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6 Description of the environment

6.1 Introduction

Central to the environmental assessment process is establishing an understanding of the features and processes that characterise the environment. In the case of the areas potentially affected by the development of the ACG oil fields, many of these have already been described in detail for previous environmental assessments and related studies.  

This section provides a general description of the environmental conditions in the ACG Contract Area and the surrounding region. A more detailed description from recent environmental surveys of the Phase 1 platform and the sub-sea pipeline route is also provided as well an overview of post operational surveys. Following the description of the offshore environment, the nearshore environment is presented in Section 6.3 and the coastal and terrestrial environment in Section 6.4.

6.2 Offshore environment

6.2.1 Data sources

This section reviews information available on the offshore marine environment. The environmental conditions of the ACG Contract Area and surrounding regions are well documented in a number of key reports, outlined below. Existing information on the environmental conditions of the ACG Contract Area includes:

· A baseline survey of the proposed Phase 1 location completed in 1998; 

· An environmental baseline study: review of existing scientific literature applicable to the AIOC Contract Area (1995); and

· An environmental baseline survey of the ACG Contract Area in September and December 1995.

A number of monitoring surveys have also been completed around the Chirag 1 platform and at the appraisal well locations.

The data used for this report are summarised below in Table 6.1. 

Table 6.1
Summary of Information available for ACG

	Date
	Title

	1995
	Environmental baseline study: Review of the existing scientific literature applicable to AIOC contract area

	1995
	AIOC Offshore Environmental Baseline Survey 1995, September and December

	1996
	AIOC Contract Area Long Term Monitoring Stations 1996

	1996
	AIOC Appraisal Well 1 Pre and Post Appraisal Drilling Seabed Environmental Survey 1996

	1997
	AIOC Appraisal Well 1 Pre and Post Appraisal Drilling Seabed Environmental Survey 1997

	1997
	AIOC Appraisal Well GCA No. 3 and Appraisal Well GCA No. 4, Post Appraisal Drilling Seabed Environmental Surveys, 1997

	1998
	AIOC Chirag 1 mid drilling environmental survey, 1998

	1998
	AIOC Phase 1 environmental description 1998 (draft)

	1998 
	Phase 1 Platform 1a and 1b environmental baseline surveys

	1999
	Review of AIOC environmental monitoring, 1999

	2000
	Chirag 1 post saraline survey 2000

	2000
	GCA 5 and 6 post well survey, 2000

	2000
	Chirag - Sangachal sub sea pipeline survey, 2000


6.2.2 Location

The ACG Contract Area is situated in the offshore waters of the Middle Caspian, 60km east of Shahdilli Spit at its closest point.  The Contract Area is approximately 40km in length and has a maximum width of 11.5 km occupying an area of 430 km2. The existing pipeline route from the contract area to the Sangachal terminal is approximately 180 km long. The majority of this length is located in the offshore environment with a small percentage withinthe inshore area of Sangachal Bay. Figure 6.1 shows the location of the ACG contract area with details of specific installations shown in Figure 6.2

Figure 6.1 
Location of ACG contract area in relation to the Apsheron Peninsula
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Figure 6.2 
ACG Contract area with installation locations 

[image: image2.jpg]. | o
) : : :
| 3 3 3
] ) 4451000°N
/ <P,
7T o
/ /J L2 5CA-5 )
LQQ’ N
300 // (
- \
J ™ CA! 4441000°N
400 \\? Chirag-1
/N \% &
5 ®
/// ¥ \ \ L\ Wave Rider Bouy
# ! ASE 1 LOCATIGHN
/ ¥y Mz & GCA-2
Q by
i i A —
4431000°N|

5 GCA-3
D& {X

H00-,
Res]





6.2.3 Offshore Meteorology

6.2.3.1 Air Temperature and Humidity

In summer air temperatures in the offshore area are similar to those of the rest of the Middle Caspian (approximately 25°C). In winter temperatures drop to 5-6°C, which is 7-8°C warmer than northern areas of the Caspian. In exceptional winter circumstances temperatures may drop to below freezing. 

Table 6.2
Monthly mean air temperatures of offshore Apsheron Peninsula (°C) (Woodward Clyde, 1995)

	
	Month

	
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D

	Avg. Max
	7
	8
	10
	15
	22
	26
	29
	29
	25
	20
	14
	10

	Avg. Min
	0
	0
	2
	7
	13
	18
	21
	21
	19
	14
	8
	2

	Mean
	3.5
	4
	6
	11
	17.5
	22
	25
	25
	22
	17
	11
	6


Figure 6.3
Monthly mean air temperatures of offshore Apsheron Peninsula (°C) (Woodward Clyde, 1995)
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Figure 6.4 shows the relative humidity for the area, which increases marginally in the winter months and is lower in the summer months (Woodward Clyde 1995).

Figure 6.4
Average relative humidity in the Caspian (Woodward Clyde 1995)
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6.2.3.2 Precipitation

The Apsheron Peninsula experiences relatively dry summers and winters with rainfall increasing in the spring and autumn months. Figure 6.5 shows annual rainfall for the area for 1999 & 2000. It is expected that rainfall in the ACG Contract Area would be similar to the data listed in Table 6.3.

Table 6.3
Apsheron Peninsula 1999 and 2000 rainfall data (mm) (FAO, 2001) 
	Year
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D
	Total

	1999
	14
	7
	46
	34
	52
	26
	41
	53
	60
	41
	61
	5
	440

	2000
	46
	20
	34
	18
	45
	20
	2
	15
	45
	64
	44
	33
	386

	Mean
	30
	13.5
	40
	26
	48.5
	23
	21.5
	34
	52.5
	52.5
	52.5
	19
	413


Figure 6.5
Apsheron Peninsula precipitation for 1999 and 2000 (mm) (FAO, 2001)
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6.2.3.3 Wind Regime

The Apsheron Peninsula experiences high annual average wind speeds of 6.2 - 8.0 ms-1. Storm winds are frequent, with wind speeds in excess of 15 ms-1 being recorded on 60-80 days per year; to other areas of the Caspian, in comparison , experience only 20-30 days per year of storm winds. Storm winds are most common in winter and mid-summer (Table 6.4).

Table 6.4
 Seasonal wind frequency of the Caspian Sea (Koshinsky, 1975)

	Wind
	Seasonal Percentage Occurrence

	Direction
	Winter
	Spring
	Summer
	Autumn
	Annual

	NW/NNW
	16.6
	19.4
	24.8
	16.9
	19.5

	N/NNE
	10.4
	10
	16.9
	11.2
	12.2

	NE/ENE
	11.6
	8.4
	8
	9.5
	9.3

	SE
	18.7
	24.8
	19.3
	22.7
	21

	SE
	22.6
	13.2
	6.6
	17.5
	14.9

	Cyclonic
	6.8
	4.3
	1
	3.4
	3.9

	Slight
	13.3
	19.9
	24.4
	18.8
	19.2


Figure 6.6 shows a summary of geostropic wind computed from isobars on weather maps from 1980-1989. The figure shows 3 wind vectors for 3 locations, representing the relative frequency and direction of the wind over this period. 

Figure 6.6
Relative frequency and direction of winds around the ACG contract area
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6.2.3.4 Fog and Visibility

Moisture saturated air which can result in fogs can be found within the ACG contract area during the winter months. There is approximately a 10 % chance of these conditions occurring and a fog forming. (Woodward Clyde, 1995)

6.2.4 Offshore Oceanography

6.2.4.1 Bathymetry 

The North Caspian Sea covers about 25 % of the Caspian Sea's total area, whilst the Middle and South are about equal in size, at 37 % each. However, the water depths and thus the water volumes contained in the three parts differ greatly. The whole Caspian Sea contains approximately 79,000 km3 of water, with the North, Middle and South Caspian Sea areas containing respectively, 0.5 %, 33.9 % and 65.6 % of the total sea volume. The corresponding mean water depths are 4 m, 181 m and 350 m respectively.

