


MASS BALANCE OF CAMPECHE OIL 
INTRlIDING INTO TEXAS BAYS AND ESTUARIES 

THROUGH ARANSAS INLET 

to 

National Oceanic and Atmospheric Administration 

Report Submitted by: 

R. Warren Flint 
Richard D~ Kalke 
Anthony F. Amos 
Craig Griff in 

University of Texas Marine Science Institute 
Port . Aransas Marine Laboratory 

Port Aransas, Texas 78373 

September 11, 1979 



ABSTRACT 

The Aransas Inlet and adjoining channels were sampled for surface and 

subsurface oil concentrations transported in and out of the estuarine com

plex on flood and ebb tides during the diel period 30-31 August 1979. The 

results suggested that although the tidal currents were influential in 

moving oil during this period, the transport due to wind factors also 

played an important role in moving oil through the channels. In terms of 

mass balance oil transport over an entire tidal cycle, the surface plankton 

tow results indicated that only 35% of the oil quantities transported into 

the bays and estuaries through the Aransas Inlet system were returned on 

the following ebb tide. Subsurface tows for oil collection at 2-3 m water 

depth indicated the presence of oil in concentrations ranging from 3.3% 

to 119% of surface oil concentrations measured during the same time period. 
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INTRODUCTION 

At present it is unknown how much of the Campeche oil that has been 

observed in Texas coastal waters since the first week in August is reaching 

bays and estuaries through the Aransas Inlet at Port Aransas. Current 

measurements from which tidal volumes can be predicted (computed) have been 

made within the Aransas Pass jetties and in each of the three shipping 

channels diverging from the jetty channel. Tidal currents in the Aransas 

Pass area are complex, and long term current predictions comparable to the 

East and West Coast Current Tables do not exist. During spring tides, the 

cycle is diurnal. During neap tides it is mixed semi-diurnal. In either 

case wind has a pronounced effect on tidal movement. 

A short-term (one time) research project was designed to begin a semi

quantitative estimate of the transport of material such as surface oil 

through the channel system at Port Aransas. The immediate objective of 

this work was to measure the amount of oil in the channel system over a 

diel tidal sequence. This would include sampling at peak flood tide and 

the succeeding peak ebb tide. From this information, an attempt was made 

to estimate the net transport of oil into the estuaries along the Texas 

coast influenced by this pass. 

METHODS 

On 30 and 31 August 1979 surface currents were measured in Aransas 

Pass and Lydia Ann Channels as part of an experiment t o determine the 

"mass--ba Jance" of tar particles entering and leaving the bays and lagunas 

at Port Aransas. Using a Boston Whaler as a platform, an Endeco Model 110 

deck-·recording current meter was deployed at the surface, while the boat 

was anchored to· the oil-collecting booms in the two passes. At 15-minute 

intervals, current speed and direction, wind velocity and sea-surface temp-
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Figure 1. Map of the study area showing Aransas Inlet with Lydia Ann 
Channel off to the north of the confluence and Corpus Christi 
Channel to the west of the confluence. The sampling points in 
each channel are indicated by X. 
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erature were measured. Sea water samples were collected for salinity 

determinations. Salinities were determined in the laboratory using a 

Beckman RS-7 C salinometer. 

Surf ace tows of five minute duration were taken from the University 

of Texas R/V LORENE with a 243 µ NITEX mesh, 0.75 m diameter plankton net 

attached to a 0.69 m square frame of 2.54 cm pvc pipe. Two floats of 

5 cm x 61 cm pvc pipe were clamped to the sides of the frame to float the 

net approximately 4 cm above the water surface when towed. This was to 

insure that no oil flowed over the top of the net. A 5 cm by 30 cm pvc 

pipe filled with lead shot was tied to the bottom of the frame for stabil

ization. A General Oceanics Model No. 2030 digital flowmeter was used to 

measure the volume of water sampled. 

Samples were taken by towing against the _- current and parallel to the 

sides of each channel~ The areas sampled included approximately 500 m 

distance into Aransas Inlet Channel, Lydia Ann Channel and Corpus Christi 

Channel from the confluence of these three channels (Figure 1) • Sampling 

was done on a rotation basis before and during flood and ebb tides with 

three sampling cycles completed during flood tide and two cycles completed 

during ebb tide~ Each sampling cycle included three tows in the Aransas 

Inlet (north side, center and south side); two tows in Lydia Ann Channel 

(west side and center}; and two tows in the Corpus Christi Channel (north

west side and center}. Four sub-surface tows at 2-3 m depth were taken 

during flood tide and two were taken during ebb tide in the Aransas Inlet. 

