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PERTINENT METEOROLOGICAL AND HURRICANE TIDE 
DATA FOR HURRICANE CARLA

Francis P. Ho and John F. Miller 
Water Management Information Division 

Office of Hydrology 
National Weather Service, NOAA 

Silver Spring, Maryland

ABSTRACT. All available meteorological data have been analyzed 
to provide information as accurate as possible for use in dynamic 
storm surge models. Detailed analyses are presented of the storm 
track, forward speed, central pressure, and radius to maximum wind. 
Particular attention is given to the period surrounding landfall. 
Tide gage and high water mark data are presented to give both a 
time history and geographic depiction of the storm surge.

1. INTRODUCTION

Numerous reports have been prepared describing Hurricane Carla. Each of these 
reports has been directed toward some specific aspect of the storm, presenting 
meteorological data, oceanic data, analysis of the wind field, surveys of damages, 
etc. This report, which combines the meteorological and oceanographic data and 
the analysis, provides information useful for storm surge modeling. The amount 
of observed data available from historical hurricanes varies greatly and almost 
all of it requires further analysis and interpretation before it can be of use to 
storm surge modelers. An effort has been made for this publication to gather all 
the pertinent published and unpublished information into one report. The amount 
of data available for any single storm also varies during different portions of 
the storm's life, from various geographic regions, and from different sections 
of the hurricane. Almost all of it is also subject to numerous uncertainties in 
interpretation. We have attempted to bring this information together to make a 
comprehensive analysis, to develop an accurate storm track, to prepare a time 
history of central pressure and radius to maximum winds, and to catalog high- 
water-mark data.

This report should be viewed as a comprehensive, authoritative source of the 
information required by storm surge modelers. Our intention is to provide 
quantitative information with as little ambiguity as possible on the track of the 
storm, its intensity, and the observed storm surges. Because our purpose is to 
develop data useful in surge modeling, some minor oscillations in movement, radius 
of maximum wind, etc., have been smoothed in the analysis. We welcome comments 
and suggestions on methods of improving the presentation or on additional data 
which would be useful in the development of storm surge models.

This report is an expansion of similar meteorological and storm surge data for 
Hurricane Carla, September 1961, published in the U.S. Weather Bureau Technical 
Paper No. 48 (Harris 1963).



2. PREVIOUS REPORTS

There have been several previous reports on Hurricane Carla, although only one 
of them was directed specifically toward an evaluation of factors important for 
storm surge generation. General records and observed high water mark elevations 
plus miscellaneous meteorological data observed by private industries were compiled 
and published by the U.S. Army Corps of Engineers, Galveston District (1962). The 
U.S. Navy reconnaissance flight data on Carla were included in the Navy's annual 
tropical storm report (U.S. Fleet Weather Facility 1961). The National Weather 
Service research aircraft reports were summarized by Gray and Shea (1976).

Cooperman and Sumner (1981) and Cry (1961) provided a general description of 
Carla's history. These reports for the Environmental Data and Information 
Service's (EDIS) Climatological Data, National Summary were intended to provide a 
broad view of the storms for climatological records. Selected high water marks, 
winds and a generalized track were presented in each paper. The Hurricane Season 
of 1961 (Dunn and Staff 1962) provides a description of significant features of 
all Atlantic tropical storms that occurred during 1961. Important features 
mentioned in regard to Carla are the continued increase in intensity from the 
storm's beginning until it crossed the Texas coast.

Weather Bureau Technical Paper No. 48, Characteristics of the Hurricane Storm 
Surge, (Harris 1963) provides some tide gage records, plots of high water marks, 
synoptic weather maps at 12—h intervals from 0600 CST September 7 to 1800 CST 
September 12, 1961, and a general discussion of the character and extent of 
coastal flooding. Though concerned with storm surge, the text was mostly 
descriptive and displayed the tide—gage and high—water—mark data on a scale that 
does not permit accurate detailed evaluation.

Detailed analyses of wind fields for many major hurricanes are made by the 
Hydrometeorological Branch of the Water Management Information Division (Office 
of Hydrology, NWS) for the U.S. Army Corps of Engineers (COE). Available data 
are used in combination with an empirically derived wind profile to develop a 
complete wind field analysis for specific times. The study for this storm was 
included as part of a series of memorandum reports to the COE (U.S. Weather Bureau 
1962). Wind charts are given for 6-h intervals from 0600 CST September 9 to 0600 
CST September 10, then at 3-h intervals to 0900 CST September 12. It should be 
noted that many of the relations used to estimate the wind fields in regions of 
sparse or no data in that study have been revised in subsequent research. (See 
for example, Schwerdt, et al. 1979.)

Smoothed "best" tracks have been given in several NOAA publications. Cry et 
al. (1965) combined data from all available sources into a comprehensive report 
showing the most accurate and consistent locations for all tropical cyclones 
during their life cycle for the period 1871-1963. These tracks were designed to 
provide a smoothed track for all storms. Neumann et al. (1978) have extended the 
period covered and prepared revised tracks where additional data have indicated 
they were necessary. The objective for these studies was to provide a firm 
climatological base and dealt with the tropical cyclone solely on the synoptic 
scale. Positions were given along the smoothed tracks at daily intervals for the 
earlier years and a 12-h intervals subsequent to 1930.
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3. SCOPE OF REPORT

Values of meteorological data we believe pertinent for storm surge models are 
presented in tabular and graphical form in this report. The time period covered 
in detail starts at 0000 CST on September 9, 1961, and ends at 1800 CST on 
September 12, 1961. Since we are concerned with storm surge and not with a 
comprehensive look at the 3-dimensional structure of tropical storms, the data 
presented are limited to the surface. Reconnaissance aircraft data and other 
upper-air data are used, as necessary, in determining surface parameters such as 
track, central pressure, size, winds, etc. A brief history of the storm is 
provided from its beginning as a tropical depression just north of the coast of 
Columbia, South America, until it finally dissipated in Canada nearly two weeks 
later. Detailed analyses were made for the period most important for storm surge 
generation along the continental coast of the United States. For this period, 
data were analyzed to provide a time history of central pressure, radius of 
maximum wind, and forward speed. This information is tabulated and presented in 
table 1 at 3-hourly intervals for September 9 and 12 and at hourly intervals for 
the more crucial times of September 10 and 11.

Continuous tide gage records and observed high water marks have been tabulated. 
Data are presented on the location, and to the extent possible, the time of high 
water. Every attempt has been made to provide locations and descriptions of high 
water marks as accurately as possible. Original records have been reviewed in 
each case to obtain the maximum available information.

4. SOURCES OF DATA

The reports discussed in section 2 were used to the maximum extent possible in 
these investigations. To insure the accuracy and completeness of this report and 
to enable us to provide more detailed information on track positions, speed, 
central pressure, etc., original records were carefully examined. This permitted 
us to provide the most comprehensive and detailed analysis yet developed on 
meteorological factors important for storm surge prediction.

4.1 Meteorological Information

The basic information is obtained from the regular reporting network of weather 
stations operated by the National Weather Service (NWS), NOAA. These reports are 
part of the nation's historic weather records and are maintained at the National 
Climatic Center (NCC), Environmental Data and Information Service. Additional 
data on Hurricane Carla are stored on microfilm files at the NCC. This Tatter 
extensive data file on Hurricane Carla includes the following items for most of 
the period September 3-16, 1961:

Teletypewriter traffic (circuits 7021 and 7072)
Surface observations from Central America through Canada 
Ship weather observations 
Weighing rain gage charts
Triple register-wind, rain, and sunshine records 
Barograms and temperature records 
Radiosonde records 
Radar scope photographs
U.S. Navy Weather reconnaissance flight data

3



In addition, meteorological data were collected by research aircraft of the 
National Hurricane Research Project (NHRP). The collected data were processed by 
computer, which produced printouts of flight data, flight-level wind information, 
and other meteorological information. These listings are stored on microfilm 
files in the NOAA Hurricane Research Laboratory in Miami, Florida. A detailed 
description of this meteorological information collected by aircraft, including 
the instrumentation, its calibrations and reliabilities, were published in the 
NHRP report No. 52 (Hawkins et al. , 1962).

In addition to the network of regular reporting stations, observations are taken 
by many private individuals and corporations for their own uses. In some cases, 
this material is filed with NCC as part of NOAA's Cooperative Reporting Network. 
Additionally, after many severe storms, surveys are made to obtain supplementary 
data that are not routinely collected by any Federal agency. Many wind records, 
barographic traces, and individual meteorological observations were obtained by 
such a survey conducted by the U.S. Army Corps of Engineers. This information is 
in the files of the Galveston District, Corps of Engineers, and was made available 
to us for this report.

4.2 Tide Gage Data and Observed High Water Marks

The primary source of tide gage data in the United States is NOAA's National 
Ocean Survey (NOS). NOS maintains a network of tide gages along the coastal and 
inland waters of the United States. Tide gage data for this regular reporting 
network were obtained from the National Ocean Survey, Rockville, Maryland. Addi
tional tide gages are maintained by other Federal agencies, private individuals, 
and industries for their own uses. This information was obtained in the poststorm 
survey by the Galveston District, Corps of Engineers, and was used in this report.

Frequently, surveys after major hurricanes obtain "high water marks." These 
high water levels are determined from marks left on the sides of buildings or 
inside buildings, from debris lines, and from eyewitness reports. These high 
water marks are subject to varying degrees of uncertainty. Only the high water 
marks verified by eyewitnesses who remained during the storm passage contain an 
indication of the time of highest surge. While these may only be approximate, 
they provide a more comprehensive documentation of the extent and height of storm 
surge flooding than the much more sparse recording tide gages. The original 
records in the files of the Galveston District Corps of Engineers were examined 
to catalog those high water marks. These data were originally plotted on USGS 
quadrangle sheets to determine their precise locations. This information is 
presented in this report in both graphical and tabular form.

5. GENERAL METEOROLOGICAL SITUATION

Hurricane Carla developed initially as a weak perturbation on the Intertropical 
Convergence Zone (ITCZ). Increased shower activity was noted on September 1 and 
2, and a closed circulation was evident on the morning of September 3 (0600 CST). 
By the morning of September 4, the circulation had intensified and the storm was 
classified as a tropical depression. The complete storm track is shown in figure 
1. The circulation, which had been first noticed along the ITCZ on September 3, 
had intensified about 150 nmi northwest of the coast of South America (approxi
mately 12.6N 77.0W) and had moved northeastward and was located at 0600 CST about 
200 nmi east of the Nicaraguan coast (approximately 14.2N 80.2W). During the 4th

4



Figure 1.—Hurricane track, September 3-14, 1961, for Hurricane Carla.
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through the morning of the 6th, the storm continued to steadily intensify. By 
0600 CST on the 6th, the storm was located about 150 nmi from the Yucatan Peninsula 
(approximately 19.ON 85.1W), and had reached hurricane intensity. The storm turned 
to a more northerly course on the 6th and early on the 7th as it continued to 
intensify. This slightly more northerly direction kept the storm over the warm 
waters of the Yucatan Channel. As it moved through the channel, maximum winds were 
estimated to have increased to about 110 mph, and gales, extending out several 
hundred miles, battered both Cuba and the coast of Mexico.

Late on the 7th, after entering the Gulf of Mexico, Carla turned to a more 
generally west-northwesterly course that continued until the storm had almost 
reached the Texas coast. A significant feature of Carla was the steady increase 
in intensity from the time a closed circulation was first observed until the storm 
had crossed the Texas coast.

Early on the 9th, Carla was a very severe storm with the storm circulation 
covering the entire Gulf of Mexico (fig. 2). Maximum winds near the center were 
estimated near 135 mph and fringe effects were being felt by all Gulf Coast States. 
During the night of the 10/llth, the storm changed direction to a more northwesterly 
course and crossed the Texas coast during the early afternoon of the 11th. The 
storm reached its greatest intensity (931 mb) just prior to landfall. After land
fall the storm weakened rapidly.

The storm moved nearly due northward across central Texas on the 12th, and, by 
0600 CST the 13th, the center was located in south central Oklahoma. During this 
period, the storm circulation became diffuse and there was no apparent eye north of 
the Waelder, Texas, region (about 90 nmi inland). From the time the storm crossed 
the Texas coast until 0600 CST on the 13th, the storm weakened and the central 
pressure had increased 56 mb, from 931 to 987 mb. Damage across Texas along the 
path of the storm ranged from severe to moderate.

