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DESIGN OF THE OFFSHORE 
ECOLOGY INVESTIGATION 

by R. J. Menzies, J. P. Morgan, C. H. Oppenheimer, 
S. 2. El-Sayed, and J. M. Sharp 

The Offshore Ecology Investigation (OEI) was a field study directed 
to a single objective: To assess the cumulative ecological effects of 
normal oil and gas drilling and production operations on estuarine and 
near-shore ecosystems. 

It was designed to study the effects of persistent exposure of an 
estuary and the adjacent offshore area to the low-level discharge of 
contaminants and the physical disturbance associated with prolonged and 
intensive drilling and production operations. It was not concerned with 
the visible and more intensively studied effects of oil spills. 

DISCHARGES FROM PETROLEUM OPERATIONS 

Small amounts of crude oil and other contaminants may enter the 
environment during normal petroleum operations. Some of this con- 
tamination may be described as chronic in that the effluents are con- 
tinuously or frequently discharged. Other discharges or disturbances may 
be infrequent, but may contain certain elements that might be retained in 
the environment so that persistent exposure of the biota would result. 

Petroleum hydrocarbons originating from crude oil were one type of 
contaminant of primary interest in the OEI. It is not feasible to remove 
all crude oil from the brine that is usually produced with the oil and gas 
in petroleum operations. Especially in continental shelf areas, the con- 
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struction of larger or separate platforms to reduce oil concentration in 
brine is tremendously expensive. Where platforms can accommodate 
separators that will reduce crude oil concentration to the allowable daily 
average of 48 mg/l (Federal Register 1979), the produced brine is usually 
discharged directly into the environment. Otherwise, it must be barged or 
piped ashore for final separation and brine disposal. At a typical produc- 
tion platform in coastal or near-shore waters, discharging 1,000 to 10,000 
barrels at 48 mg/l, the crude oil fraction at this level of concentration 
would amount to approximately 1/20 t o  1/2 barrel of crude oil per day. 

Accidental spills of crude oil occur under normal operating con- 
ditions. Several hundred such spills are reported annually. During the 
period 1971-1975, the spill total for the approximately 2,000 platforms in 
the Gulf was 51,420 barrels (Danenberger 1976). Hence, the average 
discharge from normal spills is of the order of 5 barrels per platform per 
year. Of the 5,857 spills recorded, 99.5% were less than 50 barrels. 

The transportation of produced oil, gas, and, for some operations, 
brine mixtures is normally accomplished by pipeline. Underwater pipeline 
leaks of oil or gas are usually detected, minimizing chronic con- 
tamination. Pipeline breaks or leaks are also reported as spills. Such 
spills have contributed a locally significant amount of oil entering the 
marine environment; however, there is very little decisive evidence of 
harmful ecological effects (Council on Environmental Quality 1974). 

The support of occupied platform operations requires frequent 
transportation of workers and materials by helicopters and service vessels. 
The contamination of the environment from fuels and lubricants used in 
these operations is another very small, but frequent, source of hydrocar- 
bons. 

Microbial processes, oxidation, evaporation, and other natural pro- 
cesses continuously modify both the concentrations and the chemical 
nature of hydrocarbon discharges resulting from petroleum operations 
(Frey 1977; Karrick 1977; McAuliffe 1977; National Academy of Sciences 
1975; Sanders 1977). Light hydrocarbon fractions evaporate quickly 
unless there is turbulent mixing and adsorption to suspended sediments. 
Higher molecular weight fractions are degraded to lower molecular 
weight, principally by microbial processes. The rate of microbial degrada- 
tion is dependent upon variables such as nutrients, dissolved oxygen, and 
temperature (National Academy of Sciences 1975). Hydrocarbon degrad- 
ing bacteria are ubiquitous in shallow water sediments in the Gulf of 
Mexico (ZoBell 1954). 

