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10.3 Impacts on offshore environmental receptors

This section presents a discussion on potential impacts to offshore environmental receptors that would occur as a result of Phase 1 project activities.  The offshore environment includes the nearshore zone in which subsea pipeline installation activities would be undertaken.  The following sections are presented:

· impacts on the offshore atmosphere;

· impacts on seawater and seawater biology;

· impacts on the seabed and benthos;

· impacts on hydrological systems and flows;

· impacts on offshore subsurface geology.

10.3.1 Impacts on offshore atmosphere

There are a number sources of emissions to the offshore atmosphere resulting from Phase 1 project activities.  Principal contributing activities include:

· transportation of project components from overseas;

· the template well drilling programme;

· installation of the project pipelines offshore;

· installation of the offshore facilities; and

· platform operations.

Atmospheric emissions from these activities comprise carbon dioxide (CO2), methane (CH4), oxides of nitrogen (NOx), carbon monoxide (CO) and volatile organic compounds (VOCs).  Operational noise emissions are discussed below in Section 10.3.1.2.

Public attention on atmospheric pollution has increased in recent years with concerns being focussed on local and regional pollution (i.e. human health issues) and global warming.  It has been generally acknowledged that the so-called “greenhouse gases” (primarily CO2 and CH4) in excessive quantities, contribute to global warming with the potential for consequent climate change.  At an international level, efforts are being made to get individual countries to reduce their emissions of these greenhouse gas species.  This effort is embodied in the recent Kyoto Agreement.

The environmental fate and effect of other gaseous species that would be generated by Phase 1 activities are presented in Table 10.9.

Table 10.9
Environmental impacts of atmospheric releases

	Emission
	Environmental Impact

	Carbon monoxide (CO)
	Contributes indirectly to climate change by enhancing low level ozone production.  Highly toxic to human health at concentrations of several percent (by volume) and can augment photochemical smog formation

	Oxides of nitrogen (NOx, including predominantly NO and NO2)
	NO2 is a toxic gas, even at relatively low concentrations. NOx also contributes to the formation of acidic species which can be deposited by wet and dry processes. Acidic species may impact both freshwater and terrestrial ecosystems. NOx can also augment the formation of ozone at ground level when mixed with VOCs in the sunlit atmosphere. NO is a relatively innocuous species, but is of interest as a pre-cursor of NO2

	Sulphur dioxide (SO2)
	SO2 is a toxic gas, and is known to contribute to acid deposition (wet and dry) which may impact both freshwater and terrestrial ecosystems.  Direct health effects potentially causing respiratory illness.

	Volatile organic compounds (VOC)
	Non-methane VOCs associated with the proposed development 

are anticipated to be predominately hydrocarbons, which play an important role in the formation of ‘photochemical oxidants’, such as tropospheric ozone. Many are also known or suspected carcinogens.


10.3.1.1 Transportation and installation activities

Emissions to the atmosphere from the pipeline and offshore facilities installation activities and transportation of materials into Azerbaijan principally originate from vessel engine and power generation exhaust emissions resulting from the combustion of diesel fuel.

Impact Significance

As detailed in the Project Description (Chapter 5), estimated quantities measured for these activities were found to be relatively low.  Notably, the emission sources are mobile and the duration of emissions is relatively short.  It is considered that these emissions would be readily dispersed over a wide geographic area and hence, the impact significance associated with emission source activities is considered to be “low” as follows:

Likelihood of occurrence = 5 - certain to occur.

Consequence = 1 - impact largely not discernible on a local scale.

Significance = 5 – low.

10.3.1.2 Template well drilling program

Atmospheric emissions from vessel exhausts would also occur during the transfer of the Dada Gorgud drilling rig and during the drilling programme and from associated vessel support and supply activities.  Additional activities that would result in emissions to the atmosphere would include:

· helicopter exhaust emissions during the transport of personnel;

· power generation emissions from the drilling rig; and 

· flaring of hydrocarbons generated during the well test programme.

Fugitive emissions to the atmosphere from the rig facilities such as fuel storage tanks, bulk materials transfer operations and surface mud pits would also be expected but are considered to be negligible.

The levels of each gaseous species emitted from each of the activities over the whole period of the template well drilling programme are shown in Figure 10.3a and 10.3b.  Figures are based on a maximum time-frame of 64 days for each well for a total of 9 wells (average of the anticipated 8 to 10 wells that would be drilled during the programme).

Figure 10.3a
Sources and contribution of atmospheric emissions by species (excluding CO2) during the template well drilling programme (tonnes)
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Figure 10.3b
CO2 emissions during the template well drilling programme (tonnes)


[image: image2.wmf]0

2,000

4,000

6,000

8,000

10,000

12,000

14,000

16,000

18,000

Rig Transfer

DG Power Gen.

Helicopters

Vessels

Flaring


Power generation turbine exhaust emissions and exhaust emissions from the support and supply vessels would be the main sources of atmospheric emissions from the template well drilling programme.  Drilling rig power generation emissions would remain relatively constant throughout the drilling periods and would result through the use of diesel generators.  Vessel emissions would result from a support vessel on standby alongside the rig for the duration of the drilling programme and minor inputs would also occur as a result of supply vessels travelling between the shore and the rig.

The hydrocarbons burned following the three planned well tests would also result in a high proportion contribution of atmospheric emissions.  Three separate flaring events are planned.  Each event would be short-lived with up to 10,000 barrels of oil being flared over a period of 36 hours following each test.

Impact significance

Apart from the drilling rig and vessel personnel, there would be no sensitive human receptors in the vicinity of the drilling location that could be potentially adversely affected by atmospheric emissions.  Wind and natural atmospheric circulation would rapidly disperse the emissions.  Highest concentrations of emissions at and near to the rig would be expected during hydrocarbon flaring events after well testing and minor localised reductions in air quality could be expected.  Due to the very short-lived nature of these flaring activities and the anticipated rapid and comprehensive dispersion of emissions, adverse effects on the health of the rig and vessel personnel in the area are not anticipated.  Marine fauna are not expected to be at risk from atmospheric emissions generated during theg pre-template and template well drilling programme.  It is expected that sea level concentrations at the drilling site would be below international guideline levels for each emission species.

Overall, given that atmospheric emissions would be readily dispersed, the significance of impacts on the offshore atmosphere resulting from the release of emissions during these activities is considered to be “low” as follows:

Likelihood of occurrence = 5 - certain to occur.

Consequence = 1 - impact largely not discernible on a local scale.

Significance = 5 – low.

The considerable distance of the offshore operations from the shore would mean that no deterioration in onshore air quality would result.

10.3.1.3 Platform operations

Platform operations would include drilling and production from the PDQ and, approximately one year later, gas compression and water treatment from the C&WP.  The principal sources of emissions to the atmosphere would include:

· platform power generation turbines;

· gas compressors;

· flaring;

· support and supply vessels, helicopters;

· other diesel engines (emergency, generator, platform cranes etc); and

· fugitive emissions.

The estimated emission quantities by species from each of the activities over the whole period of the PSA are shown in Figure 10.4a and 10.4b.

Figure 10.4a
Estimated emission quantities by species (excluding CO2) from the PDQ and C&WP (tonnes)
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Figure 10.4b
Estimated CO2 emission quantities from the PDQ and C&WP (tonnes)
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Principle contributors to the total emissions from platform operations are the two power generation gas turbines onboard the PDQ and the single gas turbine generator on the C&WP that supply all of the platforms’ power requirements.  Peak electrical load would be during drilling during approximately the first 10 years of operations.  Beyond this time, power requirements would be less and would remain fairly constant.  Fuel gas, which has a high fuel efficiency, would be the principal fuel used for power generation.  Fuel gas produces less emissions per unit of energy produced in comparison to other fuels such as diesel.  The gas turbines would have dual fuel capability; that is, diesel could be used as a back-up fuel in the event of the loss of gas.  An emergency back-up stand-alone diesel generator would also be provided on the PDQ topsides.

Other main contributors to atmospheric emissions would be the two gas turbine driven gas injection compressors onboard the C&WP.  These compressors would be used for compression of gas for re-injection down-hole for reservoir maintenance purposes and for gas lift required to promote production flow of the oil.  Compressors for produced water re-injection would also be a contributor.

There would be no routine flaring offshore for production purposes.  Associated gas would be used as fuel gas onboard the platforms and for gas injection purposes for reservoir pressure maintenance.  The remainder will be sent to shore for fuel gas for the terminal facilities and export to SOCAR.

Routine flaring emissions would result from the conventional lit pilot on the flare and purge gas made-up of internal seal and valve hydrocarbon leaks.  The total amount of routinely flared gas would amount to 1 MMscfd from the PDQ rising to 2 MMscfd when the C&WP is installed approximately one year later.  Emissions from routinely flared gas would relatively low in comparison to emissions from the power generation and gas compression packages.

In the early years of offshore operations, non-routine flaring would result during times of plant unavailability and during commissioning and start-up problems both offshore and/or onshore.  Plant availability figures based on previous experience of similar operations in other parts of the world have been estimated as 70% in year 1 and 82% in year 2 (following the C&WP installation).  Flaring quantities, although significant, would be expected to be short-lived with the majority of flaring of gas expected to occur in the early days of each year following the installation of the facilities.  The plant design availability target for offshore and onshore facilities is set at 95%, hence flaring quantities would reduce with 95% availability expected to be achieved by year 3 and maintained thereafter.  Emissions shown in Figures 10.4a and 10.4b above include these anticipated non-routine flaring events which represent a significant contribution to the overall emissions from the platform operations.

Estimated flaring volumes anticipated from the Phase 1 facilities offshore are shown in Figure 10.5.

Figure 10.5
Estimated flaring volumes from the PDQ and C&WP
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Once the C&WP is operational in 2006, gas produced at the Chirag-1 platform would be transferred to the C&WP and commingled with Phase 1 gas for use as fuel gas, re-injection or transfer to shore.  At present, associated gas from Chirag-1 is transferred to SOCAR’s Oil Rocks facility for use as fuel gas.  At times when this gas cannot be received however, the gas is flared at Chirag.  Linking the Chirag-1 platform to the C&WP would eliminate an ongoing need for continuous flaring at Chirag.  Anticipated flaring volumes at Chirag-1 are illustrated in Figure 10.6 showing the reduction in flaring to around 1 MMscfd (primarily purge and pilot gas) by 2006.

Figure 10.6
Anticipated flare gas volumes at Chirag-1 (2001-2010)
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Fugitive losses to the atmosphere of volatile hydrocarbons from process equipment connections represent a relatively minor source of emissions from the offshore facilities and would be largely controlled by minimisation through appropriate specifications for storage tank seals, valves and flanges and seals during detailed engineering.

Combustion emissions from moving sources such as the support and supply vessels and helicopters would also contribute to the overall emissions to the atmosphere from the Phase 1 project.  As with the template well drilling programme, emissions from supply vessels and helicopters, although adding to the overall emission totals for the project, would be transient in nature and would be readily dispersed.  Combustion emissions from the support vessel are relatively low in comparison to the full offshore Phase 1 operations.

Impact significance

As noted above, no sensitive receptors at the offshore location would be at risk from the emissions due to predicted rapid and thorough dispersion in the offshore environment.  No deterioration in the local air quality would be expected.  The power generation emission stacks and the flare boom are of sufficient height and are appropriately positioned to ensure that emissions are released at sufficient distances from the platform working areas so that no health effects on the personnel working offshore would be incurred.