Carla became extratropical during the 13th and turned more toward the northeast.
By noon, the storm had combined with a quasi-stationary front which had been lying 
with a west-southwest to east-northeast orientation across southern Kansas and 
northern Oklahoma on the 12th. The combined storm system moved rapidly off to the 
northeast and was over southern Lake Michigan by midnight of the 13th. The storm 
continued to the northeast crossing Ontario and Quebec, Canada, on the 14th and 
15th.

6. ANALYSIS OF METEOROLOGICAL PARAMETERS

A primary focus of this report is to analyze, objectively and in detail, those 
meteorological factors of hurricanes used in storm surge models. For this purpose, 
we began with the raw observational data and then compared our analyses with 
previous analyses. This permitted an unbiased review of all available information. 
This section describes the analyses of the present study. The intent of our 
analysis was to yield specific values of the hurricane's central pressure, the 
radius of maximum wind, the direction and speed of its forward motion, and the 
location of its center at various time intervals. We paid particular attention 
to the period just before and after landfall since this is the time interval most 
critical for storm surge computation. The basic observational data used in our 
analyses are given in the appendix.

6



Figure 2.—Satellite photograph for September 10, 1961.

7



6.1 Storm Track

Generally, the analyses of meteorological data are weighted toward synoptic- 
scale motions. Such analyses were given in the investigations cited in section 
2, except for Harris (1963). The hurricane track obtained is a best estimate of 
the large-scale storm motion and not a precise location of the eye at discrete 
time intervals. Such an analysis of the large-scale motion does not precisely 
describe the track needed for storm modeling. Track differences of a few miles 
in a large-scale storm motion can be significant for replicating high water on 
the open coast and inside bays and estuaries. A surge model requires, among 
other factors, specific information on the precise landfall point, the time of 
landfall, and accurate positions at closely spaced intervals in time along the 
hurricane track prior to and after the hurricane's landfall or along the track 
while the hurricane is near the coast for storms that move along the coast. 
Therefore, the analysis of this report emphasizes the meteorology in greater 
detail during September 10-11, when Hurricane Carla was approaching and crossing 
the Texas coast.

The final track determined for Hurricane Carla from 0000 CST September 9 through 
1800 CST September 12 is shown in figure 3, with locations of the meteorological 
stations used in this report. The stations are either a Weather Service office 
or military installation, except for Freeport, and regularly report to the National 
Weather Service. Data from Freeport were obtained from recording instruments 
maintained by private industry. The positions of the hurricane center are shown 
at 6-h intervals from 0000 CST September 9 to 12. The central pressure (mb) and 
the radius of maximum winds (nmi) are plotted to the left of 12-h positions.

Since a primary interest in this report is a detailed determination of the path 
of the hurricane immediately before and after landfall, the area nearest the 
coast, enclosed in the box in figure 3, is enlarged for greater clarity in figure 
4. The hurricane locations are at hourly intervals with values for the central 
pressure and radius of maximum winds. In addition to regularly reporting weather 
stations and weather radar observation stations, observations by personnel of 
private industries, private individuals, and eyewitnesses were useful aids in 
determining the storm track.

Any final determination of the track and speed of forward motion of a hurricane, 
especially over sparse data regions, has inherent uncertainties. The selected 
track is finalized from a subjective analysis to account for all available infor
mation. Figure 5 is an example of the information used in our analysis. Radar 
from all available land stations, Brownsville and Galveston, Texas and Lake Charles, 
Louisiana, are shown as solid dots. Aircraft-reconnaissance penetration fixes are 
shown by the triangles. The selected track, fitted by eye, is shown by the open 
circles. The times are indicated every 3 h starting with 1500 CST on September 10.

The data from radar fixes and aircraft penetration are the primary resource used 
in determining the track and speed of forward motion of the hurricane over the 
open ocean. However, information obtained from all ships operating in the area was 
considered in determining the final track and speed of motion. The information 
from each of these sources was carefully evaluated before a final track was selected.

Some characteristics of radar precipitation echoes in Carla and other tropical 
storms were discussed by Senn and Stevens (1965), who examined the horizontal 
motion of small radar precipitation echoes in Hurricane Donna and other tropical

8



Figure 3.—Hurricane track, 6-hourly positions from September 9 to 12, with central 
pressure and radius of maximum winds plotted at 12-h intervals.
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Figure 5.—Hurricane eye center obtained from radar weather observations (.) and 
aircraft reconnaissance penetration fixes (A) together with positions 
of hurricane center (©) on the selected best track.
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storms. They found that considerable differences exist in the motion of echoes 
under different atmospheric conditions and pointed out that the echoes become 
more concentrated near the core region when observed over land and at night. 
Holliday (1966) compared the center fixes of the eyes of several hurricanes 
determined by reconnaissance aircraft with the best-fit radar track obtained by 
coastal radars. Results of the comparison indicate that the maximum differences 
vary from 13 to 37 nmi in individual hurricanes. He also identified the causes 
of these deviations for each storm. [See table 1 of Holliday (1966).]

The track position selected deviates from the average radar position line for 
much of the evening of the 10th and early morning of the 11th. We chose to follow 
a more westerly and southerly track that relies heavily on the aircraft reconnais
sance fixes. Radar locations are based upon echoes return from the wall cloud. 
These have shown some bias in location relative to the pressure and wind center, 
our primary interest. Pressure, wind, and dropsonde observations obtained by 
aircraft penetrations are usually more accurate than radar eye fixes from land- 
based observation points. Center positions determined by aircraft must, of 
course, be evaluated in terms of possible navigational error. Some published 
tracks for Hurricane Carla have shown a loop on the 11th between 0500 and 0800 
CST. Examination of the data is inconclusive. Our analysis shows a definite 
slowing of forward speed starting at 0500 and continuing until shortly after 
daybreak as the storm changed direction, but we have chosen not to depict any 
loop in the track.

6.2 Forward Speed

The translation speed of the hurricane is another important ingredient for surge 
determination along the open coast in bays and estuaries. Hourly positions were 
the basic building blocks for determining this forward speed of translation. First, 
speeds between successive hours were determined and plotted on a time scale, and 
a smooth curve was drawn subjectively to minimize abrupt changes. Second, speeds 
from three successive hours were then averaged and plotted at the midhour, and a 
smooth curve drawn from these data was used to adjust the hourly locations. The 
new locations were examined with regard to the observed data and, if necessary, 
some further adjustments were made. This process was continued in an iterative 
fashion until the best combination between smooth forward speeds and observed eye 
positions was obtained. This process helped obtain the best possible estimates 
of forward speed and hourly locations.

There is a distinct slowing of forward progress on the night of September 9-10 
(fig. 6) and then again on the morning of September 11. About daybreak on the 
11th, the hurricane had become nearly stationary and available data suggest that 
Carla was then moving in an aimless, wandering fashion over a very small region.
We have interpreted these data as showing a slow movement continuing along the 
selected track. Between 7:00 a.m. and 8:00 a.m. on the morning of the 11th, the 
hurricane began to accelerate and reached a peak forward speed (13 mph) at land
fall, approximately 1415 CST, September 11. The storm then decelerated rapidly 
slowing to 6 1/2 kn by 1800 on the 11th. It then began to accelerate and reached 
a peak of nearly 14 kn on the afternoon of the 12th. By this time, the hurricane 
was well inland and only minimal wind effects were felt along the coast and in 
the bays and estuaries.
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6.3 Central Pressure

The most important factor in storm surge modeling is the intensity of the 
hurricane, which is directly related to it's central pressure. Figure 7 shows 
the finalized track of Hurricane Carla as the storm crossed the Texas coast. Also 
shown are minimum pressures observed at regular reporting stations and minimum 
pressures obtained in poststorm surveys from irregularly reporting stations. These 
observations were not all obtained at the same time. Since the storm track did not 
cross any station location, none of the values are equal to the storm's minimum 
central pressure.

Figure 8 shows our analysis of the pressure information determined from land 
stations and aircraft reconnaissance flights to obtain a time history of Carla's 
minimum pressure. The curve drawn is, in general, a curve fitted closely to the 
data by eye. An exception is the early morning of September 10. There are a 
series of five observations by Navy reconnaissance aircraft and one by the NOAA 
research flight facility aircraft collected on the 10th, for which the two higher 
observations seem to be erroneous or to denote short term fluctuations in the 
central pressure of the hurricane. It seems more appropriate to draw for the mass 
of data with central pressures below 940 mb. The point indicated for Victoria, 
Texas, is for the lowest pressure observed at the station. The station is located 
at about 13 nmi to the left of the track and could be expected to have a central 
pressure higher than the minimum observed at the eye. Likewise, Port Lavaca is 
located slightly to the left of the track. By the time the hurricane had moved 
inland and was passing Austin and Fort Worth, the storm had become diffuse, there 
was no readily discernable eye, and lesser differences could be expected between 
the minimum central pressure observed at the center of the storm and that observed 
at nearby stations. Although Austin is slightly to the left of the track, no 
difference is shown between the central pressure at Austin and that in the center.

6.4 Wind Analysis

Supplemental to the minimum pressure reported at stations during hurricane 
passage, surface winds were recorded at several weather stations operated by the 
National Weather Service and the military services. Also, anemometer readings 
recorded by private industries were collected in posthurricane surveys. Numerous 
reports of wind conditions during the passage of Carla were also collected from 
cooperative observers and private individuals. These reports were at time of 
maximum wind occurrences and, in some cases, included additional information on 
the time and directions of wind shifts and the period of calm wind, if observed. 
Even though most of these unofficial reports were estimates made by inexperienced 
observers, they gave good indications of hurricane track positions relative to the 
observing location. They were used as an aid in the wind analyses as well as in 
determining the storm track over land.

Figure 9 is an example of wind analysis from a plot of wind data recorded by 
regularly reporting stations and ships. Flight-level winds reported by reconnais
sance aircraft within 3 h of map time were also plotted on the chart as a supple
mental aid in the analysis. This streamline analysis for the surface winds shows 
the flow pattern of the hurricane circulation. The magnitude of the wind is
dicated by isotachs, dashed isolines of wind speeds.

The streamline and isotach analysis yielded results that were slightly different 
from the wind fields prepared for the COE by the Hydrometeorological Branch of the
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NWS (U.S. Weather Bureau 1962). In the earlier analyses, available data were used 
in conjunction with an empirical wind-pressure profile. Our analysis results 
from use of actual surface wind observations, supplemented by flight level and 
surface wind observations made from reconnaissance aircrafts. We did not use 
any model results to supplement the observed data. Time and space adjustments 
of aircraft reports were considered in the analysis. The reconnaissance aircraft 
data were not used in the earlier report.

6.5 Radius to Maximum Winds

The size of a hurricane is denoted by the distance between the lowest central 
pressure and the bank of highest winds around the center. The radius to maximum 
winds was determined from all the observations available for this storm. Three 
different types of observations were available. The first measure includes the 
maximum flight-level winds and estimated surface winds as reported by reconnais
sance aircraft. The second is the radar eye diameter, also reported by reconnais
sance aircraft. Some optical reports were used when the reconnaissance aircraft 
was in the eye of the storm. The third measure, useful only after the hurricane 
was near shore, estimates the radius from surface wind records at land stations.

Flight-level winds, recorded at one-second (1-s) intervals by the reconnaissance 
aircraft of the U.S. Weather Bureau Research Flight Facility, were processed and 
10-s averages of the 1-s intervals are available on magnetic tapes. The aircraft 
location for each observation was translated as a relative position to the storm 
center. From a listing of these wind records, composite maps of flight-level winds 
at given time intervals were plotted. Analyses of these maps yielded another 
measure of the radius to maximum winds.

Figure 10 is an example of a composite map of flight-level winds for the period 
1750 to 2255 GMT on September 10, 1961. The wind data recorded at an altitude of 
13,800 ft (4,200 m) were plotted at translated positions relative to the storm 
center. The highest wind speed recorded along each leg of penetration of the eye 
was about 25 nmi from the center. This distance is nearly one half of the eye 
diameter reported at flight time. We interpret these high wind speeds to be 
recorded near wall clouds forming the eye of the hurricane. The radial profile of 
flight-level winds, recorded on the 8th and 10th (fig. 11), shows a lack of 
concentration of the maximum winds at the eye wall, and the area of extreme high 
winds is spread over a distance of more than 10 nmi. This led us to place more 
weight on analyses of the observations rather than use the distance to observed 
maxima directly.