The aromatic fraction of crude oil has been of the greatest concern 
because of the reported higher toxicity of this fraction. The aromatic 
content of crude oils varies but is a small percentage for Louisiana crude 
oil (Hodson et al. 1977). Pyrolytically formed aromatic hydrocarbons, 
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such as benzopyrene (Philpot et al. 1976; Gibson 1976), have been of 
particular concern. However, river runoff, marine transportation, and at- 
mospheric influx are the predominant sources of such compounds and 
outweigh the influx from offshore production (National Academy of 
Sciences 1975). 

Normal production operations also result in trace elements or 
"heavy metals." Elements considered to be toxic in low concentrations 
that may be included are As, Cd, Hg, Zn, Cu, and Pb. The produced 
brine that is discharged continuously may contain trace elements at levels 
of a few parts per million. Antifouling paints and rust inhibitors used on 
platforms, pipelines, and service vessels continuously release traces of 
some of these elements. Sacrificial electrodes, used for corrosion 
protection, primarily contain Zn and Al, but other elements may be pres- 
ent in negligible amounts as impurities. Hg is used in certain special- 
purpose electrodes, but in quantities that are undetectable, by conven- 
tional means, in receiving waters. 

The trace elements and hydrocarbons contained in drilling fluids 
may have cumulative effects if retained in the sediments. In general, oil 
base drilling muds have been of greatest concern. But oil base muds are 
much more expensive than water base muds and are used only when 
water base muds would alter reservoir properties so as to penalize 
production. Thus, they are a small percentage of total mud used off- 
shore. In any event, no oil base mud can be discharged into the en- 
vironment; it is hauled ashore for disposal. The accumulation of drill 
cuttings and other solids around platforms could have localized effects 
on the benthos. Highest concentrations would be expected in the vicinity 
of platforms, but mixing and transport processes generally disperse and 
dilute the mud components. Probably for this reason studies of the 
effects of drilling muds in the environment have not revealed adverse 
effects on the biota (Ray et al. 1978; Monaghan et al. 1976). 

BACKGROUND 

The question posed to Gulf Universities Research Consortium 
(GURC) in 1971 was whether field studies might be able to  detect and 
identify cumulative ecological effects of oil drilling and production 
operations. At that time, the only field studies undertaken to determine 
cumulative effects of petroleum operations were those in Lake 
Maracaibo, Venezuela (Templeton et al. 1975). At the time of the 
initiation of the OEI program, laboratory and microcosm studies had not 
developed probable cause-and-effect relationships. Critical pathways and 
points of accumulation for petroleum hydrocarbons had not been 
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determined. Generally accepted methodologies for a coordinated study of 
an ecosystem were not available and ecological baselines had not been 
developed for any major oil-producing area. 

The first consideration was evaluating the feasibility and practicality 
of achieving the specific objective by means of field studies. The prin- 
cipal concern was whether the expected small changes that might result 
from petroleum operations could be discriminated from other causes of 
ecological change. Seasonal and spatial variabilities in coastal and 
continental shelf areas were known to be large. Natural long-term trends 
or cycles are present. The effects of contaminants from other sources 
could mask or interfere with a determination of the effects of petroleum 
operations. 

The second concern was whether scientific understanding of 
estuarine and offshore ecosystems was sufficient to support valid field 
study design and the interpretation of the data. Because of the general 
lack of accepted models of ecosystems, the design of the field study of 
the OEI was dependent upon the results of prior diverse scientific studies 
and on the collective knowledge of the investigators. Prior studies of 
ecosystem behavior were either limited in disciplinary content or 
disciplinary components were not directly correlative in time and space. 

A three-day workshop involving some 125 scientists and engineers in 
1971 resulted in a preliminary conclusion that a well-designed and 
coordinated field study could be successful in assessing the chronic ef- 
fects of petroleum hydrocarbons. A four-man OEI Program Council was 
appointed further to  evaluate feasibility and to devise a program design 
for review by the GURC Trustees. The sections that foIlow discuss the 
factors and rationale involved in program design. Review of this design 
led to the conclusion that achieving the objective was feasible and that 
the field studies should produce valid, pertinent, and scientifically 
supportable conclusions. 

