 .0 ZG.9 24 .0 .20 .8 20 .4 36 .48 36 .47 36 .37 30 .48 36 .45 

8 29 S 1963 29 .3 29 .2 29.1 24 .1 21 .9 ~ 21 .3 36 .67 36 .63 36 .04 36 .4-1 3G .33 

9 4 10 1963 27 .9 27 .9 27 .9 27 .9 27 .6 . 25 .6 3u .27 30 :35 36 .41 6 .46 3.6 .43 

10 4 11 1963 25,6 7.5.6 25 .7 25 .7 25 .7 25 .7 36 .34 36 .712 36 .36 36 .33 36 .52 

11 2 . 12 1963 22 .6 22.8 22 .8 22 .8 22 .8 23 .6 30 .0 36 .05 35 .94 35 .0 36 .13 

12 22 12 1963 19 .8 19 .8 19 .3 18 .7 18 .6 16 .9 36 .69 30 .62 30 .60 36 .63 36 .63 

13 29 1 1964 16.7 16 .7 16 .7 16 .8 16 .4 16 .9 36 .24 .36 .27 36 .2; 30 .31 36 .62 

15 20 3 1964 14.6 14 .5 14 .4 14 .3 00 .0 13 .2 36 .56 36 .49 36 .13 36 .59 3C .49 

16 17 4 1964 20.6 20 .6 19 .3 20 .3 17 .9 17 .9 32 .30 32 .23 35 .08 36 .71 36 .~C 

17 24 5 1964 25.5 25 .7 25 .1 22 .9 20 .3 19 .7 27,12 26 .91 33 .32 30 .0^ 30 .57 

18 26 6 1964 27 .7 27 .7 27 .4 22 .2 20 .3 20 .2 35 .46 35 .59 s5 .53 35 .32 0 .43 

19 18 7 1964 27 .4 27 .3 23 .6 21 .5 19 .1 19 .1 36.53 35 .55 3G .62 36 .61 3o .51, 

20 31 8 
. 

1964 27.x' 27 .7 27.6 24 .4 21 .9 21 .9 36.70 116 .71 36 .71 1-6 .63 .'.0 .63 

21 26 '9 1964 28 .8 28 .8 28.8 22 .8 28 .9 28 .9 36 .15 30 .13 36 .2 36 .16 3,5 .=0 

22 30 10 1964 24 .E 24 .7 24 .7 24 .8 25 .0 . 25 .0 35.50 35 .72 36 .0 35 .57 .35 .0 

23 24 11 1964 23 .4 23 .4 23 ..4 23 .6 23.6 23.7 35 .92 35 .87 25 .60 36 .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 :6 .17 30 .22 

25 9 1 1965 18 .2 18.2 17 .6 19 .5 20 .0 20.0 34 .27 2-4 .26 34 .90 35 .96 2E .i2 

20 28 2 19u5 15 .5 15 .5 16 .4 18 .2 13 .6 17 .9 °.2 .19 32 .15 34 .65 3G .03 32 .7,1 

27 23 3 1965 16.9 16 .9 1G .8 17 .6 17 .8 . 17 .8 35 .C3 35 .07 35 .1-6 -115 .--- 33 .so 

.28 25 4 1905 24 .4 24 .3 21 .5 18.2 17 .9 17 .8 23 .47 28 .42 :i :. .5i 36 .119 3Z .03 

:9 31 5 1965 26.5 26 .4 26 .0 29 .2 23 .0 23 .0 33 .06 33 .G3 33 .95 35 .13 36 .22 

30 13 6 1965 27.9 27 .8 26 .6 24 .1 22 .5 22 .3 33 .02 34 .37 . 35 .33 36 .10 30 .50 
32 13 8 1965 28.2 27 .9 27 .9 26 .5 23 .7 23 .6 36 .50 36 .49 36 .93 30 .3 36.67 
35 11 12 1965 20.4 20 .4 22 .6 23 .3 00 .0 23 .2 32 .61 32 .12 34 .74 35 .17 35 .63 



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 

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

W- 7 27°44' 95°30' 2-27-62 12 
W- 8 27°39' 95°32' 2-27-62 12 
W- 9 27°54' 95°35' 2-27-62 12 
W-10 28°04' 95°40' 2-27-62 12 
W-11 28°17' 95°46' 2-27-62 12 
W-13 28°02' 96°46' 2-26-62 12 
W-14 27°54' 96°37' 2-26-62 12 
W-15 27°47' 96°30' 2-26-62 12 
W-16 27°41' 96°23' 2-26-62 12 
W-17 27°37' 96°20' 2-26-62 12 
W-18 27°32' 96°14' 2-26-62 12 
W-19 27°O1' 96°32' 2-26-62 12 
W-20 2704' 9642' 2-25-62 12 
W-21 27°06' 96°48' 2-25-62 12 
W-22 27°08' 96°56' 2-25-62 12 
W-23 27°12' 97°08' 2-26-62 12 
W-24 27°15' 97°19' 2-26-62 12 

W-25 26°14' 97°08' 2-24-62 12 

--------------------NONE---------------------------
--------------------NONE---------------------------
--------------------NONE---------------------------
--------------------NONE---------------------------
--------------------NONE---------------------------
--------------------NONE---------------------------
--------------------NONE--------------------------- 

00138 26°55 .5' 96°57 .5' 6 
--------------------NONE---------------------------
--------------------NONE---------------------------
--------------------NONE---------------------------
--------------------NONE---------------------------
--------------------NONE---------------------------
--------------------NONE---------------------------
--------------------NONE--------------------------- 

00363 2617' 97°11' 8 
00347 27°21' 97°20' 5 
00350 27°28.5' 97°15.5' 1 
00345 27°29' 97°15' 1 
00356 27°29' 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°27' 97°17' 18 
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 

RELEASE 
STATION LATITUDE LONGITUDE DATE OCCUPIED TOTAL NUMBER 

RECOVERY 
BOTTLE NUMBER LATITUDE LONGITUDE DAYS OUT 

W-25 26°14' 97°08' 

W-26 26°15' 97°00' 
W-27 26°21' 9641' 
W-28 26°24' 9631' 
W-29 2625' 9626' 
W-30 26°26' 96°21' 

CRUISE # : 2-62 

INCLUSIVE DATES : 3/22-3/27 

W- 7 27°44' 94°30' 
W- 8 27°49' 95°32' 
W- 9 27°54' 95°35' 
W-10 28°04' 94°40' 

W-11 2817' 9546' 
W-12 28°34' 9 5 55' 

W-13 28°02' 96°46' 
W-14 27°54' 96°37' 
W-15 27 °47' 96 °30' 

2-24-62 12 00277 27°14.5' 97°11' 1 
00278 27°14.5' 97°11' 1 
00279 27°14.5' 97°11' 1 
00280 27°14.5' 97°11' 1 
00272 27°14.5' 97°11' 1 