From the 8th to the 10th, Carla continued its intensification until a minimum 
central pressure of 931 mb was reached prior to landfall on the 11th. However, 
Carla's maximum winds increased only slightly during this period. It is of 
interest to note that a very remarkable feature of Carla was the horizontal extent 
of the extreme high winds. On the 8th, the maximum observed surface winds were 
estimated at 110 kn, and the 45-kn winds extended to 100 nmi from the center.
Flight level winds over 50 kn extended to the 200 nmi radius (Colon 1963). On the 
9th and 10th, the magnitude of maximum surface winds remained at 110 kn, while 80- 
to 85-kn surface winds extended to 110 nmi from the center. On the 10th, maximum 
surface winds of 100 kn, extending to 40 nmi from the center in the west quadrant 
and 100 nmi from the eye in the northwest quadrant, were reported by reconnaissance 
aircraft at 1900 GMT; 110 kn winds, extending to 70 nmi from the eye, were reported 
in the north quadrant at 2300 GMT.
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Because of these reconnaissance flight reports of the extent of extreme winds 
in Carla, our analysis of the radius of maximum winds gives a smooth curve of 
gradually decreasing radius between the 8th and the 10th. We did not portray a 
steep drop in radius on the 9th, even though the radial wind profile for that day 
and the maximum flight-level winds shown on figure 12 suggested a significant 
reduction in radius. This transitory change in radius of maximum winds was not 
consistent with the horizontal extent of extreme surface winds in Carla.

Figure 12 provides a curve from which the radius of maximum winds can be 
determined. It is based on analysis of all available observations just described. 
Although no specific relation between eye diameter and radius to maximum winds is 
considered in this report, we qualitatively suggest that they will tend to either 
increase or decrease together. The eye diameter reports from the reconnaissance 
aircraft were plotted and further supported the trend for the radius to maximum 
winds to decrease as the storm approached the Texas coast. In the analyses, the 
flight level at which winds were recorded has been taken into account. The 
analyzed results of flight-level winds, yielding an estimated radius of 35 nmi on 
the 10th at altitudes of 9880 ft (3,010 m) appear to agree fairly well with those 
obtained from surface winds estimated by reconnaissance aircraft. These surface 
winds were estimated during low-level penetration of the eye. Reconnaissance 
flight reports of the 11th show that the aircraft descended to 1,000 ft (310 m) 
in the eye and observed maximum surface winds of 120 kn, 25 nmi from the center, 
through a break in clouds.

6.6 Summary of Meteorological Data

The individual parameters from our analysis of Hurricane Carla are listed in 
table 1. These are listed for locations of the hurricane center at 3-hourly 
intervals on September 9 and 12 and at hourly intervals on September 10 and 11. 
For each location, central pressure, speed, direction, and size (both in nautical 
and statute miles) are listed. The table provides, in convenient form, the 
information that could be obtained from analysis of the basic data described in 
the various sections.

7. TIDE GAGE DATA AND HIGH WATER MARK INFORMATION

The abnormally high water levels during Carla were obtained from tide gage 
records and from high-water-mark elevations obtained by poststorm surveys. For 
consistency, all water levels must be related to a common datum. The datum for 
the topographic charts, published by the Geological Survey, is referred to as the 
National Geodetic Vertical Datum (NGVD). This datum is fixed and does not reflect 
the changing stance in sea level since it's establishment nor to subsidence along 
the Texas coast area. In this report, all water level observations have been 
translated to the NGVD datum as far as possible.

In the region of this study, the local tidal bench marks are tied to the NGVD 
datum plane from the Geodetic Net. The most recent survey, prior to Carla, to 
establish tidal bench marks was carried out in 1959.

7.1 Tide Gage Data

Table 2 gives hourly tide heights recorded at tide gages at stations along or 
just interior to the Gulf Coast for the period of September 9 through September 
12, 1961. The water elevations are given in terms of the NGVD datum. Data for
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stations inside bays and estuaries are given in table 3. The tide levels are 
for the NGVD datum against the 1959 surveys. There was no attempt to approximate 
the changes in local sea level due to subsidence between 1959 and 1961. The data 
provided are actual gage readings. No effort has been made to remove the predicted 
astronomical tide. Table 4 gives the predicted astronomical tide for the tide 
gages at Galveston Pier 21 and at Pleasure Pier.

Only a limited number of tide gage stations are installed and maintained by 
NOS. Other Federal agencies, state or local agencies, or private corporations 
have installed and maintained some additional tide gages to provide data for 
their individual needs. Data from these gages are supplementary to the National 
network of tide gages maintained by NOS. The organization responsible for main
taining the gage is indicated in the tables. Locations are given in degrees, 
minutes, and seconds of latitude and longitude. Whether the tide is determined 
from a continuous graph of a recording gage or by individual observations at 
selected times on a staff gage, is indicated in this table to give some perspective 
on the quality of the observations. Where available, the highest tide observed and 
the time of observation are given as the last line of data for each station in the 
table.

The tide gage records listed in tables 2 and 3, except for Freeport and Baytown 
(Humble Docks), are shown in figures 13 to 29. The two stations not plotted have 
only fragmentary records. Data are plotted only to the nearest 0.2 ft.

7.2 High Water Mark Data

Posthurricane surveys were conducted by field personnel of the U.S. Army Corps 
of Engineers. Table 5 provides these high-water levels (ft) determined from the 
high-water marks (H.W.M.). This table also gives the location of the high-water 
marks in degrees, minutes, and seconds of latitude and longitude and the terrain 
elevation of the locations (elv) in feet. Double asterisks (**) in the remarks 
column denote that the high-water level was determined from a debris or drift 
line. Other measurements which were made inside a house or other structure may 
be compared to still water levels that would be measured in a stilling well or 
tide gage house excluding wave action. Since the time of high water is not known, 
we cannot subtract the effect of normal astronomical tides from these high-water 
elevations. The high-water marks are in terms of NGVD datum referred to the 1959 
survey.

7.3 Geographic Distribution of Storm Surge

In general, the highest surges occurred to the right of the storm track. This 
can be seen from examination of figure 30. The figure shows tide gage and selected 
high-water-mark elevations observed in Carla; the precise locations of the data 
points are given in table 5. It is a generalized representation from detailed 
charts published by the U.S. Army Corps of Engineers, Galveston District, (1962). 
The maximum surges along the open coast to the right of the hurricane track were 
reported as between 10 and 12 feet. Highest reported values of storm tide, between 
20 and 22 feet, were observed inside Matagorda Bay.

23



Xe>
ux
UJ
Q

**** * * **** * ** * * *** * **

******** ***
**************** **** ***********

12TIME (CST) 9/OO 12 00 lz 00

LATITUOEG29°lbL2-NSIALONGTITUDE 8* 59 —W RECUKOER MAINT *Bt NOAA-NOS

12

Xo
Hi
X

UJo

** ** ** * ***

* * * 
* *

* * 
** *

*•*
**

* *
* * *** 
** *

* ** ** 
* **

* ** 
*

Predicted astronomical tide

12 00 12 00 12TIME(CST ) 9/00

LATITUDEN29P16AS6NE PLONGTITUDE 9** 97 53W RECOKOER MAINT.BT NOAA-NOS

00 12

Figure 13.—Tide gage record 
Galveston, Texas

for Bayou Rigand, Louisiana (top) and Pleasure Pier, 
(bottom) for period from September 8-12, 1961.
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Figure 14.—Tide gage record for Sabine Pass, Texas (top) and Fort Point, Galveston, 
Texas (bottom).

25



Io
LU
X

UJ
Q

* ** 
* * *** **

*** *
* * * # * * * *

* *** * **

* * 
* *

•* * ** * ** 
** *

12 00 12 12TIME(CST) 9/00 

GALVESTON (PELICAN BRIDGE) TEXASLATITUDE 29 18 H8N LONGTITUDE 9** *49 I7W RECORDER MAINT.BT CORpS.ENGR

00 12

X
O 6
UJ
X
UJ
Q

4>

TIRE(CST) 9/00

** * * ** ***** ** *
*** ** 

** *
** *

* * * 
* **

* *** * * ****

Predicted astronomical tide

12 00 12 00 12 00 12

LATITUDEN29Pi|R3|nI TL0NGTITUDE H7 3lW RECORDER MAINT.BT NOAA-NOS

Figure 15.—Tide gage record for Pelican Bridge (top) and Pier 21 (bottom) Galveston, 
Texas.

26



12 12

10

^ 8

X
e>

LlI
X
UJ
Q

TIME(CST) 9/00 12 12 00 12 00 12

PORT OCUNNOR TEXASLATITUDE 2a 23 b7N LONGTITUDE 96 24 25W RECORDER MAINT.BT NOAA-NOS

Figure 16.—Tide gage record for Port O’Connor, Texas,

27



10

Xo
LxJ
X
LU 4 
Q

** *
*

** «

****

*** * * ****

TIME(CST) 9/00 00 12 00 12 00 12

PORT ARANSAS LATITUDE 27 (JETTIES) TEXAS 50 18N LONGTITUDE 97 3 03W RECORDER MAINT.BY NOAA-NOS

X
o

LlJ
Q

* * *** ** * ** *** ** * * ** *** * *** ***** ** * *** **** ****** 
** •

*** *** 
*• *

• • ***** • 
* * *• *

*

12 00 12 00 12TIME(CST) 9/00

LATITUDE®!* IE”N LONGTITUDE 9? 13 —W RECORDER NAINT.BT NOAA-NOS

00 12
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Table 1.—Location of storm center, forward speed, size and central pressure,
Hurricane Carla, September 9-12, 1961

TIME LAT LOMG P DIR SPEED RADIUSCST MB KT MPH N.MI ST MI
9TH SEPTEMBER

0000 24 00 90 12 956 310 9,0 10.4 91 470300 24 18 90 36 954 3l0 9.0 10.4 41 470600 24 36 91 00 953 310 9.0 10.4 41 470900 24 52 91 20 951 320 9.0 10.4 41 471200 25 12 91 40 948 320 9.0 10.4 40 461500 25 28 92 03 944 3 0 0 9.0 10.4 40 461600 25 36 92 36 936 2ao 10. C 11.5 39 452100 25 36 93 12 937 290 11.0 12.7 39 45

10TH SEPTEMBER
0000 25 55 93 30 936 310 7.5 8.6 38 440100 26 00 3§^3 37 936 310 6.4 7.4 440200 26 03 93 41 936 310 5.1 5.9 38 440300 26 07 936 3§93 45 310 5.0 5.8 440400 26 10 93 49 936 310 5.0 5.8 37 430500 26 15 93 52 936 310 5.0 5.8 37 430600 26 18 93 57 9 36 3lj 5.5 6.3 32 430700 26 22 94 01 936 320 6.0 6.9 37 430800 26 27 94 05 936 320 6.0 6.9 32 420900 26 31 94 10 93b 320 6.0 6.9 37 421000 26 35 94 15 936 310 6,5 7.5 36 421100 26 39 94 21 936 300 7.3 9.0 3-j 421200 26 42 94 30 935 200 6.6 7.6 35 411300 26 43 94 35 935 280 4.6 5.3 3 = 401400 26 45 94 40 935 31 0 5.5 6.3 35 401500 26 51 94 43 935 350 7,0 8,1 35 401600 26 59 94 44 935 350 8.0 9.2 3? 401700 27 05 94 49 935 320 7.3 8.4 35 401600 27 09 94 57 935 280 8.0 9.2 33 4 01900 27 11 95 06 934 270 8.5 9.8 34 392000 27 10 95 16 934 260 8.1 9.3 34 392100 27 08 95 24 934 250 7.2 8.3 39 392200 27 06 95 31 934 270 5.7 6.6 34 392300 27 06 95 37 934 280 5.4 6.2 3 + 39

1ITH SEPTEMBER
0000 27 09 95 42 934 310 5.4 6.2 33 380100 27 15 95 43 934 350 6.5 7.5 33 380200 27 22 95 44 934 550 7.4 8.5 33 380300 27 26 95 50 933 300 7,o 8,7 33 380400 27 31 95 58 933 290 7.0 8,1 33 380500 27 33 96 05 933 290 6.8 7.8 32 370600 27 36 96 12 932 3 0 0 5.0 5.8 32 370700 27 38 96 lb 932 510 l.o 1.8 32 370800 27 38 96 15 932 310 1.6 1.8 31 360900 27 41 96 17 931 330 5.0 5,8 31 361000 27 47 96 18 931 350 6.0 6.9 3l 351100 27 53 96 18 931 360 6,5 7.5 30 351200 28 00 96 18 931 360 7,7 8.9 3 J 351300 26 09 96 19 931 350 9.5 10.9 30 341400 26 19 96 23 931 530 11.1 12.8 29 331500 26 29 96 30 931 330 10.4 12.0 29 331600 26 37 96 36 932 330 8.3 9.6 28 321700 26 43 96 39 934 330 6.6 7.6 27 311800 26 48 96 44 936 330 6.2 7.1 27 311900 28 53 96 47 . 938 330 6.2 7.1 26 302000 28 58 96 50 940 330 7.5 8.6 25 292100 29 05 96 56 943 330 8.7 10.0 24 282200 29 13 97 01 946 330 9.3 10.7 23 272300 29 21 97 07 950 330 10.0 11.5 22 25