The ACG contract area tends to slope from a depth of about 100 m to approximately 400 m toward its southwestern limit (Figures 6.1 and 6.2.). The seabed topography throughout the area is very irregular especially in the vicinity of mud volcano vents present in the shallower parts.

6.2.4.2  Sedimentology

The Caspian is landlocked and consequently tidal movements are much less significant than in oceanic areas. Currents in the Caspian are principally wind driven and tend to be small and transient. Nevertheless surficial seabed sediments do indicate areas where bottom currents are periodically strong enough to influence relief.

Despite quite rapid sediment accumulation rates, there are seabed areas where thin surface sediments and ridge structures are found. These are mainly along the shallow water shelf edges, some parts of the basin slopes and across the Apsheron ridge.

6.2.4.3 Residual currents

The late spring river flows, particularly from the Volga, create a southwards flow down the west coast of the Middle Caspian (Kosarev & Yablonskaya, 1994) .  This may also drive counter currents up the east coast and set up a residual circulation in the South Caspian. However, wind driven circulation is the principal feature in the Caspian. Figure 6.7 shows the pattern of residual currents in the Caspian.

Figure 6.7
Residual current pattern in the Caspian Sea (Woodward Clyde, 1995)  
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6.2.5 Wind driven and subsurface currents

Usually current patterns correspond to the main wind fields, with the strongest and most stable currents occurring in the surface water layers and corresponding to the regional wind action that covers wide areas of the Caspian. Thus, with winds from the north, a southern surface current generally prevails. Similarly with southeasterly winds, the resulting surface currents are usually in a northwest direction. These currents are also greatly influenced by the configuration of coastlines and bottom relief.

Measurements of water currents were made from October to December 1996. Results indicated that most of the time currents were weak (90 % of the time below 0.2 ms-1). Maximum currents detected were 0.65 ms-1, but these were recorded at a depth of 50 m. Maximum surface currents were 0.4 ms-1 and mean surface currents around 0.1 ms-1. 

Near seabed current speed and direction data was collected at six sites along the proposed pipeline route between Chirag and Sangachal in the Caspian Sea from October 1999 to May 2000.  Figure 6.8 shows the locations of the current meters.

Figure 6.8 
Current meters deployed along existing pipeline route
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The monitoring indicated that current speeds generally decrease from Chirag to Sangachal, with the mean current speed falling from about 0.17 ms-1at the offshore sites to about 0.08 ms-1 at the inshore sites. Highest current speeds (maximum of 1.26 ms-1) were measured at site KP65, where the speeds were noticeably higher than at adjacent sites. The direction of the flow was predominantly southward at the offshore sites, with southward flow events typically lasting for several days separated by periods of northward flow. Closer inshore, the flow was more evenly distributed, with northward flow persisting for longer periods than further offshore.

Storm surges are a common event, causing temporary rises in sea level. These events are associated with persistent strong winds causing water to pile up along the coast. 

Figure 6.9 
Mean current vectors showing mean speed and direction along the existing pipeline route during the period October1999 to May 2000
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Waves

Due to the size of the land-locked Caspian Sea the predominant waves are small compared to open oceans, with little build up of swells.  The surface wave regime generally follows the prevailing wind patterns. The area of greatest wave development extends from the western portion of the Middle Caspian basin down and across the central section of the Apsheron Ridge. Maximum expected waves are around 10 m in height with a 10 second period. The directionality and seasonality in wave fields is shown in Tables 6.5 and 6.6. The data for wave heights and periods is from measurements taken at Bulla Island south east of Sangachal.  Data on the seasonal variation of wave heights is from measurements taken at Oil Rocks. 

Table 6.5
Directionality of waves at Bulla Island, Israilov A (1977)

	Wave
	Direction of motion

	
	N
	NE
	E
	SE
	S
	SW
	W
	NW

	Wave heights (m)
	1.2
	0.6
	0.4
	0.4
	0.4
	0.6
	-
	0.9

	Wave periods (s)
	2.8
	2.1
	1.5
	2.3
	1.4
	1.7
	1.0
	1.5


Table 6.6
Seasonality in wave heights at Oil Rocks, Tambovtseva L P. (1975)

	
	Days/ month
	Days /year

	Wave height (m)
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	

	0.1 - 1.0
	1
	5
	11
	14
	18
	14
	10
	11
	9
	8
	7
	5
	119

	1.1 - 2.0
	16
	16
	10
	10
	8
	10
	9
	10
	11
	14
	13
	16
	143

	2.1 - 3.0
	5
	4
	5
	3
	3
	4
	6
	5
	6
	6
	6
	6
	59

	3.1 - 4.0
	2
	2
	3
	2
	1
	2
	5
	3
	2
	1
	3
	2
	28

	4.1 - 5.0
	2
	1
	1
	1
	0
	0
	1
	2
	1
	0
	1
	1
	11

	5.1 - 6.0
	0
	0
	1
	0
	1
	0
	0
	0
	1
	1
	0
	1
	5


The 100 year wave height data give a maximum measured wave height of 16.7 m. A 1996 storm modelling study carried out on behalf of AIOC confirmed this (AOIC EIA for the Appraisal drilling, 1996).

6.2.5.1 Sea Temperature

During the winter the surface water temperature in the ACG Contract Area will fall to 5 - 6 °C. In exceptional circumstances the ACG contract area may experience freezing conditions, but this phenomenon has not been observed recently. Water temperature reaches its maximum during July and August when values of 25 to 26 °C are common in the Contract Area. Temperatures at depth in the South Caspian remain at about 6 °C all year round. In extreme winters dense cold water is believed to flow from the North Caspian to the Southern Caspian , under warmer and less dense surface waters.. If this flow is sufficiently strong it may continue southwards, rise over the Apsheron threshold and replenish the deeper waters of the South Caspian.

During the summer months a stratified water column develops, with a thermocline at water depths of between 20 and 60 m.  The depth of the thermocline increases during the summer months as surface water temperatures increase. As the autumn turbulence increases and sea surface temperatures decrease, this thermocline is driven deeper but is still observable into the winter. As the wind stresses continue during the winter and into the early spring the thermocline breaks down. It builds up once more when calmer and warmer climatic conditions return in the late spring. Within the Caspian Sea there may be considerable variability in the characteristics of the thermocline on an annual basis and from area to area.

6.2.5.2 Salinity

The average salinity of the South Caspian Sea is approximately 12.9 ‰. The lowest salinity (<5‰) is found in the shallow North Caspian. For offshore areas of the Middle and South Caspian seasonal and spatial differences in salinity are less than 1 ‰, ranging between 12.5 and 13.4‰. Near the river deltas on the western coast of the South Caspian, salinities may reduce to 12 ‰ and in shallow bays on the eastern coast values can reach 14 ‰ due to increased evaporation.

6.2.5.3 Sea Water Chemistry

The Caspian contains waters of oceanic origin, which have been diluted and changed by river outflows. This process has led to a lessening of the relative contents of chlorides in the general salt mass and a relative increase in carbonates, sulphates and calcium compounds. The waters of the open areas of the South and Middle Caspian differ from oceanic waters in the absolute values of the main ionic ratios, but retain a constancy of ratios, which is typical for seawaters.

Offshore areas of the Caspian, including the Contract Area, are characterised by high oxygenation of the surface waters in the winter months and saturation levels in the spring due to increased water mixing during the winter and phytoplankton activity in the spring. During summer months the water column becomes stratified and this results in lowering of oxygen levels below the thermocline. 

6.2.6 Offshore Physical Environment

6.2.6.1 Seabed geomorphology

The dominant morphological feature in the ACG Contract Area is the Apsheron Sill that runs southeast across the Caspian Sea from the tip of the Apsheron Peninsula. The ACG Contract Area straddles the western end of the sill. 

During a baseline survey carried out in 1995 (Woodward Clyde, 1995) seven geomorphological provinces were identified in the Contract Area (Figure 6.10). These were designated on the basis of seafloor bathymetry, seabed features and geological processes.  The provinces are:

The Back Ridge province. This area slopes to the northeast and is characterised by natural gas seeps, gas charged sediments and large scale polygonal seabed features. 