2-24-62 12 --------------------NONE--------------------------- 
2-24-62 12 --------------------NONE--------------------------- 
2-24-62 12 --------------------NONE--------------------------- 
2-25-62 12 --------------------NONE--------------------------- 
2-25-62 12 --------------------NONE--------------------------- 

3-22-62 12 00672 2812' 96°40' 24 
3-22-62 12 --------------------NONE---- ----------------------- 
3-22-62 12 00650 27°07' 97°22' 12 
3-22-62 12 00534 2633 .5' 97°33 .5' 15 

00542 26°43.5' 97°20' 24 
3-23-62 12 00546 26°31' 97°15 .5 28 
3-23-62 12 00567 27°51' 97°02 .5' 11 

00565 27°51' 97°02' 11 
00569 27°52' 97°02' 11 
00559 27°09' 97°22' 12 
00566 27°36' 97°57 .5' 6 

3-23-62 12 00576 2633 .5' 97°16.5' 14 
3-23-62 12 --------------------NONE--------------------------- 
3-25-62 12 --------------------NONE--------------------------- 



Table 5 . (Continued) 

CRUISE # : 2-62 

INCLUSIVE DATES : 3/22-3/27 

STATION LATITUDE LONGITUDE 
RELEASE 

DATE OCCUPIED TOTAL NUMBER BOTTLE NUMBER 
RECOVERY 

LATITUDE LONGITUDE DAYS OUT 

W-16 27°41' 9623' 3-25-62 12 -----------------------NONE------------------------ 
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 --------------- --------NONE-------------- ---------- 
W-19 270 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' 9642' 3-26-62 9 --------------- ---- ---- NONE-------------- ---------- 
W-21 27°06' 9648' 3-26-62 12 00416 2629' 97°14.5' 19 

00414 27°17 .5' 97°11.5' 13 
W-22 27°08' 96°56' 3-27-62 12 --------------- -------- NONE-------------- 

--- --- 
-- 

W-23 27°12' 97°08' 3-27-62 12 --------------- --------NONE-------------- ---------- 
W-24 27°15' 97°19' 3-27-62 12 00528 27°25.5' 97°18' 1 

01364 2723' 97°18.5' 1 
00525 27°35 .5' 97°13,0' 2 
00530 2720 .5' 97°19.5' 1 
01368 27°20 .5' 97°19.5' 1 
01367 27°32 .5' 97°14.5' 4 
01363 27°32 .5' 97°14.5' 4 
00526 27°26 .5' 97°17.0' 5 
00527 27°26 .5' 97°17 .0' 5 
00529 27°31 .5' 97°15' 19 

W-25 2614' 97°08' 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 2615' 97°00' 3-27-62 12 00501 2609' 97°10' 9 
00507 2609' 97°10' 9 
00509 26°09' 97°10' 9 
00504 26°15' 97°11' 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 
STATION LATITUDE LONGITUDE DATE OCCUPIED TOTAL NUMBER 

RECOVERY 
BOTTLE NUMBER LATITUDE LONGITUDE DAYS OUT 

W-28 26°24' 9631' 3-26-62 12 
W-29 26°25' 9626' 3-26-62 12 

W-30 26°26' 96°21' 3-26-62 12 

CRUISE # : 3-62 

INCLUSIVE DATES : 4/19-4/26 

W- 7 27°44' 94°30' 4-19-62 12 
W- 8 2749' 9532' 4-20-62 12 

W- 9 27°54' 95°35' 4-20-62 12 

W-10 28°04' 95°40' 4-20-62 12 
W-11 28°17' 95°46' 4-20-62 12 
W-12 28°34' 95°55' 4-20-62 11 
W-13 2802' 96°46' 4-20-62 12 
W-14 27°54' 9637' 4-26-62 12 

W-15 27°47' 96°30' 4-26-62 12 

W-16 27°41' 96 23' 4-26-62 12 

00720 26°06' 97°10' 20 
00438 26°43 .5' 97°20' 20 
00442 25°55' 97°08' 20 
00430 26°06' 97°06' 15 
00435 2605' 97°09 .5 21 
00427 2632 .5' 97°14 .5' 27 

-------------------NONE---------------------------- 
02455 27°36' 9654' 16 
02456 2739' 9711' 30 
02462 27°13' 97°22' 30 
02474 28°04' 96°50 .5' 15 
02464 27°13' 97°22' 30 
02480 27°03' 97°23' 30 
02344 27°49' 97°04' 21 

-------------------NONE---------------------------- 
02742 28°47' 95 34 .5' 25 
02057 2703' 9723' 24 
02719 27°45' 97°07' 30 
02728 27°16' 97°21' 30 
02702 27°13' 97°22' 24 
02710 2716' 9721' 30 
02690 28°02' 96°53' 10 
02698 27°39' 97°11' 10 
02694 27 °52' 97 °02' 14 



Table 5 . (Continued) 

CRUISE # : 3-62 

INCLUSIVE DATES : 4/19-4/26 

RELEASE 
STATION LATITUDE LONGITUDE DATE OCCUPIED TOTAL NUMBER 

W-17 27 37' 96°20' 4-26-62 12 

W-18 27 32' 96°14' 4-26-62 12 

W-19 27°O1' 96°32' 4-24-62 12 
W-20 27°04' 96°42' 4-24-62 12 
W-21 27°06' 96°48' 4-24-62 12 
W-22 27°08' 96°56' 4-24-62 12 
W-23 27°12' 97°08' 4-24-62 12 

W-24 27°15' 97°19' 4-24-62 12 
W-25 26°14' 97°08' 4-25-62 12 

W-26 2615' 97°00' 4-24-62 11 
W-27 26°21' 9641' 4-25-62 12 
W-28 2624' 9631' 4-25-62 12 
W-29 26°25' 9626' 4-24-62 12 
W-30 2626' 96°21' 4-25-62 12 

RECOVERY 
BOTTLE NUMBER LATITUDE LONGITUDE DAYS OUT 

02686 27°27.5' 97°17.5' 27 
02688 27°46' 97°06' 29 
02696 27°16' 97°21' 30 
02265 2824' 96°22' 30 
02676 2932' 94°26' 30 
02418 2619' 97°11.5' 19 
02414 27°13' 97°22' 26 
02399 27°51' 97°03' 19 

--------------------NONE--------------------------- 
02760 27°26' 97°17.5' S 
02764 2727' 97°17' 5 
02772 27°13' 97°22' 5 
02765 27°27' 97°17' 12 
02766 27°28' 97°17' 15 
02767 27°27' 97°17.5' 15 
02768 27°32' 97°15' 16 
02749 27°36' 9 7 12 .5' 18 
02761 27°13' 97°22' 26 
02752 27°16' 97°21' 18 
02268 26°19' 97°12' 3 
02271 26°26' 97°14' 3 
02272 2621' 97°12.5' 3 
02273 2623' 97°13' 3 
02274 2626' 97°14' 3 
02278 2631' 9715 .5' 3 
02280 2621' 97°12 .5' 3 
02261 27°13' 97°22' 26 
02244 27°37' 97°12.5' 25 