Significant polluting gases such as NOx and SOx have limited lifetimes in the atmosphere (1.5 days and 16 days respectively) but could travel significant distance from the emission source to other areas within the region or possibly even into neighbouring counties.  Potential transboundary impacts are in Chapter 13.

Interim air dispersion modelling of CO, NOx and SO2 from the offshore facilities has been carried out using worst-case emissions (i.e. during normal operations and non-routine flaring) to establish whether offshore emissions would impact on onshore sensitive receptors.  The results, as presented in the Technical Appendix, show only a slight increase in ambient levels at each of the onshore receptors studied, with no breach of international air quality standards.

CO2 has a long residence time in the atmosphere and, being an acknowledged greenhouse gas, has potential global consequences.  The CO2 contribution from the offshore Phase 1 facilities is considered to be appreciable and hence, significant in terms of global greenhouse emissions.  This is further discussed in transboundary Impacts (Chapter 13).

With the exception of CO2, atmospheric emissions from the Phase 1 offshore operations although appreciable, would be readily dispersed and hence, are considered to be of “low” significance in terms of impacts on the offshore and onshore atmospheres and onshore sensitive (human) receptors as follows:

Likelihood of occurrence = 5 - certain to occur.

Consequence = 1 - impact largely not discernible on a local scale.

Significance = 5 – low.

10.3.1.4 Airborne Noise

Airborne noise would be generated during all phases of the project from:

· vessel activity;

· installation of the jackets and pipelines;

· floatover and positioning of the PDQ and C&WP topsides;

· mobilisation of the Dada Gorgud;

· drilling and production;

· flaring; and

· helicopter operations.

Engine noise would be comparable in level to other vessel activities in the area and would be continuous in places (for example the drilling location) and intermittent along transportation routes.

Impact significance

Offshore airborne noise may disturb birds (shorebirds and seabirds) and the Caspian Seal with resultant behavioural changes such as avoidance.  This impact could be expected to be more significant near the shoreline where vessels would be closer to larger numbers of birds than occur offshore.  Avoidance behaviour in these individuals may cause certain species to leave their feeding, nesting or breeding areas if the disturbance is prolonged or repeated.

Where surface noise is continuous (e.g. offshore installations), it is likely that birds and seals would become accustomed to the sound and would return to the area if avoidance was the initial response.  There is anecdotal evidence of this from sightings of the Caspian Seal around the Chirag-1 platform.  Similar evidence suggest that birds are also generally unperturbed by offshore installation and operation activities.  In the North Sea for example, personnel have formed ornithological clubs onboard offshore drilling and production platforms that regularly record bird sightings and distributions around these installations.

Noise impacts on animals resulting from offshore activities (including vessel operations in the nearshore area) are considered to be of “low” significance as follows:

Likelihood of occurrence = 5 - certain to occur.

Consequence = 1 - impact largely not discernible on a local scale.

Significance = 5 – low.

10.3.2 Impacts on seawater and seawater biology

A number of project activities have been assessed as having the potential to result in environmental impacts on seawater and seawater biology (i.e. plankton, fish, marine flora, marine mammals and seabirds).  Impacts are associated with those activities that would generate noise (e.g. drilling) and those would result in discharges to the water column (e.g. drilled cuttings and cooling water discharge).

10.3.2.1 Underwater noise

A number of Phase 1 activities would result in the generation of underwater noise.  These principally include:

· sea-going vessel transportation of materials, equipment and plant into country;

· offshore installation operations in relation to:

· the Dada Gorgud drilling rig;

· the PDQ and C&WP jackets and topsides

· offshore drilling and production operations;

· installation and operation of subsea intrafield pipeline; and

· pipeline operations.

Underwater noise can cause direct and indirect effects on seabirds, fish and marine mammals.  The data upon which to evaluate the significance of acoustic disturbance is however, limited primarily because of:

· the complex behaviour of sound and pressure waves in water;

· the restricted availability of the effects of noise on specific species and especially in regards to Caspian species; and

· the effect that environmental conditions play on the behaviour of noise emissions.

Seabirds and especially those diving or sitting on the surface of the sea in close proximity to the noise source may be disturbed.  If disturbed, the typical response is avoidance; that is, for individuals to move away from the noise source.  Similarly, the Caspian Seal being a highly mobile animal would be expected to avoid noise sources if they were found to be disturbing.

Fish are able to detect low-level noise at considerable distance (i.e. several up to kilometres) from the source.  As with birds and marine mammals, the typical response is to move away from the source.  Continual high level noise may however, result in more pronounced changes to normal behavioural patterns and in extreme cases, could lead to pathological effects.  The key threshold sound values for certain types of behavioural responses in and damage to fish are shown in Table 10.10.

Table 10.10
Key threshold values for response and certain types of damage to fish (based upon data reported in McCauley, 1994)

	Decibels
	Response/damage levels

	>230
	Pathological damage

	220
	Startle response in fish

	200
	General repulsion of fish

	180-160
	Auditory damage to some fish

	
	Avoidance behavioural changes in fish


From Table 10.10, it can be seen that avoidance behaviour in fish is induced at around 160 to 180 dB.  Auditory damage can be incurred at 180 dB and more severe injuries, above 230 dB.  The distance at which these thresholds are reached away from the sound source is dependant on operational and environmental parameters.

Table 10.11 lists the sound source levels and estimated sound levels at different distances from the source from various maritime activities.

Impact significance

Noise impacts on seawater biology are considered to be of “low” significance as follows:

Likelihood = 5 - certain to occur.

Consequence = 1 - impact largely not discernable on a local scale.

Significance = 5 - low.

Increased vessel activity

Marine animals in the Caspian Sea are accustomed to the noise generated from passing vessels and although the vessel activity along the shipping route between the shore and the offshore ACG phase 1 development would increase, it is expected that if animals initially displayed avoidance behaviour, they would eventually return to the affected area once they become accustomed to the increased noise levels or once the noise source had moved or ceased.

A number of vessels would be on site during offshore facility and pipeline installation and commissioning activities.  Again this would be expected to result in a degree of avoidance behaviour when activities are ongoing but that individuals would be expected to return once these relatively short-lived activities have been completed.

Overall, impacts resulting from noise emissions from vessel activities are considered to be of “low” significance.

Table 10.11
Sound sources from various maritime activities (Evans and Nice, 1996)
	
	Frequency Range
	Average Source Level
	Estimated Received Level at Different Ranges (km) by Spherical Spreading

	Activity
	(kHz)
	(dB/1 µPa/1 m)
	0.1
	1.0
	10.0
	100

	Low resolution sound:

	
- explosives (TNT)
	-
	270
	230
	210
	189
	168

	Drilling activity:

	
- jack-up
	0.005-1.2
	85-127
	45-87
	25-67
	4-46
	<25

	
- semi-submersible
	0.016-0.2
	167-171
	127-131
	107-111
	86-90
	65-69

	Drilling production:
	0.25
	163
	123
	103
	82
	61

	Dredging:
	
	
	
	
	
	

	
- gravel works
	-
	130
	90
	70
	49
	28

	
- suction dredge
	0.38
	160
	120
	100
	79
	58

	Vessel activity:

	
- 6 hp outboard small craft
	0.8-20.0
	105-130
	65-90
	45-70
	24-49
	<25

	
- 90 hp outboard speedboat
	0.8-20.0
	110-130
	70-90
	50-70
	29-49
	<25

	
- 240 hp inboard fishing boat
	0.1-20.0
	110-135
	70-95
	50-75
	29-54
	<25

	
- large merchant vessel
	0.05-0.9
	160-190
	120-150
	100-130
	79-109
	58-88

	
- supertanker
	0.02-0.1
	187-232
	147-192
	127-172
	106-151
	85-130

	
- oceanographic vessel
	<0.1
	170-230
	130-190
	110-170
	89-149
	68-128

	
- military vessel
	-
	190-203
	150-163
	130-143
	109-122
	88-101


Notes:

1
Beaufort Sea, Canada, early 1980's.

2
St George's Channel, Irish Sea, 1993.

*
Actual measurements.

†
Extrapolated.

Facility and pipelines installation

The most significant noise source during offshore facility installation would be the piling of the PDQ and C&WP jackets into place.  A total of 12 piles would be used to secure each jacket.  The pile driver normally operates at up to 40 “blows” per minute and at its source, can produce noise emissions up to 206 dB (BP, 2001).

It is difficult to predict what the actual noise levels would be at a distance from the source as environmental conditions at the time of installation operations would play a significant role in determining the behaviour of the noise waves through the water column and hence their effect on biological receptors.  Typically however, it would be expected to be between 105 and 165 dB at a distance of 100 m.  Overall impacts resulting from these noise emissions would be last for between seven and 10 days for each jacket installation programme and it is expected that marine animals would move away from the area during this time, returning once the piling activities were complete.

Noise emissions associated with the installation subsea and interfield pipelines would arise from pipeline laying operations including trenching activities in the nearshore.  As the operation is a progressive one, the noise source would be mobile and hence the exposure time at any one location would be limited.

Overall impacts from noise generated by the offshore installation activities are considered to be “negligible” for those species that can readily move away from the noise source and due to limited total number of affected individuals, of “low” significance for those that cannot.

Drilling and production operations

Fish are known to congregate around offshore installations and it is considered that they become accustomed to predictable noise from sources such as stationary offshore sites and ships that follow a constant course (Norris & Reeves, 1978).

Template drilling from the Dada Gorgud would create relatively lower noise levels than many large ships (Richardson et al, 1989) but levels (Table 10.15) would be likely to result in avoidance behaviour by fish.

Underwater noise levels generated by drilling from the PDQ (after template drilling) would be similar to that emitted by the Dada Gorgud.  Once commenced, PDQ production operations at the PDQ would, for a period of years, be concurrent with drilling activities on the facility.  Underwater noise levels generated by combined platform PDQ drilling and production is anticipated to be similar to drilling alone as noise resulting from production activities (e.g. power generation; gas compressor operation) would primarily be generated on the platform topside and not underwater.  It is considered that the long-term presence of the ACG Phase 1 production facilities would be unlikely to result in fish permanently avoiding the area and therefore, impacts associated with noise emissions on this receptor are considered to be of “low” significance.

The Caspian seal is frequently observed close to the operational Chirag-1 platform indicating that they are largely undisturbed by operations noise.  Evidence of similar behaviour by marine mammals is available for other oil production operations, where seals and dolphins are regularly observed close to offshore installations and around support vessels.  Noise impacts on this receptor are therefore, considered to be of “negligible” significance.
Subsea pipelines can create low frequency noise and vibration emissions due to the flow of fluids inside them.  Such emissions may travel through the water column and disturb marine organisms and in particular fish.  As the noise levels would be small and as they would dissipate relatively rapidly, the significance of this potential impact is considered to be “negligible”.

10.3.2.2 Aqueous discharges to sea

The discharges to the sea arising from Phase 1 activities are shown in Table 10.12.

Table 10.12
Phase 1 activities resulting in aqueous discharges to sea

	Activity
	Discharges

	Transportation vessels
	Sewage, bilge waters, ballast waters

	Installation and commissioning vessels (drilling rig, drilling template, jackets, topsides, pipelines)
	Sewage, bilge waters

	Supply and support vessels
	Sewage, bilge waters

	Drilling
	Sewage, bilge waters, drainage, food waste, WBM cuttings, WBMs, cooling water

	Production 
	Sewage, bilge waters, drainage, food waste, cooling water


Impact significance

Impact on seawater quality and seawater biology resulting from the discharge of sewage, bilge water, drainage and food waste are considered to be of “low” significance as follows:

Likelihood = 5 - certain to occur.