12TH SEPTEMBER
0000 29 30 97 13 955 340 10.0 11.5 21 240300 29 58 97 25 965 340 10.0 11.5 19 220600 30 27 97 35 975 350 9.5 10.9 17 200900 30 55 97 34 977 020 9.5 10.9 16 1 81200 3l 20 97 25 979 020 10.5 12.1 l? 171500 31 55 97 17 98 0 020 12.0 13,8 19 16
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Table 5.—Location and elevation of high water marks

STN IDENT. LATITUDE longitude ELV. H.W.N. REMARKS (WHERE MEASURED)□EG MM SS DEG MM SS (FT) (FT)

AM AH'JAC
29 50 02 94 44 37 14.0 ♦♦DRIFT LIME29 50 10 94 44 4 0 12.3 ♦♦DRIFT LIME

ANGLETON
MILL 29 08 36 95 24 30 18.2 ♦♦DEBRIS ORIFT LIME AT AMGLETOm

BACLIFF
29 30 34 94 58 21 16.8 ♦♦DRIFT ON BANK29 30 35 94 58 22 16.4 ♦♦DRIFT OM BANK

BRAZORIA
29 01 58 95 36 1>1 12 14.5 OVER FLOOR IN TWO HOUSESR.R.BRIDGE 29 03 12 95 33 24 15.1 ♦♦AT MISSOURI PAC.RR BRIDGE

CAPLEN
washteria 29 28 12 94 36 2i 06 8.8 ♦♦YELLOW PAINT MARKPHILLIPS 29 29 21 94 33 20 06 8.8 ♦♦SUM OIL COMPANY

CEDAR LAKE EAST
CABIN 28 52 10 95 26 47 03 11.0 INSIDE ON WALL OF CABIN

CEDAR LANE
HINKLE 28 58 06 95 33 42 13.7 ♦ ♦AT HINKLE FERRYELMER 28 56 11 95 32 5a 05 12.5 INSIDE ON WALL OF STOREBRIDGE 28 56 12 95 32 54 13.4 ♦♦ON CHURCHILL BRIDGESPORTMAN 28 56 48 95 33 42 13.5 ♦♦AT SPOR'SMAN SPAMMCNEEL 29 00 36 95 35 18 14.1 ♦♦at mcneel bridge

COVE
29 50 03 94 48 08 11.5 ♦♦DRIFT LINE

DANBURY
29 10 05 95 16 »1 10 15.0 4 HOUSES 2-4FT OVER FLOOR29 10 30 95 17 00 10 15.0 ON GARAGE WALL

DICKINSON
PAWLICK 29 27 06 95 03 29 16 16.0 ♦♦FENCE CORNER POSTGARAGE 29 27 19 95 03 15 oo 12.7 WALL INSIUE GARAGEDRIFT 29 27 22 95 02 51 00 14.6 ♦♦TOP OF HRT'JGE
ctywaterd 29 27 27 95 02 35 12 12.6 INSIDE P'JMP houseCITY WATER 29 27 27 95 03 30 11 12.7 INSIDE PUMP HOUSE

E.LAKE
PORCH 29 25 05 94 41 46 06 00.6 ♦♦PORCHFLETCHER 29 25 54 94 42 30 04 10.6 INSIDE REFRIGERATOR
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Table 5.—(continued)

STN IDENT.

STOREROBINSON

LATITUDEDEG MM SS
29 26 2629 26 51

LONGITUDEDEG MM SS
94 40 1494 39 27

ELV.(FT )
0808

H. W. M .(FT )
09.309.6

remarks (Where measured)

INSIDE GROCERY STOREINSIDE SWEDES STORF

FREEPORT
OLD BRAZOSDOW CHEMLIGHTHOISEGAUGE STNOLD BRAZOSOLD BRAZOSGIRONARDWESTERNOLD BRAZOSDIVERS DAM
divers damOYSTER CRKCOMMUNITYGLADNEY

23 55 4223 56 3728 56 4228 56 4823 57 0026 57 1228 57 1428 57 1528 57 24
28 57 4828 57 4828 58 3028 59 4228 59 55

95 22 24
95 18 5q95 18 3o
95 18 3095 2095 21 1295 20 I795 20 5995 21 4895 2295 22 2495 16 4895 19 4895 19 54

00

0303

04

12.314.611.811.712.912.313.313.412.310.312.311.710.910.8

♦ ♦AT DIVERSION DAM
recording cagf
inside Brazos river i tghtiiouse
INSIDE GAGE HOUSING♦♦OPPOSITE TERMINAL ST♦♦AT BAY StrEFT BRIDGE

♦♦UNKNOWN♦♦AT SEAFOOD RESTRUANT♦♦AT COMMUNITY HOUSE.GOLF COURSE♦♦DIVERSION DAM ON ESISTING Rlv<♦ ♦IN DEAD El-JD OF OLD RIVER♦ ♦AT JUNCTION WITH II'JTRACOASTAI♦♦AT OYSTER CREEK COMMUNITYINSIDE OF HOUSE

TEXACO STNHEARST 29 30 2229 30 54 94 30 2394 30 43 0503 9.68.8

FROZEN pt.
IN REST ROOMINSIDE OF HOUSE

GALVESTON

SF BLDGMAGNOLIABURNETTC G DOCKC G GARAGE

29 17 5029 18 2429 16 3329 18 4329 15 4829 IS 59

94 48 44
94 47 u994 47 1494 46 3894 46 2394 46 14

060505oe
0406

08.608.708.908.608.709.0

INSIDE LAUNDERYINSIDE LOBBY OF BLDGINSIDE APARTMENT
inside Building
INSIDE PAINT HOUSEINSIDE TOOL BOX

GULF STNMOBILE STN 29 30 5229 34 17 94 29 0194 23 53
55 9.23.9

high island
INSIDE SERVICE STNINSIDE SERVICE STN

HIGHLANDS
125CR0W RD125CR0W RD140CROW RDS JAC STPK
san JACINNTRIUMPH BTTE MERGERTEXAS BUTABOONEBOATL

29 45 04
29 45 04
29 45 0529 85 1229 45 5629 47 4129 48 1829 50 0729 52 30

95 02 2395 02 2895 02 3395 05 0795 05 2195 04 0595 05 4195 06 0?
95 05 37

870702061005091205

13.814.414.714.714.413.614.414.619.9

♦ ♦ON GUY WIRE IN FRONT OF tiOUSF♦♦BRICK ON HOUSE♦♦BACK DOOR OE HOUSECARETAKERS HOUSE♦♦ABOVE CONC. FLOOR OF PORCH
♦♦ABOVE CONCRETE FLOOR♦♦TOR 3 IN. PIPE ON FENCE
♦♦BOAT LlET BY CLUB HOUSE♦♦SE CORNER STORAGE HOUSE

HOSKINS MOUND
PETERSONLGPETERSONLD 29 14 3129 14 31 95 13 4595 13 46 1005 14.714.7 IN HOUSEINSIDE HOUSE

JONES CREEK
FLOOD GATEBRIDGEVELASCODOW CHEM

28 53 4828 57 3028 58 4228 58 43

95 22 5495 22 3695 23 0695 23 08 00

10.610.311.010.9

♦♦EAST FLOOD GATE♦ ♦AT STATF HIGHWAY 36DOW chemja) waste water CANAlRECORDING GAGF
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Table 5.—(continued)

STN IOENT.

GULF PARKDOW CHEMDOW CHEMDOW CHEM

LATITUDEDEG MM SS
28 58 4828 59 4228 59 4228 59 45

LONGITUDE□ EG MM SS
95 25 0095 23 1295 23 1295 23 22

ELV.(FT)
05
00

H.W.M.(FT )
11.311.812.514.6

REMARKS (WHL'RC MEASURED)
♦ ♦AT NORTH END OF COUNTY R0AD336INSIDE OPERATOR SMACK,B.CANAL♦♦DRIFT LINE AT BARGE CANAL DOCK♦♦intake platform
KAMEY

KAMEY 28 42 33 96 39 40 19.0 ♦♦DRIFT LINE ON JEST SHORE
LAKE AUSTIN

STOCK 28 49 30 95 47 48 12 14.1 inside utility sheu
lake COMO

JAMAICA 29 11 04 94 58 16 08 11.0 inside building
lake JACKSON

DOW CHEMCLUTEBRAZOS OAKAREA MAREA NLAKE BENDLAKE BENDRICHWOODHOSKINSHAVENWOODGORNOWICZ

29 00 0629 00 5429 01 3029 01 5429 02 0629 02 3629 02 3629 03 3029 04 3629 05 0629 06 18

95 26 1295 24 0095 25 5495 26 4295 26 5495 24 5495 24 5495 24 2495 22 4895 24 4295 24 24

07121010

if#ll1210

11.612.012.311.511.514.114.316.015.016.616.7

IN FLOAT WELL OF RECORDER GAGE ♦♦DRIFT LINE♦♦DRIFT. IN CITY OF LAKE JACKSON♦♦DRIFT LINE IN SECTION 3♦♦DRIFT LINE IN SECTION 1♦♦DRIFT LINE ON BANKS AT RR BRTG♦♦DRIFT LINE ON PR BRIDGE BANKS♦♦AT HIGHWAY 283 AND WALNUT♦♦END OF COUNTY ROAD 223♦♦DRIFT AT HIGHWAY 283 CROSSING INSIDE TWO HOUSES
LA PORTE

STD OIL LPGARAGEHOUSETUNNEL ENTINTAKESTRC
radiotowerSANBERTRON

29 38 3729 38 3729 38 3929 42 3229 43 3229 43 3329 43 34

95 00 0395 00 5095 00 5 095 00 4795 03 2395 01 099b 03 27

10111110000705

13.616.418.414.6
13.814.3

♦♦COMPANY SIGN POLEINSIDE 6ARAGEWAVE ACTION IMSIOE HOUSE♦♦tunnel entrance♦ ♦4TH RUNG OF LADDER-INTAKE STnCRADIO TOWER
inside station

PARK 29 33 53 95 03 44 10.4
league city
♦♦DRIFT LINE IN COUNTY PARK
MATAGORDA

LOCKSBRDGETENDRPARKER BROLLOYDSCLUB

28 40 5828 41 1428 41 2828 43 04
95 58 2295 57 5695 58 3495 53 26

00050510
11.015.212.113.7

♦♦COLORADO RIVER LOCKSWALL INSIDE HOUSETIED TO BENCH MARK ON LEVEEON WALL
MORGAN POINT

MARITIMEPRIN GREENHULEN CAMPTRICITYGRACE OILWEST MAINCARETAKER

29 40 5129 40 5129 40 5329 41 2129 42 1929 43 1829 43 25

94 59 0094 59 5294 59 2594 56 0494 58 2994 59 1594 56 35

05
10
1206

14.713.915.013.514-.114.111.5

♦♦ON PILING BENEATH OFFICEINSIDE WORKSHOP. YACHT BASIN♦♦ON STEPS TO PIER♦♦MARK AT BASE OF DOUBLE GATE♦♦MARK ON TRANSFORMER PLATFORMINSIDE DISPOSAL PLANTINSIDE CARETAKER'S HOUSE
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Table 5.—(continued)

STN IDENT.

KILGOREcedar bayu 

latitudeDEG MM SS
29 43 5329 43 55

longitude
deg MM SS
94 59 2194 56 15

ELV.(FT )

12

H.U.rf. (FT )
13.4 14.1 

REMARKS (WHERE MEASURED)

♦ ♦ON METAL POSTMARK -30IN.ABOVE FLOOR IN MOUSE

FRDKANSACK 29 17 1229 15 18 95 95 07 4114 02 1010 14.3 If,.? 