--------------------NONE---- ----------------------- 
02444 2927' 94°38 .5 21 

--------------------NONE---- ----------------------- 



Table 5 . (Continued) 

CRUISE # : 4-62 

INCLUSIVE DATES : 5/20-5/22 

n 
b 

STATION LATITUDE LONGITUDE 
RELEASE 

DATE OCCUPIED TOTAL NUMBER 
RECOVERY 

BOTTLE NUMBER LATITUDE LONGITUDE DAYS OUT 

W- 7 27°44' 
° 

95°30' 5-20-62 12 --------------------NONE--------------------------- 
W- 8 27 49' 

° 
95°32' S-20-62 12 --------------------NONE--------------------------- 

W- 9 27 54' 
° 

95°35' S-20-62 12 --------------------NONE--------------------------- 
W-10 28 04' 95°40' S-20-62 12 --------------------NONE--------------------------- 
W-11 28°17' 

° 
95°46' 5-20-62 12 --------------------NONE--------------------------- 

W-12 28 34' 
° 

95 55' 5-21-62 12 --------------------NONE--------------------------- 
W-13 28 02' 

° 
96°46' S-21-62 12 --------------------NONE--------------------------- 

W-24 27 15' 97°19' 5-22-62 12 01423 27°16' 97°21' 3 
03041 27°23' 97°19' 3 
03043 27°16' 97°21' 3 
01422 27°16' 97°21' 4 
03040 27°16' 97°21' 4 
03042 27°16' 97°21' 4 
03044 27°16' 97°21' 4 
03045 27°16' 97°21' 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 

W- 7 27°44' 95°30' 6-19-62 12 01505 28°44' 95°41 5' 20 
W- 8 27°49' 95°32' 6-20-62 12 

. 
01516 28°40' 95 48' 18 

W- 9 27°54' 95°35' 6-20-62 12 01535 28°51.5' 95°26 .5' 15 

° ° 
01531 2846' 95°36 .5' 16 

W-10 28 04' 95 40' 6-20-62 12 01538 28°08.5' 95°02 .0' 14 
01642 29 11' 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 

W-12 28°34' 95°55' 6-20-62 12 

W-13 28°02' 96°46' 6-21-62 12 
W-14 27°54' 96°37' 6-21-62 12 
W-15 27°47' 96°30' 6-21-62 11 
W-16 27°41' 96°23' 6-21-62 10 
W-17 27°37' 96°20' 6-21-62 12 
W-18 27°32' 96°14' 6-22-62 12 
W-19 27°O1' 9632' 6-22-62 8 
W-20 2704' 9642' 6-22-62 12 

W-21 27°06' 
W-22 27°08' 

W-23 27°12' 

96°48' 6-22-62 12 
96°56' 6-22-62 12 

97°08' 6-22-62 12 

W-24 27°15' 97°19' 6-22-62 12 

01648 2854' 95°17' 7 
01652 28°57' 95°17' 8 
01650 28°57' 95°17.5' 8 
01658 28°49' 95°30.5' 15 
01659 28°55' 95°21' 18 
01666 28°39' 95°51' 7 

--------------------NONE--------------------------- 
01684 28°03' 96 52' 16 

--------------------NONE--------------------------- 
03376 28°04' 96°50.5' 16 

--------------------NONE--------------------------- 
--------------------NONE--------------------------- 
--------------------NONE--------------------------- 

01585 28°04' 96°50.5' 15 
01587 28°50.5' 97°04.0' 16 
01582 27°36.5' 97°12.5' 10 
01583 28°01 .0' 97°03.0' 21 

--------------------NONE--------------------------- 
01560 27°35' 97°13' 7 
01557 27°35' 97°13' 10 
01554 2744' 9707 .5' 8 
01549 2731 .5' 97°15' 6 
01545 27°32 .5' 97°14 .5' 12 
01548 27°44' 97°07 .5' 7 
01544 27°36 .5' 97°12 .5' 2 
01542 27°38.5' 97°11 .5' 4 
01543 2739' 97°11' 4 
03394 27°35' 97°13' 2 
03396 27°35' 9 7 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' 

W-25 26 14' 97°08' 

W-26 26°15' 97°00' 
W-27 26°21' 96°41' 
W-28 26°24' 9631' 

W-29 26°25' 96°26' 

CRUISE # : 6-62 

INCLUSIVE DATES : 7/20-7/23 

W- 8 27°49' 95°32' 
W- 9 27°54' 95°35' 
W-10 28°04' 95°40' 
W-11 28°17' 95°46' 
W-13 28°02' 96°46' 

6-22-62 12 03395 27°43' 97°08' 7 
03392 27°35.5' 97°13' 7 
03391 27°50' 97°03 .5' 23 
01541 27°45 .5' 97°06 .5' 6 

6-23-62 12 03408 26°56' 97°22 .5' 17 
03409 2653 .5' 97°22' 29 
03404 26°49 .5' 97°21 .5' 29 
03402 26°49 .5' 97°21.5' 29 
03400 2654 .5' 9722' 29 
03398 2653 .5' 9722' 29 
03403 26 52 .5' 97°22' 29 

6-23-62 12 --------------------NONE--------------------------- 
6-23-62 12 03428 28°24' 96°22 .5' 26 
6-23-62 12 03436 28 12 .5' 96 39' 12 

03440 28°32' 96°07.5' 17 
6-23-62 12 03453 27°44' 97°07 .5' 13 

7-23-62 6 --------------------NONE--------------------------- 
7-23-62 6 --------------------NONE--------------------------- 
7-23-62 6 --------------------NONE--------------------------- 
7-20-62 6 --------------------NONE--------------------------- 
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 



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 

W-15 27°47' 96°30' 7-21-62 6 

u W-16 27°41' 96°23' 7-21-62 6 
W-17 27037' 96020' 7-21-62 6 
W-18 27°32' 96°14' 7-21-62 6 
W-20 27°04' 96°42' 7-22-62 6 
W-21 27°06' 96°48' 7-22-62 6 
W-22 270 08' 96°56' 7-22-62 6 

W-23 27°12' 97°08' 7-22-62 6 

W-24 27°15' 

W-25 26°14' 

W-26 26°15' 

97°19' 7-22-62 6 

970 08' 7-22-62 6 

97°00' 7-23-62 6 

01704 2838 .5' 95°51' 7 
01738 28°29' 96°13.5' 8 
01709 29°18' 94°41.5' 14 
01732 2849 .5' 95°29' 29 
01743 29°46.5' 93°12' 30 
01698 29°12' 94°57' 12 
01718 29°19.5' 94°44.5' 12 

--------------------NONE---- ----------------------- 
--------------------NONE---- ----------------------- 
--------------------NONE---- ----------------------- 
--------------------NONE--------------------------- 