Consequence = 1 - impact largely not discernable on a local scale.

Significance = 5 - low.

Sewage discharges

It is estimated that approximately 19,500 m3 per year of sewage water would be generated at and discharged from the Phase 1 offshore facilities (Figure 10.6).  Details on the sources, types and individual amounts of aqueous discharges offshore are presented in the Project Description (Chapter 5).

Figure 10.6
Predicted ACG Phase I sewage discharges per annum
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Discharge of effluent can result in localised organic enrichment in the vicinity of the discharge point that in turn, can result in potential oxygen depletion in the discharge plume resulting in some minor disturbance to the marine ecosystem close to the point of discharge.

Sewage discharges from the Dada Gorgud and the PDQ would be from a US Coast Guard Marine Sanitation Device (MSD) or certified equivalent (Project Description; Chapter 5).  Residual chlorine content in discharges would be of less than 2.0 mg/l.  All vessels used for installation and commissioning and for supply and support would be required to comply with MARPOL which stipulates no discharges of sewage waters in nearshore waters and treatment of sewage waters in a marine sanitation unit prior to discharge offshore.

It is expected that the anaerobic digestion of the effluent carried out on the offshore facility marine sanitation units would rapidly reduce BOD at and near to the sewage discharge point to levels that are insignificant.  Water currents would also assist the dilution and dispersion of discharged material and would eventually restore oxygen and nutrient levels to background conditions.  Impacts on marine water quality and marine organisms are therefore, considered to be of “low” significance.  While not explicitly part of the base case for sewage treatment, maceration of solids would also assist in ensuring that there are no visible solids as well as assist dispersion in the surrounding waters.

Food wastes

Food waste would be generated on board all operational vessels and offshore facilities.  Such wastes would be macerated and discharged directly to the water column.  Large-scale discharges of organic material can result in increased biological productivity in the vicinity of the discharge point with a resultant reduction in dissolved oxygen in the receiving waters.  Given the limited number of personnel that would be onboard offshore installations (i.e. maximum 300) and vessels (i.e. typically 10 to 20 each) combined with the anticipated level of dispersion and mixing of wastes in the water column, it is considered that impacts on marine water quality from the discharge of galley wastes would be of “negligible” significance.

Bilge, ballast and drainage water

Bilge and drainage waters may be contaminated with oily wastes.  All drains on vessels and offshore installations would collect any hydrocarbon contaminated water and would direct these fluids for oil removal treatment prior to discharge to sea.  Drainage water discharges would therefore, have very low levels of oil and would be readily dispersed after discharge.

Ballast waters from transportation vessels and the Dada Gorgud would be expected to be segregated and would not be in contact with oil or chemicals.  The possibility of introduction of alien species from transportation vessels entering the Caspian waters cannot however, be discounted.  This event is considered an accidental event and is discussed in Section 10.6.

10.3.2.3 Discharge of drilled cuttings, drilling fluids and WBM

As discussed in the Project Description (Chapter 5) the Phase 1 drilling programme would consist of the development of up to 48 wells as follows:

· the drilling of eight to 10 pre-template and template wells from the Dada Gorgud prior to the installation of the PDQ; and

· the drilling of up to a further 39 platform wells from the PDQ.

The base case option for the disposal of drilled cuttings from the surface and 26” hole sections from each well is to discharge to the marine environment as follows:

· Dada Gorgud pre-template and template wells:

· 36” surface hole section drilled with seawater and viscous (bentonite gel) sweeps directly to the seafloor;

· 26” top-hole section drilled with a WBM system to the water column via a caisson at –11 m below the sea surface following separation of the WBM from the drilled cuttings;

· platform wells (PDQ):

· 30” conductor (driven) and drilled out with seawater and viscous (bentonite gel) sweeps directly to seafloor; and

· 26” top-hole section drilled with seawater and viscous (bentonite gel) sweeps to the water column via a caisson at –97 m below the sea surface.

The total volume of cuttings and mud to be discharged would be 352.16 m3 per well.  For 48 wells, the total volume of cuttings would therefore, be 16,903.68 m3.

Cuttings from the 26” top-hole sections would be returned to the surface with the circulating drilling mud/fluid and would be separated out in solids control treatment packages on the Dada Gorgud (template wells) and the PDQ (platform wells).  A proportion of residual drilling mud is however, likely to remain attached to the discharged cuttings prior to cuttings discharge.

The formulation of the WBM to be used for the template wells is one which has been and is widely used and that has been subject to thorough environmental testing.  Table 10.13 identifies the WBM components, their characteristics and environmental fate.  The bentonite gel would most likely consist of bentonite, caustic soda, soda ash and guar gum as a contingency chemical.

Table 10.13
Chemistry and fate of WBM components

	Chemical
	Composition
	Environmental Fate
	OCNS Category1
	Comment

	Barite
	Barium sulphate ore
	Deposit on seabed
	E
	Inert and dense material.  Primary seabed effect would be due to physical smothering.  No significant impact would be expected associated with the levels of heavy metals.

	Bentonite
	Clay ore
	Eventual deposit, but suspended in water column for some time
	E
	Inert material that may cause limited physical effects (e.g. light attenuation; clogging) in main part of plume but would rapidly disperse to background turbidity levels.

	Caustic soda
	Sodium hydroxide
	Dissolve in water column
	D
	Inorganic material that dissolves readily and components are of negligible toxicity.

	Guar Gum
	Non-ionic polymer
	Dissolve in water column
	E
	Simple, degradable natural polymer of very low toxicity

	Soda ash 
	Sodium carbonate
	Dissolve in water column
	E
	Simple, degradable natural polymer of very low toxicity.


OCNS: Offshore Chemical Notification Scheme - a system used in the North Sea, UK that classifies all chemicals used offshore into Groups (A to E) based on their bio-degradation, bio-availability and toxicity to a range of taxonomic groups.  Group A chemicals represent the greatest potential hazard and Group E the least.

Impact significance

Impacts on seawater quality and seawater biology resulting from the discharge of drilled cuttings, drilling fluids and WBM are considered to be of “low” significance as follows:

Likelihood = 5 - certain to occur.

Consequence = 1 - impact largely not discernable on a local scale.

Significance = 5 - low.

The main physical impacts on seawater from the discharge of cuttings, drilling fluids and WBM are associated with a localised increase in water turbidity in the vicinity of the discharge point and minor changes in local water quality.  Turbidity in the water column may increase the reflection and scattering of light thus reducing light penetration and subsequently biological activity.  In addition, organic material in the discharge may contain an associated high oxygen demand.  Significant changes in seawater quality may also have flow-on effects on marine biology.  Impacts from cuttings release from the Dada Gorgud would be likely to have a greater impact than releases from the PDQ as the former would be in the primary production zone (i.e. at –11 m) whereas releases from the PDQ would be at –97 m.

The main factors that influence phytoplankton production are light and nutrient availability.  The presence of a turbid plume that reduces light penetration into the primary production zone (i.e. upper portion of the water column) could result in a reduction in phytoplankton production that in turn, would lead to a reduction in nutrient uptake.  Reductions in phytoplankton production rates would only persist for as long as a turbid plume was present and would only be observable where turbidity was greatest; that is, close to the point of cuttings discharge.  As unused nutrients would remain in the water column and would still be available after plume dilution, production rates would be expected to eventually return to normal.

Experimental studies on spent and discharged WBM have shown that some physical damage in zooplankton can occur at total suspended solids (TSS) concentrations in excess of 30 g/l.  TSS concentrations in excess of 30 g/l are only expected to occur in the most turbid part of the plume close to the point of discharge during calm weather periods when plume dispersion is limited.  Zooplankton is unlikely to be physically affected by increased turbidity as a result of cuttings discharge from either the Dada Gorgud or PDQ (except possibly in a very small zone surrounding the immediate point of discharge) as plume would be expected to disperse quite rapidly (Section 10.X) to levels well below 30 g/l TSS.

Fish could potentially be effected in the vicinity of the plume by the large quantities of fine-grained sediments such as those at the Azeri Field well site (Chapter 6).  Fine-grained particles may cause irritation by abrading protective mucous coatings and thereby increasing susceptibility to parasites, bacteria and fungal infections.  Suspended sediment may also reduce visual acuity and hence feeding behaviour and may reduce respiration efficiency due to blocking of gills.  Fish species such as sturgeon that normally inhabit turbid waters and species that use their sense of smell for feeding may be less affected by high levels of suspended sediment than visual feeders.  Other species would be expected to exhibit avoidance behaviour in response to increases in turbidity.

The Caspian Seal populations in the vicinity of the drilling site during drilling activities may experience similar effects as fish from the cuttings discharge.  They are also however, likely to demonstrate avoidance behaviour if the waters are found to be unfavourable.

Impacts of the deposition of the drilled cuttings and muds on the seabed are discussed below in Section 10.3.3.3.

10.3.2.4 Cooling water uptake and discharge

Cooling water requirements for the Phase 1 development are described in the Project Description (Chapter 5).  There would be three sources of cooling water discharges to the sea as follows:

· from the Dada Gorgud during the template drilling programme:

· cooling water uptake at –10 m and a rate of 600 m3/hr

· discharge temperature approximately 15OC above ambient; and

· cooling system not be treated with antifouling agents.

· from the PDQ during platform drilling:

· cooling water uptake at –101 m at rate of 1,700 m3/hr;

· discharge at –67 m at a temperature of approximately 15OC above ambient;

· cooling system treated with antifouling agents;

· from the C&WP during production:

· cooling water uptake at –101 m at rate of 4,200 m3/hr;

· discharge at –67 m at a temperature of approximately 15OC above ambient; and

· cooling system treated with antifouling agents.

Seawater passed to the cooling medium on the PDQ and C&WP would be dosed with a copper-chlorine “antifouling” solution to inhibit the build-up of organic growth within the system.  The dosing concentrations would be 5 ppb (parts per billion) copper and 50 ppb chlorine (on each platform) and dosing would occur for one minute in every five of cooling system operation (i.e. 20% of the time).  Discharged cooling water would on average therefore, have copper and chlorine concentrations of 1 ppb and 5 ppb respectively.  Dosing with chlorine by electrochlorination of sodium hypochlorite solution has also considered.

Impact significance

The potential environmental effects of cooling water uptake and discharge would be sterilisation of a portion of the volume of the plume due to:

· entrainment of phytoplankton/zooplankton and (juvenile) fish;

· the temperature differential between discharged and receiving waters; and

· antifouling chemical additives in the discharged cooling water.

Impacts on seawater quality and seawater biology associated with the seawater uptake and discharge for cooling are considered to be of “low” significance as follows:

Likelihood = 5 - certain to occur.

Consequence = 1 – impact largely not discernable on a local scale.

Significance = 5 - low.

The key issue associated with seawater uptake is entrainment of marine organisms (resulting in mortality).  In respect to discharge, issues relate to the environmental effects of a thermal and chemical plume on the receiving environment.

Entrainment

Phytoplankton and zooplankton

Recent surveys around the appraisal wells GCA5, GCA6 drilled in the ACG Contract Area and around the Chirag sites (ERT, 2000) suggest phytoplankton biomass value of 250 mg/m3 is typical of the waters in the area.  This roughly translates to a biomass production rate of 30 to 100 mg/m3/day; that is, on average 70 mg/m3/day.

