During E&P offshore activities, and in particular during drilling operations, the living conditions of the flora and fauna on the seabed may be disturbed.

The paper describes the study made for assessing the actual impact of the discharged cuttings, the regenerating capacity of the ecosystem and the medium and long-term recolonization processes, based on in situ measurements. A previous study undertaken on cuttings recently discharged offshore Congo measured kinetics of space and time restoration of the drilling site. To validate the results we carried out a similar study dedicated on aged cuttings offshore Gabon.

Usual process for monitoring biological effects of cuttings includes several approaches such as benthic macrofauna (> 1mm size) studies, physicochemical analysis of sediment and ecotoxicological tests. One of the key features of our study was to add, to this process, a study of the benthic meiofauna (0.1 to 1mm size).

Experiments conducted demonstrated:

• very low concentrations of hydrocarbons stemming out from the cuttings, • a very low toxicity of sediment, • no benthic macrofauna community alteration, • no change in the communities of actual and fossil foraminifera (= the meiofauna) and, • last but not least, that the study of the benthic meiofauna improves the quality of the assessment made.

Introduction

In order to study the way the benthic fauna regenerates and recolonises the seabed after the discharge of cuttings in a warm water context, a project was conducted in 2 phases between 2003 and 2004 in the Congo with different objectives:

• To validate an experimental protocol for monitoring recolonization of aged cuttings. We focused on the impact of oily cuttings • To assess the impact of cuttings contaminated by oil based drilling fluids, and the capacity of regeneration of the environment over time. [START_REF] Dalmazzone | Impact of Drilling Activities in Warm Sea: Seabed Re-Colonization, SPE paper 90100[END_REF][START_REF] Blanchet | Impact of Drilling Activities: Seabed Recolonization. A French Experiment[END_REF] In the Congo the last survey was realized 4 years after the end of cuttings discharge. To validate the Congo results we carried out a similar study but on aged dumped oil based cuttings (12 years after cessation of the disposal activities) offshore Gabon.

Description

The site is located in the Gabon on the offshore Anguille Marine field, some 50 km off Port Gentil, under a water depth of 26 m. Cuttings discharge began in 1986 and ended in 1992 but 1 year before a well was drilled with high biogegradable oil. We present in this paper the results from the survey performed in June 2004.

The sampling plan comprises 12 stations (Table 1) located between 70 and 11400 m from the discharge point of cuttings (Fig. 2). Aged drilled cuttings offshore Gabon: New methodology for assessing their impact 
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Materials and methods

The methods used included physico-chemical analyses, toxicity tests on sediments, as well as benthic fauna and foraminiferal analysis at different sampling stations located along a transect on the same isobath (25-30m) around the discharge site (Fig. 2).

Sampling was carried out, by means of a Van Veen grab that allows the sampling of an area of about 0.1 m 2 of sediment. At each station, 3 full grabs were taken. for physico-chemical analyses, toxicity, and for the analysis of benthic communities (macrofauna and foraninifera). In the specific case of benthic macrofauna studies, samples from the grabs were put into a barrel and mixed until a homogeneous suspension was obtained. Then, samples were sieved over a 1 mm-stainless steel mesh sieve. After sea water flushing, the oversize was put into a plastic bag with formalin 7-8% in sea water For foraminifera, the sediment was sliced in 0.5 cm slices down to 10 10 cm depth and stored in a solution of 95% ethanol with 1%"Rose Bengal".

Physico-chemical analyses on sediment

The different physico-chemical analyses performed on the sediment are: Total hydrocarbons and barium were used as tracers of drilling and production activities The oxido-reduction potential (redox) was measured immediately on the boat during sampling with a Ponselle potentiometer connected to a platinum electrode and an "AgCl2" reference electrode. The redox value is the balance between the oxygen inflow from the circulating waters at the sediment surface and the oxygen consumed by bacteria in the biodegradation of organic matter.

Toxicity tests.

Toxicity of sediment was measured using the OSPAR test on the amphipod Corophium arenarium (sediment reworker) [START_REF] Pawliszyn | Solid Phase Microextraction-Theory and Practice[END_REF] and tests on larvae of molluscs [START_REF] Ospar | Part A: A sediment bioassay using an amphipod Corophium sp[END_REF].

Abundance and diversity of the benthic macrofauna.