01728 29°47' 93°16.5' 22 
01726 28°53' 95°23' 12 
01748 28°49' 95°31' 13 
01932 28°45' 95°38.5' 13 
01940 27°34' 97°13.5' 3 
01944 27°34.5' 97°13.5' 3 
01746 27°49.5' 97°03' 5 
01750 27°49.5' 97°03' 5 
03551 27°35' 97°13' 5 
01966 27°17.5' 97°20.5' 2 
01994 27°17.5' 97°20.5' 2 
01998 27 17 .5' 97°20.5' 2 
03541 27°24.5' 97°18.5' 3 
01956 28°04.5' 9650' 9 
03573 28°44.5' 95 39' 29 
03526 29°16' 94°49.5' 16 
01958 29°46' 93°29.5' 27 
03543 2852 .5' 95°24.5' 28 



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' 
W-28 26°24' 96 31' 
W-29 26°25' 96° 26' 

CRUISE # : 7-62 

INCLUSIVE DATES : 9/9-9/12 

W- 7 27044' 950 30' 
W- 8 27°49' 95° 32' 

W- 9 27°54' 95° 35' 
W-10 28°04' 95° 40' 

W-11 28°17' 95 46' 

W-12 28°34' 95°55' 

W-13 28°02' 96°46' 

7-23-62 6 01972 2945' 93°37' 29 
7-23-62 6 --------------------NONE---------------------------
7-23-62 5 --------------------NONE--------------------------- 

9-9-62 10 04658 29°19.5' 97°12' 20 
9-9-62 11 04642 2642' 97 20' 21 

04674 26°42' 97°20' 21 
9-9-62 10 04610 26°19.5' 97°12' 20 
9-9-62 12 04506 26°40' 97°18 .5' 13 

04512 27°33' 97°14' 14 
04510 26°39' 97°18.5' 14 
04504 27°51' 97°02 .5' 12 
04502 27°43' 97°08.5' 23 

9-9-62 12 04520 28°28' 96 16' 14 
04514 2821' 9624' 15 
04516 28°34' 9603 .5' 7 
04541 26 33' 97°16' 14 

9-9-62 11 04528 28°57' 95°17.5' 22 
04534 28°57' 95°17.5' 4 
04536 2857' 9517 .5' 5 
04613 28°58' 95°13' 17 

9-10-62 11 04538 27°56' 96°58' 7 
04542 28°03' 9651 .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 . (Continued) 

CRUISE # : 7-62 

INCLUSIVE DATES: 9/9-9/12 

STATION LATITUDE LONGITUDE 
RELEASE 

DATE OCCUPIED TOTAL NUMBER BOTTLE NUMBER 
RECOVERY 

LATITUDE LONGITUDE DAYS OUT 

W-14 27°54' 96°37' 9-10-62 12 --------------- -----NONE----------------- ---------- 
W-15 27°47' 96°30' 9-10-62 12 04574 27°45' 97°07' 8 

04681 26°49.5' 97°21' 13 

W-16 27°41' 96°23' 9-10-62 10 04556 27°08' 97°22.5' 12 
04572 27°29.5' 97°16' 13 

W-17 27°37' 96°20' 9-10-62 12 04586 26°40' 97°19' 20 
04576 26°42' 97°20' 20 
04554 2642' 97°20' 20 
04601 26°32' 97°15.5' 8 
04702 26°23 .5' 97°13' 8 

W-18 27°32' 96°14' 9-10-62 12 --------------- -----NONE----------------- ---------- 

W-19 27°O1' 96°32' 9-11-62 11 04563 26°40' 97°19' 19 
04525 26°06' 97°10' 20 

W-20 27°04' 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 26°58.5' 97°22.5' 4 
04730 27°05' 97°22.5' 9 
04557 27°12.5' 97°22' 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°07' 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 

STATION LATITUDE LONGITUDE 
RELEASE 

DATE OCCUPIED TOTAL NUMBER BOTTLE NUMBER 
RECOVERY 

LATITUDE LONGITUDE DAYS OUT 

W-25 26° 14' 97°08' 9-12-62 12 04503 2616' 97°11' 12 
04722 26°34.5' 97°16 .5' 7 
04714 26°34.5' 97°16 .5' 14 

W-26 26° 15' 97°00' 9-12-62 12 04304 26°11.5' 97°10 .5' 12 
04326 2613 .5' 97°10 .5' 1 
04302 26°18.5' 97°11 .5' 1 

W-27 26° 21' 96 41' 9-12-62 12 04332 2641' 97°19' 10 
W-28 26° 24' 9631' 9-12-62 12 04292 26°41' 97°19' 10 
W-29 26° 25' 9626' 9-12-62 5 --------------- -----NONE----------------- ---------- 

CRUISE # : 8-62 

INCLUSIVE DATES : 10/18-10/22 

W- 7 27°44' 95 30' 10-18-62 12 
W- 8 27°49' 95 32' 10-18-62 10 
W- 9 27°54' 95°35' 10-18-62 12 
W-10 28°04' 95°40' 10-18-62 9 
W-11 28°17' 95°46' 10-18-62 12 
W-12 28°34' 95°55' 10-18-62 11 

W-13 28°02' 96°46' 10-18-62 11 
W-14 27°54' 9637' 10-19-62 12 

W-15 27°47' 9630' 10-19-62 12 
W-16 27°41' 9623' 10-19-62 11 
W-17 27°37' 96°20' 10-19-62 11 
W-18 27 °32' 96 14' 10-19-62 12 

--------------------NONE---------------------------
--------------------NONE---------------------------
--------------------NONE---------------------------
--------------------NONE---------------------------
--------------------NONE--------------------------- 

03778 28°24' 9621 .5' 11 
04760 28°29 .5' 96 13' 17 

--------------------NONE--------------------------- 
04801 27°51' 9647' 3 
03808 27°15.5' 97°21' 12 
04984 27°10.5' 9 7 22' 12 
04992 27°17' 97°21' 12 
03816 26°36' 97°17' 30 
04986 2621' 97°12 .5' 20 

--------------------NONE---------------------------
--------------------NONE---------------------------
--------------------NONE--------------------------- 



Table 5 . (Continued) 

CRUISE # : 8-62 

INCLUSIVE DATES: 10%18-10/22 

STATION LATITUDE LONGITUDE 
RELEASE 

DATE OCCUPIED TOTAL NUMBER 
RECOVERY 

BOTTLE NUMBER LATITUDE LONGITUDE DAYS OUT 

W-19 27°Ol' 96°32' 10-19-62 12 --------------------NONE----------- 
W-20 27°04' 96°42' 10-20-62 12 --------------------NONE--------------------------- 
W-21 27°06' 96°48' 10-20-62 11 04008 26°07' 97°10' 15 