The Ridge Crest province. Situated on the Apsheron ridge, this area is chiefly characterised by ridges with positive relief of up to 5 m and generally spaced between 75-100 m apart. 

The Mud Volcano Complex province. This area contains three large mud volcanoes (Gunashli, Chirag-Azeri and Azeri-1). The largest is Gunashli, which is approximately 150 m high and 300 m in diameter. In addition, there is a buried volcano structure (Azeri 2), two small volcanoes (Azeri 3 and 5), and a subsidiary mud volcano on the flanks of Azeri 1. 

The Scarp province. This province consists of a narrow elongated area lying along the central axis of the Contract Area, which slopes steeply to the southwest. The main seabed feature is the presence of slump scarps and debris flows. 

The Slump Material and Debris Flow province. This area is sub-divided into three zones: 

· The North Slump province. This dips steeply to the southeast. Gully channels and debris flows are observed at the proximal end of the area. 

· The Central Slump province. This is located between the Azeri 1 and Azeri 2 mud volcanoes. It is a broad concave slope, and in addition to the features observed in the North Slump province, carbonate concretions associated with gas seeps are present. 

· The South Slump province. This is located between the Azeri 2 mud volcano and the southwestern corner of the Contract Area. It is a relatively featureless area, which varies between 1 and 5 km in width. 

The Trough province. This area is characterised by fault scarps, exposed and truncated bedding planes and slumping, sliding and debris flows. The central and distal regions of the Trough province were found to be relatively featureless, although some evidence of mudflows was recorded. 

Deep Water province. There is insufficient geotechnical data gathered for this province to characterise it with any degree of confidence.

Figure 6.10
Seabed Morphology of the ACG Contract Area
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Geology and Geomorphology 

The Azeri field lies adjacent to a mud volcano and extensive shallow faulting is present in the Surahkany formation and above, at the top of the anticline structure. The lithology from a drilled well in this area (GCA-1) is shown in Figure 6.11. The top of the Surakhany formation, marked by a 3m-thick cap-rock of gypsum, is composed predominately of yellowish-brown and grey-green claystone with thin beds of gypsum and anhydrite and fine-grained argillaceous sandstone. In addition, subordinate halite has been noted from traces found in claystone cuttings in association with the evaporite-sandstone beds. The claystone is moderately calcareous and dolomitic, with occasional thin dolostone stringers found in conjunction with gypsum beds. The lower part of the section consists of olive-grey to yellowish-brown claystone with thin interbedded grey-white siltstones and sandstones that increase in frequency to the base of the formation.

 Figure 6.11
Lithology Column at Well GCA-1
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The Sabunchi formation is composed of light to medium-grey, olive-yellow-grey and yellowish-brown, calcareous, sub-blocky claystone with occasional thin beds of sandstone, siltstone and traces of translucent grey, white, and green angular anhydrite. The upper third is predominately claystone. The lower portion contains inter-beds of very fine to fine-grained, translucent, and grey quartz sandstone.

The Balakhany formation is sub-divided into six horizons, Balakhany V through X, with formations VI to IX being reservoir potential. The top of the Balakhany formation is marked by a thick grey-brown, olive-grey, brownish-grey to grey claystone that is blocky and firm, moderately calcareous, and earthy. It becomes progressively more silty and sandy with depth to the Balakhany V horizon. 

The Balakhany V interval is composed of a claystone and siltstone sequence with thin sandstone stringers. The claystone/siltstone is grey-white, grey-brown, olive-grey, brownish-grey and is firm, blocky, earthy and moderately calcareous. The sandstone is clear, loose, very fine to fine-grained, locally medium-grained, and sub-angular with an argillaceous calcareous matrix. This formation has tested gas and been shown by wire-line logs to be water wet.  

The Balakhany VI is composed primarily of yellowish to dark olive-brown, olive-grey, brown and rare purple-grey claystones that are soft to moderately hard, swelling, sub-blocky, earthy and moderately to highly calcareous. The claystone is also silty to sandy and sticky in parts. The formation becomes increasingly arenaceous with several, thin, stacked sandstone units interbedded with claystone and siltstone. The siltstone is medium-grey to purplish-grey, olive-brown, soft to firm, sub-blocky, argillaceous, and grades to very fine-grained sandstone with traces of pyrite. The sandstone is translucent brown, translucent grey, white to grey, very fine to fine-grained, unconsolidated, sub-angular to sub-rounded, and moderately well sorted quartz with a grey-white calcareous matrix. The sandstones show fair to good inter-granular porosity. Trace oil shows and some gas is present.
6.2.6.2 Seabed Sediments

The wide range of geomorphological features found in the ACG Contract Area are reflected in the heterogeneous nature of sediments that have been recorded during previous environmental surveys. Overall two general groupings of sediments have been identified; 

· Uni-modal, well sorted silts, and 

· Poly-modal, poorly sorted mixtures of mud, sand, and shelly gravel. 

In addition, some areas of laminated calcareous concretions can be found. These are associated with shallow natural gas deposits in the sediments.  Reference to the seabed conditions around the proposed platform location is detailed later in this section.

Total hydrocarbon content of the sediments sampled during the environmental surveys of the ACG Contract Area range from 19 µgg-1  – 10,291 µgg-1. The highest concentration was found close to the rim of the active mud volcano Azeri 1. Elsewhere in the contract area, the general level of total hydrocarbons was in the range 41 – 3,860 µgg-1. During the 1995 baseline survey of the Contract Area, fresh (unweathered) hydrocarbon material was found in surface sediments in the vicinity of mud volcanoes and in the north western end of the Contract Area. 

Sediment trace metal concentrations have been determined in samples from a number of Contract Area surveys conducted between 1995 and 2000 (Table 6.7).  The ranges for most metals are similar between surveys, and the majority of higher values (especially for mercury, iron and zinc) appear to be associated with the impact of drilling activities on a small number of stations.  The concentration ranges reported in Table 6.7 are, overall, very similar to those reported from recent baseline surveys in other parts of the South Caspian, and thus appear to be typical for the wider South Caspian area.  Some caution should be observed in making detailed comparisons, however, since the data have not been normalised to any consistent sediment parameter, and sediment structure can vary considerably between locations.

Table 6.7 
Summarised ranges of sediment trace metal concentrations reported in surveys conducted in ACG Contract Area between 1996 and 2000, together with typical ranges reported from North Sea baseline and monitoring surveys

	Metal
	Trace metal concentrations in sediments (μg.g dry weight-1)

	
	GCA 3 & 4, 1997
	Appraisal well 1

(GCA 1), 1997 
	Long-term monitoring stations, 1996
	Chirag Phase 1 baseline, 1998
	Chirag 1 mid-drilling survey, 1998
	Chirag 1, 2000
	Typical North Sea background1

	
	GCA 3
	GCA 4
	Predrill
	Postdrill
	
	
	
	
	

	Barium
	351-2394
	189-1560
	506-7430
	209-7060
	213-4970
	930-2960
	450-2945
	1232-11000
	100-500

	Cadmium
	<1-1
	<1-2
	0.07-1.13
	0.08-1.17
	0.05-0.88
	0.19-0.44
	0.08-0.33
	<1.25
	0.01-0.05

	Chromium
	37-52
	31-48
	13-71
	13-80
	23-82
	30-42
	26-57
	27-71
	5-20

	Copper
	21-46
	15-47
	8-35
	9-46
	15-56
	20-39
	16-40
	14-32
	5-15

	Iron
	18730-33410
	14320-23690
	12700-62000
	11700-88300
	12400-76900
	15060-24210
	14610-40060
	19166-61460
	2500-10000

	Lead
	12-68
	14-489
	9-18
	9-20
	7-25
	26-43
	14-40
	15-32
	5-15

	Mercury
	0.02-0.24
	0.1-0.31
	0.05-0.2
	0.12-0.24
	0.06-0.18
	0.02-0.07
	0.01-0.1
	0.02-0.05
	0.005-0.02

	Nickel
	32-46
	12-45
	12-60
	12-97
	17-64
	33-45
	28-54
	
	5-10

	Zinc
	<1-28
	16-34
	25-74
	22-85
	33-116
	53-111
	37-158
	74-155
	10-20


1 ERT Ltd, collated unpublished data
A comparison of the reported ranges for Contract Area locations with survey data collated for the North Sea indicates that South Caspian sediment metal concentrations are consistently much higher.  It  is not possible to conclude from the available data whether this is a general natural characteristic of Caspian sediments or whether it represents the consequence of historical diffuse contamination.