MUSTANG BAy
INSIDE t-ISHING CA.TP CAFE♦♦ABOVE NORMAL TICE REPORTED

OLIVIA
fm Bragg
lewdlen

28 3e 2029 38 5828 40 1328 43 5228 43 47

96 27 2696 26 5b92 24 'i796 25 •3 896 26 20

071010
15.5 16.3 in.4 14.A 20.1 

BATHROOM WALLHALL TMSlDE HOUSEBATHROOM t,ALL♦♦DRIFT LINE♦♦DRIFT LINE

ORANGEFIELO
drift lineTIDE GAGEGAGEdrift

30 02 3630 02 4030 04 3230 04 36

93 49 5093 49 5l93 50 4893 50 5 0
01000000

6.7 b.7 6.7 6.0 

♦♦INSIDE ORIFTLINETIDE GAKeGAGE♦♦DRIFT

WORKSHOP 29 40 27 94 36 02 10 10.9 
OYSTER BAYqu
♦♦WORKSHOP FRONT DOOR POST

OYSTER CRAEK
COMMUNITY 29 00 18 95 20 00 10.9 ♦♦AT OYSTm! CREEK COMMUNITY

PALACIOS
BARRETTLBRPOS]r OFF iceCARE:tak erTEXACO STN

28 42 0028 42 0228 42 1528 42 5126 42 53

96 13 0296 12 5g96 14 3fl96 12 3596 09 54

1111110605

15.4 13.4 13.1 15.2 13.0 

INSIDE ON COUNTERINSIDE 'N FTLf CABINFTWALL INSIDE HOUSEWALL IN®IDE REST DOOMinsIbe house

PARK PLACE
MIDDLETONTERMINALglfatlantc
glfatlantcWHARF #3CTYWAREHSEUS CUSTOMSCTYWAREHSE

29 43 2329 43 3029 44 1229 44 1629 44 4929 44 5029 44 5229 44 53

95 16 3895 15 j}695 16 *595 16 *♦695 17 1495 17 2e95 17 1395 17 14

1500050505020202

is.? 15.2 14.fi 15.3 14.0 15.4 15.4 14.9 

machine shop doorSTAFF GAGE-PORT OF HOUSTON♦♦WAREHOUSE DOOR AT IS.HID POST♦♦IST POST ON LEFT ISLE♦♦ON GATE TO WHARF NO.3STEEL COLUMN INSIDE WAREHOUSE1*ON DOOR IlMSIOE OFFICEOFFICE DOOR INSIDE WAREHOUSE 3

PASADENA
CHAMPIONCHAMPIONCHAMPIONSHELL DOCKOLD DEPOTHESS TERMLHESS TERMLTUDDS YARD

29 43 0429 43 1329 43 2729 43 4429 44 2729 44 3229 44 3629 44 58

95 12 499£ 13 1095 12 5295 08 1595 09 1795 12 8°95 12 0095 10 12

15.4 14.7 14.9 13.7 14.5 14.2 14.3 15.3 

♦♦MARK ON TREE♦♦GAURD HOUSE GATE♦♦MARKS OLi BARRICADES♦♦FLOOD LIGHT WEST END OF SLIPON COMPRESSOR HOUSE DOORIN HESS TANK FARM TERMINAL♦♦ON GUARD HOUSE WINDOW
inside Machine shop
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Table 5.—(continued)

STN IDENT. latitude LONGlTUOE ELV. H.W.M. REMARKS (WHERE MEASURED)DEG MM SS DEG Ml“l SS (FT) (FT )

POINT COMFORT
ALCOA 28 39 57 96 34 14 15.2 ♦♦DRIFT LINE NEAR TURNING BASINPLANT 28 44 07 96 33 •55 14.1 ♦♦DRIFT LINE FART OF SWAN LAKE

PORT ACRE
HOUSE 29 53 44 94 02 25 4.2 INSIDE HOUSEHOUSE 29 54 17 94 02 26 5.9 inside House

PORT ARTH'-R s.
gaurdhouse 29 51 02 93 58 25 06 7.2 INSIDE GUARD HOUSE

PORT BOLIVAR
29 23 04 94 46 07 03 09.3 WALL INSIDE HOUSE

oo (rM
PORT LAVA-A EAST

HOUSE 28 34 15 96 33 95 10 12.8 shower wall inside brick houseCONC HOUSE 28 34 55 96 34 08 11 17.6 on wall insicf houseCOLLINS 28 36 01 96 36 58 15 17.2 WALL INSIDE OFFICERUEMER 28 36 03 96 36 56 1= 22.0 wall inside houseCRYERS 28 36 05 96 36 5a 21.3 ON wall,inside houseHOUSE 28 36 36 96 37 u 15 20.7 inside house on bank of eay *DRIFT 28 36 51 96 37 19 13.7 ♦♦CRIFT UNDER HOUSE ON BANKshrimp CO 28 37 15 96 37 29 10 14.3 INSIDE OF SAFESHRIMP CO 28 37 15 96 37 29 10 17.1 ON WALL INSIDE HOUSE

PORT LAVACA W.
HANGER 28 33 59 96 37 5a 12 15.7 ON WALL INSIDE CONC BLK HANGERTURNERS 28 34 15 37 5e 11 16.2 ON WALL INSIDE HOUSE28 35 31 96 38 90 02 13.9 ♦♦DRIFT LINE

PORT OCONNOR
YOUNG 28 25 56 96 27 03 04 15.2 FAINT MArk ON WALLLEWIS 28 25 56 96 27 05 04 15.4 INSIDE HOUSE28 26 54 96 24 •53 05 14.7 WALL INSIDE BAPT. CHURCH28 26 56 96 24 ia 05 15.4 WALL INSIDE CATH CHURCH

SAEINE PASS
BUILDING 29 44 03 95 53 92 02 7.0 INSIDE BUILDING

SAN LUjtS PASS
CAMP SITE 29 05 53 95 06 32 05 10. a IN ICE BOX IN BUS

SARGENT
BULLARD 28 50 11 95 39 34 12 13.7 WALL INSIDE STORE
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Table 5.—(continued)

STN IDENT. LATITUDE DEG HP, SS LONGITUDE DEG MM SS ELV • (FT ) 11. W . M .<FT> REMARKS I WHERE MEASURED)

SEADRIFr
LAFITTEBLANCHARDYBARRA

28 24 3028 24 3128 24 42
96 42 4996 42 4196 41 57

070707
10.810.511.2

INSIDE HOTEL LOBBY♦♦BACK OF STORE (DRIFT)WALL INSIDE GARAGE

SEA ISLE
SEA ISLE 29 09 05 95 01 35 08 12.1 ♦♦OUTBUILDING

POH INSPBLDISPOSALPL 29 45 0729 45 24 95 17 1995 19 1-2 ltl 12.610.3

settcgast
♦♦HALF JAY DOWNSTAIRS ON PILING♦♦CONCRETE WING UALL-BFFLO RAYOU

VANTUUN 29 32 13 95 45 33 05 9.8
SMITn POIJT

INSIDE RESTROOM GROCERY STORE

OUTHOUSESHOP 29 40 1629 40 24 95 29 1795 24 37 0707 10.59.5

stanolind reservor
in outhouseINSIDE SHOP

SWEENEY
29 02 44 95 39 12 15 15.0 ♦♦APPROXIMATE

TERRY
SUN OIL 30 00 25 93 58 57 07 7.0 IN BUILDING

1ST AVE NCORPS ENGclarimont8TH AVETEXAS CWEST HAVENELEM SCHL
DRIFTBENCH MARKHOUSE

29 23 0629 23 1029 23 2629 23 3029 23 4029 24 1029 24 2529 24 5929 25 0229 27 2229 28 10

94 57 0194 52 2794 56 2294 5394 55 *4094 56 1694 55 2894 53 2794 53 3294 58 2l94 58 25

0600100809
0;°60*06
08

10.n9.510.510.610.310.510.21C.210.711.413.6

TEXAS CITY
inside house 146COE TIDE gage
inside houseINSIDF HOUSEINSIDE TEXAS C. BOWLINGINSIDE HOUSE
inside schoolINSIDE barn♦♦DRIF' ON FENCE♦♦DRIFT RR TRACK
inside House (good)

29 22 17 94 44 56 05 9.6
THE JETTIES

HWM ABOVE BATHROOM FLOOR

28 16 31 96 47 52 10 10.3
TIVOLI SC

STORE ROOM WALL

VIRGINIA FoiNT
FISH CO FREDDY 29 19 4329 19 57 94 56 = 794 57 54 0006 11 • 211.3 INSIDE HatHROOM

inside cafe
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Table 5.—(concluded)

STN IDENT.

DUROHOUSEPORCHTCT RRLAZY LANEBRIDGEcarbidedckCARBIDECHURCH

LATITUDEDEG Hr, SS
29 20 1629 20 2329 20 25
29 20 5229 21 0629 21 0629 21 4729 21 5029 22 18

longitude
deg MM SS
94 57 4 094 59 3994 59 4594 56 3094 59 3594 59 3594 55 0294 55 0494 58 00

ELV.(FT)
041010
081000
050510

H.W.H(FT >
11, n12. ?12, fc10 . 31?.12 , 411. rj11. n
11. 0

remarks (Where measured)

INSIDE HOUSE 
inside house 

♦♦on porch
INSIDE TWO FRAME HOUSE INSIDE HOUSE BATHROOM ♦♦DRIFT LINE TOP OF BRIDGE RECORDING GAGE IN BARGE OOCK WAREHOUSE 
INSIDE CHURCH AT LA MARQUE

WADSWORTH
28 45 27 95 55 54 10 16.5 INSIDE HOUSE

trinityval
driftline

29 58 0629 59 46
93 51 35
93 47 48 0401 8.58.1

WEST/GREENs bayou
inside building♦♦drift line

WHITES RANCH
PORCH 29 40 18 94 21 50 06 9.6 ♦♦ON PORCh
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APPENDIX - METEOROLOGICAL DATA

This Appendix gives the basic meteorological data used to develop the analysis 
presented in this report. The tables list the observations of sea-level pressure 
and wind data at land stations and the hourly reports from ships. They also 
include positions of the hurricane center from reconnaissance aircraft and land- 
based radar data.

Table A.l lists the hourly observations of sea-level pressure, wind direction, 
wind speed, and gustiness obtained at regular reporting stations. These hourly 
observations are from U.S. Weather Bureau Surface Weather Observations forms 
(WBAN 10) covering the period September 9 through September 12, 1961. The sea- 
level pressure is given in units of millibars (mb). The wind direction is given 
as the direction from which the wind was blowing to the nearest ten degrees, 
measured clockwise from north. The reported wind directions were, in most 
instances, in compass points, i.e. , N, NNE, NE, ENE, etc., and converted to 
degrees from north. The observed wind speed is a 5-min average determined from 
recorded observations. The gustiness is characterized by sudden, intermittent 
increases in speed where at least 9 kn were indicated between peaks and valleys 
with a time interval of less than 20 s. The wind speed is determined to the 
nearest knot.

Similar information is available from observations taken by personnel in private 
industries or from privately maintained recording instruments (Table A.2). 
Generally, such stations did not have continuous records during the entire 4-day 
period of September 9 through 12. Also the data must be considered less reliable 
since the instruments are not routinely calibrated for accuracy as are those at 
the National Weather Service, Naval and Air Force installations, or other standard 
reporting stations. As an example, the anemometer at Sea Drift, Texas, is located 
at the Union Carbide Company Complex. It is sheltered by tall buildings and the 
reported wind speeds appear too low. At the same reporting station, the recording 
pin went off the barograph as the pressure at Sea Drift approached minimum. The 
lowest pressure was extrapolated down to read 936.7 mb (27.68 in) which may be 1- 
2 mb too low relative to the minimum pressure values analyzed for all stations.
The surface pressure recorded at the Alcoa plant in Point Comfort, Texas, may be 
too high.

Four locations in the Port Lavaca area, near the path of the hurricane center, 
had barographs. These records provide the lowest observed barometric pressure as 
the hurricane center crossed the coast. The lowest pressure was 935.3 mb and was 
recorded in three of the four reporting stations. Lowest pressure recorded at 
the fourth station, the Texas Gas processing plant, was 939.7 mb. These pressures 
were recorded roughly 2 h after the hurricane made landfall, attesting to the 
intensity of the storm. The data are listed in table A.3.

The complete reconnaissance aircraft reports were considered too voluminous to 
reproduce entirely in this report. Table A.4 lists those reports that provided 
the locations of storm center, observed sea-level pressure, estimated surface 
winds, and/or the diameter of the eye. The majority of the reports came from 
Navy reconnaissance aircraft. A few additional reports were obtained from the 
aircraft of the U.S. Weather Bureau Research Flight Facility. These latter 
reports are indicated by "RFF" in the remarks column. For a few reports, the 
range and maximum winds from the storm center were obtainable. This information 
is also presented in the remarks column. The reported position of the storm
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center has the same accuracy as the aircraft position determined by radar and 
the land navigational systems. With some exceptions, the accuracies of these 
positions is generally within 5 nmi. There was a period (from 1400 CST to 1800 
CST on September 10) when one Navy flight apparently had significant navigational 
errors. Their positions departed approximately 32 nmi to the northeast from other 
eye locations. This large discrepancy was the result of inaccurate land navigation 
during the period (Holliday 1966). The Loran fixing (with the existing model at 
that time) was not considered suitable for navigation purposes in the western Gulf 
of Mexico due to the fast intersection angle of the radio beams. The central 
pressure data is given in millibars and is determined by dropsonde or extrapolation 
from flight-level data.