All the species were then identified under a binocular microscope and numbered For all stations, the density of each species, the specific richness (number of species) the total density (total number of individuals/m 2 ) diversity (Shannon-Wiener index) and equitability (Pielou index) were calculated. The Shannon-Wiener diversity index H (expressed in bits) and the Pielou equitability index J (expressed in %) were calculated as follows:
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) / ( log / J = H/Hmax where s is the total number of species, N is the total number of individuals, ni is the number of individuals of each species i and Hmax=log2s. High diversity and equitability indicate a state of equilibrium.

For each species the trophic group was determined to calculate the trophic index. Benthic invertebrate feeding behaviour can be used to model the community response to organic enrichment. The different trophic groups are the following [START_REF] Bouchez | Kinetic studies of biodegradation of insoluble compounds by continuous determination of oxygen consumption[END_REF]:

Group 1: suspension-feeders Group 2: detritivorous feeders or carnivorous Group 3: deposit-feeders Group 4: anaerobic sediments-feeders The formula for obtaining the trophic index is the following: TI=100-[33.33((0n1+1n2+2n3+3n4)/(n1+n2+n3+n4))] where n1, n2, n3 and n4 correspond to the respective abundance of trophic groups 1 to 4. Hence, three intervals can be identified to determine the level of settlement: • TI>60: normal settlement, characterized by a domination of suspension-feeding species (absence of accumulation of organic matter in the sediment) • 30<TI<60: settlement submitted to organic matter inputs (presence of deposit-feeders species) • TI<30: settlement submitted to perturbation factors (settlement dominated by deposit-feeders and anaerobic sediments-feeders species, showing a high accumulation of organic matter in the sediment).

Foraminifera.

The samples are preserved, directly after collection, in 95% ethanol with 1 g/l of Rose Bengal Rose Bengal colors the cytoplasm of the cells, allowing to distinguish the living specimens from the empty tests and thus to facilitate their observation under the abinocular microscope [START_REF] Walton | Techniques for recognition of living foraminifera[END_REF]. In the laboratory, the collected samples were washed (distilled water) and sieved using 63 and 150 µm meshes.Next, live and dead foraminiferal faunas were inventoried at different depths levels in the sediment; all specimens were identified a species level counted.

Results
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Figure 7: Equitability and Diversity Index

The number of species fluctuates between 25 and 41 and the density between 274 and 770 individuals/m 2 . There is no particular spatial distribution linked to the E&P activities.The heterogeneous distribution is typical of estuarine influence.

The Sahannon H'and Pielou J indices present normal values for all the stations except the station 6 that presents lower values but not so bad due to E&P activities: Shannon 3.4 and Pielou 67%. The station 6 exhibits a very high percentage of group 2 (60%) matching the value of redox potential (Figure 3) and organic matter (Figure 4).

Benthic Foraminiferal faunas

Our results ( Figure 10 & Figure 11) indicate that at all stations, the living fauna in the top 3 cm of the sediment is poor in the larger size fraction (>150 µm). The faunal density varies from 0 (stations 2 and 12) to about 80 individuals/50 cc (stations 4 and 7). In the small size fraction (63-150 µm), the living fauna is much richer, with densities varying from about 25 individuals/50 cc (station 2) to about 2250 individuals/50 cc (station 7). At stations 2 and 7, living foraminifera are present in a very low quantities (even absent in the > 150 µm fraction) in comparison with the values obtained at the other stations. We suspect that these low values are due to the fact that the Van Veen grab did not adequately sample the sediment surface. The spatial distribution of the living foraminifera can be summarized as follows:

• The stations located immediately north (stations 6 and 5), west (station 12) and east (station 11) of the discharge point present low living foraminiferal densities.

• Further away from the discharge point, northward as well assouthward, the faunal density increases to maximum values at stations 7, 4 and 3, followed by decreasing values at stations 2 and 8

Plate 1: SEM images of the main species of foraminifera stations 1. Cancris congolensis; 2. Hanzawaia boueana;

3. Lagenammina sp.; 4. Rectuvigerina phlegeri; 5. Epistominella vitrea; 6. Bolivina seminuda; scale bar = 100 µm.

Discussion

Foraminiferal analyses

Foraminifera are among the more abundant protists in marine benthic environments [START_REF] Murray | Ecology and distribution[END_REF]. Because of their short life cycles, high biodiversity and the specific ecological requirements of individual species, foraminifera react quickly to environmental disturbance, and can be successfully employed as bioindicators of environmental change, such as those brought about by anthropogenic pollution [START_REF] Kramer | Aquatic biological early warning systems: an overview[END_REF]. Foraminiferal assemblages are easy to collect; foraminifera are commonly abundant, providing a highly reliable database for statistical analysis, even when only small sample volumes are available. Furthermore, many foraminiferal taxa secrete a carbonate shell, and leave an excellent fossil record, that may be used to characterise baseline conditions, and to reconstruct the state of the ecosystem prior to sampling.