04003 26°02' 97°09.5' 18 
04001 26°02' 97°09.5' 28 

W-22 27°08' 96°56' 10-20-62 12 04068 26°22' 97°12.5' 14 
04031 26°02' 97°09.5' 16 

W-23 27°12' 97°08' 10-20-62 12 04024 26°59' 97°22.7' 7 
04015 260 05' 97°09.5' 13 
04072 27°05.5' 9723' 14 

W-24 27°15' 97°19' 10-20-62 12 04025 27°11.5' 97°22' 30 

W-25 26°14' 97°08' 10-20-62 12 --------------------NONE--------------------------- 

W-26 26°15' 97°00' 10-22-62 12 04114 26°21.2' 97°12 .5' 5 
04112 2629' 97°14.5' 12 
04148 26°29' 97°14.5' 12 

W-27 26°21' 96°41' 10-22-62 12 --------------------NONE--------------------------- 
W-28 26°24' 96°31' 10-22-62 12 --------------------NONE--------------------------- 
W-29 26°25' 96°26' 10-22-62 12 --------------------NONE--------------------------- 
W-30 26°26' 96°21' 10-22-62 12 --------------------NONE--------------------------- 

CRUISE # : 9-62 

INCLUSIVE DATES : 11/15-11/22 

W- 7 27°44' 95°30' 11-15-62 12 --------------------NONE--------------------------- 

W- 8 27°49' 95°32' 11-16-62 10 --------------------NONE--------------------------- 

W- 9 27°54' 95°35' 11-16-62 12 --------------------NONE--------------------------- 

W-10 28°04' 95°40' 11-16-62 11 05100 26°00' 97°09' 24 

W-11 28 17' 95 46' 11-16-62 12 05493 26 00' 97 09' 24 



Table 5 . (Continued) 

CRUISE # : 9-62 

INCLUSIVE DATES : 11/15-11/22 

STATION LATITUDE LONGITUDE 
RELEASE 

DATE OCCUPIED TOTAL NUMBER BOTTLE NUMBER 
RECOVERY 

LATITUDE LONGITUDE DAYS OUT 

W-12 28°34' 9 5 55' 11-16-62 11 05114 27°02 .5' 97°22.7' 16 
05106 26°57 .5' 97°22.5' 16 
05124 27°06' 9 7 22 .5' 19 

W-13 28°02' 9646' 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 2733 .5' 97°14' 6 
05255 27°32' 97°14.7' 6 
05297 27°30' 97°15.5' 5 
05271 27°30' 97°15 .5' 5 
05301 27°37.5' 97°12' 14 
05259 27°27' 97°17 .5' 5 
05303 27°29' 97°16.5' 5 
05257 27°27' 97°17' 7 
05249 27°27' 97°17' 7 
05245 27°02.5' 97°23' 11 
05253 27°27.5' 97°17' 6 

W-15 27°47' 9630' 11-22-62 12 05237 2649 .5' 97°21 .5' 6 
05243 26°46.5' 97°20 .5' 6 
05239 26°47' 97°20 .5' 6 
05285 26°44.5' 97°20' 6 
05295 27°29' 97°16 .5' 5 
05283 27°28' 97°16 .5' 5 
05228 27°28' 97°16 .5' 5 
05267 27°05.5' 97°23' 11 
05231 26°54 .5' 97°22 .3' 11 
05229 2656 .5' 97°22 .5' 11 



Table 5 . (Continued) 

CRUISE # : 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 

W-17 27°37' 96°20' 11-22-62 12 

W-18 27°32' 96°14' 11-22-62 10 
W-19 27°O1' 9632' 11-17-62 10 

W-20 27°04' 9642' 11-17-62 11 
W-21 27°06' 96°48' 11-17-62 11 
W-22 27°08' 96°56' 11-17-62 12 
W-23 2712' 97°08' 11-17-62 11 

05281 2629 .5' 97°14.7' 8 
05277 2608' 97°10' 10 
05260 2611' 97°10.5' 10 
05299 26°33' 97°16' 9 
05218 26°44.5' 97°20' 16 
05216 26 52 .5' 97°22' 16 
05263 2605' 97°10' 9 
05275 2605' 97°10' 9 
05273 2605' 97°10' 9 
05220 26°05' 97°10' 10 
05224 26°28' 97°14 .5' 8 
05242 2649 .5' 9721' 16 
05240 260 05' 97°10' 9 
05033 2603 97°09' 19 
05234 2647' 97°20 .5' 24 
05031 2605' 97°10' 10 

--------------------NONE---- ----------------------- 
04918 26°19.5' 97°12' 13 
04962 26°19.5' 97°12' 14 
04960 26 16 .5' 97°1'_ .3' 22 
03783 26°42.5' 97°19.5' 8 

--------------------NONE---- ----------------------- 
--------------------NONE---- ----------------------- 

04898 2605' 97°09.5 9 
04894 2605' 97°09.5' 9 
04888 260 05' 97°09.5' 9 
04886 2605' 97°09.5' 9 
03789 2605' 97°09 .5' 11 
04920 2607 .5' 97 °10' 10 



Table 5 . (Continued) 

CRUISE # : 9-62 

INCLUSIVE DATES : 11/15-11/22 

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

W-24 27°15' 97°19' 11-17-62 12 

W-25 26°14' 97°08' 11-21-62 12 

W-26 26°15' 97°00' 11-21-62 12 

W-27 26°21' 96°41' 11-21-62 12 
W-28 26°24' 9631' 11-21-62 12 
W-29 26°25' 9626' 11-21-62 11 
W-30 2626' 9621' 11-21-62 12 

04882 26°31' 97°15 .5' 10 
04876 26°33' 97°16' 10 
04878 26 29' 97°14 .5' 10 
04902 26°19.5' 97°12' 13 
04900 2619 .5' 97°12' 13 
04880 26 16 .5' 97°11 .5' 13 
04946 26°33' 97°16' 6 
05087 26°33' 97°16' 6 
05085 26°33' 97°16' 6 
04954 2621 .5' 97°12 .5' 6 
05095 26°31 .5' 97°15.5' 6 
04964 26°21 .5' 97°12 .5' 6 
05077 2631' 97°15.5' 6 
05075 26 31' 97°15.5' 6 
04966 26°29' 97°14 .5' 9 
05069 26°24' 97°13' 18 
05278 26°21.5' 97°12 .5' 6 
05268 26°21.5' 97°12 .5' 6 
05073 2624 .5' 97°13 .5' 6 
04906 26°19.5' 97°12' 6 
05071 2624' 97°13' 6 
05067 2621' 97°12 .5' 6 
04970 26°31' 97°15 .5' 6 
04968 26°23.5' 97°13' 9 
05079 2624' 97°13' 9 
05083 2619 .5' 97°12' 9 
04908 26°30' 97°15' 4 

--------------------NONE---- ----------------------- 
--------------------NONE---- ----------------------- 
--------------------NONE---- ----------------------- 
--------------------NONE---- ----------------------- 



Table 5 . (Continued) 