The National Weather Service maintains a series of radar observing stations along 
the U.S. coastline from Brownsville, Texas to Eastport, Maine. These radars are 
used to track hurricanes for use in the hurricane warning system. Three stations 
in this network were in a position to track Hurricane Carla as it approached the 
Texas coastline. These stations are at Brownsville and Galveston, Texas and at 
Lake Charles, Louisiana. The radar eye positions reported by these NWS stations, 
when the center was within range of the land base radar, are listed in table A.5 
by half-hourly intervals.

To obtain weather reports from oceanic areas, the NWS solicits the cooperation 
of merchant ships of U.S. and foreign registry and of non-military U.S. Government 
ships. There are about 200 ships that participate in this program. Observations 
are visual plus barometric and occasionally cyanometric pressure. Most ships 
report the weather by radio at synoptic time when underway, but all ships, not 
just those in cooperative ship programs, are asked to send special radio reports 
when tropical storms or hurricanes are encountered and, especially, upon specific 
request by the NWS. Data from ships that reported through the regular reporting 
system and supplemented by those ships submitting weather observations after the 
arrival at their major destination are listed in table A.6. We have restricted 
our listing to the location of the reporting ship, its name or identification 
radio call sign (if available), sea level pressure, and wind data. The data are 
grouped by the time of observation from 1800 CST, September 8, through 1200 CST, 
September 12, 1961. This set of data was useful in the analyses of the pressure 
field and the wind field of the hurricane, especially when its center was located 
off the coast. The aneroid barometers on ships in the cooperative observing 
program are calibrated by the NWS when a ship is vis ting a port in the U.S. where 
a port meteorological officer is assigned. The calibrations, however, may not be 
as frequent as desirable.
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Table A.5—Radar eye positions reported by NWS stations

TIME BROWNSVILLE GALVESTON LAKE CHARLES

(CST) LAT LONG LAT LONG LAT LONG

10TH SEPTEMBER

600 26 07 93 57
26 u9 95 59 26630 18 93 45

700 26 15 94 01 26 27 93 49
730 26 18 94 04 33 93 53

26 21 94 03 26000 34 93 54
030 26 23 94 04 26 35 93 56
900 26 25 94 07 26 32 94 02
930 26 25 94 07

26 32 94 14 261000 41 94 12
261030 26 ?9 94 07 26 36 94 19 42 94 16

1100 26 29 94 07 26 36 94 25 26 44 94 10
26 32 94 17 26 30 94 28 26 39 941130 22

1200 26 .39 94 29 26 41 94 2e
1230 26 94 34 20 94 34 26 36 9433 30
1300 26 3° 94 34 26 39 94 34 2s 43 94 34
1330 26 40 94 35 26 39 94 39 2$ 43 94 35
1**00 26 40 94 35 26 39 94 34 2& 45 94 37
1430 26 44 94 38 26 44 94 39 26 48 94 37
1500 26 47 94 36 26 52 94 39 26 51 94 36
1530 26 54 94 40 26 56 94 41 2<3 57 94 38

26 27 00 94 42 2"1600 56 94 41 04 94 40
1630 27 01 94 45 27 04 94 47 27 07 94 43

27 05 94 51 27 06 94 49 271700 11 94 50
1730 27 00 94 58 27 12 94 56

27 09 95 03 27 U9 94 58 271000 16 95 02
1030 27 95 06 27 14 95 05 2710 16 95 05
19qo 27 14 95 13 27 16 95 09 27 16 95 10
1930 27 12 95 18 27 1 5 95 17 27 11 95 17

27 14 95 22 27 16 95 21 272000 10 -95 20
2030 27 12 95 22 27 i2 95 26 27 11 95 26
2ioo 27 06 95 32 27 12 95 3o 27 09 95 29

27 95 33 27 07 95 34 272130 00 95 3600
27 07 95 35 27 03 95 36 2722Q0 02 95 37

2230 27 06 95 36 27 q3 95 36 27 0 ' 95 37
23qo 27 05 95 3a 27 o3 95 36 27 07 95 37

27 06 95 36 27 12 95 39 272330 10 95 40

11TH SEPTEMBER

000 27 05 95 30 27 00 95 39 22 10 95 40
030 27 07 95 3a 2 7 ig 95 43
100 27 07 95 38 27 00 95 39 27 15 95 42
130 27 13 95 38 27 12 95 39 27 15 9b 42
200 27 10 95 39 27 19 95 42 27 19 95 41
230 27 22 95 4o 27 23 95 41 27 25 95 43
300 27 27 95 45 27 28 95 44 27 3 0 95 48
330 27 30 95 49 27 34 95 50 27 35 95 49

27 31 95 52 27 37 95 55 27400 36 95 59
27 33 95 59 27 38 95 59 27430 36 96 00

5oo 27 35 56 04 27 30 96 09 27 35 96 08
530 27 34 96 00 27 38 96 12
6 0 0 27 36 96 14 27 30 96 17 27 35 96 16

27 32 96 11 27 34 96 16 27630 36 96 11
700 27 32 96 12 27 34 96 20 27 33 96 14

27 31 96 10 27 33 96 16 27730 31 96 11
000 27 31 96 10 27 30 96 13 27 32 96 07
030 27 36 96 07 27 34 96 10 27 38 9b 04
900 27 37 96 11 27 35 96 10 27 40 96 04

27 41 96 11 27 37 96 10 27930 46 96 05
27 43 9.6 lo 27 37 96 10 271000 48 96 08

1030 27 47 96 12 27 51 96 15 27 49 96 11
1100 27 49 96 11 27 55 96 16 27 56 96 13
1130 27 55 96 15 27 58 96 16 20 00 96 14
1200 27 50 96 17 23 01 96 18 28 00 96 16
1230 20 02 96 23 2» ft3 96 20 28 07 96 ie
1300 20 00 96 24 28 12 96 21 28 10 96 18
1330 20 11 96 24 28 13 96 22 28 14 96 20
1400 20 15 96 26 28 15 96 23 28 19 96 22
1430 20 22 96 13 28 21 96 27 2§ 26 96 25
1500 20 27 96 35 20 21 96 27 20 27 96 26
1530 20 31 96 36 28 20 96 34 20 32 . .96 29
1600 20 34 96 37 20 34 96 -34

20 37 96 41 20 30 96 31 201630 38 96 36
1700 20 36 96 41 28 40 96 36 20 41 •96 41
1730 20 37 96 48 20 40 96 36 28 45 96 40
1000 20 46 96 54 28 44 96 40
1030 20 46 96 42 28 45 96 4 8 20 40 96 41
1900 26 49 96 53 28 45 96 48 2g 53 96 43
1930 20 54 96 51 20 58 96 43
2000 £8 57 96 54 2g 59 96 47
2030 29 00 96 54 2? 03 96 46
2100 29 04 97 00 29 07 96 46
2130 29 08 97 03
2200 29 10 97 06
2230 29 14 97 06
2300 29 18 97 06
2330 29 26 97 17
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Table A.6—Sea level pressure and wind data from ship reports

SHIP IDLIJT LAT LONG WIND PRESSURE
91 R 

(DEG) 
SPD 
(KT)

(MI3)

10OOCST ATI I SEPTEMBER

PJRAUS 19 0 0 6 6 170 24 1006.4
MBCVf
CRISTOBAL
WCOQ

SS J LOi US
GLIK
MAMAOIJI

L3ALAO
UCL ORO
JBCl-J

2 0
21
21
21
21
22
22
22
23
23
23

42
42
4 2
42
4 0

6
10
10
10
42
42

95
05
05
L 5
05
06
0 5
0 7
0 7
05
94

24
6
6

36
12
10

6
0
0

10
36

290
160
160
150
100
160
150
150
150
110
220

22
25
25
20

7
30
30
42
42
27
21

1003.6 
1007.0 
1007.0
1006.41000.1
1003.1
1005.41001.61001.61000.6
1004.1

GULFASAL 23 46 9 3 42 36 0 33 1000.1
KCSX

OI ONE

24
24
24
24

10
24
24
30

93
02
97
01

40
24
30
16

10
90
20

100

30
30
20
20

1003.41011.6
1007.1 
1012.9

KYOEI MoRU

KUTF
WF OH

ML GOSMLY
EWSINCLAIR
OEL SOL
AMERTRAUER
MOBILPOPER

AN KEMP
PENN SUM
KESE
J L DYEl;
NWFE
TEXICO CON
KRRJ

24
24
24
24
24
24
24
25
25
25
25
25
26
26
26
27
27
27

36
24
42
42
40
40
40

0
0

42
42
40
36
36
40
12
12
10

93
02
0 0
06
03
03
93
94
04
0 5
05
00
9 0
93
93
03
67
05

24
24
4 9

0
42
46

0
54
54

6
16
54
40
54
54
12
42
54

20
90

100
140
140
140

10
30

140
140
140

90
00
50
50

150
80

110

25
30
20
38
30
30
30
25
20
33
33
37
41
35
30
10
35
40

1003.61011.61012.6
1006.41010.61010.2
1002.4
1005.11010.21010.21010.2
1001.4 1002.1 
1005.0 
1006.0
1013.2
1006.4 1010.0 

CLARKESWHF
texacomont

27
27

24
30

60
93

36
30

100
40

35
30

1006.0
1009.1 

KOFZ
KYMU
NKGL
SSFLYING
KWTK

KSOE

KRQW
FLYirjGWASII
K A E 0
PCUO

27
23
23
20
23
20
23
23
2 3
2?
29
29
2 )

36
12
12
36
42
42
42
42
54

0
40
4 0
54

07
90
91
93
07
0 7
07
07
92
92
6 0
0 9
0 7

24
40
36
54
10
10
24
24
24
54
24
40
3 0

110
90
90
60
90

1.3 0
130

60
00
90

1.0 0
100

35
45
35
25
30

27
27
27
25
11
25
25

1009.0

1000.6
1009.0
1009.61010.21011.21011.2
1009.01010.2
1016.21007.6
1012.1
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Table A.6—(continued)

SHIP IDENT l_.\T LO G
( 

yi'O 
DIR 
0 E 3 ) 

SPO 
(KT)

PRESSURE
(MB)

2100CST 3TH SEPTEMBER
MANAQUI 22 0 85 0
CRISTOBAL 22 24 85 24
UCOQ 22 24 85 24
NCSK 23 12 94 54
TEXACO FLA 23 18 • 94 24
DEL 0R0 24 18 85 42
'J F 0 H 24 36 86 18
AN KEMP 25 42 8 3 24
PENNSYLSUiJ 26 36 90 13
SABINE SUN 26 36 93 24
DEL MUN'JG 23 30 8 7 24
JE DYER 26 48 93 0
K IMA 23 30 92 30
SS FLYIIJG 23 30 93 6
GULF LUBE 23 36 91 48
PCUO 29 30 8 6 42
SHIP 29 30 06 42

170120120
40

35 0110
140
10 0

5 0709050607060100ICO

3025252435223540
453460223026302424

1006.41003.61003.61004.81003.71009.11006.81003.110C1.4
1005.81011.21006.11009.31010.21009.81013.1
1013.1

Q000CST 9TM SEPTEMBER
GLFSHIPPER 19 54 84 12
H3FH 20 42 95 621 48 84 40
MANAQUI 21 54 65 622 24 86 36
BALAO 23 0 87 3b
CRISTOBAL 23 18 65 19
WCOQ 23 18 65 18
WLCI 23 18 95 30
JDHF 23 42 93 4224 36 6 6 42
DEL ORO 24 48 66 6
DIONE 24 54 97 13
ESSONEWARK 25 0 84 0
NOMAD 25 0 90 0

25 6 64 0
ATL NAVIG 25 12 84 6
AN KEMP 25 36 63 0

25 36 84 43
AMERTRAOER 25 54 85 432& 12 64 4 3
MOBILPO ..cER 26 30 86 54
PENNSYLSUN 26 42 6 9 43

26 42 9 6 0
27 12 07 027 24 09 36

DEL MUNCO 28 0 06 54
vJ KIM 23 16 91 13
KSOE 28 24 66 30
PCUC 29 12 86 6

140310170160160140120120
3203501201102012090130140100140140130120

901203 0
309 0
9070100

223325252555
252520183822IS234330
21402520353645
274245353 02023

1011.21004.4
1007.61006.4
1005.81001.61008.61008.61005.31002.11006.11009.11007.61012.9
1010.21012.91003.11010. c1010.21011.91003.81000.31009.61007.11005.81009.81010.81011.71012.1
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Table A.6—(continued)