The Dada Gorgud would draw seawater for cooling from -10 m below the sea surface.  Phytoplankton and zooplankton found at this depth would be entrained in the uptake stream with a consequent mortality due to the rapid increase in ambient temperatures and highly disturbed water flow.  Using the biomass value of 250 mg/m3 and an seawater uptake rate of 600 m3/hr (i.e. 14,400 m3/day), approximately 3.6 kg/day of biomass would be lost (assuming total mortality of entrained organisms).

The cooling water intakes on the PDQ and C&WP platforms are planned to be at a at a depth of -101 m which is well below the productive surface layers of the water column where phytoplankton abundance is greater.  Zooplankton are however, present at these depths.  Assuming the same standing biomass value of 250 mg/m3 (likely to be an over estimate) and a combined PDQ and C&WP seawater uptake of 5,900m3/hr (i.e. 141,600m3/dy) a loss of approximately 35.4 kg/day of biomass could be expected (assuming total mortality of entrained organisms).

Using biomass production rate of 70 mg/m3/day, the amount of biomass lost due to entrainment on the PDQ and C&WP (the worst-case scenario) would be replenished by a seawater volume of approximately four times the cooling water volume.  Another basis for comparison is to estimate the daily biomass production of surface waters (taken to be upper most 30 m of the water column) around the platforms.  At a radius of 500 m the productive volume is be 23,550,000 m3.  The estimated biomass production rate for this volume of water would be approximately 1,500 kg/day, well in excess of that predicted to be lost as a result of seawater uptake on the Dada Gorgud and the combined PDQ and the C&WP installations.

It is concluded that local production of phytoplankton is more than sufficient to compensate for the estimated losses resulting from seawater uptake and therefore, the significance of loss of phytoplankton due to entrainment is considered “negligible”.

Larvae and juvenile fish

As discussed in the Environmental Description (Chapter 6), the Middle Caspian is a fish spawning area.  The ACG Contract Area includes spawning grounds for anchovy and Big-eyed kilka
.  Spawning occurs below the sea surface and embryo rise to the surface where they hatch.

The volumes of cooling water that would be used during the template drilling programme (Dada Gorgud) in comparison to the whole of the Middle Caspian would be very small.  Impacts to the Caspian Kilka populations through the entrainment of juveniles and embryos in the cooling water uptake would therefore, be unlikely to cause any long-term or significant damage to this population and hence the significance of this impact is considered “negligible”.

It is unknown what the potential distribution of larvae and juvenile fish may be in deeper waters in the Contract Area.  Given the greater seawater uptake on the PDQ and C&WP (in comparison to the Dada Gorgud), it is considered that there would be a greater potential for losses as a result of entrainment.  Again based on the amounts of seawater uptake in comparison to the whole of the Middle Caspian however, the significance of potential losses is considered to be “negligible”.

Adult fish

Kilka are one of the more abundant fish species in the Middle Caspian in deeper waters but total numbers would still be likely to be more significant at the shallower depths.  It is considered that the majority of adult fish would avoid seawater intakes but young adults or smaller individual Anchovy and Kilka could be entrained if velocity gradients at the intakes are sufficiently high.  The significance of the total number of individuals that that could be lost due to entrainment is however considered to be “negligible”.
Thermal plume discharge

The primary concern associated with the discharge of heated water is the potential for direct effects on the physiology individuals within the area of the discharge plume.  Broadly, metabolic rates increase by a factor of two for each 10(C increase in temperature.  From an ecological point of view this has two important implications as follows:

· metabolically-dependent processes such as growth and development will be higher at higher temperatures (subject of course to remaining within tolerable limits); and

· a higher proportion of assimilated organic carbon will be expended in respiration at higher temperatures.

Behavioural considerations with respect to thermal inputs effectively apply primarily to fish that have the capacity to mitigate exposure by means of behavioural responses.  In steady-state conditions, the thermal gradient between receiving waters and the plume would be relatively constant and gradual thus allowing fish to detect the plume and avoid it.  In large waters bodies such as the Caspian Sea where emigration is possible in any direction from the area of elevated temperature, mortalities would not be expected to occur.

The World Bank guideline
 set for cooling water discharges states that a temperature increase of no more than 3(C above ambient seawater temperatures is permitted at the edge of the zone where initial mixing and dilution takes place.  Where the zone is not defined, a distance of 100 m from the point of discharge is used.  To minimise effects of the thermal plume discharge and to meet this standard, discharge caisson depths have been selected to maximise cooling of the thermal plume upon discharge.

Thermal plume dispersion modelling was conducted to establish whether or not the base case design meets the required standard.  Discharge plumes were modelled for cooling water discharges from the PDQ and C&WP platforms at flow rates of 1,700 m3/hr and 4,200 m3/hr respectively.  The cumulative discharge of both platforms operating simultaneously (i.e. 5,900 m3/hr) was also modelled.  While in reality each platform would have a caisson (separated by between 50 to 100 m), because of the model resolution, a single discharge point for both platforms was used.

Modelling showed for all seasonal scenarios that the thermal plume was well within 3(C above ambient seawater temperature within 100 m from the discharge point in all directions.  In fact, all simulations showed a temperature rise of only between 0.5 - 1.0(C above ambient conditions within 100 m of the point of discharge in all directions.

A full technical report on the thermal plume dispersion modelling is presented in the Technical Appendix.

Chemical plume discharge

Cooling water on the Dada Gorgud would not be treated with antifouling chemicals.

Two options were under consideration for antifouling treatment of the cooling water on the PDQ and C&WP facilities.  These were:

· BFCC(
:  pulsed dosing with a copper-chlorine solution with concentrations of 5 ppb copper and 50 ppb chlorine ; and

· electro-chlorination:  dosing with a chlorine only solution at a concentration of 2,000 ppb.

The chemical plume arising from both antifouling treatment systems were also modelled using the same hydrodynamic model as used for the thermal plume modelling.  All discharge scenarios were modelled (i.e. PDQ, C&WP and combined PDQ and C&WP).  The results from all simulations are presented in the Technical Appendix.

The copper-chlorine system is dosed at 5 ppb copper and 50 ppb chlorine at the seawater intake point for one minute in every five minutes (i.e. 20% of the time).  Assuming total mixing in the cooling system, the ‘end-of-pipe’ discharge concentrations would be 1 ppb copper and 10 ppb chlorine from the PDQ and C&WP platforms.  The ‘end-of-pipe’ discharge concentration of chlorine from the electrochlorination system would be 2,000 ppb from each platform.

Discharged chemical plumes would be continually subject to dispersion and dilution.  Some time after initial release, an equilibrium or “steady state” is reached between the discharge plume and dispersion and dilution.  The model indicates that steady state conditions would be established approximately seven days after initial discharge.

In the steady state, the maximum chemical concentrations occur at the discharge point and out to a distance from the discharge point of approximately 250 m for the BFCC( system and 500 m for the electrochlorination system.  Concentrations outside of this plume ‘core’ drop to near background levels within hundreds of meters of the discharge point.  The results of modelling of the combined PDQ and C&WP discharge and the steady state antifouling chemical concentrations are shown in Table 10.14.  This represents a worst-case discharge scenario of 5,900m3/hr of 2 ppb copper and 20 ppb chlorine for the BFCC( system and 4,000 ppb chlorine for the electrochlorination system.

Table 10.14
Steady state antifoulant chemical concentrations (ppb) in the dispersion plume for the combined PDQ and C&WP cooling water discharges

	Season/Period
	BFCC System
	Electro-chlorination System

	
	Copper (Cu)
	Chlorine (Cl)
	Chlorine (Cl)

	Winter:

	01 Jan – 15 Jan
	0.006
	0.06
	11.2

	15 Jan – 31 Jan
	0.003
	0.04
	7.2

	Summer:

	13 Jul – 28 Jul
	0.006
	0.05
	10.0

	02 Aug – 17 Aug
	0.005
	0.05
	9.6


As can be seen from Table 10.14, the electrochlorination system results in higher concentrations of chlorine in the water column in comparison to the BFCC system.  Modelling indicated however, that the dispersion pattern never carried any constituent chemical to the surface of the water column rather it showed a vertical spread around the release site.  All dispersion scenarios are presented graphically in the Technical Appendix.

The actual caisson depth was chosen as the average plume depth as established from thermal dispersion modelling.  This is a very conservative estimate that assumes that chemicals released with the cooling water are completely dissolved and travel with the plume and only begin to disperse after the plume has stopped its vertical ascent.  All of the results are therefore, ‘worst-case’ scenarios in terms of plume chemical concentrations.

As shown in Table 10.14, the maximum predicted steady state concentrations of copper and chlorine in the dispersion plume for the BFCC( system are 0.006 ppb and 0.06 ppb respectively.  These occur during the winter maximum conditions.  The predicted concentration of copper in the dispersion plume for the BFCC( system (i.e. 0.006 ppb) is in the order of three orders of magnitude below the Maximum Allowable Concentration (MAC) limit for Azerbaijan (i.e. 5 ppb).  As noted above, the horizontal spread of the highest concentration portion of the plume is approximately 250 m.  The plume depth for this scenario is -11 m to -22 m below sea surface.  This equates to a volume of approximately 539,687 m3.

For electrochlorination the maximum predicted steady state concentration of chlorine determined was 11.2 ppb (winter maximum conditions) and the height and depth of the plume are the same as for the BFCC( system.  As noted above, the horizontal spread for the highest concentration portion of the plume is approximately 500 m.  This equates to a volume 2,158,750 m3, or about four times the volume associated with the BFCC( system.

A decision to adopt the BFCC( system both for the PDQ and C&WP was made.

A key assumption made in the dispersion modelling is that copper would remain in solution (i.e. dissolved) and that it is eventually more or less infinitely diluted.  Metals do however, tend to interact with components present in the receiving water and form insoluble inorganic precipitates which ultimately settle onto the seabed.  It is considered therefore, that a proportion of the copper in the cooling water discharge would form copper compounds and precipitate out around the platforms.  If this occurs, concerns could be raised on the potential increase in copper concentration in the seabed sediments and its bio-availability.

There is no data available for the acute toxicity levels of copper for Caspian Sea species.  International studies have shown however, that metal compounds formed in the water column are virtually non bio-available to marine organisms that come into contact with them (Neff et al., 1989a).  These studies have principally concentrated on the uptake of metal contaminants associated with drilling mud and additives.  Nevertheless slight accumulations of copper as well as cadmium, mercury and lead were detected in marine invertebrates in barite-contaminated sediments (Neff et al., 1989b).

Copper is found at low concentrations in marine waters as it is an essential trace element required by most aquatic organisms.  At higher concentrations however, copper and some of its compounds are toxic to marine flora and fauna.  Plants and animals readily accumulate copper with bio-concentration factors ranging from 100 to 26,000 being recorded for various species of phytoplankton, zooplankton, macrophytes, macro-invertebrates and fish (Spear & Pierce 1979).  Ahsanullah and Williams (1991) reported that the marine amphipod Allorchestes compressa exposed to 10 ppb of copper for 28 days accumulated 100 mg/kg body weight and experienced reduced growth.

US EPA studies showed that the acute toxicity of copper to saltwater animals ranged from 5.8 ppb for Blue Mullet to 600 ppb for the Green Crab.  Invertebrates and particularly marine crustaceans, corals and sea anemones are sensitive to copper with concentrations as low as 10 ppb causing sub-lethal effects.  Acute LC50 values for prawns, crabs and amphipods ranged from 100 to 1,000 ppb with chronic values from 1 to 300 ppb (Arnott and Ahsanullah, 1979; Ahsanullah and Florence; 1984).  Gastropods are more tolerant to copper and can accumulate quite high concentrations without toxic effects.  Typical 96-hour LC50 values for snails are 8 to 12 ppb.  Marine bivalves including the mussel Mytilus edulis are more sensitive to copper with a 96-hour LC50 values of 480 ppb (Amiard-Triquet et al., 1986).