Only very low concentrations of metals were measured in surface sediments collected in 1995. Elevated strontium concentrations were noted from areas of coarse sediments. This is likely to be related to strontium being substituted for calcium in shell materials. Further support for this interpretation was given by two additional observations from this survey. Firstly, very low levels of calcium were identified from the Contract Area. Secondly, the levels of strontium were found to decrease with depth in sediment cores at locations close to Chirag, and increase in level with depth from cores taken from outside this area.  Elevated levels of barium were also observed in areas where appraisal and production drilling has occurred, except at Appraisal Well 1. A weak gradient of increasing sediment vanadium concentration was noted towards the north-western end of the Contract Area.  As vanadium is a known component of oil this suggests some petrogenic contamination in the area, possibly due to activities in the nearby Gunashli field. This pattern is also mirrored by sediment hydrocarbon levels. 

Recent gamma spectroscopy analysis carried out on surface sediment samples collected from a number of locations along the existing oil export pipeline from Chirag 1 to Sangachal and from a number of locations in the ACG Contract Area found a range expected for uncontaminated surface marine sediments (ERT 2001). In most cases, 210Pb activities exceed those of 226Ra, again consistent with no radioactivity contamination. Any contamination with tailings, or scale, containing radium would be apparent as a significant excess of 226Ra activity over that of 210Pb or excess of 228Ra over 212Pb. 

6.2.7 Offshore Biological Environment

6.2.7.1 Plankton

Plankton data collected in the ACG Contract Area is limited to that collected during the 1995 baseline survey and a survey of the Chirag 1 platform, GCA 5 and GCA 6 in 2000. The data from these surveys show changes in phytoplankton and zooplankton composition in the Contract Area.  Differences in species composition and abundance should be treated with caution due to the paucity of available data.

In 1995, offshore phytoplankton samples were numerically dominated by the diatom Rhizosolenia calcar-avis and the dinophytes Gymnodinium and Prorocentrum.  The diatoms Skeletonema and Thalassionema were also abundant and there were occasional ‘patches’ of blue-green algae.  The overall abundance at this time was typically of the order of 5000 cells.l-1.  In phytoplankton samples collected in 2000, blue-green algae were very abundant at most stations and overall phytoplankton abundance was in the range of 30,000-100,000 cells.l-1. Chaetoceros, Thalassionema and Skeletonema were the most abundant diatoms in 2000.  Thehe dinophyte Prorocentrum was abundant.  The available data are limited in both spatial and temporal resolution, and it is not possible to draw conclusions with respect to the differences observed between samples collected in 1995 and 2000.

6.2.7.2 Zooplankton

Zooplankton samples from the 1995 baseline surveys were numerically dominated by the copepods Acartia clausi (alien species) and Eurytemora grimmi (native species), with the larger native copepod Limnocalanus also being abundant at some stations. Total zooplankton abundances were low and ranged from 113-10,218 organisms per cubic metre.  In 2000 zooplankton abundances were much lower than in 1995, with only a few organisms m-3.  These samples were dominated by E. grimmi and Limnocalanus. The alien predatory ctenophore Mnemiopsis was also present in small numbers at various stations. The common trends for zooplankton across the Contract Area were very low abundance, biomass and diversity.  However, zooplankton samples were generally dominated by the copepod species Acartia clausi, Eurytemora grimmi and Limnocalanus, all of which are species common in the South Caspian.

6.2.7.3 Benthic Communities

The general characteristics of the benthos in the Contract Area, inferred from surveys conducted between 1995 and 2000, are summarised in Table 6.8.  Over most of the area surveyed,  the recorded number of species (48-65, with the exception of GCA 3 & 4) represents good diversity in the context of the Caspian.

The benthos in the northwest of the Contract Area, around the GCA 5 well site (Figure 6.2) at a depth of 280 m, was characterised by an abundant fauna numerically dominated by crustacea, in particular six to seven species of amphipods. Polychaetes are also abundant but not as diverse. The abundance of gastropods and oligochaetes was low.

Toward the centre of the Contract Area at a depth of approximately 130 m, the fauna around Chirag 1 (Figure 6.2) was dominated by amphipods and oligochaetes. Polychaetes are present but in lower numbers than in the northern part of the Contract Area though the overall abundance of benthos in this part of the Contract Area was generally high.

Around GCA 3 (approximately 240m) and 4 (approximately 260m) the benthos was numerically dominated by oligochaetes and polychaetes, in generally silty sediments. Amphipods are not a major component of the community, in contrast with locations to the north.  Bivalves (Mytilaster and Didacna) are abundant at GCA 4 but not at GCA 3. This was associated with presence of suitably hard coarser sediment allowing the bivalves to settle in the vicinity of GCA 4 location. The overall abundance here was moderate, and lower than at Chirag 1. A similar pattern was observed around GCA 6.

Benthic abundance was in the range 5-30 g.m-2 in the areas surveyed within theACG Contract Area. Lower recorded biomass values are generally associated with stations impacted by drilling activities, and values in the range of 20-30 g.m-2 are more representative of much of the area.  There was a trend for amphipods to be dominant in the northwest and for a transition through an amphipod/oligochaete-dominated community to an oligochaete/polychaete community across the area towards the southeast. This could also be described as a transition from crustacean-dominated communities in the northwest to annelid-dominated communities in the southeast.  Benthic biomass during the summer months was sufficiently high that it could play an important role in the life cycle of local fish stocks.

Table 6.8  Summary of macrobenthic biological data from surveys conducted in the ACG Contract Area between 1995 and 2000

	
	Chirag 1, 2000
	Phase 1, locations

1a and 1b, 1998
	Chirag 1 mid-drilling, 1998
	GCA 3 & 4

1997
	AIOC 1 

(1996)
	AIOC 1 

(1997)
	AIOC 2

(1995)
	AIOC 2

(1996)

	Total taxa
	55
	48
	54
	25
	55
	57
	60
	64

	Number of Indivs.m2
	74-5222
	221-4104
	6-4734
	26-1696
	4650-9414
	234-7776
	34-3712
	54-6160

	Dominant species in survey area
	Psammoryctes deserticola,

Hypania invalida, Stylodrilus sp, Isochaetides michaelseni

(Annelids)

Gammarus spp
(amphipod)


	Psammoryctes deserticola,

Hypania invalida

(Annelids)

Pandorites podoceroides

(Gammarid amphipod)
	Psammoryctes deserticola,

Hypania invalida, Aktedrilus svetlovi

(Annelids)

Pandorites podoceroides

(Gammarid amphipod)


	Psammoryctes deserticola,

Hypania invalida

(Annelids)

Schizorhynchus eudorelloides

(cumacean)

Tubifex acapillatus (annelid)
	Manayankia caspica,

 Stylodrilus spp

(Annelids);

Gammarid amphipods
	Stylodrilus spp

(Annelid);

Gammarid amphipods
	Gammarid amphipods,

Hyrcanocuma sarsi

(cumacean)
	Schizorhynchus

scabriusculus

(cumacean),

Tubificidae sp

AIOC95#45

(Annelid)

	Total biomass (g.m-2)
	4.2-29.2
	10.28
	28.98
	ND
	ND
	ND
	ND
	ND


AIOC 1.