After each tow the net was thoroughtly washed down with seawater to 

concentrate the plankton and tar in the collecting bucket. The concentra

ted sample was then washed into a separate bucket, the tar allowed to float 

and then skimmed off the surface with a small dip net. The tar was placed 

in a pre-weighed jar and labeled~ Notes were taken on the presence of sea-
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grass (estuarine origin) and Sargassum (offshore origin) in the samples. 

Temperature was taken using a hand held thermometer and salinity was 

taken using an American Optical refractometer at each station for each 

serie~ of samples. 

In the laboratory excess water in the sample jars was removed by blot

ting with a paper towel. The samples were then weighed using a Mettler 

Top-loading balance to determine the gravi-metric weight of the tar sample. 

RESULTS AND DISCUSSION 

The period of sampling which ran from 2000 hr on 30 August 1979 to 

0300 hr on 31 August 1979 and from 1130 hr on 31 August 1979 to 1600 hr in 

31 August 1979 covered what was considered a tidal cycle for the Port 

Aransas waters. According to the change in tidal level illustrated in 

Figure 2, we met out sampling objectives of collecting water samples on the 

flood tide, which reached its maximum at 0050, and the ebb tide which 

reached its minimum at 1615 hr. During the sampling intervals the change 

from seagrasses to sargassum in the collecting nets was another good indi

cator concerning the change in water movements from ebb to flood tide. 

The current in Aransas Inlet increased from 0.4 to 2.1 knots between 

2150, 30 August and 0115, 31 August while the direction changed from 310° 

to 280°, essentially coming in the channel at the surface (Table 12. Wind 

velocities were from 11 to 16 knots at 045° but dropped off to 9 knots at 

045° after midnight. A noticeable swell which was coming up-channel at the 

initiation of sampling diminished after midnight. The current continued 

to increase throughout the night sampling. 

During the daylight sampling small pieces of mousse in patches of sheen 

were being transported through the channel to the SSW, aligned approximately 

with. the wind~ This was at variance with the direction of the current 
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Figure 2. Diel tidal cycle in Aransas Inlet for 30-31 August 1979 measured in tidal 
height (feet). 



Table 1. Results of three sets of current and wind observations at the Aransas Inlet· and Lydia Ann Channel. 

Station #1 Aransas Inlet Station #2 Lydia Ann Channel 
Current* Wind* Current* Wind"' 

Date/Time Speed Direction Speed Direction Date/Time Speed Direction Speed Direction 
(EDT) (knots) (knots) (EDT) (knots) (knots) 

30 Aug 2150 0.4 310° 11 045° 30 Aug 2345 1.1 075° 9 
2205 0.5 310° - - 31 Aug 0000 0.8 075° 9 
2215 0.7 300° 15 045° 
2230 0.8 315° 15 045° 31 Aug 1240 0.3 100° 9 
2245 0.95 300° 15 045° 1300 0.3-0.4 100° 9 
2300 1.0 300° 16 045° 1315 0.4-0.5 090° 9 

31 Aug 0040 1.8-2 225°? 9 045° 
0100 1. 8-2 .1 285° 
0115 1.9-2.1 280° 

31 Aug 1145 0.3 150° 9 023° 
1200 0.3 150° 9 023° 
1215 0.1-0.2 135° 9 023° 
1230 0.1-0.2 055° 9 023° 

*NOTE: current directions are the direction _!Q which the current is flowing; wind directions are those from 
which the wind is blowing. 

023° 
023° 

023° 
023° 
023° 

....... 
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according to the current meter (' .. O .. 5 m below surf ace) . These particles 

and sheen patches were presumably wind-driven. 

The Lydia Ann channel was occupied twice; from 2345 to 2400 hrs on 

30 August when the current was from 0.8 to 1.1 knots towards 075° approxi

mately up-channel (Table 1). From 1240 to 1315 on 31 August the current 

varied between 0.3 and 0.5 knots towards 090-100°, almost due east. During 

this daylight observation pieces of mousse were seen coming out of the 

channel, in a large sheen area, apparently moving towards the SE. Through

out the period of these observations winds were from the NE to NNE. 

A total of 30 plankton net tows were made during the flood tide sam

pling period in the three channel areas while 19 tows were completed dur

ing the ebb tide sampling period. During the flood tide period 63% of 

the tows contained oil in them while 84% of the plankton tows contained 

oil during the ebb tide period. The majority of this oil was in the 

form of small tar balls, pancakes, and f1ecks of tar. 

The highest concentrations of oil were observed in the Corpus Christi 

ship channel (Figure 3) during the flood tide sampling period. A mean of 

742 mg/m 3 was observed after the peak in the tidal cycle and may have been 

the result of the surface wind directions which tended to force the major

ity of oil toward this channel when the oil reached the confluence of the 

three channels (figure l}. Measurements in the Aransas Inlet Channel 

illustrated that a minimum of 2.33 mg/m 3 and a maximum of 157.0 mg/m
3 

of 

oil were observed moving through this body of water during the flood tide 

into the estuarine complex behind the barrier islands. 