SHIP I DENT LAY LO' >6 ii\n PRESSUREii * SPO ("ie)(OE3) (KT)

0300CST 9TH SEPTEMBER
JBCW 21 30 95 6 300 21 1002.8T AIYUMAEU 21 48 92 54 310 34 998.3KYOEI MARU 22 54 93 54 330 26 1000.1CRISTOBAL 24 24 85 12 90 25 1009.12'4 24 65 12 100 49 1009.1NOMAD 25 0 90 0 30 42DEL ORO 25 18 86 13 110 22 1009.1SABINE SUN 26 36 92 30 70 45 993.3PEUNSYLSUN 26 48 6 9 12 90 50 999.7JE DYER 26 48 91 12 70 30 999.7KEMA 2 3 18 91 13 30 34 1005.4PCUP 28 48 65 12 100 23 1011.6

0600CST 9TH SEPTEMBER
CAMPATVES 19 6 91 24 24 0 30 999.1GLFSHIPPER 21 12 65 0 150 30 1009.8MANAQUI 21 36 64 54 150 27 1006.8TAIYUMARU 22 0 92 24 290 32 997.6H8FH 22 0 95 30 290 40 1002.1
KEHS 22 18 94 30 330 40 1001.4KDEL MARU 22 48 93 36 500 34 998.6Q4ENSINCLAIR 23 0 0 320 45 100C.123 6 8 7 30 150 25 1005.1GULFASAL 23 24 94 0 290 30 999.1BALAO 23 36 67 36 14 0 45 1003.7SSHARSINAI 24 0 c7 30 160 32 1008.124 42 87 18 130 40 1003.1NOMAD 25 0 90 0 110 4325 12 84 42 140 15 1010.8AN KEMP 25 18 67 18 140 40 1003.1CRISTOBAL 25 30 3 5 6 140 27 1009.8DEL ORO 25 30 56 36 140 21 1008.625 36 84 6 140 27 101-1.625 36 65 24 120 30 1009.1ACHILLES 25 36 95 18 18 U 40 1009.1
NRGV 25 36 96 54 80 21 1004.4ESSONEWARK 25 42 6 5 36 140 34 1011.2TILLAMOOK 26 6 84 36 140 21 1011.2AL E WATTS 26 12 3 5 42 140 4 0 1003.6ML GOSNEY 26 18 c 6 12 150 40 1007.626 36 6 6 0 130 30 10 0 b . 6SABINE SUN 2 6 42 91 36 7 0 50 995.626 54 3 6 18 140 30 1009.6PENNSYLSUN 26 54 6 8 36 110 45 1002.7JE DYER 26 54 90 30 3 0 40 997.6rAMERTRADER 27 0 C O 54 140 25 1005.cMOBlLPOv ER 27 18 88 24 140 40 in 06.427 30 64 13 110 35 1012.927 30 38 54 110 4 0 1005.8CLAR KES' iHF 27 42 9 7 42 110 35 10 C 6.6KCVE 27 42 95 0 3 0 50 1007.4
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Table A.6 (continued)

SHIP IDLuT LAT iLO G MI M3 PRESSURE
niR spo (fits)( A E 3 ) ( K T )

0600CST 9TH SEPTEMBER
90 30 1006.6WKIM 27 54 90 12

28 12 91 O 90 40 1005.11005.8TEXACO 71D 2.3 18 ° 3 24 70 35
28 30 64 30 10 0 23 1011.8

100 33 1010.1RIO MANAMO 0 87 42
29 18 n7 42 10 0 24 1010.6MS 0KERTAL

0900CST 9TH SEPTEMBER
21 12 94 36 280 31 01 03.6
>oKEHS 42 39 54 031 40 100 .30

35 997.1KYOEI IMARU 22 54 92 54 310 999.1GULFASAL 23 0 9 3 4b 270 35
RC TUTTLE 24 56 87 12 140 40 1005.8

140 4 0 1004.1ANKEMP 25 0 37 6 50 992.2SABINE SUN 25 30 91 12 70130 21 1009.1DEL ORO 26 12 £7 6 90 6 0 995.6JE DYER 26 30 91 30
DEL MUNGO 26 42 25 30 90 45 1011.9
PCNNSYLSUN 26 42 38 6 120 45 10 0 3.71003.8CLARKES-jHF 27 36 67 36 110 35
UKIM 27 48 90 6 110 34 1005.1

100 40 1003.7GULF LUBE 27 48 90 24 1004.4KEMA 23 0 8 0 24 10 0 45
18 9 2 54 90 40 1005.823 .1013.2ALC0AR0.4NR 23 36 £6 36 140 25

RIOMAfJA -10 28 36 67 42 120 33 1010.1
29 30 92 36 30 35 1004.4TEXACOMONT

1200CST 9TH SEPTEMBER
48 36 36 120 2420 1009.11003.8MAMAQUI 21 24 84 36 140 25

21 24 94 0 270 33 1002.8
320 35 1003.1DEL SOL 21 42 94 13

0 91 0 2 50 30 999.1T A IYU M ARU 22 30 998.6MARIESKOU 22 12 90 54 150 40 997.6TEXACO FLA 22 24 9 3 3 0 290
30 45 42 140 35 1010.6GLFSHIPPER 2222 48 7 9 24 90 10 1018.1
0 6 26 0 38 994.1KYOEI MARU 23 9223 18 93 42 2 7 0 35 997.3GULFASAL 46 160 30 1005.423 30 8 748 87 12 1006.6balao 23 140 40 995.923 54 49 54 290 4535 1CU7.6HAR SINAI 24 12 c7 12 1501r24 36 c b 54 140 35 1007.1

24 42 n5 ia 130 27 1009.6
AN KEMP 24 42 ~ 6 4 3 140 40 1 0 0 5.8

25 0 c}f) o 15 0 43NOMAD
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Table A.6—(continued)

SHIP IDEM LAT LOi. G 'UNO PRESSUREAIR (DEG) 3P0 (KT) (MB)

1200CST 9TH SEPTEMBER
GULFCRE3T 25 6 34 0 120 1012.625 6 £ 4 42 140 27 1013.225 30 84 0 140 28 1011.9'ML GOSNEY 25 30 86 6
SABINE SUM 25 30 91 6TILLAMOOK 25 36 55 30

14070130
4 05 C25

1009.1992.61012.2
ESSONEWARKACHILLES 2626 00 6 6 2466 24 1501 4 U 2330 1011.91009.826 30 64 42 110 35 1013.6
OEL ORO 26 30 2 7 6PENNSYLSUN 26 36 6 7 30ATL NAVIG 26 42 67 12

130120140
384030

1009.21006.81009.3
26 54 65 0 110 25 1013.2

JE DYER 26 54 91 6CRISTOBAL 27 6 66 027 24 83 12
mobileluee 27 42 90 0MC3ILP0WER 27 48 39 2427 48 69 54

90110130110110110

603 042344042

995.61012.61008.61001.11C 07.11003.727 54 69 36 90 40 1006.4
FLUIMG A 23 6 90 24:R IOMANAMO 23 18 67 12MS OKERTAL 26 24 67 0TEXACO HD 23 48 92 2429 12 67 6

9012010 0b 014 0

5033304023

1003.71010.61011.41004.41013.9
29 54 77 2429 54 80 24
30 36 88 36

12090SO
rO931

1015.61018.21012.2

1500CST 9TH SEPTEMBER
KYOEI MARU 23 624 36 91 303 6 36 9?0150 3522 993.11009.1
NOMADML GOSNEY 25 025 2425 24

90 066 4694 12
15015020

434045 1008.1993.6
PENNSYLSUNOEL OROJE DYERCRISTOBALTEXACOMONT

26 18
26 54
26 5427 0
27 24

£7 686 54
90 42
86 1293 40

11014010 011050

3527603050

1005.81008.3995.31010.61000.3VIKIM
RIOMANA iC 27 3027 36 c 9c 6 4254 110140 4537 1003.41008.7

LEADER
27 3623 028 36

8 995 42040
1103 05 u

423035
1001.71004.41002.6
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Table A.6—(continued)

SNIP IOENT LA T LOi'.G j I \JD 
HR 
1E3) 

3PD 
(KT)

PRESSURE
(MB)

1800CST 9TH 

hiyeharumr
TAIYUMARU
□EL SOL

KEHS
5JLFASAL
■3 A R U
E:>l SINCLAIR
J LOUIS

BALAO
HARSINAI
R03TTUTTLE

AL E WATTS
ATL NAVIG
ACHILLES
DEL ORO 
E3S0NEWARK

JE OYER
SABINE SUN
KFYM

CLARKS WHF
IRIS
GULF LUBE
SPIRIT LIB

FLYING A
HOBILPOivER
LEADER

SEPTEMBER
20 0 92 42
22 12 96 3 0
22 13 18
22 30 6 7 0
23 0 92 0
23 12 9 3 43
23 30 90 3 0
23 42 93 36
23 54 67 48
24 0 9 9 13
24 6 66 36
24 6 9 8 3 o
24 16 ■ ‘ 7 54
24 36 97 19
25 18 87 0
2o 0 6 5 48
26 18 67 13
26 18 87 24
26 30 67 0
26 30 87 3 0
26 48 66 36
26 48 90 13
26 54 90 54
27 6 94 12
27 18 67 24
27 24 86 54
27 24 95 12
27 30 69 30
27 36 91 42
27 48 8 9 46
27 46 69 46
26 6 90 6
28 30 8 30
23 30 93 24
30 6 38 18
30 6 83 30
30 30 67 6

250
190
250
140
260
2 70
130
290
170
180
14 0
140
150
170
15 0
140
150
140
130
150
110
110
110

50
120
140

30
110

90
120
12C
110
140

6 J
80
90
30

33
3 0
35
3 0
45
41
42
65

8
36
30
46
36
27
34
3 0
35
36
4 0 
36
33
60
50
50
40
30
36
46
50
56
56
40
16
32
32
30
30

1004.1
1003.1
993.3

1008.1 
993.9 
994.b
996.6
991.6
987.3
993.6 1003.4 1 0 0 5.6

1005.71008.1
1009.1
1010.6
1007.1
1007.8
1008.61009.1
1009.3
997.3
967.3
997.3

1007.8
1010.2 
1002.1
1002.4
997.1

1001.7
1001.7
1005.1
1012.2 1001.1 
1012.6
1012.2
1013.9

2100CST 9TH

T A I Y'J MARU
KEHS
'1L GOSNEY
SABINE SUN
IRIS

SEPTEHEFR

22 18 08
23 6 G1
2r- 18 6 7
26 42 ^0
26 54 95

42
36
12
36
24

15 0
220
140
110

20

27
45
40
50
40 -

 1>
C'

O
.’