AIOC appraisal well 1 pre- and post-drilling seabed environmental surveys, July 1996 and January 1997 (ERT, 1998a)

AIOC 2. 
AIOC environmental baseline survey, September 1995 and contract area long term monitoring stations, July 1996 survey (AIOC, 1996 and ERT, 1997)

6.2.7.4 Fish 

Although the most well known fish of the Caspian are its sturgeon (of which there are five Caspian Sea species), there are over 100 other fish species, many of which are of commercial importance. Like the benthos most fish species are endemic; some are of Mediterranean origin, and a few, for example the Caspian salmon and the inconnu, have come from northern waters via the rivers. The diversity of fish fauna of the Caspian is quite modest, the total number of species being less than that of the Black Sea. Around half the species found in the Caspian are of fresh water origin and are mainly concentrated in the low salinity waters of the North Caspian. Whilst most species in the waters off Azerbaijan are marine, there are a number that return to freshwater to spawn. These are known as anadromous fish and include most of the sturgeon, the Caspian salmon and some species of shad.

The fish of the Caspian can be divided into four groups, classified by their feeding and reproductive strategies:

· ‘marine’ fish which spend their entire life cycle in the Caspian Sea. These include gobies, kilka (Clupeonella), the majority of shad (Alosa) and mullet (Liza.) species;

· anadromous species, which feed in the open waters but when mature migrate to the rivers to spawn.  This group includes sturgeon (with the exception of the sterlet), the Caspian salmon (Salmo trutta caspius), the Black Sea roach or kutum (Rutilus frisii kutum), and the Caspian barbel (Barbus brachycephalus caspicus);

· semi-migratory species that feed in coastal areas and spawn during flood conditions in the river deltas. These include the cessan carp (Cyprinus carpio), zander (Stizostedion lucioperca), Caspian bream (Abramis brama orientalis), sabrefish (Pelecus cultratus), and vobla orroach (Rutilus rutilus caspicus natio); and

· freshwater fish which spend their entire lifecycle in the riverine and delta areas. These include the sheatfish or wells catfish (Silurus glanis), tench (Tinca tinca) and northern pike (Esox lucius).

The fish species of the Caspian Sea can also be categorised according to their feeding behaviour and preferences:

· phytoplankton feeders (some species of carp);

· zooplankton feeders (some species of shad);

· detritus and phytobenthos grazers (mullet species);

· benthic and near bottom invertebrate feeders (Acipenser spp. of sturgeon, vobla, and bream); and

· piscivores species (include species of shad, zander and the beluga sturgeon).

Feeding areas for fish in the Caspian are largely localised in the coastal areas in water depths of less than 75 m.  However, a few fish such as some species of shad and kilka feed offshore in water depths of over 100 m or 200 m respectively.

6.2.7.5 Commercially important fish found in the Contract Area 

A number of resident and non-resident fish species inhabit the Contract Area, several of which are of commercial importance.  The most important commercial species include: big eye kilka (Clupeonella grimmi), anchovy kilka (Clupeonella engrauliformis), big eye shad (Alosa saposhnikovi) mullets (Liza auratus and L. salines) and sturgeon (Acipenseridae).  The distribution and abundance of these species varies with depth and season. The following list provides an outline of the vertical distribution of fish based on the literature.

Big eye kilka (Clupeonella grimmi) 

The big eye kilka is endemic to the area and inhabits the middle and southern Caspian at a depth of 20 -200 m. Big eye kilka are found in upper water layers in March-April, but descends to 16 to 32 m in summer and autumn.  They feed in schools mainly on zooplankton (including copepods and mysids) and small fish. They spawn both in the middle and south Caspian, reaching reproductive age in two years. Spawning grounds include parts of the ACG Contract Area. Fecundity of the species ranges from 7.6 to 29.5 thousand eggs per spawning period (V.A.Derevyagin, 1973). The main spawning period for these fish is between January and April, whilst there is a later, less significant period between July and October. Kilka lay their eggs in deeper waters which are then carried to the surface by vertical water movement, where the larvae hatch.

Anchovy kilka (Clupeonella engrauliformis) 

This species inhabits water deeper than 15 m in the Middle and South Caspian Sea. The highest concentrations are found at depths between 50-200 m. Availability of its main food, the zooplankton Eurytemora, influences its daily and seasonal distribution.  Local concentration of kilka hence depend on the availability of food and the changes associated with daily and seasonal vertical migrations of zooplankton.  Zooplankton typically migrate to surface waters during the evening and spend the night feeding in the surface water and during periods of higher light intensity descend to avoid predation. 

Embryos and larvae of the anchovy kilka may also be found in the Contract Area. Anchovy kilka spawn from May until December. The main part of the spawning population (80%) spawns in western part of the South Caspian from October until December. Spawning occurs both in the coastal waters at depths of 20-25 m, and at 200 m in offshore areas.

Big eye shad (Alosa saposhnikovi)  

Although big eye shad migrate through the Contract Area in the spring from the south, they will also use the area as a site for over wintering. The fish inhabit deeper water of the south Caspian according to water temperatures and food availability.  The majority of the big eye shad migrate from the Contract Area to coastal areas in the North Caspian in late spring to early summer to spawn at water depths of no more than 1-6 m, peaking in May. Their main migration route is along the west coast of the middle Caspian. They return to the south Caspian during November.  They feed mainly on large crustaceans and small species of fish.

Mullet (Mulgidae) 

The two mullet species Liza aurata and L. saliens can also be found in the Contract Area. These fish spawn in the south and middle Caspian during the summer months of June and July. However, no mullet spawning grounds have been identified in the Contract Area. These fish will then over winter in the middle Caspian, which include the waters of the ACG Contract Area.  Mullet are omnivorous with no particular food preferences, feeding on detritus, periphyton, and smaller benthic organisms. 

Sturgeon (Acipenseridae) 

Sturgeon abundance in the ACG Contract Area is at its peak during the spring and autumn.  During the spring these fish pass through the Contract Area as they migrate from over wintering areas in the south to spawning areas in the north Caspian. In autumn, the sturgeon species Acipenser guldenstadti (Russian Sturgeon), Acipenser guldenstadti persicus (Persian Sturgeon) and Huso huso (Beluga) migrate from the north and return to over wintering areas in the southern Caspian.

6.2.7.6 Recent fisheries data

CERL (Complex Environmental Research Laboratory) has carried out seasonal (April, August, October, December) surveys in the waters of the Gunashli field between 1999-2001.  Sampling effort focused on collecting anchovy kilka, big-eyed kilka, and black back shad, using nets deployed at fixed depths for fixed periods.  For kilka, nets of appropriate mesh size were deployed at depths of 20-30 metres for six hours.  Catch size, length, and weight statistics were compiled for each survey, and a subsample of fish (usually 5 individuals of each species) was examined for histopathological abnormalities.

Data for 1999 and 2000 indicate a seasonal trend in abundance for anchovy kilka and big-eyed kilka. Black back shad were present only in small numbers in 1999 and 2000, and were absent in the April 2001 catch.  In 1999, numbers of both species of kilka were highest in April and August (catch size of approximately 200 fish of each species). In 2000, numbers in April and August were lower than in 1999 (roughly 50-100).  In both years, numbers were in the approximate range of 10-50 in October and December.  Data are available only for April and August 2001 at present, but these indicate a substantial decline in the numbers of fish caught, with a total of only 17 individuals of both species in April and none in August.  

The age of both species of kilka appears to have declined over the reported survey period.  In 1999, the age range was reported as 2-3 years in the April-October surveys.  In 2000, age was reported as 2 years in April and August and 1-2 years in October and December.  Fish in the April 2001 catch were recorded as 1-2 years old.

There was limited evidence of change in average length of kilka and shad over the period of the surveys, but some indication of a reduction in weight between successive years.  The average weight of shad declined by approximately 25% between 1999 and 2000, and a decline of a similar magnitude was observed in both species of kilka between 2000 and 2001.  In many instances, however, the sample sizes are too small to adequately reflect population characteristics.

Histopathological study of gonads, liver and spinal muscle revealed no abnormalities with functional significance.  In April 2001, a single male anchovy kilka was observed to display some signs of feminisation.