CRUISE # : 10-62 

INCLUSIVE DATES : 12/6-12/12 

J 
O 

STATION LATITUDE LONGITUDE 
RELEASE 

DATE OCCUPIED TOTAL NUMBER 
RECOVERY 

BOTTLE NUMBER LATITUDE LONGITUDE DAYS OUT 

W- 7 27°44' 9530' 12-12-62 12 --------------------NONE--------------------------- 
W- 8 27°49' 95°32' 12-12-62 11 --------------------NONE--------------------------- 
W- 9 27 54' 95°35' 12-12-62 11 --------------------NONE--------------------------- 
W-10 28°04' 95°40' 12-12-62 5 --------------------NONE--------------------------- 
W-13 28°02' 96°46' 12-6-62 12 --------------------NONE--------------------------- 
W-14 27°54' 96°37' 12-6-62 12 --------------------NONE--------------------------- 
W-15 27°47' 96°30' 12-6-62 12 --------------------NONE--------------------------- 
W-16 27°41' 96°23' 12-6-62 12 --------------------NONE--------------------------- 
W-17 27°37' 96°20' 12-6-62 11 --------------------NONE--------------------------- 
W-18 27°32' 96°14' 12-7-62 12 --------------------NONE--------------------------- 
W-19 27°O1' 96°32' 12-7-62 12 --------------------NONE--------------------------- 
W-20 27°04' 9642' 12-7-62 12 --------------------NONE--------------------------- 
W-21 2706' 96°48' 12-7-62 11 --------------------NONE--------------------------- 
W-22 27°08' 9656' 12-7-62 12 --------------------NONE--------------------------- 
W-23 27°12' 97°08' 12-7-62 11 --------------------NONE--------------------------- 
W-24 27°15' 97 19' 12-7-62 12 05980 27°02 .5' 97°22.7' 1 

05992 27°27.3' 97°17' 2 
05996 27°17' 97 21' 3 
05988 27°28.5' 97°16.5' 4 
05998 27°28.5' 97°16.5' 4 
06321 2647' 97°20.5' 9 
06347 2647' 97°20.5' 9 
06311 2642' 97°19' 10 
06313 2647' 97°20.5' 10 
06345 2642' 97°19' 10 
06315 27°02 .5' 97°22.7' 16 

W-25 26°14' 97°08' 12-9-62 12 05920 26°12 .5' 97°10.5' 1 
05922 26°12 .5' 97°10.5' 1 
05928 2612 .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 

RELEASE RECOVERY 
STATION LATITUDE LONGITUDE DATE OCCUPIED TOTAL NUMBER 

W-25 26°14' 97°08' 12-9-62 12 

W-26 26°15' 97°00' 12-9-62 9 
W-27 26°21' 9641' 12-9-62 10 
W-28 26°24' 96°31' 12-9-62 12 
W-29 26°25' 9 6 26' 12-12-62 11 
W-30 26°26' 96°21' 12-12-62 12 

BOTTLE NUMBER LATITUDE LONGITUDE DAYS OUT 

05932 26 12 .5' 97°10 .5' 1 
05936 26 12 .5' 97°10 .5' 1 
05938 26°12 .5' 97°10 .5' 1 
05940 26 12 .5' 97°10 .5' 1 
05942 26 12 .5' 97°10 .5' 1 
05946 26 12 .5' 97°10.5' 1 
05948 26°12.5' 97°10 .5' 1 
05908 25°25' 97°19' 1 

--------------------NONE---------------------------
--------------------NONE---------------------------
--------------------NONE---------------------------
--------------------NONE--------------------------- 



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 
STATION LATITUDE LONGITUDE DATE OCCUPIED TOTAL NUMBER 

W- 7 27°44' 9530' 2-2-63 12 
W- 8 27°49' 95°32' 2-2-63 12 
W- 9 27°54' 95°35' 2-2-63 11 
W-10 28°04' 95°40' 2-2-63 11 

W-11 28°17' 95°46' 2-4-63 11 

W-12 28°34' 95°55' 2-4-63 12 
W-13 28°02' 96°46' 2-4-63 11 
W-14 27°54' 96°37' 2-4-63 11 
W-18 27°32' 96°14' 2-4-63 11 

RECOVERY 
BOTTLE NUMBER LATITUDE LONGITUDE DAYS OUT 

05508 27°32' 97°14 .5' 18 
--------------------NONE--------------------------- 
--------------------NONE--------------------------- 

05740 26°22' 97°12 .5' 15 
05742 2621' 97°12 .5' 15 
06995 27°50.5' 97°03.5' 22 
05540 26°19' 97°12' 26 
06989 27°48' 97°07.5' 16 
05515 26 23' 97°13' 15 
05503 26°24' 97°13' 15 
05746 27°37' 97°12' 8 
06991 2604' 97°10' 29 
06790 2633 .5' 97°16.5' 12 
06800 26°19' 97°12' 12 
06814 26°22' 97°12 .5' 12 
06796 2617' 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 2616' 97°11' 12 

--------------------NONE---- ----------------------- 
--------------------NONE---- ----------------------- 
--------------------NONE---- ----------------------- 
--------------------NONE---- ----------------------- 



Table 6 . (Continued) 

CRUISE # : 2-63 

INCLUSIVE DATES : 3/8-3/9 

STATION LATITUDE LONGITUDE 
RELEASE 

DATE OCCUPIED TOTAL NUMBER BOTTLE NUMBER 
RECOVERY 

LATITUDE LONGITUDE DAYS OUT 

W-13 28°19' 9621' 3-8-63 8 --------------------NONE--------------------------- 
W-14 28°06' 96°13' 3-8-63 6 08091 2603' 97°09' 17 
W-15 27°57' 9607' 3-8-63 8 06740 27°29' 97°16 .5' 15 

06750 27°27' 97°17 .5' 12 
08097 2603' 97°09' 16 
08099 2606' 97°10' 15 
08087 26°05 .5' 97°10' 14 

W-57 27°46' 96°00' 3-8-63 8 07428 2615' 97°11' 19 
07925 26°47' 97°20 .5' 15 
07941 2602' 97°09 .5' 15 

W-58 27°06' 96°45' 3-9-63 7 07430 26°29' 97°14 .5' 29 
07446 26°32 .5' 97°15' 28 
07378 26°19 .5' 97°12' 15 

W-22 27°21' 9650' 3-9-63 8 --------------- -----NONE----------------- ---------- 
W-23 27°36' 96 55' 3-9-63 8 07877 2601 .5' 97°09 .5' 13 

07456 25°08' 97°29' 16 
07420 25 07' 97°29 .5' 16 

W-24 27°48' 97 00' 3-8-63 8 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 27°27' 97°17 .5' 2 
08006 27°26 .5' 97°17 .5' 2 
08085 2600' 97°09' 12 

W-61 26°36' 97°08' 3-9-63 8 08088 25°54.5' 97°13 .5' 10 
W-62 26 °41' 96 °53' 3-9-63 8 --------------- -----NONE----------------- ---------- 



Table 6 . (Continued) 

CRUISE # : 3-63 

INCLUSIVE DATES : 4/'3-4/6 

STATION LATITUDE LONGITUDE 
RELEASE 

DATE OCCUPIED TOTAL NUMBER BOTTLE NUMBER 
RECOVERY 

LATITUDE LONGITUDE DAYS OUT 

W-13 28°19' 96°21' 4-6-63 8 08064 28°24' 96°24 .5' 24 
W-14 28°07' 96°14' 4-4-63 7 06732 28°29 .5' 96°13.5' 17 

07879 28°37' 95°55' 22 
W-15 27°57' 96°07' 4-3-63 8 06787 28°37' 95°55' 23 
W-57 27°46' 96°00' 4-3-63 8 07400 28°37' 95°55' 23 