FIELD STUDY AREA SELECTION 

The primary criterion in seIecting the area for the field studies was 
that it must have experienced prolonged and extensive drilling and 
production activities. This was essential to assure the maximum potential 
for cumulative effects and the probability of detecting them. The south- 
ern Louisiana region was an obvious choice to meet these requirements. 

Another factor considered t o  be important was that the area be 
biologically productive and diverse and that it receive a minimum of 
effluents from other sources. Both an estuarine and an offshore area 
should be studied. 
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In particular, sources of contaminants similar to  those produced in 
normal petroleum operations were to  be avoided as much as possible, 
This requirement dictated the choice of an area having no ocean port and 
a minimum of industrial development. It was equally necessary that it be 
as remote from river discharge as possible. In southern Louisiana, this 
meant avoiding the direct outflow of the Mississippi and the Atchafalaya 
Rivers as much as possible. Figure 1 shows the locations of Barataria, 
Timbalier, and Vermilion Bays, locations that best meet this requirement 
within the general area of intensive coastal and offshore petroleum 
activities. 

To maximize the probability of cumulative effects, it was considered 
desirable that the estuary selected should be shallow and turbid. Tim- 
balier Bay was deemed a more suitable choice than Barataria and Ver- 
milion Bays since it has no large river system. Its shores and limited 
drainage area contained very little industrial and municipal development 
and no ocean port. It is more remote than Barataria Bay from the 
Mississippi River discharge. Also, Timbalier Bay is not in the discharge 
pattern of the Atchafalaya River, whereas Vermilion Bay is. Finally, oil 
and gas operations in Timbalier Bay and the adjacent offshore area had 
been as prolonged and intensive as in any of the areas in southern 
Louisiana. 

Another significant factor was the need to appraise the possible 
cumulative effects of offshore petroleum operations on adjacent 
estuaries. The probability of persistent exposure of an estuary to  offshore 
effluents would be enhanced by onshore winds, shoreward tidal com- 
ponents, and moderate fresh water outflow. Timbalier Bay satisfied these 
requirements. Probably the most significant offshore-to-onshore drive 
mechanisms in southern Louisiana are the persistent spring-summer and 
frequent fall-winter onshore winds. 

One factor arguing against the selection of Timbalier Bay as the 
field study site was its lack of a convenient and suitable logistic support 
base for the field studies. Lack of municipal and industrial development 
meant a similar lack of shore facilities. Barataria Bay was a better choice 
in this regard. Grand Isle, which is the barrier island between Barataria 
Bay and the offshore area, had long been established as a primary base 
for both offshore service operations and fishing. However, the proximity 
of Barataria Bay to the Mississippi River's Southwest Pass and its higher 
flushing rates resulted in a choice of Timbalier Bay despite the in- 
convenience and increase in cost. Grand Isle was used as the support 
base for the program. 

The foregoing considerations led to the selection of Timbalier Bay 
and the adjacent offshore area as the most suitable area for the field 
studies. In designing the program, the Program Council recognized that 
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comparisons of Timbalier Bay with another bay having similar character- 
istics but not exposed directly to petroleum operations wouId be desir- 
able. With the funding available, however, this could not be accom- 
plished as part of the OEI. Therefore, comparisons of this nature were 
limited to  those which could be made based on data from prior field 
studies and on the knowledge of the individual principal investigators. 

VARIABILITY CONSIDERATIONS 

Within Timbalier Bay, biological productivity, diversity, and 
community structure were expected to  vary from the edge of the marsh- 
lands to the barrier island, with depth, salinity, nutrients, and bottom 
sediments being the controlling variables. The growth of subsurface flora 
was expected to  be restricted by high turbidity in the bay. 

Offshore spatial variabilities in biological communities were expected 
to  be controlled by water depth and sediment properties. Very early in 
the OEI it was determined that turbidity was a variable having a major 
effect on biological distributions at depths greater than about 10 meters, 
and that during Mississippi River flood periods, salinity distributions 
contribute t o  major, though temporary, change. 