The modelled maximum concentration of copper that would result from combined cooling water discharge from the PDQ and C&WP is 0.006 ppb.  This is a very low concentration and hence, the significance of impact on seawater and seawater biology is considered to “low”.  As there is a potential for the metal to precipitate out of solution some time after discharge, it is very important that copper concentrations in the seabed sediments around the PDQ and C&WP be monitored.  Such monitoring would form part of a programme of benthic surveys that would be conducted at the offshore locations as discussed in Environmental Mitigation and Monitoring (Chapter 14).

Chlorine cannot be considered a persistent pollutant as its eventual fate is as the chloride ion.  The dosing concentrations (i.e. 2,000 ppb) associated with the electrochlorination system are similar to those used to disinfect sewage (i.e. 2,000 – 5,000 ppb residual chlorine) and it is considered that at these concentrations, acute lethal effects on marine organisms would occur.

There is no Caspian-specific criterion for chlorine concentrations in marine waters but it is considered that a dilution factor of 10 to 100 times would mitigate acute lethal effects.  The dispersion plume modelling predicts that the worst-case (i.e. winter maximum) steady state plume concentrations of chlorine would be a maximum of 11.2 ppb and 0.06 ppb for the electrochlorination and BFCC( systems, respectively.  The lateral extent of the highest concentration part of the plumes would be approximately 500 m and 250 m, respectively.

While both antifouling systems are predicted to result in adequate dilution of the plume (i.e. to avoid acute toxic effects on marine organisms), the BFCC( system results in a significantly lower steady state chlorine concentration and the plume is laterally less extensive than that of the electrochlorination system.  For these reasons, the BFCC( system is considered to be environmentally, a better option.
10.3.2.5 Produced water discharge

The Phase 1 project initially would not separate produced water from hydrocarbon product offshore and hence, all water would be sent to shore with the oil stream for separation and disposal (Project Description; Chapter 5).  It is proposed that when water production rates increase, a produced water treatment package would be retrofitted to the PDQ.

The base case design for the Phase 1 development includes no overboard discharge of produced water under normal operating conditions.  All generated produced water would be commingled with treated seawater and re-injected for reservoir pressure maintenance.  There remains the possibility however, that if the water injection facilities are taken off-line for maintenance or if they fail, then treated produced water would need to be disposed of to sea.

Produced water consists of formation water from the reservoir as well as other components as a result of contact with the produced hydrocarbons and the offshore production process.  The composition of produced water varies between wells and the mixture of chemicals is always complex.  Typically, produced water contains dispersed and dissolved hydrocarbons, trace metals, dissolved inorganic salts and organic components such as fatty acids.  In addition, some proportion of the process chemicals used in the production process such as corrosion inhibitor, scale inhibitor, demulsifier and methanol may also remain in the water phase.

The biodegradation potential of the compounds present in produced waters varies.  A study carried out for Statoil (Varskog, 1999) measured standard biodegradation rates for produced water compound groups.  These are presented in Table 10.15 below.

Table 10.15
Produced water

	Compound Group
	Biodegradation Rate
(½ Life in Days)

	BTEX
	0.5

	Naphthalenes
	1.5

	2-3 ring PAH 
	17

	4+ ring PAH 
	350

	Alkyl phenols (C0-C3)
	1.2

	Alkyl phenols (C4+)
	10

	Aliphatic hydrocarbons
	60

	Metals
	No degradation

	Organic acids
	Organic acids are highly water soluble and degrade rapidly

	Production chemicals
	Product specific


Source:  Johnsen et al., 2000.

Note:  BTEX = benzyne, toluene, ethylene, xylene; PAH = poly-aromatic hydrocarbons.

Table 10.15 shows that the most recalcitrant components in the produced water discharges are associated with any oil present, the heavier poly-aromatic hydrocarbons (PAH) and to a lesser extent the aliphatic hydrocarbons.

The produced water treatment package on the PDQ has been designed to comply with the IFC Environmental, Health and Safety Guidelines: Oil and Gas Development (Offshore) (IFC, 2000).  These Guidelines require oil-in-water concentrations to be a daily maximum of 42 mg/l and a monthly average of 29 mg/l.  The PSA requirements are less stringent at 72 mg/l on a daily basis and 48 mg/l as a monthly average.

Figure 10.7 presents the predicted volumes of produced water and oil-in-water that would be discharged to the water column over the life of the ACG Phase 1 project assuming the produced water re-injection facilities are unavailable for 5% of the time.

Figure 10.7
Predicted volume of produced water discharged to sea assuming injection facilities are unavailable 5% of the time
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Figure 10.8 illustrates the amount of oil, as contained in the produced water, that would be discharged to sea as a result of injection facilities being unavailable 5% of the time.

Figure 10.8
Predicted volume of oil in produced water discharged to sea
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Impact significance

Discharge of produced water to the sea is common practice in international oil and gas operations offshore and is considered Best Available Control Technology (BACT) for this waste stream in the absence of re-injection facilities.  The Phase 1 project would as its base case however, re-inject produced water offshore for reservoir pressure maintenance and would inject onshore (at Lokbatan) for disposal.

Impacts on seawater and seawater biology associated with the discharge of produced water in the event of unavailability of offshore re-injection facilities is considered to be of “low” significance as follows:

Likelihood = 5 - certain to occur (event of no injection facility).

Consequence = 1 - impact largely not discernable on a local scale.

Significance = 5 - low.

Literature values for total oil toxicity vary widely and do not provide a reliable context for quantitative impact evaluation.  Data from an unpublished study in the UK suggests however, that a tentative environmental quality standard (EQS) for total oil of 12 µg/l, based on experimental no-effect concentrations of approximately 1.5 to 2.0 mg/l total oil.  The Azerbaijan EQS for total oil is 50 µg/l.

It is estimated that the maximum concentrations likely to occur after initial dilution of the produced water discharges would not cause biological harm in the water column.  The low concentrations of oil in the discharge would be expected to disperse rapidly.  The aromatic compounds would only be present in trace levels and they are known to have low aqueous solubility and are normally adsorbed to particulate material.  The bio-availability of these compounds is low when they are bound to solid particles.

Concentrations of metals in produced water are very low and are almost always close to the background levels found in seawater.  As was discussed above in regards to copper in cooling water discharges, metals tend to interact with components present in seawater to form insoluble inorganic compounds that settle onto the seabed.  Although not specific to produced water discharges, studies have shown that these metal compounds are virtually non bio-available to marine organisms (Neff et al., 1989a, 1989b).

The amount of production chemicals that may remain in the produced water discharge is very much dependant on the solubility coefficient between water and oil of each chemical.  Chemicals that are partially water-soluble would remain in the water stream.  Others hydrophobic chemicals would predominantly remain with the oil stream as it passes out of the offshore production process and on to the onshore terminal.

At the time of writing, the chemical formulations for the Phase 1 development were unknown.  Typically, the amount of chemicals used in a production process is kept to a minimum and hence it is expected that the level of production chemical contaminant remaining in any produced water discharge would be very low.  Dissolved chemicals would be rapidly diluted upon discharge.  Light components would be volatilised and surface-active ingredients would preferentially adsorb to the sides of any solid particulate matter in the effluent.

Studies of produced water discharges have shown that any effects on marine fauna are limited to the immediate vicinity of the discharge point and that dilution of the effluent reduces the concentration of the components present to negligible levels within tens of metres of the discharge point (Somerville et al., 1987).  A study in the North Sea (Davies et al., 1987) found slightly depressed zooplankton populations in the vicinity of a continuous produced water discharge although no direct effects were evident on phytoplankton or on the larvae of the native cod and herring.  Planktonic species would be the most vulnerable to the discharge as they would come into direct contact with the plume.  Any reduction to primary production rates of plankton in the vicinity of the produced water discharges would however, be expected to be insignificant in terms of the overall populations in the area as discussed in relation to cooling water discharges above.

Overall, impacts associated with produced water discharges offshore are considered to be of “low” significance particularly as discharges would occur only as a contingency in the event of any down-time on the water injection facilities.  The treatment of produced water prior to discharge to standards that exceed the requirements of the PSA would ensure that only very low concentrations of oil would remain in the discharge stream.  At these very low concentrations, the effects on marine organisms in the mixing zone are expected to be insignificant.

The operator will seek to review new technology for oil-in-water treatment as it becomes available so as to reduce oil component discharges to the sea when produced water discharges are necessary.

10.3.2.6 Corrosion protection of jackets and pipelines

The Phase 1 pipelines and offshore jackets would be fitted with sacrificial anodes as a form of corrosion protection.  The degradation of these anodes would result in the slow release of metals to the sea.  Accurate prediction of the potential effects of anodes in the marine environment requires an estimate of the rate at which the materials may go into solution and the rate at which these materials would be diluted and the degree to which they would be bio-available.

The specification for the subsea pipeline active anodes states that they must be made of an aluminium-zinc-indium type alloy proven for long-term continuous service in seawater, saline mud or alternating seawater and saline mud environments.  The required chemical composition is presented in Table 10.15.  No specific information is available in regards to the jacket anodes but it is assumed that they would be of a similar make-up to the pipelines.

Table 10.15
Chemical composition of subsea jacket and pipeline active anodes

	Element
	Composition Range (%)

	Zinc
	4.00 – 5.50

	Indium
	0.020 – 0.040

	Iron
	0.090 max.

	Silicon
	0.20 max

	Copper
	0.040 max.

	Others (each)
	0.020 max

	Others (total)
	0.050 max.

	Aluminium
	Balance


Impact significance

Impacts on seawater and seawater biology associated with the slow decay of active anodes are considered to be of “low” significance as follows:

Likelihood = 5 - certain to occur.

Consequence = 1 - impact largely not discernable on a local scale.

Significance = 5 - low.

According to the UK Offshore Operators Association (UKOOA), anodes typically dissolve over a 40-200 year period (UKOOA, 1993).  North Sea experience suggests that decay of anodes does not result in a significant environmental impact.

Analysis of seabed sediment samples taken along the existing EOP subsea pipeline from Chirag-1 to shore indicated no apparent significant contribution to metal levels in benthic sediments as a result of decay of the active anodes on the pipeline.  It is considered therefore, that the ACG Phase 1 pipeline and jacket anodes similarly would not have a significant impact on ambient water quality or seabed sediments.  The level of metal contamination from sacrificial anodes is not expected to reach a level that significantly influences the health of the biology found in the vicinity of the pipeline corridor.

10.3.2.7 Drill stem tests (oil-on-water)

In total, three drill stem tests (DSTs) are planned during the template well drilling programme for the ACG Phase 1 project.  The Dada Gorgud drilling rig is unable to contain the hydrocarbons following testing and consequently the hydrocarbons would be sent to the burner boom for disposal by flaring.

Inefficient combustion of hydrocarbon products could result in the release of unburnt or partially burnt hydrocarbons to the water column potentially resulting in the formation of a small slick of oil on the sea surface.  Oil on the sea surface may result in the fouling of seabirds and/or marine mammals and the introduction of a small of hydrocarbon product to the water column.