07406 28°13' 96°38' 28 
07394 28°46' 95°36.5' 26 

W-58 27°06' 96°45' 4-4-63 7 05513 28°13' 96°38' 27 
06706 28°13' 9638' 27 

W-23 27°36' 96°55' 4-4-63 8 08075 26°31' 97°15.5' 6 
07707 26°31' 97°15.5' 6 
07408 26°25' 97°13.5' 3 

W-22 27°21' 96°50' 4-4-63 8 08089 28°13' 96°38' 27 
W-24 27°48' 97°00' 4-6-63 8 07681 27°40 .5' 97°10' 2 

07691 27°49.5' 97°03' 5 
07490 27°40' 97 10 .5' 2 
07504 27°39 .5' 97°10.5' 2 
06703 27°48' 97 04 .5' 2 
06779 27°49' 97°03.5' 3 
07486 27°40.5' 97°10' 2 
08080 27°38' 97°11.5' 2 

W-61 2636' 97°08' 4-5-63 8 07416 2545 .5' 9711' 2 
07931 25°47' 97°11' 2 
07448 25°45 .5' 97°11' 2 
07759 25°47' 97°11' 2 

W-62 26°41' 96°53' 4-4-63 7 06785 28°05' 9649' 26 
07424 2825 .5' 96°20' 19 
07372 2825 .5' 9619 .5' 23 



Table 6 . (Continued) 

CRUISE # : 4-63 

INCLUSIVE DATES : 5/2-5/5 

RELEASE RECOVERY 

r 

STATION LATITUDE LONGITUDE DATE OCCUPIED 

W-13 28 19' 96°21' S-2-63 

TOTAL NUMBER BOTTLE NUMBER 

5 

W-14 28°07' 96°14' S-2-63 7 

W-15 27°57' 96°07' S-2-63 8 

W-57 27°46' 

W-58 27°06' 
W-22 27°21' 

96°00' 5-2-63 8 

96°45' 5-5-63 7 
96°50' S-5-63 8 

W-23 27°36' 9655' 5-5-63 6 

07118 
07104 
07141 
07186 
07114 
07102 
07108 
07273 
07271 
07194 
07283 
07122 
07204 
07206 
07216 
07148 
07172 
07196 

07784 
07782 
07778 
07214 
07218 
07800 
07208 
07171 
07163 
07143 
07306 

LATITUDE LONGITUDE DAYS OUT 

28°13' 96°38' 3 
28°13' 96°38' 4 
28°13' 96°38' 3 
28°13' 96°38' 3 
28°13' 96°38' 4 
27°35.5' 97°12.5' 4 
27°40.5' 97°10' 3 
27°29.5' 97°16' 6 
2840' 95°48' 13 
27°55.5' 96°59.5' 18 
28°13' 96°38' 16 
2714' 97°21.5' S 
27°47' 97°05.5' 7 
28°43' 95°42.5' 10 
28°13' 96°38' 8 
27028' 97°16.5' S 
28°13' 96°38' 5 
29°16' 94°49' 23 

-----NONE----------------- ---------- 
28°36' 95°58.5' 11 
2840' 96°17.5' 18 
28°35' 96°12' 17 
28°29.5' 96°13.5' 27 
2829 .5' 96°13.5' 27 
28°29 .5' 96°13 .5' 27 
29°22 .5' 94°44' 19 
28°47 .5' 95°33 .5' 12 
28°39 .5' 95°49' 8 
28°33 .5' 96°04' 8 
28 24' 96°31 .5' 25 



Table 6. (Continued) 

CRUISE # : 5-63 

INCLUSIVE DATES : 5/20-5/23 

STATION LATITUDE LONGITUDE 
RELEASE 

DATE OCCUPIED TOTAL NUMBER BOTTLE NUMBER 
RECOVERY 

LATITUDE LONGITUDE DAYS OUT 

W-13 28°19' 96°21' S-23-63 7 07361 27°59.5' 96°55.5' 10 
07379 28°03.5' 96°51.5' 2 
07383 28°03.5' 96°51.5' 2 
08550 27°53' 97°01.5' 2 
08523 28°03.5' 96°51 .5' 2 
08548 27°57' 96°58' S 

W-14 28°07' 96°14' S-21-63 7 08508 27°59.5' 96°55.5' 12 
08498 27058.5' 96056.5' 4 
08516 27°58.5' 96°56.5' 4 
08502 27°58' 9657 .5' 7 

W-15 27°57' 96°07' S-20-63 08556 28°13' 96°38' 14 
08558 28°39' 95°50.5' 11 

W-57 27°46' 96°00' 5-20-63 8 07371 28°22.5' 96°24' 10 
06661 28°46' 95°36.5' 12 
06651 28°43.5' 95°41.5' 11 
06657 28°43.5' 95°41.5' 12 
08490 28°41.5' 95°45' 13 
08492 28°41.5' 95°45' 13 
06653 28°37' 95°55' 11 
08494 28°40' 95°48' 11 

W-58 27°06' 96°45' 5-21-63 7 08522 28°13' 96°38' 14 
08524 28°13' 96°38' 13 
08512 28°13' 96°38' 21 

W-22 27°21' 96°50' S-21-63 9 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 LATITUDE LONGITUDE DATE OCCUPIED TOTAL NUMBER BOTTLE NUMBER LATITUDE LONGITUDE DAYS OUT 

W-23 27°36' 96°55' S-21-63 8 05803 27°26.5' 97°17.5' S 
05805 27°26 .5' 97°17.5' S 
05811 27°26 .5' 97°17.5' S 
07515 27°26.5' 97°17.5' S 
08500 25°59' 97°09' 5 
08506 27°24' 97°18.5' 4 
08496 27°23 .5 97°18 .5' S 
08504 27°23 .5' 97°18.5' S 

W-24 27°48' 97°00' S-22-63 7 07365 27°49' 97°04' 1 
08546 27°39.5' 97°11' 3 
07357 27°48 .5' 97°04.5' 3 
08534 27°49' 97°04' 3 
08554 27°48 .5' 97°04' 3 
08552 27°49' 97°03.5' 3 

CRUISE # : 6-63 

INCLUSIVE DATES : 6/26-6/27 

W-13 28°19' 9621' 6-27-63 8 07068 28°21' 96°24' 2 
07553 2829 .5' 96°13 .5' 3 
07718 28°21' 96°24' 2 
07722 28°21' 96°24' 1 
08108 2821' 96°24' 1 
07545 28°39' 9618 .5' 17 
07561 28°39' 9618 .5' 17 