Ecological seasons on the coast of Louisiana approximate the calen- 
dar seasons except for shortened winters and lengthened summers as 
compared with more temperate locales. Salinities and temperatures in the 
bay were expected to  peak during the long summer, with a corresponding 
decrease in dissolved oxygen. The inverse was expected during fall and 
winter months. Smaller variations were expected offshore. Persistent, 
strong onshore winds occur during spring and early summer. Strong 
north winds folIowed by lighter onshore winds are common during late 
fall and winter. The windset accompanying these patterns produces high- 
er than average water depths in the bay during the spring and summer 
and very low water periodically in the fall and winter. Windset is a pri- 
mary driving force for water and sediment exchange between the bay and 
offshore areas, producing corresponding variabilities in temperature and 
saIinity in the bay. The primary effect of the wind offshore is on the 
magnitude and direction of near-shore currents. These wind conditions 
cause persistent turbidity both in the bay and in near-shore areas. 

The Louisiana coast is frequently subjected to natural episodic pro- 
cesses such as hurricanes, tropical storms, outbreaks of polar air 
fC'northers"), and floods. These events usually cause major changes in 
both coastal and offshore areas. Physiographical and sedimentological 
changes accompanying these events can endure for long periods, possibly 
obscuring cumulative effects of petroleum operations. 
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Eight successive seasonal studies were recognized as being minimal 
to establish statistically valid results. Because of the more than 25 years 
of intensive petroleum activities in the region, it was expected that any 
significant cumulative effects would be detectable in this program. 

PROGRAM DESIGN RATIONALE 

Drilling and production activities could produce significant ecologi- 
cal effects if significant concentration gradients for petroleum hydrocar- 
bons and petroleum-related trace elements exist near the platforms. High 
concentrations of contaminants and concentration gradients were consid- 
ered most likely to exist in the sediments in the bay. A buildup of con- 
centrations in the sediments was less likely offshore, where sediment 
transport is more rapid and pronounced. 

Discrimination of the effects of petroleum activities from natural 
variability was the primary concern both in the bay and offshore. 
Discrimination of petroleum-related effects from natural variabilities 
required comparison of primary habitat variables and benthic com- 
munities at drilling and production sites with ecologically similar sites 
having no petroleum activity in the immediate vicinity. This would 
permit quantitative comparisons of differences in contamination and 
related biological effects. To minimize natural variability, the "control" 
or "ambient" sites should be located in similar habitats. Differences in 
the concentrations of petroleum hydrocarbons and trace elements, if 
present, could result in differences in biological community structure 
caused by cumulative effects. 

The selection of adequate control sites offshore was less restrictive 
than selection of study sites because attention was focused on the 
chemistry of the water column. Water depth and sediment properties 
were the prime considerations. The control site should be sufficiently 
close to the primary site to experience similar and essentially concurrent 
variabilities but sufficiently remote from drilling and production activities 
to make comparison valid. It shouId be "upstream" from the platforms 
and not in the vicinity of other petroleum operations. Figure 2 shows the 
locations of the drilling and production platforms and the corresponding 
control sites selected in the bay and in the offshore area. 

Concentrations of contaminants after 25 years of operations could be 
uniformly high, so that point source effects might be masked by wide- 
spread contamination and biological communities might have adapted to  
general contamination. This possibility dictated that conclusions not be 
based entirely on synoptic comparisons of contamination and biota at 
platforms and control sites. Hence it was necessary to sample the 
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Frc. 2. THE OEI STUDY AREA SHOWING T H E  PLATFORMS AND CONTROL 
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and control sites. This need became more apparent when the first two 
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OFFSHORE ECOLOGY INVESTIGATION 
Scale: W lOkm at Latitude 28 N Standard Mercator Projection 

FIG. 3. THE REGION OF THE OFFSHORE ECOLOGY INVESTIGATION. 

and the logistic support base at Grand Isle were selected because they ( I )  
were upstream from the study area, (2) covered the same range of water 
depths as those in the study area, and (3) could be traversed conveniently 
and without considerable additional cost. The bay-to-offshore transect 
connects the bay and the offshore production platforms used in the 
study. It was selected for intensive study mainly because it follows the 
channel through which primary exchange occurs between the bay and the 
offshore area. 