10 07
994

1008
993
999

J00OCST 10TH

MARIE SKOU
HIYEHARUMR

SEPTEMEER

22 18 07
22 36 91

42
12

150
ISO

25
53

1009
1001
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Table A.6—(continued)

SHIP IDEM LAT L9< G
( 

•; i 'i d
HR2E3) SPD( KT )

PRESSURE(.•IB)

0000CST 13TH SEPTEMBER
HIYEHARtMASULFASALDEL SOL

,,JIL GOSNEYTILLAM08KATL MAVIG
ACHILLESESSONEWARK

MOBIL LUBE

iioaiLPO .;ERAMERTRAuER

22 36 ’23 023 624 624 c2 4 2424 4625 1225 3026 626 ia26 3626 4226 5427 027 1627 1627 1927 482a 023 020 030 6

91 1294 090 1230fcS 1239 131367 30o7 246 9 695 306.3 038 1897 543 7 3639 0?9 1269 2468 54•? 7 30■•8 249b 3 088 30

13023018014018018018016C130140.3 8 0140130150140120120120901101404030

33414024333035403635403040322045455035404 04 031

1001.3994.61002.41009.11004.71005.11003.61006.61009.11009.1995.31007.11009.11009.11006.81006.41006.81005.11007.61006.41009.61003.11014.6

0300CST 10TH SEPTEMBER
MO DM 25 54 95 36JE OVER 26 24 ee 48CRISTOBAL 27 0 -7 24

360140140
404530

992.21003.11009.6

0600CST 1OTH SEPTEMBER
HIYEHARUMR 23 0 69 36OEGANYA 23 54 67 6OEL SOL 24 0 8 8 4224 48 69 12MEHS 24 0 90 0IKE 24 0 93 30SINAI 24 30 6 9 0EWSINCLAIR 24 54 93 303 ALAO 25 0 90 4825 6 95 30ML GOSNEY 25 24 « « 12TILLAMUUK 25 30 id 025 36 36 025 40 63 6JE DYER 2-8 18 69 6ATL MAy/IG 26 36 6 8 48SABINE SUM 26 42 9C 13ACHILLEa 26 46 68 42

1601501801701302301507501 oG310150170150170180150140140

332230305 04535704 54 035353 0264235404 0

1005.21006.31005.81007.11002.4993.91005.6992.21000.7q99.11007.61008.61009.11003.61005.81007.6999.710 Go.4
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Table A.6—(continued)

SHIP IO'MT lAT L0..G j I M") 
niR 
CiE3) 

SPD 
(KT)

PRESSURE
(MB)

Q600CST 1 OTH 

GULFCREST
MOBIL LOBEESSONEWarkCRISTOBhLAL E WATTS
MOBILPOwErt
HOEU

SEPTEMBER
■26 54 S3 0
27 0 33 24
27 6 te 12
27 6 38 12
27 6 83 3 0
27 12 8 8 43
27 24 87 48
27 42 8 7 54
27 54 ■‘."3 18
23 24 35 6

140120150120
140150140140
130
9 0

27302520
3032273540
53

1008.31007.61006.11007.61008.61008.61010.2
1009.11006.1993.6

0900CST 1OTH SEPTEMBER
21 46 93 13

IRIS 24 30 «6 6
TEXACO MT 25 6 95 6
ML GOSNEY 25 36 68 30
0 APO 26 30 88 12
CRISTOBAL 27 48 88 12
LEADER 23 24 =>3 6

230290310
160170150110

305060
3524
3070

1004.1994.9
986.21009.11010.1
1011.2993.1

1200CST 1OTH SEPTEMBER
22 42 68 12
23 0 89 6

GULFASAL 2 3 18 92 18
□EL SOL 24 0 37 0
IRIS 24 0 95 54
ALMIRANTE 24 30 67 0
SCHROEDER 24 30 68 42
EWSINCLaIR 24 30 93 1824 36 6.7 18

24 42 pq 36J LOUIS 25 0 69 30
MOMAD 25 0 90 0
BALAO 25 12 91 6
ALLOBROGIA 25 24 96 30
GAMYAOE 25 30 87 54

TILLAMOOK 25 36 6 3 42
ML GOSNEY 26 0 68 48
MOBIL LUBE 26 24 67 13

26 24 69 43
26 30 3 7 6
27 12 83 42
27 18 6 7 12

ACHILLES 27 18 69 12
ATL NAVIG 27 18 39 30
DEL ORO 27 24 o7 54

69 36ESSONEWARK 27 30
27 36 39 0AMERICASUN

130150160
110
270160170200140170160150150
300150150150150
140140150140140150170
170190

272528304020
23652 833454350
4534
353030
402224304 035253525

1009.61006.61002.41010.6997.61012.61008.7999.91012.21008.11006.4973.91001.6995.11009.310 0 7.610 07.8
1010.31000.31011.9
1009.11011.91007.11007.11011.2
1003.11 0 0,8.8
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Table A.6—(continued)

SHIP IDGIMT LAT LOi 3 •!IM0 PRESSURE* 11^ SPP (MB)nz S) (KT)

1200CST 1QTH SEPTEMBER
GULFCRE3T 27 36 39 36 160 40 1006.4MOBILPOUER 23 0 39 18 160 30 1009.1CRISTOBAL 23 12 *a 30 150 30 1010.2LEADER 23 24 93 13 110 70 989.6

1500CST 1UTH SEPTEMBER
O')HIYEHARUIMR 18 57 24 140 20 1008.6LEJMHAROT 22 48 92 12 130 37 1001.8TEXACO FLA 24 12 c 8 43 170 40 1006.4HARSINAI 25 12 90 0 150 30 1004.6JE DYER 25 54 n3 6 160 30 1008.6ML GOSNEY 2 6 12 89 12 160 35 1007.1ESSOBOSTOfj 26 24 37 30 1 5 J 27 1010.8LEADER 28 24 93 30 110 70 986.6

1800CST 10TH SEPTEMBER
M03ILP0 iER 20 6 90 12 160 33 1006.8ALLOBROGIA 22 12 97 42 140 15 1001.1LEONHAR-'-T 23 0 91 42 130 30 1003.1gulfasal 23 36 90 42 150 21 1004.7IRIS 23 42 54 36 250 35 993.6eusinclair 24 24 91 42 230 50 1002.43ALA0 24 48 91 24 150 45 1001.6TEXACOMONT 24 48 93 36 230 60 993.6J LOUIS 25 18 :-9 54 170 q 1007.1ALLOBOOBIA 25 30 96 6 260 46 990.6ATL NAVIG 27 42 50 0 150 35 1007.1ESSOMEWmRK 27 42 90 24 160 38 1006.8GULFCRE3T 28 0 90 36 160 40 1004.1LEADER 23 24 93 30 110 75 980.7

2100CST 10T H SEPTEMbER
IRIS 23 18 94 30 240 27 1001.4SSOVERO 24 42 91 6 130 37 1006.6ALLOBROGIA 25 24 55 43 210 40 993.6DAOfJ 25 30 90 13 140 28 1006.2SS OVERO 24 42 91 6 130 37 10 Ob . 6

OOOOCST 11TH SEPTEMBER
EvJ SINCLAIR 24 36 91 0 150 35 1005.88ALA0 25 0 -«1 36 150 40 1003.6SSOVERO 25 6 90 43 100 30 1007.2
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Table A.6—(continued)

SHIP IDENT uAT L0> G
( 
VJI'JD DIR 0 E 3 ) SPD ( K T )

PRESSURE(MB)

0000CST 11TH 
ALL0BR031A TILLAMOOK GULFCREST ATL MAVIG MOB ILPO a ER

SEPTEHlER
25 18 9526 36 9 027 54 a023 12 90pa 18 91

30123654
*a

210140160140140

4030403033

996.61006.41005.41007.61007.1

0300CST 1ITU 
MOON 

SEPTEMBER
23 54 93 48 190 32 1000.1

0600CST 11TH 
SS TOTECOHARSINAIBALAOTILLAMOuKML GOSNEYESSONEWARKG’JLFCRESTM03ILP0LER

SEPTEMBER
20 30 96 3625 0 90 025 48 92 1827 0 =<0 48
27 54 90 1225 0 91 4223 12 90 4228 36 92 0

1401401501701301601 6 C140

15304 53535424035

1000.71006.61001.61005.81007.61005.31006.41004.1

0900CST 11TH 
SCHROEDERALOHASTATEML GOSNEY

SEPTEMBER
27 24 90 4227 24 91 3
27 48 90 12

140160140
302830

1007.61007.11007.8

1200CST 11TH SEPTEMBER
NOMAD 25 0 90 0
J LOUIS 2 o 0 91 6BALAO 26 12 93 12o27 30 90ALOHASTATE 27 36 91 24ML GOSNEY 27 42 90 12TILLAMOOK 27 42 91 24
SCHROEDER 23 0 °1 0AMERICA5UN 23 G 91 42
ESSONEWARK 23 16 92 133ULFCREST 23 24 91 24
mobilpower 23 48 92 30

140140150140160140130140140I 70laO140

433250223330373225383340

976.71008.11001.6l o o a • $1007,11007•1007.11C 0 7.11 0 0 6.410 0 5 • 11005.441003.
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Table A.6—(continued)

SHIP IDEM LAT LOUG ’ 11J D PRESSUREOIR SPD (MB)( 0 — 3 ) ( KT >

1500CST 11TH SEPTEMBER
IRIS 24 13 92 12 150 24 1002.4TUTTLE 25 30 92 43 150 25 1004.1

1300CST 11 Til SEPTEMLER
IRIS ‘ 25 13 91 24 150 22 1003.4ATLANTICLi'J 2 5 36 9 0 0 130 45 1G 0 3.1SYLVALYXES 25 42 ®»J 24 140 30 1006.826 0 90 0 150 25 1010.2J LOUIS 26 6 91 42 -770 8 1005.6HARSINAI 26 30 9 0 54 150 35 1006.6AL E WATTS 27 36 90 24 140 35 1003.19ALA0 27 36 92 13 150 50 1001.69 IAN 23 0 91 30 140 36 1004.13ULFCREST 23 6 91 36 150 40 1004.7TILLAMOOK 23 12 92 6 150 40 1005.1LEADER 23 12 94 12 170 65 994.1ESSOMEWARK 23 13 92 13 150 34 1005.1MOBILPO -jER 25 36 92 6 150 40 1003.4

0000CST 12TH SEPTEMBER
ATLANTICLN 25 42 90 43 140 30 1003.1SYLVALYXES 26 13 91 6 140 33 1007.1ESSO LIMA 27 24 9 0 0 150 27 1010.2OALAO 27 43 91 30 150 50 1001.63ULFCRE5T 27 43 91 46 150 35 1005.8ML GOSMEY 27 54 91 30 160 30 1007.6ACHILLES 23 0 91 36 150 30 1007.8MOBILPOHER 23 36 92 12 140 30 1007.1TILLAMOOK 29 42 93 12 130 42 1003.1ESSOMEWARK 23 42 93 36 150 40 1003.7

0600CST 12TH SEPTEMBER
MAMOS' 25 0 ^0 0 140 4.3 979.2MO DM 25 48 92 42 150 23 1004.4SYLVALYKES 27 18 92 12 150 33 1006.1ESSO LI -A 27 48 *»1 0 160 35 1000.6TILLAMOOK 28 0 93 54 150 4 0 1001.1MOBIL OIL 2 3 12 9 1 13 15C ’2 1009.1ML GOSNEY 28 18 92 30 16 G 35 1006.1AL E WATTS 28 24 92 fa 150 40 1005.1GULFCREST 28 36 92 3 C 1 b 0 35 1007.1ACHILLES 22 36 93 16 170 36 1003.7
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Table A.6 (concluded)

SHIP I DENT l. AT LO G WIN 9
PIR

(PEG)
SPD
(KT )

PRESSURE
(nn)

1200CST 12TH SEPTEMBER

ATLANTICLfJ 26 12 93 
27 48 90 

ESSO LIPA 20 0 91 
PL GOSNEY 28 30 92 
GULFCREST 29 0 92 
110131L OIL 29 18 92 

48
42
10
54
54
36

140
1 4 C
160
160
160
150

22
32
35
35
30
27

1006.4
1009.1
1010.2
1006.4
1005.81000.1

JJ.U.S. GOVERNMENT PRINTING OFFICE: 1 9 8 2 - 3 6 0 - 9 9 7 / 2 2 7 8
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NOAA SCIENTIFIC AND TECHNICAL PUBLICATIONS

The National Oceanic and Atmospheric Administration was established as part of the Department of 
Commerce on October 3, 1970. The mission responsibilities of NOAA are to assess the socioeconomic impact 
of natural and technological changes in the environment and to monitor and predict the state of the solid Earth, 
the oceans and their living resources, the atmosphere, and the space environment of the Earth.

The major components of NOAA regularly produce various types of scientific and technical informa
tion in the following kinds of publications:

PROFESSIONAL PAPERS — Important definitive 
research results, major techniques, and special inves
tigations.

CONTRACT AND GRANT REPORTS — Reports 
prepared by contractors or grantees under NOAA 
sponsorship.

ATLAS — Presentation of analyzed data generally 
in the form of maps showing distribution of rainfall, 
chemical and physical conditions of oceans and at
mosphere, distribution of fishes and marine mam
mals, ionospheric conditions, etc.

TECHNICAL SERVICE PUBLICATIONS — Re
ports containing data, observations, instructions, etc. 
A partial listing includes data serials; prediction and 
outlook periodicals; technical manuals, training pa
pers, planning reports, and information serials; and 
miscellaneous technical publications.

TECHNICAL REPORTS — Journal quality with 
extensive details, mathematical developments, or data 
listings. /

TECHNICAL MEMORANDUMS — Reports of 
preliminary, partial, or negative research or technol
ogy results, interim instructions, and the like.

f

Information on availability of NOAA publications can be obtained from:

ENVIRONMENTAL SCIENCE INFORMATION CENTER (OA/D812) 
ENVIRONMENTAL DATA AND INFORMATION SERVICE 

NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION 
U.S. DEPARTMENT OF COMMERCE

Rockville, MD 20852

NOAA—S/T 82-105
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