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8. Discussion
From the preceding sections, it is clear that the Central Azeri survey stations vary with regard to their physical, chemical and biological characteristics. The interrelationships between the different aspects of the seabed investigated during the survey will be addressed in the following section.   The principal focus will be on addressing two key questions:

· Are there any distinctive and persistent spatial or temporal patterns which represent the presence and extent of impacts associated with the presence and operation of the Central Azeri platform and

· Is there any evidence of an overall change in the quality of seabed sediments and in the health of the benthic communities within the survey area?

8.1. Physiochemical Environment

The composition and chemistry of sediments collected at 21 stations has been reported and described in previous chapters.  Total drilling discharges between the 2008 and 2010 surveys are estimated to be similar in quantity and composition to those occurring between the 2006 and 2008 surveys.
As is characteristic of the ACG contract area in general, and the CA location specifically, sediments were observed to be very poorly sorted.  In most instances, samples were characterised by a combination of very coarse (>2mm) and very fine (<69 μm) size fractions.  Stations close to the platform (9, 15, 19 and 16) tended to have the highest intermediate sand fractions, and the lowest combined coarse-fine percentage, possibly indicating a contribution from drill cuttings with a broader range of particle size classes than are found naturally in the area.  Although changes in sediment composition have occurred at a few stations, there has been no distinct observable trend.
Previous chapters identified the extent of the LAO footprint and the area within which total barium concentrations exceeded the highest recorded baseline levels. A strong association between barium, cadmium and lead was noted. This relationship was also observed in 2006 and in 2008, and can therefore be considered a consistent and persistent feature.
As indicated in chapter 1 the LAO present at CA was the result of a small spill in 2002 and was not related to operational discharge. The LAO concentrations recorded on both the 2006 and 2008 surveys were very low, and remained low in the 2010 survey.  Although the LAO footprint is not the result of a discharge it does provide an additional indication of the area within which drilling discharges are likely to be deposited.
The summary of section 5 highlights the observation that the distribution of barium concentrations, whilst varying in outline from survey to survey, appears to consistently indicate a ‘footprint’ which can be associated with the barite present in discharged drilling fluids.  Section 5 also notes a consistent, strong, relationship between barium concentrations and the concentrations of cadmium and lead.  With the exception of stations 9 and 15, where concentrations were higher than in 2008, barium concentrations remained similar to, or lower than, those observed in 2008.  Whilst lead concentrations were also lower in 2010 than in 2008, a substantial increase in cadmium concentrations was observed across the survey area.  Mercury concentrations were also much higher in 2010 than in 2008.  The association between barium and cadmium concentrations is difficult to reconcile with the very different individual trends for these two metals; at the least, this cannot be explained in terms of any discharges known to have taken place between 2008 and 2010.  It is perhaps more likely attributable to some aspect of the sample digestion and analysis process – for instance, the presence of a factor which in 2010 has resulted in an interference or in substantially higher recovery from samples.  This might also apply to mercury, as (although the reported concentrations are no higher than in some previous surveys) there is no obvious mechanism by means of which concentrations could increase several-fold across the survey area in the space of two years.
With the exception of barium, cadmium, mercury and lead, no other identifiable patterns or trends were noted for trace metals in sediments.  There were moderate degrees of association between iron, copper, chromium and zinc, reflecting the natural presence of these metals in the fractions of the sediment of mineral origin (primarily the silt and clay fractions).  However, the strength of these associations is mitigated by 
· Variation in the natural silt-clay content between stations and replicates

· The fact that, where cuttings have been deposited, the mineral content of samples will be considerably higher than would be indicated by the silt-clay content alone (ie, silt-clay represents naturally-weathered mineral material, while cuttings with similar chemical composition will be present, and characterised, as relatively coarse material)

The significance of high cadmium and mercury concentrations cannot be thoroughly explored or accounted for, in this report; the data can only be reliably interpreted in relation to data from other surveys (regional and platform) carried out in the ACG contract area in 2010.