The observed reduction in numbers and age of kilka are consistent with the results of overfishing, although CERL scientists have also suggested that competition with the ctenophore Mnemiopsis might be responsible for the apparent decline.  It is not clear at present, however, that Mnemiopsis is able to compete effectively over the distance and depth ranges of kilka populations.  It must also be borne in mind that sampling was conducted at fixed depths, and that one effect of Mnemiopsis competition in surface waters could be to alter the depth at which kilka feed.

The data, although limited in scope, suggest strongly a need for more comprehensive data gathering to fully define the current status of kilka populations in the Gunashli area. There is no indication that local populations are damaged by oil industry activities, but there are a number of possible reasons for the apparent decline between which it is not possible to distinguish on the basis of the data reviewed here.

6.2.7.7 Results of fish tissue analysis

During the September1995 and December 1995 baseline surveys, a total of 13 samples of fish tissue (whole body) were analysed for trace metals and hydrocarbons.  In eleven samples, the number of fish analysed was less than the minimum recommended by ICES.   Analysis was carried out mainly on Clupeonella (pelagic) and gobies (demersal), and the report indicates that the latter were sampled in September and the former in December. The September 1995 data set contained one sample with exceptionally high trace metal and low hydrocarbon content; no explanation is available for this anomaly, and the data have been omitted from Table 6.9.

In both surveys, the majority of trace metals were either not detected, or were very close to the analytical detection limits.  Only zinc, iron and strontium were consistently quantifiable, and the ranges for each of these metals were very similar in both surveys. The report comments that trace metal concentrations were in general higher than reported for the North Sea; there is, however, no direct evidence to evaluate whether the concentrations in fish from the Contract Area are within the normal range of tolerance or whether they represent a potentially stressful condition.  The trace metal concentration ranges were considered to be similar to those reported from analysis of fish in the vicinity of oil industry operations in the Arabian Sea.

Total hydrocarbon concentration ranges were similar in both surveys, and the report suggests that a substantial fraction of the total hydrocarbon tissue burden might be attributable to natural (biogenic) sources.  However, a significant UCM was observed in GC chromatograms, something that is not a common feature of data reported by the authors of the report for North Sea fish.  Aromatic hydrocarbon concentrations were considered to be similar to those reported from other sea areas.

Table 6.9
Results of fish tissue analysis

	
	September 1995
	December 1995

	Parameter
	Concentration (μg.g-1 ,except NPD and PAH, ng.g-1)

	Zinc
	22-46
	27-49

	Iron
	27-41
	27-39

	Strontium
	10-20
	12-17

	Total hydrocarbon
	15-62
	12-36

	NPD
	20-110
	78-150

	US EPA 16 PAH
	17-46
	28-41

	Trace amounts

	Molybdenum
	0.2-0.4
	ND

	Nickel
	0.2-0.3
	ND

	Chromium
	0.3-0.5
	0.2-0.4

	Barium
	2.4-7.0
	0.7-1.2

	Copper
	1.2-3.0
	0.8-1.1

	Manganese
	1.8-5.3
	1.5-4.0

	Not detected

	Cadmium
	ND
	ND

	Lead
	ND
	ND

	Cobalt
	ND
	ND

	Mercury
	ND
	ND

	Vanadium
	ND
	ND

	Beryllium
	ND
	ND

	Arsenic
	ND
	ND

	Selenium
	ND
	ND

	Tin
	ND
	ND


6.2.7.8 The Caspian Seal 

The Caspian seal (Phoca caspica) is the world’s smallest seal species. It was classified in the 1993 IUCN Red List as ‘Vulnerable’. This classification is based on the potential threat posed by the degradation of both the Caspian Sea and Caspian seal terrestrial habitat. 

About 80% of the total seal population migrates to the middle and southern Caspian between May and June to feed in areas rich in pelagic fish species. During late summer and early autumn, many seals move offshore to feed in deeper waters, which includes the Contract Area. They feed here until September when the majority of them migrate to the north. The late January survey of 1996 (AIOC 1996b) from Sumgait to Lenkoran showed that approximately 1,100 seals remained on the eastern tip of the Apsheron Peninsula during the winter. Notable haul out sites on the Apsheron Peninsula include Shahdilli Spit and nearby islands such as Zhiloy Island. Caspian seals have been observed in the Contract Area during a number of environmental surveys, as well as personnel working on the Chirag 1 platform. Approximately 1,100 Caspian seals were counted during the helicopter survey of seal haul‑out sites in the vicinity of the Apsheron Peninsula in January 1996 (Duck, 1996). This number is probably a fraction (about 10%) of the seals that would be expected to be present in this area in spring and summer since 90 % of the seal population is reported to be in the North Caspian in winter (Badamshin, 1966).

A recent spate of deaths since April 2000 has led to serious concerns regarding the survival of this species. An international team of scientists, working as part of the Caspian Environment Program's Ecotoxicology Project (ECOTOX), concluded canine distemper virus (CDV) infection was the primary cause of this massive die-off. 

In addition to CDV mortality among the Caspian seal, pesticides and industrial pollutants are the cause of severe habitat destruction and poisoning. Not only is their environment and food source affected, so too is their reproductive success. In 1997, over 70% of female Caspian seals were infertile. 

Caspian seal tissue samples have been analysed for polychlorinated biphenyls (PCB) and chlorinated pesticides.  Concentrations of PCBs were all found to be lower than that reported in grey and common seals along the east coast of England, while the concentrations for DDE (a metabolite of the pesticide DDT) were much higher than that reported for the east coast of England (Duck, 1996). 

Long term systematic surveys of offshore seal populations and behaviour have not been completed in the ACG Contract Area. Anecdotal observations made during environmental surveys and from workers on the Chirag 1 platform indicate that seals are commonly found in the Area.

6.2.7.9 Marine Reptiles

No data are currently available on the abundance and species of reptiles in offshore areas.  

6.2.8 Seabed environmental characteristics in the vicinity of the Phase 1 platform 

In 1998 a baseline survey was carried out to determine the environmental conditions around the proposed phase one platform location, so that future monitoring could ascertain the affects of drilling in the area.. Sediment samples were collected from both proposed locations for biological, chemical and grain size analysis.  

6.2.8.1 Particle size and organic matter

All samples collected at the proposed Phase 1 platform location were classified as being either medium or very coarse sands and very poorly sorted.  A study of particle size distribution indicated that the predominant particle classes were the very coarse fractions (<2 mm), probably originating from shell material, and the very fine (silt/clay) fractions.  An average mean particle diameter of 595 µm was recorded.  This sediment type, comprising a wide range of relatively fine particles with a high proportion of large shell debris, was commonly encountered in the baseline and long term monitoring surveys of the Chirag Contract Area carried out in 1995 and 1996

The carbonate content provides an approximate indication of the proportion of the sediment derived from shell material, which ranged from between 55 to 73%. The only geographical trend in sediment characteristics was a slight increase in the distribution of finer material in the southwest of the proposed platform location; however, spatial trends based on a small number of samples within a small area should be interpreted with caution. Figure 6.12 depicts the findings of the study.

Figure 6.12 
Carbonate, silt/clay and organic content of sediments near the Phase 1 platform location – values give on contours, scale marks = 100m 
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The heterogeneity of sediments at the Phase 1 location indicates at least two distinct sources of material; biologically derived carbonate (shell material) and geologically derived silt and clay.  

6.2.8.2 Trace metal content

Sediment metal concentrations around the platform location are similar to background and baseline levels found previously in the ACG Contract Area (Table 6.7) and other offshore contract areas operated by BP (Inam and Shah Deniz).  The concentrations of all metals are, however, substantially higher than those reported from open sea areas (e.g. North Sea))  

6.2.8.3 Hydrocarbon content

Total hydrocarbon sediment concentrations were relatively homogeneous on the seabed around the proposed platform location where levels ranged between 20.8 to 50.4 µgg-1 (mean value 42.4 µgg-1).  These values are similar to levels previously recorded in AIOC Contract AreaIt is possible that some of the background hydrocarbon content might derive from geological features such as natural oil seeps and mud volcanoes. 

The hydrocarbon material present was characteristic of heavily degraded petrogenic contamination, the sources of which cannot be directly discriminated.  