Coast Guard over-flights as well as simultaneous over-flights by 

RPI indicated that there were no major concentrat i ons of oil on the sur

face off shore from the Aransas Inlet jetties during t he sampling period. 
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Figure 3. Mean amount of surface oil (rng/rn 3
) collected from replicate plankton tows during the different sampling times in three channels studied during 30-31 August 1979. Standard deviations :(SD) are also indicated for each mean. 
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Since we did observe oil in our tows, however, one can assume that there 

definitely was oil in the waters fluxing between the Gulf and estuarine 

environment. Unfortunately, we did not have the opportunity to do this 

sampling when a major oil concentration was present offshore. 

Besides measuring oil concentrations at the surface in Aransas Inlet, 

we did several subsurface tows to determine the extent that oil was moving 

through the pass below the surface. The depth of these tows ranged from 

2-3 m below the surface. Average oil concentration for three separate 

replicate towing sequences between the flood and ebb sampling periods 

ranged from 0.2 mg/m 3 to 9.5 mg/m3
• These measurements for subsurface 

flow represented from 3.3% to 119% of the oil concentrations observed in 

surf ace tows for the same time periods and suggested that there was a 

good possibility for subsurface transport of oil into the estuarine complex. 

Figure 3 further indicated that over the entire tidal cycle more oil 

moved through two of the three channels sampled on the flood tide than on 

the ebb tide. This suggested that oil washed into the estuaries on flood 

tide is not necessarily completely removed from the system on the succeed

ing ebb tide. Therefore, from the data of this random sampling program 

it appears that there is a positive balance of oil remaining in the 

estuaries through a tidal cycle. 

Figures 4 and 5 illustrate the effect that winds have on the movement 

of surf ace oil through the Aransas Pass Inlet and into the channels enter

ing the estuarine complex. In most cases higher concentrations of oil in 

the different channels were not observed in the center of the channels 

but rather to the side of the channel opposite the direction of the wind 

influencing that channel. 

The pattern of the individual tow results (Figures 4 and 52 for the 
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various time periods again illustrate those features observed in Figure 3~ 

The influx of oil appeared toreaeh its peak in Aransas Inlet approximately 

an hour prior to the peak heightof the flood tide (Figure 2) between 2310 

and 0035. There was a similar trend in Lydia Ann Channel with maximum oil 

observed at 2350 hr. The Corpus Christi Channel appeared to lag slightly 

behind the other two channels however, with maximums occurring at 0215 hr 

on the west side of the channel. In respect to the ebb tidal cycle there 

appeared to be no real pattern to the amount of oil moving through the 

different channels except that concentrations were lower than on the flood 

cycle (Figures 3 through 5). 

An attempt was made to calculate a semi-quantitative transport of oil 

through the Aransas Inlet channel both on flood and succeeding ebb tides. 

The channel is approximately 437 m wide at the point the collections were 

made. Based on the four collection periods in the Aransas Inlet (2010, 

2255, 0035 and 0230 hr) we calculated that a mean of 64.5 mg/m3 of oil 

flowed through the channel during any five minute period over the sampling 

duration. From this information it was calculated that approximately 

1.804 kg of oil was transported through the Aransas Inlet channel in the 

surface waters (0.69 m deep) during the flood tide of 30-31 August 1979. 

Following the same calculation approach for ebb-tide, we estimated approx

imately 31.56 mg/m3 of oil during any five minute period of sampling 

(1140-1530 hrs) for a total transport out of the channel of 0.634 kg of 

oil over the entire sampling period for the surface waters. The data 

suggested therefore, that on a tidal cycle that was minimally influenced 

by heavy off shore concentrations of oil, only 35% of the oil moving into 

the estuarine system on a flood tide was removed from that system on the 

following ebb tide. 
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In order to put the data from this collection period in perspective, 

it must be emphasized that our random sampling design of surface plankton 

tows only covered approximately 0.5% of the total surface of any channel 

sampled during this study. We believe that to obtain a true understanding 

of the dynamics of oil flux through the system a more detailed sampling 

routine should be developed. In addition, it is felt that this sampling 

should be repeated when there are heavy concentrations of oil off the 

Aransas Inlet jetties to determine how much oil is transported through 

the system under such a scenario. If the results of this study are any 

indication, however, we can conclude that under any conditions approxi

mately 65% of the oil entering the channel system at Port Aransas does 

not leave this system on the following ebb tide. Thus a considerable 

amount of oil has a residence pe~iod in the bays and estuaries of the 

Texas coast in the area of Aransas Inlet. 
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