W-14 28 °07' 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 

STATION LATITUDE LONGITUDE 
RELEASE 

DATE OCCUPIED TOTAL NUMBER BOTTLE NUMBER 
RECOVERY 

LATITUDE . LONGITUDE DAYS OUT 

W-15 27°57' 96°07' 6-26-62 8 07740 28°44.5' 95°40' 11 
05801 29°11' 94°58.6' 17 
07094 2906 .5' 95°05 .5' 16 
07563 2910' 95°00' 17 
07559 29°10.5 . 94°59.5' 16 
07557 29°09' 95°O1' 3 

W-57 27°46' 96°00' 6-26-63 8 07097 29°27' 94°37.5' 20 
07207 2935' 94017 .5' 20 
07305 29°42' 94°00' 21 
07211 29°22' 94°45' 18 

W-58 27°06' 96°45' 6-27-63 16 08532 28°52.5' 95°24 .5' 16 
07724 28°51.5' 95°26.5' 22 
07714 29°19.5' 94°44.5' 19 
07597 29°09.5' 95°00.5' 22 
07543 29°30.5' 94°29.5' 22 
07091 28°46' 95 36 .5' 16 
07790 28°46' 95°36.5' 16 
07774 28°46' 95°36.5' 16 
07599 2846' 95 36 .5' 16 
08514 28°46' 95°36.5' 29 
06170 2846' 9536 .5' 29 

W-22 27°21' 96°50' 6-27-63 8 07712 28°13' 96°38' 8 
08600 2813' 9638' 10 
07319 28°13' 9638' 13 
07297 28°13' 96°38' 13 

W-23 27°36' 9655' 6-27-63 8 07325 2804' 96°50.5' 8 
07708 28°13' 96 38' 8 
07072 28°13' 96°38' 10 
07734 2803 .5' 9651' 9 
07088 2813' 9638' 16 
07071 28°03 .5' 96°51.5' 14 
07331 28 03' 9652 .5' 9 



Table 6 . (Continued) 

CRUISE # : 6-63 

INCLUSIVE DATES : 6/26-6/27 

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

W-24 27°48' 97°00' 

W-62 26°41' 96°53' 

6-27-63 

6-27-63 

8 

8 

07090 27°58.5' 96°56.5' 2 
07303 27°58 .5' 96°56.5' 2 
07329 28°04' 9650 .5' 3 
07732 27°58 .5' 96°56 .5' 2 
08584 27°58 .5' 96°56 .5' 2 
07069 28°04' 96°50.5' 2 
07764 2813' 96°38' 16 
07772 28°13' 96°38' 16 
07537 28°13' 96°38' 16 
07507 28°13' 9638' 16 
07527 28°13' 96°38' 16 
07752 28°13' 9638' 16 

CRUISE # : 7-63 

INCLUSIVE DATES : 7/15-7/16 

W-57 27°46' 9600' 
W-23 27°36' 96°55' 
W-62 26°41' 96°53' 

CRUISE # : 8-63 

INCLUSIVE DATES : 8/29-8/30 

W-14 28°07' 96°14' 

7-16-63 
7-15-63 
7-15-63 

8-30-63 

6 
6 
6 

6 

07796 29°16' 94°49' 27 
07728 28°33.5' 9604' 6 

--------------------NONE--------------------------- 

08272 28°13' 
08340 28°17' 
08256 28°19.5' 

96°38' 
96°31.5' 
96°25.5' 

25 
11 
10 



Table 6 . (Continued) 

CRUISE # : 8-63 

INCLUSIVE DATES : 8/29-8/30 

STATION LATITUDE LONGITUDE 
RELEASE 

DATE OCCUPIED TOTAL NUMBER 

W-15 27°57 . 96°07' 8-30-63 6 
W-57 27°46' 96°00' 8-30-63 6 
W-58 27°06' 96°45' 8-29-63 6 

W-22 27°21' 96°50' 8-29-63 6 

W-23 27°36' 96°55' 

CRUISE #: 9-63 

INCLUSIVE DATES : 10/2-10/4 

W-14 27°19' 96°39' 
W-15 27°57' 96°07' 

W-22 27°21' 96°50' 

W-23 27°36' 96°55' 

8-29-63 

10-2-63 
10-2-63 

10-4-63 

10-4-63 

6 

RECOVERY 
BOTTLE NUMBER LATITUDE LONGITUDE DAYS OUT 

--------------------NONE---------------------------
--------------------NONE--------------------------- 

08216 27°21.5' 97°19.5' 15 
08166 27°23' 97°18.5' 13 
08186 27°48.5' 97°04.5' 11 
08178 27°39.5' 97°10.5' 9 
08170 27°37 .5' 97°12' 8 
08168 27°47' 97°05.5 12 
08238 27°42 .5' 97°09' 12 

--------------------NONE---- ----------------------- 

11 08201 2646 .5' 97°20.5' 18 
12 08173 2644 .5' 97°20' 18 

08139 2645 .5' 97°20' 15 
08423 2646 .5' 97°20.5' 18 
08143 2646 .5' 97°20.5' 18 
08167 2646 .5' 97°20.5' 18 

11 08429 25°54 .5' 97°13.5' 9 
08417 26°24' 97°13.5' 16 
08322 2622' 97°12.5' 17 
08126 2554 .5' 97°13.5' 13 

12 08268 2620 .5' 97°12' 8 
08388 26°13' 97°11.5' 8 
08115 26°46 .5' 97°20.5' 16 
08365 2633 .5' 9716' 17 
08361 2631' 97°15.5' 17 
08145 2630' 97°15' 16 
08219 26°33 .5' 97°16' 16 
08421 2631 .5' 97°15.5' 16 
08155 2646 .5' 97°20.5' 16 



Table 6 . (Continued) 

CRUISE # : 10-63 

INCLUSIVE DATES : 10/31-11/4 

RELEASE 
STATION LATITUDE LONGITUDE DATE OCCUPIED 

W-14 27°19' 96°39' 11-1-63 
W-15 27°57' 96°07' 10-31-63 
W-22 27°21' 96°50' 11-4-63 
W-23 27°36' 96°55' 11-1-63 

CRUISE # : 11-63 

INCLUSIVE DATES : 11/30-12/1 

W-14 27°19' 96°39' 
W-15 27°57' 96°07' 
W-23 27°36' 96°55' 

RECOVERY 
TOTAL NUMBER BOTTLE NUMBER LATITUDE LONGITUDE DAYS OUT 

11 --------------------NONE--------------------------- 
9 --------------------NONE---------------------------

12 --------------------NONE---------------------------
12 --------------------NONE--------------------------- 

11-30-63 
11-30-63 
12-1-63 

W-24 27°48' 97°00' 12-1-63 

12 --------------------NONE--------------------------- 
11 --------------------NONE--------------------------- 
12 11797 25°54.5' 97°13 .5' 19 

11842 2604 .5' 97°10' 25 
11889 26°27' 97°14.5' 17 
11893 26°09' 97°10' 17 

12 11865 27°47 .5' 970 05' 9 
11813 28°13' 96°38' 26 
11817 28°13' 96°38' 26 
11845 28°13' 96 38' 26 
11864 28°13' 96°38' 26 
11874 28°13' 96°38' 26 
11860 27 °52' 97 °02' 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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