Impact significance

Flaring of hydrocarbon products is a very rapid process with each test flaring expected to last for approximately 32 hours.  Hydrocarbons would be burnt in a four-headed “Green Dragon Burner” that is a proven high efficiency burner.  Additionally, during burning, specialist engineers would ensure that the mixture of hydrocarbons to air is kept to an optimum to reduce the potential for hydrocarbon fallout.  Given these factors and the relatively small amount of hydrocarbons that would potentially be introduced to the sea surface, impacts on seawater and seawater biology associated with oil droplet fallout from the burner boom are considered to be of “low” significance as follows:

Likelihood = 5 - certain to occur.

Consequence = 1 - impact largely not discernable on a local scale.

Significance = 5 - low.

10.3.3 Impacts on seabed and benthos

A number of Phase 1 project activities have been assessed as having the potential to result in environmental impacts on the seabed and the marine organisms living on or in it.  The impacts are associated with:

· installation activities resulting in a physical disturbance of the seabed resulting in alteration to local seabed topography and destruction of benthos;

· WBM and seawater fluid drilled cuttings deposition resulting in smothering of benthos and interference with marine organism physiological processes; and

· physical presence the offshore structures  resulting in the creation of an artificial reef environment on and around the platform jackets and subsea pipelines.

These impacts and the contributing activities are discussed in the following sections.

10.3.3.1 Offshore installation activities

Phase 1 installation activities offshore that would result in a degree of physical disturbance to the seabed and associated seabed biology include:

· positioning and anchoring of the Dada Gorgud for pre-template and template drilling;

· installation of the drilling template;

· installation of the PDQ and C&WP jackets; and

· installation of the subsea and interfield pipelines.

Impact significance

Impacts on the seabed and seabed biology associated with physical disturbance resulting from offshore activities is considered to be of “low” significance as follows:

Likelihood = 5 - certain to occur.

Consequence = 1 - impact largely not discernable on a local scale.

Significance = 5 - low.

Positioning and anchoring of the Dada Gorgud and installation of drilling template

Localised disturbance of the seabed during placement of anchors and mooring chains for the Dada Gorgud would result from the use of vessel anchors, anchor chains the preparation of areas of seabed for the drilling template.  The total area affected would be small at approximately 1 ha and mortality of benthic fauna would be restricted to this area.  Impacts are therefore, considered to be “low”.  It should be noted that the area would be re-disturbed as a result of the later installation of the PDQ and C&WP jacket structures.

Installation of the PDQ and C&WP jackets

The installation of the offshore jackets and jacket piling would result in physical disturbance to the seabed.  The PDQ jacket footprint would cover an area of approximately 5,000 m2.  Assuming that the C&WP jacket would be of a similar size, then the total seafloor area covered by these installations would be in the order of 10,000 m2 (i.e. 1 ha).  It is estimated that vessel anchoring and other installation activities would disturb an additional 1 ha of seabed.  In total therefore, it is estimated that the jackets installation activities would affect the seabed over an area of approximately 2 ha.

The physical disturbance would result in the destruction of sessile or non-moving benthic organisms, including those living on (epifauna) and within (infauna) the sediment.  The total area that would be impacted by the PDQ and C&WP represents only approximately 0.005% of the total ACG Contract Area.  The amount of biota that would be lost is considered to be insignificant in the context of that present in whole the Contract Area and is negligible in terms of the portion of the Caspian Sea that falls under Azerbaijan’s jurisdiction.

Installation of subsea pipelines and interfield pipelines offshore

The pipelay vessel would drag its anchors during all pipeline installation activities offshore as it progressively moves forward.  This would result in the mounding of soft sediments and the potential smothering of benthos.  In addition the installation of concrete mattresses for freespan correction and to build crossing points for existing subsea services as well as the actual laying of the pipeline would all result in a degree of physical disturbance of the seabed.

The offshore component of the planned 30” oil subsea pipeline is taken as being the section between the offshore platforms and the 8 m depth contour (i.e. the shallowest depth in which the pipeline lay-barge would operate).  The section from the 8 m contour and the shoreline is taken as the nearshore pipeline and is discussed below.  The offshore section of the pipeline amounts to a length of approximately 185 km.  An additional, three interfield lines each of approximately 10 km in length are proposed between the existing Chirag-1 platform and Phase 1 offshore facilities.  If it is assumed that pipeline installation activities would disturb the seabed over a 50 m wide corridor along the pipeline routes (a conservative estimate), then the total area that would be disturbed as a result of subsea and interfiled pipeline installation and associated activities would be approximately 1,100 ha.  Benthic communities in this area would be directly impacted most likely resulting in their loss.

The impact from the installation of the pipelines can be considered in both absolute and relative terms.  The absolute impact is the total loss of biomass and/or production in the benthic communities present in the area of installation activities.  The relative impact of this depends on the fraction of local or regional communities of a particular type that are affected by the activity.

There is often concern that the loss of biomass translates into a measurable loss of biomass at higher trophic levels and particularly in fish populations.  Only in cases where a significant percentage of a habitat is lost or where specific locations are of high importance (e.g. bird feeding grounds) will trophic level effects be observed.  Most often, the only effect is likely to be a small change in the pattern of grazing and predation and in most instances, it is not ecologically correct to translate absolute biomass lost at the benthic level into estimated biomass lost at higher trophic levels.

For much of the proposed route, the pipelines would be situated in shallow water between the 10 and 20 m depth contours as illustrated in Figure 6.1.  Recent survey work (ERT, unpublished data) has shown that sediments along the pipeline corridor are inhabited by communities that are largely dominated by introduced species (Chapter 6).  Only in deeper water further offshore do native species dominate the ecology.  Native communities are characterised by endemic amphipods, cumacea and gastropods all of which are resilient to physical disturbance but are of greater ecological importance than the alien species that dominate the nearshore environment.  Sediments along the offshore section of the pipeline route in this area of the Caspian Sea are more variable in composition than the nearshore sediments but are less subject to frequent natural disturbance.  After seabed disturbance and subsequent loss of benthos, restoration of natural community structure gradually takes place.

The offshore portion of the pipeline would not be buried and as a result, its surface would provide an additional substrate for colonisation by populations of barnacles and bivalve molluscs in areas where they would be otherwise unlikely to occur and become established.  This implies that in the offshore environment through which the pipeline passes, a slight change in structure of marine faunal community may be incurred.

While the total area that would be impacted as a result of pipeline installation is appreciable, the fact that the installations operations would be relatively short-term and that the disturbed areas would be free to rehabilitate without further disturbance, the overall impact on the seabed and benthos is considered to be of “low” significance.

10.3.3.2 Nearshore installation activities

The installation of the 30” pipelines along the existing Chirag-1 pipeline corridor in Sangachal Bay would, as illustrated in Figure 6.32, cross seagrass and red algae beds and as illustrated in Figure 6.24, pass through habitats of medium and high sensitivity.  Installation activities would result in direct physical disturbance of the seabed and loss of rocky outcrop and seagrass habitats.  A number of activities would contribute to the impacts and these include:

· construction of finger-pier to enable installation of the Phase 1 30” subsea pipeline in the nearshore area;

· trenching of the pipeline out to the 5 m depth contour including:

· mechanical excavation from 0 to 2 m depth;

· “jetting” from 2 to 5 m depth; and

· laying of the pipeline in the trench.

It is estimated that the pipeline trench would be 3 m wide and 1.5 km long.

Impact significance

Impacts on the seabed and seabed biology in Sangachal Bay resulting from pipeline installation activities in the nearshore is considered to be “high” as follows:

Likelihood = 5 - certain to occur.

Consequence = 2 – local scale impact.

Significance = 10 - high.

This significance ranking is driven by:

· the fact that nearshore benthic (seagrass) habitats are important in terms of:

· their ecological function; and

· their role in maintaining stability of seabed sediments; and

· their long restoration times (i.e. several years).

Loss of seagrass habitat can also result in a decrease in an area’s ability to maintain its pre-impact levels of biodiversity and can, in the longer term, contribute to changes in habitat distribution and type as a result of greater mobility of seabed sediments.

Seagrass habitat in Sangachal Bay

In Sangachal Bay, Zostera species of seagrass form continuous mats that extend marginally by growth of stolons.  Ruppia maritima does not have a dense rhizome base but nonetheless, also contributes to seabed sediment stability.  The stabilising effect of seagrass is an important characteristic in the Bay (Chapter 6).  The habitat is also important in terms of the biodiversity it supports and the ecological role it plays as a spawning and nursery area for a range of marine organisms including commercially important fish species.  A summary table of the functions and values of seagrass habitat per se, is presented in Table 10.16.

Table 10.16
Functions and values of seagrass (as applicable to Sangachal Bay)

	Major Category
	Functions (F) and Values (V)

	Productivity
	F: Primary production.

F: O2 production.

F: Organic matter accumulation.

F: Support of benthic and epibenthic secondary production and nearshore and offshore foodwebs.

F: Habitat, refuge, and nursery for fish and invertebrates.

V: Support of nearshore and offshore commercial fisheries.

V: Recreational fishing.

	Hydrological
	F: Baffles wave energy and currents preventing re-suspension of sediments.

V: Erosion protection for shoreline and uplands.

	Geomorphological
	F: Sediment stabilization.

V: Water quality improvement.

V: Erosion protection for shoreline and uplands.

V: Counters sea level rise.

	Biogeochemical
	F: Traps, filters, and recycles nutrients, processing the nutrients into other forms or trophic levels.

F: Contaminant filtration.

F: Organic matter storage.

V: Water quality improvement.


Adapted from Kurland (1993), Short and Wyllie-Echeverria (1996), and Short et al. (1998).
Potential extent of loss of nearshore habitat

Excavation of the pipeline trench would result in the direct loss of seabed habitat over an area of approximately 0.5 ha.  Deposition of excavated material adjacent to the trench is estimated to impact an area of at least the same size and possibly as up to twice as large.  Trench construction activities are therefore, estimated to directly impact 1.5 ha of benthic habitat.

In order to mechanically excavate the trench, it is proposed to construct a finger-pier from the shoreline out to the 2 m depth contour.  While alternative civil engineering enabling techniques are under consideration, a rock groyne finger-pier along which the excavator could move is the most likely option.  It is estimated that the base of pier would be 10 m wide and its total length between 250 m and 300 m.  The total area of seabed that would be directly impacted by this structure would therefore, be up to 0.3 ha.  This would be in addition to that area affected by trenching and spoil deposition.

Approximately 450 ha (i.e. 12% of Sangachal Bay) are covered by sensitive habitat (seagrass).  Direct loss of between 1.5 and 2 ha of nearshore habitat would result from trenching, deposition of excavated material, pipeline installation and vessel operation.  It is estimated that 20% to 25% of this would be high sensitivity (seagrass) habitat.  The remainder would be moderate sensitivity habitat (primarily loose sediment) (Figure 6.34).

Benthic habitat could also be indirectly impacted as a result of increased turbidity in the Bay during pipeline trench construction activities.  Depending on the strength of currents at the time of trench construction, sediments could be mobilised, transported and deposited considerable distances away from the immediate construction area.

Current speeds ranging between 0 cm/s and 42.5 cm/s were measured in 1999 and 2000 in 6 m depth of water approximately 2.5 km offshore in the Bay.  The mean current speed was 7.9 cm/s.  Current directions were evenly distributed south-west (down coast) and north-east (up coast) and analysis showed that the higher current speeds were associated with the southwest direction.  Analysis of grain size showed that when compared to critical shear velocity, Bay sediments would be easily mobilised and transported by current speeds of 12 cm/s or greater.  A dynamic sediment regime in the Bay was also implied by the changes in sediment grain size distribution in the Bay between 1996 and 2000 (ERT, 2000).