As the LAO footprint indicates the area most likely to be impacted by drilling discharge the higher barium concentrations in this area may be the result of discharged WBM and cuttings. 
A similar relationship between cadmium and barium was observed at East Azeri in 2008 throughout the complete concentration range and was also observed in samples taken during the 2006 and 2008 ACG regional Surveys, indicating the consistent presence of associations between these two metals.  However, it cannot at this point be concluded that there is in fact only a single form of association; the repeated observation of higher concentrations of both metals around platforms would suggest that possibly there are associations of similar strength in cuttings and in surface sediment but that the relative concentrations of the metals are not the same. Alternatively, or additionally, it is possible that there are differences in the ‘extractability’ of cuttings and surface sediment, which might introduce a degree of bias which is directly proportional to the quantity of cuttings present in a sample.
A general reduction in THC concentrations was observed between 2006 and 2008, and overall  there has been little or no systematic change in the concentration of hydrocarbon compounds since 2008.  Concentrations remain low, and composition is characteristic of weathered material with no evidence of recent inputs of fresh hydrocarbon compounds. The most distinctive aspect of the data is the continued presence of an area around the platform associated with low concentrations of linear alpha olefins.  The LAO ‘footprint’ illustrated in section 4 is very similar to the barium ‘footprint’ identified in section 5.  Although the shape of the footprint changes over time, it appears to be confined to a radius of less than 500m from the platform, and to coincide with an area in which sediment samples contain a more diverse range of particle sizes.  Taken together, these observations all suggest that it is consistently possible to identify some degree of persistent habitat alteration arising from drilling and accidental discharges.
8.2. Relationship Between Environmental and Macrobenthic Characteristics
The 2010 Central Azeri macrobenthic community was numerically dominated by amphipods which were also the most taxonomically rich group with 38 species being recorded. Of these the genus Gammarus was the most abundant, accounting for 68% of the amphipod abundance and 32% of the complete Central Azeri macrobenthic community.
The total number of taxa recorded was higher than in 2008, although many taxa were present in very small numbers and at few stations.  Abundance was, generally, higher than in 2008, although neither trend applied to molluscs.

A comparison of surveys between 2004 and 2010 indicated a trend towards lower species richness and abundance at most stations in 2006; at some stations, this trend continued into 2008, with a broad increase in both parameters between 2008 and 2010.  At the majority of stations, species richness and abundance were, except for gastropods and bivalves, higher in 2010 than in 2004.  

Overall, both species richness and abundance have been higher in the 2004-2010 period than in the 2001 baseline survey.  Although the baseline survey used a different, and less representative, station array, the number of stations (18, compared to 21) was sufficient to support this overall conclusion. 

There was a general tendency towards lower species richness, abundance, and biomass at stations to the north of, and immediately to the south of, the platform, as was also noted in 2008.  This area overlaps with, but extends north of, the area with an identifiable barium and LAO footprint, and includes stations at which there is no evidence of cuttings deposition or other contamination.
As noted the hydrocarbon concentrations were low or very low throughout, and there was no obvious association between THC, PAH or phenol concentrations and any macrobenthic parameter.
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Figure 8.1 Spatial Distribution of Total Abundance and Species Richness; Central Azeri 2008 and 2010
Comparison of the macrobenthic data over the series of surveys indicates
· A high degree of apparent species ‘turnover’
· That many taxa are not consistently present, occurring in only one or two surveys
· That, in any one survey, many of the recorded taxa are represented by only a few individuals and at very few stations
The above observations suggest that it is not practically possible to obtain representative samples of the majority of taxa likely to be present in the survey area.  Typically, approximately ten taxa (4 amphipod, 4 polychaete and 2 oligochaete) are present in all surveys and in all or most samples, and are dominant in both abundance and biomass. Of the 130 taxa recorded in total since 2001, the majority occur infrequently and in very small numbers.  It cannot be concluded that these are rare taxa; it is possible that many are present in widely-spaced, small patches which have a very low probability of being sampled by a 0.1m2 grab.  This suggests that only high-level comparisons are likely to be of use in identifying impacts and trends.
Four of the ten water samples had very high concentrations of iron, cobalt, nickel and zinc, possibly due to the presence in the water column (or in the air on deck during sample retrieval) of microscopic wear particles from a marine engineering alloy.  With the exception of these samples, all other parameters were similar to previous surveys with no indication of impaired water quality at any station or depth.
8.3. Conclusion
The 2010 data for sediment composition, chemistry and macrobenthic biology suggest that there is an area immediately around the platform in which some degree of sediment alteration is present, and where there is a slightly lower macrobenthic community biomass and diversity relative to more distant stations.  However, there are no stations which could be considered biologically impoverished compared to previous surveys.  Those stations (6, 9 and 15) at which the highest barium concentrations were recorded in fact had more taxa and individuals than in 2008.  Concentrations of mercury and cadmium were substantially higher than in previous surveys, but additional studies will be required in order to determine the reasons for, and the environmental significance of, these changes.
8.4. Recommendations

To retain the level of detail observed in the 2010 survey, it is advised that future surveys around the Central Azeri platform follow a similar design to provide good coverage in all directions around the platform location. 
In order to more fully understand the way in which cuttings discharge affects sediment habitat structure, it is also recommended that a programme of investigation into the composition and environmental fate of discharges should be initiated.  This will 

a) enable any differences in cuttings and sediment chemistry to be identified, which will in turn enable any observed changes in benthic sample chemistry to be more clearly interpreted and

b) provide an understanding of the way in which cuttings particles disintegrate and disaggregate during and following deposition, which will better inform the process of interpreting changes in the physical structure of benthic samples
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