6.2.8.4 Macrobenthic community composition and structure

The area was dominated by annelid worms and crustaceans (Table 6.8). Molluscs were also common, but were less abundant. The polychaete Hypania invalida, the oligochaete Psammoryctes deserticola and the amphipod crustacean Pandorites podoceroides accounted for between 54 % to 80 % of the total number of individuals. The number of organisms associated with the seabed around the platform location ranged between 1,016 and 4,104 organisms.m-2, and the average biomass for the Phase 1 platform location stations was 10.28 g.m-2.

A total of 48 taxa were identified in the area, mostly to species level. Species richness varied between 18 and 29 species.m-2. In terms of the numbers of taxa, the fauna was dominated almost equally by crustaceans (52 %) and molluscs (40 %), with annelid worms and insect larvae contributing 6 % and 2 % respectively. Of the total number of species, only a few were found at all or most of the stations; most species were present at only a small number of stations.

In summary, the seabed around the proposed location of the Phase 1 platform is biologically relatively homogeneous. The fauna of the area was characterised by three species: the oligochaete (Psammoryctes deserticola), the polychaete (Hypania invalida) and the amphipod crustacean (Pandorites podoceroides). Diversity, species richness and biomass values were in the range expected for undisturbed sediments for this depth in the AIOC Contract Area.

6.2.9 Seabed environmental characteristics along the existing pipeline route from Chirag-1 to Sangachal. 

A survey of part of the pipeline route was carried out in November 2000.  Sediment samples from 15 stations were collected for macrobenthic identification and statistical analysis, sediment geochemistry and particle size analysis (Figure 6.13). Water samples were also taken for plankton identification and water quality analysis.  The results of the water quality analysis were inconclusive, the majority of parameters measured were near the limits of detection and could not therefore be quantitatively interpreted with confidence.

Figure 6.13
Pipeline sampling stations
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6.2.9.1 Plankton

Phytoplankton

A total of 23 species were identified in samples collected at 5 stations during the November 2000 environmental survey.  Near surface-samples (NIOS water bottle) were collected at 5 m depth at all 5 stations, and samples were also taken at 10m depth at 2 stations.

The phytoplankton community was well represented in abundance and diversity by diatoms (10 species), blue-green algae (7 species) and dinophytes (5 species).  A single species of chlorophyte was recorded in three samples (stations 5, 12a and 12b). Diatoms were most abundant in the majority of samples.  Between 8 and 14 species were present in each sample (diatoms 5-9, blue-green algae 1-5, dinophytes 1-2 and 1 chlorophyte).

The community was numerically dominated by four species, which were present and abundant in all samples (the diatoms Chaetoceros wighamii,and Thalassionema nitzschiodes, plus the dinophytes Prorocentrum cordata,and Prorocentrum scutellum).  Two other species, the diatom Nitzschia tenuirostris and the dinophyte Prorocentrum obtusum, were also abundant and were both present in all but one sample.  The most abundant and frequently occurring blue-green alga was Phormidium thermophilum¸ which was present in 5 of 7 samples at abundances of up to 24,000 cells.litre-1.

Two classes (dinophytes and diatoms) dominated the phytoplankton biomass in all samples. Ten species (one blue-green, four diatoms and five dinophytes) accounted for most of the biomass at all stations.  Two diatoms (Chaetoceros wighamii and Thalassionema nitzschioides) were present in quantity at 6 or 7 stations, while three species of the dinophyte genus Prorocentrum were similarly important in terms of biomass.  Two species of the diatom genus Rhizosolenia made a significant contribution to biomass at five stations; one of these species, R.calcar-avis, dominated the biomass at four stations by virtue of its very large cell size.  Total phytoplankton biomass ranged from 0.19 to 0.41 mg.m-3. 

Zooplankton

Zooplankton samples were taken by vertical net haul from near-bottom to surface, using a conical net.  This method has the merit that it can provide a comprehensive qualitative list of species, but suffers the limitations that

a) it can underestimate actual plankton densities since it integrates high- and low-population density horizons and

b) it can provide a misleading picture of community composition since samples may contain assemblages of species which do not spatially co-occur

Zooplankton abundance, diversity and biomass were very low at all stations and depths sampled.  Thirteen taxa were identified in eight samples taken at five stations.  Of these, seven species were endemic cladocera, and three species were endemic (or native) calanoid copepods.  Three species (two copepods and one ctenophore) were alien species which probably originated from populations in the Black or Azov seas.  In a single sample 12 specimens of the ctenophore Mnemiopsis were present. The presence of Mnemiopsis was not reported in the 1995 baseline survey.

Of the taxa identified to species only three were present at most stations: the native cladoceran Polyphemus exiguus), the native copepod Eurytemora minor, and the alien copepod Calanipeda aquae dulcis.  Of these, only the last was present consistently in more than single-figure abundance.  The majority of taxa recorded were present in only a few samples and in abundances of less than 10 m-3. Biomass was correspondingly low.  

6.2.9.2 Physical and chemical characteristics of sediment 

Sediment samples were collected at 15 stations along the pipeline route in November 2000. Sediments close to the shore, (stations 14 and 15 on the existing ACG pipeline), were composed of coarse grained silt, with higher carbonate content and lower silt/clay and organic content. Further offshore the sediment becomes increasingly finer grained, with higher silt/clay and organic contents and lower carbonate content.  The sediments along the remainder of the route were fairly heterogenous; sediments closest to the peninsula were composed of coarse sand to very fine gravel but with varying amounts of carbonate and silt. 

The concentrations of several metals (chromium, mercury, lead, and zinc) showed a general trend of increasing concentration from west to east along the pipeline route. In contrast, copper and iron concentrations displayed a patchier distribution, with low concentrations  in the coarse sediment at station 6 (chromium concentrations were also low at this station).  Barium concentrations exhibited a general trend of decreasing concentration from east to west.  

Average total hydrocarbon concentrations along the pipeline route in 2000 ranged from 14 to 552 ug.g-1. Lowest concentrations were observed in sediments from stations 1-7, located at the outer end of the survey transect (closest to the Contract Area), while highest concentrations were observed at stations 11 to 15 at the nearshore end of the transect.  The UCM concentration increased in proportion to the total hydrocarbon concentration, and consequently accounted for a similar percentage of total concentration (72 to – 88 %) at all stations.  The patterns of PAH and phenol concentrations were similar to that of total hydrocarbons.  The highest concentrations of THC, UCM and PAH were observed in sediments collected from station 13, located in shallow water close to Sangachal. 

6.2.9.3 Macrobenthic community composition and structure

A total of 50 taxa were identified in 15 samples. The majority of taxa occurred infrequently, and only four taxa (Isochaetides michaelseni, Nereis diversicolor, Hypaniola kowalewskii and Abra ovata) were present at 10 or more of the stations.  The most diverse groups overall were the amphipods and molluscs, represented across the survey area by 14 and 13 (8 gastropods and 5 bivalves) taxa respectively.  Polychaetes and oligochaetes were represented by 6 taxa each, and four cumacean taxa were also identified.  The number of taxa (species richness) recorded at each station ranged from 8 to 23.  Abundance ranged from 517 to 10905 individuals.m-2. The pattern of abundance did not correspond to that for species richness.  In general the number of species decreased from east to west across the survey area, whilst abundance was more strongly associated with localised patches (most particularly at stations 5, 6 and 12).  Diversity reflected the interaction of these different patterns, with a degree of patchiness combined with a general trend towards higher diversity at stations in the east of the survey area.  

Figure 6.14
Marcobenthic gradients along the pipeline route ( units = number of individuals) 
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There were distinctive biological gradients along the pipeline route (Figure 6.14).  Oligochaetes were most abundant in the east of the survey area, especially in stations with greater water depth.  The distribution of amphipod abundance was similar, but more absolute; amphipods were abundant at stations in the deeper water to the east, but were absent from stations in shallower water (approximately along the 20 m depth contour).  