An assessment of the sediment movement in the Bay carried out in June 2001 (Chapter 6) concluded that there is a complex nearshore hydrodynamic circulation pattern and a dynamic sediment regime in the Sangachal Bay nearshore environment.  As illustrated in Figure 6.27, a northward moving sediment plume suggests the presence of currents strong enough to mobilise the Bay’s benthic sediments.  The figure also shows an eddy in the southern part of the Bay.  It is considered that this may potentially be associated with a shear zone caused by a nearshore current in the southern direction interacting with the northward flowing sediment plume.

The total area of sensitive (seagrass) habitat that would be directly impacted as a result of pipeline installation activities is, as a percent of total sensitive habitat in the Bay, very small (i.e. <1%).  Deposition of sediment on sensitive habitat removed from the construction site may mean however, that considerably more area could be impacted.  While marine flora and fauna are probably to some degree, accustomed to turbid waters and hence could be expected to be able to sustain short term, low to medium level disturbance, deposition of significant amounts of sediment may lead to the smothering of marine flora and fauna with potential mortality of the impacted species.  In light of this, the ecological value of and long restoration times (i.e. years) for seagrass habitat, impacts resulting from pipeline construction and installation activities are considered to be of “high” significance.

It should be noted that the finger-piers would be removed following installation and the area returned to its original status.  The removal process would result in further disturbance and a re-suspension of sediments thereby potentially impacting again on nearby seagrass beds.  Additionally, impacts on benthic habitats in Sangachal Bay would also occur as a result of pipeline installation for ACG Phases 2 and 3 and for the proposed Shah Deniz development.  This potential cumulative impact is discussed in Cumulative Impacts (Chapter 12).

In light of the potential to impact sensitive habitat removed from the immediate construction site, it is considered appropriate that the use “silt screens” during the installation activities be evaluated.  Silt screens would contain mobilised sediments to a smaller area and hence would reduce off-site impacts associated with sediment mobilisation and deposition.  Any need for additional compensatory measures should be determined by monitoring the effects of the habitat loss and disturbance over the medium to long-term following pipeline installation (Environmental Mitigation and Monitoring; Chapter 14).

10.3.3.3 Discharge of drilled cuttings, drilling fluids and WBM

A Best Practicable Environmental Option (BPEO) study was completed to determine the most viable and appropriate disposal method for drilled cuttings from ACG Phase 1 surface (30”) and top-hole (26”) sections.  Three disposal options were considered as follows:

· discharge to sea;

· re-injection offshore; and

· ship-to-shore for disposal.

In the assessment of the three options, the BPEO considered the following five factors:

· environmental risk;

· risk to personnel;

· compliance with legislation, international best practice and AIOC/BP standards;

· cost of alternatives; and

· technology and track record.

The BPEO study concluded that, on balance, the best disposal method for surface and top-hole drilled cuttings and drilling fluids/WMB is discharge to the marine environment.  This was therefore, adopted as the base case for the ACG Phase 1.  The key factors leading to this conclusion were:

· the bulk of discharged cuttings are predicted to be deposited within 250 m of the discharge point;

· the energy consumption and therefore atmospheric emissions, would be least for discharge overboard;

· ship-to-shore requires considerable handling of cuttings and mud, with attendant safety risks;

· the economic case for discharge overboard is more robust than that for cuttings re-injection and ship-to-shore; and

· discharge overboard is a low technology option compared to cuttings re-injection and most land based treatment options.

Phase 1 cuttings and drilling fluids from the 30” surface-hole sections will be discharged at the seabed and those from the 26” top-hole sections from caissons above the seabed once they have been treated on the drilling facility.  Cuttings drilled with NWBM from the remaining lower-hole sections will be re-injected offshore or if re-injection facilities are not available, shipped-to-shore for treatment and disposal.

Drilled cuttings from the surface-hole sections would be drilled using seawater as a lubricant with occasional slugs of bentonite gel used to clean out the cuttings from the hole.  The displaced cuttings would be released directly from the well hole to the seabed, producing a mound of cuttings material close to the drilling site.  Once the marine conductor is installed the cuttings generated during the drilling of the 26” hole section can be returned for treatment in the solids control unit on the rig and platform installations (pre-template/template and platform drilling, respectively).  The cuttings and spent mud would be discharged to the sea via subsurface caissons (- 11m and -97 m on the Dada Gorgud and PDQ respectively).

Discharge of drilled cuttings from the nine pre-template and template wells surface and top-hole sections would result in a total of approximately 3,170 m3 discharge.  There would be 48 well slots on the PDQ and hence there is a potential to drill a further 39 wells from the platform resulting in a possible 48 Phase 1 wells with approximately 16,903 m3 of cuttings discharged for the life of the project.

Impact significance

Concerns have been raised about the proposal to discharge top and surface-hole drilled cuttings to the sea.  The concern surrounds the perception that any discharge to the sea would result in contamination of the Caspian as well as the loss of feeding and spawning grounds for important fish species.

The composition of the drilling fluids and WBM to be used are discussed in Section 10.3.2.3.  Although the fluids and WBM are carefully selected to ensure only low toxicity substances are used, their discharge with cuttings represents a potential input of trace metals, salts and suspended sediments into the receiving environment.

Impacts on the seabed and seabed biology resulting from the discharge of top and surface-hole cuttings and drilling fluid/WBM are considered to be of “high” significance as follows:

Likelihood of occurrence = 5 - certain to occur.

Consequence = 2 - local scale impact.

Significance = 10 - high.

Drilled cuttings dispersion modelling

It is noted that since the completion of cuttings discharge modelling, amendments to the cuttings discharge configuration on both the Dada Gorgud and PDQ platform have been implemented.  The Dada Gorgud would have its discharge caisson lowered from -8.3 m to -11 m and the depth of the PDQ discharge caisson has been lowered to from –60 m to -97 m.  In addition, a total of 39 wells would be drilled from the PDQ where at the time of modelling, 34 wells was the base case with five spare drilling slots remaining.  These amendments to facility design and proposed drilling programme have been taken into account in the assessment of the environmental impacts of cuttings discharge.

The dispersion behaviour and the likely deposition pattern on the seafloor of drill cuttings and mud discharged from the offshore installations are dependent on a number of variables including:

· prevailing hydrodynamic conditions at the time of the discharges;

· the volume of material discharged;

· the rate of the discharge;

· discharged cuttings and mud particle size and type;

· the type of drilling mud used;

· dispersion and agglomeration characteristics of the mud and cuttings;

· position, orientation and diameter of the discharge caisson;

· depth of water below the discharge; and

· the relative proportion of soluble and insoluble components.

In order to assess the dispersion and deposition of the proposed cuttings discharges, the dispersion model MUDMAP
 was used to simulate the predicted releases.  A series of simulations were conducted including:

· discharge from the Dada Gorgud during drilling of a template well with a discharge depth of -8.3 m; and

· discharge from the PDQ at a discharge depth of –60 m below the sea surface.

Table 10.17 presents the conditions for each cuttings discharge simulation set.

Table 10.17
Cutting and mud release conditions

	Hole Section

(inches)
	Volume of Cuttings

(m3)
	Release Depth

(m)
	Caisson Diameter

(m)
	Production Time

(hr)
	Lubricant

	36
	538.57
	Seafloor
	N/A
	5
	Sea Water

	26
	276.22
	60
	0.80
	17.5
	WBM

	26
	276.22
	8.3
	0.36
	17.5
	WBM


One of the chief variables is the particle size range of the cuttings (De Margerie, 1989) and this is determined in turn by the combination of drilling equipment and mud type used as well as the physical properties of the geological formation being drilled.  A typical particle size distribution for WBM-contaminated cuttings was developed for cuttings dispersion modelling based on grain size data recorded from ACG field exploration wells.  This along with data for settling velocities and times is presented in Table 10.18.

Table 10.18
Cutting and mud release grain size distribution

	Nominal Grain Size

(microns)
	Specific Gravity
	Percentage of Total Mass
	Fall Velocity

(m/hr)

	12500
	2.5
	85
	2582.50

	9625
	2.5
	1.25
	2266.13

	6750
	2.5
	1.25
	1897.74

	3875
	2.5
	1.25
	1437.87

	1000
	2.5
	1.25
	730.44

	74
	3.0
	10
	11.39


In order to bound the cuttings dispersion trajectory and eventual bottom thickness contours, the simulations were conducted during average and maximum flow events during the summer (June through August) and winter (December through February).  Table 10.19 presents a complete listing of all release simulations, parameter variations and pertinent results.  The nomenclature used in the table is season-maximum/average-surface-hole section; for example, WM36 = winter maximum, 36” surface-hole section discharge.

Table 10.19
Pertinent results of cuttings dispersion modelling

	Scenario
	Hole Section

(inches)
	Release

Depth

(m)
	Season

(M= Max)

(A = Avg)
	Start Time
	Time to Complete Release Settling

(hr)
	Maximum Travel Distance (km)

	WM36
	36
	Seafloor
	Winter (M)
	21 January
at 1600 hrs
	5.5
	N/A

	WA36
	36
	Seafloor
	Winter (A)
	09 January
at 1200 hrs
	5.5
	N/A

	WM26_A
	26
	-60
	Winter (M)
	21 January
at 1600 hrs
	40
	4.3

	WA26_A
	26
	-60
	Winter (A)
	09 January
at 1200 hrs
	40
	1.3

	WM26_B
	26
	-8.3
	Winter (M)
	21 January
at 1600 hrs
	45
	4.5

	WA26_B
	26
	-8.3
	Winter (A)
	09 January
at 1200 hrs
	45
	1.5

	SM36
	36
	Seafloor
	Summer (M)
	05 August
at 1600 hrs
	5.5
	N/A

	SA36
	36
	Seafloor
	Summer (A)
	22 July
at 0000 hrs
	5.5
	N/A

	SM26_A
	26
	-60
	Summer (M)
	05 August
at 1600 hrs
	40
	2.6

	SA26_A
	26
	-60
	Summer (A)
	22 July
at 0000 hrs
	40
	1.0

	SM26_B
	26
	-8.3
	Summer (M)
	05 August
at 1600 hrs
	45
	3.0

	SM26_B
	26
	-8.3
	Summer (A)
	22 July
at 0000 hrs
	45
	1.2


The results from modelling of cuttings discharge from one well from the Dada Gorgud were summed to represent the releases from the proposed nine template wells.  Similarly, results from one well from PDQ were summed to represent releases from an additional 33 wells.  The full results from the modelling conducted are presented in the Technical Appendix.

The simulations conducted for releases to the seafloor from the 36" surface-hole section indicated that all of the material would be deposited within tens of metres of the well location.

There is a direct correlation between the distance of the release above the bottom and the complete time for the discharge settling.  The model showed that cuttings discharged at the seafloor settled after 5.5 hours of the start of the release with only a 5 hour total drilling time, whereas cuttings released above the seabed took 45 hours to settle from the Dada Gorgud and 40 hours to settle from the PDQ, with a total drilling time of 17.5 hours.  There is also a correlation between the seasonal conditions relative to the maximum travel distance and as expected, during the maximum seasonal conditions, the smaller materials within the mud cutting mixture are advected further and create a larger deposition footprint.