In the bay, individual investigators also conducted studies aIong 
transects connecting platform and control sites. Sampling stations along 
these transects were selected to enhance the discrimination of the effects 
of bottom sediment type and water depth from those that might result 
from contaminant concentrations. 

In addition to platform-control comparisons, an overview was 
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considered important in the assessment of cumulative effects. The suite 
of biological investigations had to permit a comprehensive assessment of 
the general ecological health of the study area. Therefore, the platform- 
control and other investigations collectively must include the study of 
major populations in each of the trophic levels. Where available, 
historical data were used to enhance interpretation of observed changes 
in populations and communities. Comparisons were also made with 
simiIar ecosystems. 

A philosophy pervading the entire program design was that emphasis 
should be placed on detecting cumulative effects on the biological com- 
munities. While the determination of concentrations and distributions of 
petroleum-related contaminants was an essential part of the OEI, their 
presence would indicate environmental modification only, not ecological 
change in response to that modification. 

Because of the large population of active production platforms in 
the OEI area and the adjacent areas, the possibility of a major oil spill 
occurring during the OEI had to be considered. Provision was made for 
a quick response team of OEI investigators, which would be activated 
immediately should such a spill occur in the study area. No major spills 
had occurred previously within the OEI study area, and none occurred 
during the 1972-1974 study period. 

PROGRAM DESIGN 

After selection of the study area, the sites to be used for point 
source investigations, and transects to observe general ambient conditions 
and exchange processes, it was necessary to determine a minimum set of 
disciplinary investigations. Of first consideration was the selection of 
those biological investigations that would collectively accomplish the plat- 
form-control comparisons, support a comprehensive appraisal of ecologi- 
cal health, contribute to the discrimination of natural and petroleum- 
related variations, and develop information directed to special concerns. 
I t  was then necessary to identify those physical, chemical, and geological 
investigations that would be essential in the interpretation of the biologi- 
cal data. 

Twenty-three component disciplinary investigations were identified 
as being the minimum required. The objective, scope, and data require- 
ments were defined for each investigation. Competitive proposals were 
requested from the university community in response to these specifica- 
tions. The OEI Program Council, which was charged with program de- 
sign, scientific direction, and interpretation, then selected the principal 
investigators based on the proposals submitted. Figure 4 shows the inves- 



RICE UNIVERSITY STUDIES 



DESIGN OF THE OFFSHORE ECOLOGY INVESTIGATION 31 

tigations and their distribution in time and space, and identifies the prin- 
cipal investigator of each. 

Where possible, methods and procedures for sampling, measure- 
ment, and analyses were standardized. A resulting "Handbook of Proce- 
dures and Standards" was prepared by Dr. Robert J, Menzies (1973), 
OEI Chief Scientist. 

Practical considerations relating to standards and procedures, 
manpower, logistics, and funding had to be evaluated. For example, it 
was apparent that rigorous observance of common measurement sites 
and schedules by all investigators would be required. Yet the program 
had to be compatible with a multi-university effort. The shallow depths 
and limited shore facilities in the coastal oil-producing areas of interest 
would not permit the use of large marine research vessels. Therefore 
investigations involving several small vesseIs had to be scheduled and 
coordinated. Funding was limited to  approximately $1.5 million, and no 
equipment purchases were authorized. 

The logistic support plan was developed by Mr. Joe W. Tyson, 
GURC Coordinator for the OEI. Both the scientific and support plans 
were then tested by two reconnaissance field trips in the study area. 
Appropriate adjustments were made in schedules, sampling grids, and 
support vessels and equipment. After final plans for the initial seasonal 
field studies were made, Council members and the Coordinator con- 
ducted a dockside indoctrination of the entire OEI Project Team. 

The field studies began in June 1972, and the eight seasonal studies 
were completed in February 1974. The component investigations of the 
OEI are presented in section IV, in papers individually written by the 
principal investigators. The consensus conclusions of the Council and an 
independent appraisal of the OEI are presented in the next section of this 
report. 
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