In our samples, the number of living benthic foraminifera is particularly significant in the 63-150 µm fraction (reaching about 2400 individuals per 50 cc at station 7). The proliferation of small size-test organisms is generally thought to be a consequence of unstable and generally eutrophic environmental conditions [START_REF] Levinton | The paleoecological significance of opportunistic species[END_REF][START_REF] Pianka | Readings in Sociobiology. Freeman. Selected as "This Week's Citation Classic[END_REF]. Socalled r-strategists allocate most of their energy budget to fast reproduction generating a rich offspring, contrary to K-strategists, that prevail in stable and generally oligotrophic environments, leading to a dominance of large-size forms with a slower reproduction rate. The presence of an important quantity of small-size individuals all along our sampling transects is indicative of a natural eutrophication, due to the input of important amounts off nutrients and continental organic matter by the large Ogooué River. The dominant species found in the study area (pl. 1) are all known in the literature to be opportunistic and tolerant to important eutrophic conditions:

-Epistominella vitrea: Previous studies carried out in various environments indicate that this species as well as the closely related species Epistominella exigua, are opportunist that respond quickly to significant input of labile organic phytodetritus causing a eutrophication of the benthic ecosystem [START_REF] Barmawidjaja | Microhabitat selection by benthic foraminifera in the northern Adriatic sea[END_REF][START_REF] Gooday | Temporal variability in living deep-sea foraminifera: a review[END_REF].

-Bolivina seminuda: This species belongs to the benthic foraminiferal assemblage from the northern part of the Adriatic Sea, that is strongly enriched in organic matter and is naturally eutrophicated [START_REF] Barmawidjaja | Microhabitat selection by benthic foraminifera in the northern Adriatic sea[END_REF].

-Rectuvigerina phlegeri: This species proliferates in front of the Rhone delta, under dysoxic conditions typical for this continental shelf mud flat [START_REF] Bizon | Distribution des foraminifères sur le plateau continental du Rhône[END_REF].

-Cancris congolensis: Studies, carried out on the continental shelf (about 40 m water depth) in front of the estuary of Congo, confirm the existence of a benthic foraminiferal biotope with a strong dominance of Cancris congolensis. This species that was first described by Kouyoumontzakis [START_REF] Kouyoumontzakis | Le biotope à Cancris congolensis aux abords de l'estuaire du fleuve Congo[END_REF], is distinguished from other species of the genus by the presence of a strongly inflated basal extension of the last chamber. This particular morphology could constitute an adaptation to the extreme physicochemical conditions generated by the Congo River input, constituted of great quantities of fine-grained sediments rich in organic matter [START_REF] Kouyoumontzakis | Le biotope à Cancris congolensis aux abords de l'estuaire du fleuve Congo[END_REF].

The faunal composition is constant along the transects. The fact that the benthic environment is eutrophicated naturally (about 7 % of organic Carbon) sugggests that the observed living foraminiferal fauna constitutes the natural background fauna, adapted to natural conditions of environmental stress. Nevertheless, the density shows a slight variability (Fig. 2, 3), that could be indicative of an added ecological stress due to the disposal activities:

• Close to de the disposal site (< 250 m), the fauna's density is very low. This could be the consequence of the drilling mud discharges that could accentuate the natural environmental dysoxic conditions by adding organic matter (hydrocarbons) to the benthic ecosystem. • The increased densities observed at stations 4 and 7, could be indicative of the presence of autrophicated conditions slightly further away, where the impact of locla dysoxia is no longer perceptible.