The alien polychaete Nereis exhibited a complementary pattern of distribution to that of the oligochaetes and amphipods being absent from stations in deeper water and more consistently present in shallower stations to the west of the survey area.  The distribution of the alien bivalve Abra was similar to that of Nereis, but exhibited a stronger bias towards stations closer to Sangachal.

Biomass varied widely between stations, ranging from 3.13 g.m-2 to 468 g.m-1  High biomass was invariably associated with the presence of molluscs (biased by the inclusion of shell weight in biomass measurements) and/or crustaceans; annelid biomass exceeded 10 g.m-2 only at one station, where a high abundance of Nereis coincided with large numbers of the oligochaetes Isochaetides and Stylodrilus and the presence of the polychaete Hypaniola kowalewskii .  Biomass estimates included mollusc shell weight, and it should be noted that the highest total biomass values were invariably associated with stations where bivalve abundance was high.

Overall, the macrobenthic data indicates a transition from a native community in the east of the survey area (dominated by endemic gastropods and amphipods, and consistent with the biology of the northern part of the contract area) to a community in the west dominated by alien species (polychaetes and bivalves). Earlier pipeline corridor surveys (1995)did not have sufficient spatial resolution to discriminate this transition clearly.

6.2.10 Post-drilling impact summary

Although post-drilling surveys are generally too limited in scope to make a reliable contribution to an overall environmental description, brief summaries of such surveys can be of use in identifying potential environmental vulnerabilities.  The summarised biological data from a number of such surveys in the Contract Area have been included in Table 6.8.  This section briefly summarises the impact ‘footprints’ observed in such surveys, and picks out any salient observations with respect to biological impacts.

Post-drilling seabed surveys have been conducted on seven occasions in the ACG contract area.  Not all of the recent work (ie, that carried out at the end of 2000 or during 2001) has been completed and reported.  However, sufficient work has been completed to date to justify a brief summary of the observed impacts of single-well drilling with water-based muds (WBM), synthetic-based muds (SBM) or a combination of both types of drilling mud.

The majority of post-drilling surveys summarised below have been single, small-scale and near-field. They thus provide only a localised assessment of gross impact, and the reports do not contain sufficient information to evaluate the rate or extent of ecological recovery.

6.2.10.1 Appraisal well 1, 1997

This well was drilled with WBM only.  No changes in sediment chemistry were detected at stations in the vicinity of the wellsite at the time of the survey, but localised effects on the benthic community were inferred within a radius of 100 m of the wellsite.  The primary biological effect was a reduction in the numbers of the oligochaete Stylodrilus, the polychaete Hypania, and the amphipod Pandorites.  Pre- and post-drilling  barium concentrations were similar, and there was no coherent pattern related to the location of the well site.

6.2.10.2 GCA 3 & 4, 1998

These wells were drilled with WBM and the synthetic mud Petrofree (ester-based mud).  Localised smothering with drill cuttings was observed within 50m of the well-centre, with low amounts of synthetic based drilling fluid observed at GCA 4. No evidence of recent drilling fluid deposition was detected at GCA 3.  Highly localised effects associated with the discharges of cuttings were detected in the benthos, although this might have been because the natural communities at these locations were very sparse.

6.2.10.3 Chirag 1 mid-drilling, 1998

The biological communities at this location were dominated by oligochaetes and amphipods.  The physical footprint of drilling discharges extended up to 250m from the platform, and consisted primarily of measurable quantities of drill cuttings and base fluid.  Biological effects were also observed within the limits of the physical footprint, with a reduction in the numbers of oligochaetes and (more markedly) amphipods.

6.2.10.4 Chirag post-Saraline drilling, 2000

Although there was no overall increase in hydrocarbon contamination or sediment concentration around the Chirag platform between 1998 and 2000, base fluids were detectable in sediments up to 1000 m from the platform.  A clear physical footprint was evident up to 250 m from the platform, with a more patchy footprint detectable up to 500 m.  The biological community was still dominated by oligochaetes and amphipods, as in 1998.  Amphipods were absent, or present in reduced abundance, at sediment hydrocarbon concentrations of greater than 100 mg.kg-1.  Overall benthic abundance and diversity were reduced within 250 m of the platform.  Toxicity tests carried out on samples from the benthic survey stations indicated that hydrocarbon concentrations of more than 100 mg.kg-1 were moderately toxic (ie, they caused between 20 and 50% mortality in tests conducted with the amphipod Pontogammarus maeoticus) , and this suggested that some of the observed biological impact could be due to chemical (as opposed to physical) effects.

6.2.10.5 Overall assessment

The post-drilling observations summarised above are mainly from surveys conducted after the drilling of single wells, the exception being Chirag.   As might be expected, the footprint of drilling discharges from Chirag extends more widely than the footprint from the drilling of single exploration or appraisal wells.  In general, the surveys were spatially very limited, and the reported conclusions were equally limited.  The single-well surveys were not repeated, so no defensible conclusions on rates and extent of recovery are possible. Some general conclusions can be drawn:

· WBM discharges have no, or very limited impact.  Where this can be observed, it appears to be entirely due to physical smothering and habitat alteration by cuttings, and is limited to stations where there is a substantial deposit of cuttings.  There is no evidence of chemical effects associated with WBM cuttings discharge.

· the overall footprint of SBM cuttings discharge appears to be limited to less than 250m radius in most instances, and possibly up to 500m in the case of Chirag 1 platform.  The cohesiveness of SBM cuttings may enhance any smothering effect.  However, there is some evidence that elevated hydrocarbon concentrations associated with these discharges could be moderately toxic.  This is consistent with the observation that a common aspect of impact is the reduction in abundance of amphipods, a group of crustacea widely recognised as sensitive to hydrocarbon exposure.

6.2.11 Summary of environmental sensitivity

A summary of the environmental sensitivities is provided in Figure 6.15. The key environmental sensitivities in the ACG Contract Area are associated with: 

· the presence of numerous fish species that pass through the Contract area during migration periods; 

· spawning periods of anchovy and big eyed Kilka;

· the Apsheron Peninsula serves as an important stopover for migrating birds;

· the presence of seals during the summer and spring and autumn migration periods; and

· spring time benthos and plankton recruitment and increased in productivity.
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Within the Contract Area Rhizosolenia calcar-avis dominates the phytoplankton population. (75-96% of the total biomass) Zooplankton often dominated by copepods Acartia clausi (introduced) and Eurytemora grimmi (native species), with the larger native Limnocalanus also present.  Peak productivity occurs in spring as ambient temperature and light levels increase.





Within the Contract Area, Rhizosemia caravis dominates the phytoplankton population.  96% of the total zooplankton population is dominated by Acartia (introduced) and Eurytemora (native species), with the larger native Limnocalanus also present biomass).  Peak productivity occurs in spring as sea light levels are at their greatest.
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A large portion of the western part of the South Caspian is distinguished in the summer by high benthic biomass levels from 100 - 1000g.m-2..  Contract Area biomass observed in the range 20-30 g.m-2, highest in spring and summer and declining in winter . Highest sensitivity in late winter and spring, lowest in summer and autumn.














The majority of the fish species found in the Contract Area over the course of the year are present during spawning and wintering migration periods in the spring and autumn.  The spring migration is the most sensitive period for the Contract Area as during this period fish abundance levels are at their greatest.
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The majority of the fish species found in the contract area over the course of the year are present during spawning and wintering migration periods in the spring and autumn.  The spring migration is the most sensitive period for the contract area as during this period, fish abundance levels are at their greatest.





The majority of bird species can be found on the Aspheron peninsula during the winter and early spring as they overwinter and feed in the nearshore areas.  The peninsula also acts as an important stopover during spring and autumn migrations.





From mid March the seals migrate south from pupping, breeding and moulting sites in the north Caspian to feeding areas in the southern and middle Caspian, moving offshore to feed on kilka during the summer.  From October and November 90% of the population start their northward migration again.  10% remain in the area and may be encountered in the Contract Area.





 








The most important commercial fish species in the Contract Area are the Big Eye kilka, Anchovy, Mullet and Big Eye shad.  Fishing for these species is greatest in the Contract Area during spring and autumn.
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