Beyond these stations, no signs of environmental impact are perceptible. In conclusion, our foraminiferal analyses show that at present, 15 years after drill mud deposits, the impact these discharges, is very minor, or even completely absent. This suggests, that currently, the toxicity of the bio-available components of these hydrocarbons is minimal. Therefore, benthic foraminiferal faunas underline the absence of a longterm benthic ecosystem impact. In comparison with a similar environmental survey Off Congo [START_REF] Mojtahid | Benthic foraminifera as bio-indicators of drill cutting disposal in tropical east Atlantic outer shelf environments[END_REF], 4 years after the cessation of the drilling activities, the foraminiferal fauna clearly reflected the impact of drill mud disposal, until about 500 m from the disposal site. Using the density and the composition of the benthic foramiferal fauna, we could distinguish a typical picture with strongly impoverished faunas close to the diposal site composed mainly of species resistant to oxygen depletion, surrounded by an aureole of high faunal density with important opportunistic species typical of eutrophicated environments that may be tolerant to the dysoxic conditions. Beyond, the fauna comes back gradually to natural assemblages.

Conclusion

The methodology used in this study is suitable to differentiate sites in terms of environmental impact. It could find numerous applications within the framework of monitoring programs.

In the context of aged oil based drill cuttings, it was possible to demonstrate the absence of significant long-term alteration of the area. Although a low remaining toxicity was found at the discharge point together with higher amounts of hydrocarbons, the benthic macrofauna and foraminifera both demonstrated the homogeneity of the area in terms of benthic ecology inhabited byfaunas typical of the naturally eutrophic conditions of this area. All chemical measurements demonstrate a fast disappearance of hydrocarbons contamination. Residual hydrocarbons in the sediments may affect the fauna by accentuating the natural eutrophication, withoutmodifying the ecosystem structure, or the taxonomic composition of the faunas. Hence, the extension of benthic communities, toxicity results and hydrocarbons contents measurements enabled us to conclude on the occurrence of two different areas, very similar from an ecological point of view:

• Between 0 and 250 (??) m, the environmental impact is very low. The toxicity is low, hydrocarbons present and fauna is infleunced by emphazised naturally eutrophicated conditions. • Beyond 250 ?m, no impact is perceptible. The fauna is similar to baseline faunas, there is no toxicity and hydrocarbons are mostly absent. We think that environmental impact at this site is minimal due to the intensive natural europhication triggered by the significant input of nutrients and organic matter by the Ogoué river. Overall results clearly demonstrate the quick recovery over time of this disposal site of oil based drill cuttings in a naturally eutrophicated context.
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8 500 m South 30 9 2000 m South 30 11 250 m East 30 12 250 m West 30 13 11400 m North 30Table 1 : Sampling plan

 1 J. Durrieu, Total; M. Mojtahid, BIAF Angers U. and LEBIM ile d'Yeu; L. Cazes, Ajilon; F. Galgani, Ifremer; F Jorissen, BIAF Angers U. and LEBIM ile d'Yeu; D.Tran, Ifremer; and R.Camps, Total

Distance from the discharge point (m) from North to South Redox Potential (E0)

  The grain size of the station 6 can be explained by the recent discharge of cuttings RedoxExcept for the station 6 (the closest from the discharge point) the organic enrichment is probably linked to the delta of "Ogooue" river.
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the distance from the discharge point, levels of organic matter, were quite similar to those of the reference station 12. The high levels of organic matter are directly linked to river "Ogooué" inputs (eutrophic zone typical of coastal environment).

Total hydrocarbon and Barium.

Table 2 : Results of toxicity tests (Corophium arenaria)
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	Station distance	NPA (Oyster bioassay)	EC10
	1	2000 m N	16,2	12.8
	2	1000 m N	13,8	24.3
	3	750 m N	12,8	22.3
	4	500 m	8,6	76.0
	5	250 m N	7	19.6
	6	70 m N	23,2	6,6
	7	250 m S	15.4	63.9
	8	500 m S	8	96.3
	9	2000 m S	10.2	95.2
	11	250 m E	0.2	>100
	12	250 m W	3	>100
	13	11400 m N	15.6	78.6

NPA net percentage of anomalies for 100% elutriate, 2 replicates EC 20 concentration of elutriate causing 20 % abnormalities during development

The tests on larval development of molluscs (oysters) are more sensitive and the highest percentage of anomalies can be observed at the discharge point and also in a lower extent at the station 2.

Table 3 : Results of toxicity tests ( larvae of oysters ) NPA: net percentage of anomalies for 100 % elutriate, 5 replicates EC 10 :concentration of elutriate causing 10 % abnormalities during development. Macrobenthos analysis General composition.

 3 Considering all the samples from the stations investigated in our study, 114 species have been identified. The repartition of species by phylum is the following:
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