Details and graphical outputs from the modelling are presented in the Technical Appendix.  Overall, the modelling shows that the cuttings particles discharged from one well are spread very thinly over a wide area and that no appreciable cuttings accumulations would be expected.

While the single well release scenarios are useful in determining the total particle settling time and the deposition pattern of single wells, multiple well operations were also simulated to determine the deposition pattern of nine template wells and 34 platform wells.

Figure 10.9 presents the deposition pattern for the simulation of drilled cuttings discharges from nine template wells during the maximum winter conditions.  The deposition pattern for this scenario is elongated to the south-southeast due to current carrying the lighter particles downstream.  The region of highest deposition occurs very near to the drill location with maximum deposition thickness on the order of 3 m while the elongated deposition region has deposition thickness ranging from 10 to 500 (m.

Figure 10.10 presents the deposition pattern for the simulation of cuttings discharges from nine template wells during the maximum summer conditions.  The deposition pattern for this scenario is offset to the southeast with two distinctly separate regions.  The region of highest deposition occurs very near to the drill location with maximum deposition thickness on the order of 5.6 m while a second broader deposition region with thicknesses on the order of 10 to 1,000 (m develops to the southeast.  The development can be attributed to the smaller particles being carried downstream by the current before settling occurs.

Figure 10.9
Deposition patterns for the simulation of 9 template wells during the maximum winter conditions
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Figure 10.10
Deposition pattern for the simulation of nine template wells during the maximum summer conditions
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Figure 10.11 presents the deposition pattern for the simulation of cuttings discharges from 34 platform wells during the maximum winter conditions.  The deposition pattern for this scenario is elongated to the south-southeast due to the current carrying the lighter particles downstream.  The region of highest deposition occurs very near the drill location with maximum deposition thickness on the order of 1.15 m while the elongated deposition region has deposition thickness ranging from 10 to 1,000 (m.

Figure 10.11
Deposition pattern for the simulation of 34 platform wells during the maximum winter conditions
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Figure 10.12 presents the deposition pattern for the simulation of cuttings discharges from 34 platform wells during the maximum summer conditions. .  The deposition pattern for this scenario is offset to the southeast with two distinctly separate regions.  The region of highest deposition occurs very near the drill location with maximum deposition thickness on the order of 2 m while a second broader deposition region with thicknesses on the order of 10 to 2,000 (m develops to the southeast.  The development can be attributed to the smaller particles being carried downstream by the current before settling occurs.

Figure 10.12
Deposition pattern for the simulation of 34 wells during maximum summer conditions
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To enable an assessment of the impacts that may be incurred as a result of discharges of cuttings from the Phase 1 drilling programme, the site of the proposed offshore development has been surveyed (Chapter 6).  The sediments in the area are poorly sorted with a wide range of particle sizes and are predominantly medium to coarse sand with 10% to 26% silt clay content.

The faunal composition at the field drilling location consists of large numbers of surface and direct deposit feeding Annelida (Hypania invalida and Psammoryctes deserticola) typical of the high silt/clay content.  The coarser component of the sediments particularly at the surface, provide a substratum on which surface dwelling suspension feeders such as Mytilaster lineatus may attach and proliferate.  These species would be particularly vulnerable to excessive sedimentation and cannot be expected to survive the deposition of discharged cuttings and spent muds.  More mobile species such as shrimps and many of the amphipod species may however, be able to avoid inundation but would be excluded from the area while active discharge is taking place.

There are two mechanisms of impact namely, physical and chemical.

Physical environmental impacts on the seabed are associated with deposition over and above the typical background sedimentation regime for a site.  The largest particles in the cuttings discharge that are accumulated bury the pre-existing seabed and associated animals and change the seabed relief.  Lighter components are dispersed further and settle to form a layer decreasing in thickness away from the discharge point.

The direct effects on seabed animals from the cuttings deposition on the seabed include in-filling of burrows, burial of animals and damage to sensitive respiratory systems and feeding structures.

Indirect effects result from changes in sediment particle size characteristics, possibly affecting the suitability of the seabed for settlement of juveniles, animal mobility and feeding activity.  The severity of these effects is likely to be highest beneath the discharge and would decrease with distance form the discharge point.

Benthic organisms are of key importance in the marine ecosystem through the manufacture and regeneration of organic matter.  Additionally, they are important prey species for other organisms including demersal fish populations of commercial value.  Cuttings continue to accumulate on the seabed as long as drilling activities continue.  Re-colonisation is therefore, prevented until drilling stops.

Further disturbance mainly results from the chemicals associated with the discharge.  Based on post-drilling environmental surveys of cuttings piles contaminated purely by WBM (ERT, unpublished data), alterations to the chemical characteristics of seabed sediments can be summarised as follows (relative to baseline conditions):

· elevated levels of barium;

· low levels of trace metals associated with the barium; and

· occasional, small areas of low level organic enrichment 

The constituent chemicals in the drilling fluid/WBM all constituent chemicals fall within the lowest hazard categories of the OCNS classification scheme (Groups D and E) and none exhibit any intrinsic toxicity.  In addition as, the chemical components of the drilling fluids/WBM are readily soluble, they tend to dissolve within the water column as the discharged cuttings fall.  The main components reaching the seabed, apart from drilled rock cuttings are therefore, the weighting and viscosity control agents (e.g. barite and bentonite).

Barite used as a weighting agent in the WBM proposed for the template well drilling consists of barium sulphate an insoluble, chemically inert mineral powder that can contain measurable concentrations of trace metals.  One of these trace metals is barium, which is in a form that is biologically unavailable (Hartley, 1990) and thus has no measurable toxic effect on the benthic fauna (Jenkins et al., 1989).

The environmental impact of other trace metals that may be present in the barite depends on their concentration, which in itself depends to some extent on the geological source of the barite.  Neff et al. (1989a) found that metals associated with drilling mud barite are not in practice bio-available to marine organisms that might come into contact with discharged drilling fluids.  It should also be noted that all barites will be analysed to ensure that cadmium and mercury concentrations are less than 3 mg/l and 1 mg/l, respectively.

Organic enrichment effects associated with the discharge of cuttings and drilling fluids/WBM are typically not detected in post-drilling surveys.  In the few cases that organic enrichment effects have been observed, they are usually attributed to the small amounts of pay-zone cuttings that are discharged during drilling of the lowest sections of the wells as these can have elevated levels of hydrocarbons.  Pay-zone cuttings would not be discharged during the Phase 1 rather would be shipped ashore for treatment and disposal.  It is not considered that any organic enrichment effects would be associated with the discharge of cuttings and fluids/WBM.

Monitoring results at recent well sites in the southern Caspian have shown that very little chemical contamination was detectable at single well drilling locations where WBM has been used.  There have however, been detectable changes in the physical character of the sea bed particularly within 50 m of the well-head where the drilled cuttings from the upper well sections were discharged directly to the sea bed (ERT, unpublished data).  Macrofaunal biomass may be reduced by up to 90% close to the wellhead where the cuttings pile is thickest.  Beyond 50 m, changes in the benthos caused by cuttings discharge were not distinguishable from those due to natural variation.  This is despite evidence, in the form of slightly elevated concentrations of barite in surface sediments of drilling mud deposition as far out as 100 m.

With regard to recovery of the seabed and macrofauna around such wells, the same studies provide evidence that the areas most impacted (i.e. close to the wellheads) can support communities similar albeit somewhat impoverished, to those expected for the region within four months of cessation of drilling.  After 12 months, recovering communities at up to 50 m distance from the well-head may have a biomass similar to or exceeding that recorded prior to drilling.

There are insufficient data at present to characterise faunal succession during recovery from these impacts.  What can be stated is that species inhabiting the most impacted areas within four months of drilling a single well include abundant populations of the cumacean Stenocuma diastyloides, the tube-dwelling amphipod Corophium spp. and the mussel Mytilaster lineatus.  Other species of highly mobile deposit-feeding cumacea have been found to occur in similarly disturbed habitats in the North Sea and mussels typically are hardy opportunistic organisms noted for their fouling capabilities.  Small crustacea such as cumaceans and amphipods tend to be sensitive to chemical/hydrocarbon contamination and therefore their presence in large numbers may be indicative of the absence of significant chemical impacts.

The dimensions of the zone of physical impact would increase as the number of wells drilled increases although not in direct proportion to the number of wells.  The cumulative effect of drilling a number of wells would be more temporal than spatial; that is, an extended period of discharge or repeated discharge episodes would interrupt re-colonisation and would delay the onset of the natural recovery process.

Cuttings discharges would result in a distinct physical alteration to the seabed habitat in the near vicinity of the drilling location.  Habitat and the resident organisms would be lost from the impacted area and would remain absent for the duration of the drilling programme.  As there would be no persistent chemical impacts and as natural sediment movement processes would gradually restore the physical structure of the seabed, natural biological processes would eventually lead to the re-colonisation of the impacted area after the cessation of the drilling programme.

The extent of the area impacted by cuttings discharge while perhaps not significant in the context of the whole of the Caspian, is considered to be appreciable on a local scale.  It is concluded therefore, that the impacts associated with the discharge of surface and top-hole cuttings from the proposed number of Phase 1 wells would have an impact of “high” significance on the seabed and seabed biology.  Benthic surveys will be periodically conducted to monitor the effects of drilled cuttings discharge and potential alternatives to cuttings discharge will be explored (Environmental Mitigation and Monitoring; Chapter 14).

10.3.3.4 Physical presence of marine structures

The physical presence of the offshore drilling and production facilities and subsea pipelines would potentially interfere with fishing activities and shipping movements and these are discussed in the socio-economic impact Chapter (Chapter 11).

The introduction of these physical structures to the marine environment also represent a change to the habitat in which they are installed.  In addition, the physical presence may result in an alteration in local hydrodynamic conditions (e.g. refracted waves, changes in current conditions, wave direction and period).  These potential impacts are discussed below.

Impact significance

Impact on the seabed and seabed biology associated with the physical presence of the offshore installations is considered to be of “low” significance as follows:

Likelihood of occurrence = 5 - certain to occur.

Consequence = 1 – impact largely not discernable on a local scale.

Significance = 5 - low.

Hydrodynamics

The hard surfaces of the offshore structures (i.e. subsea facilities, jackets and. pipelines) represent a physical barrier to the natural movement of water.  As the water flows around these structures changes in flow velocity and localised pressure may occur.  Where the flow is accelerated removal of sediment or localised scouring around the structure may occur that over the long-term, may expose buried parts of the structure and in extreme cases can affect stability.  Conversely where flow is reduced sediment deposition can occur resulting in the burial of exposed structures on the seabed over an extended period of time.

In additional to physical impacts removal or deposition of sediment would have direct impact of benthic communities.  These effects would be greater in the nearshore environment where current conditions along the seabed are stronger.

The subsea structures will be routinely monitored to determine any alterations to the physical conditions of the seabed.  Where sediment erosion exposes section of the pipeline freespanning may occur.  If this should occur any unsupported sections of the pipeline will be stabilised using concrete mattresses.

Habitat

It is not believed that the physical presence of the proposed offshore facilities would have a significant effect on fish movement and migration.  Indeed, the physical structures provide new stable hard areas equivalent to natural outcrops which surface living animals can colonise.  The development of colonies would for the local fish populations.  In this event, the structures may attract marine species to the area as the structures in effect form artificial reefs where fish can seek food, shelter and protection.

A research project to investigate health of fish found around oil platforms in the North Sea compared with “wild” populations studied three populations of fish were investigated as follows:

· fish caught around the a drilling and production platforms to represent typical production platforms;

· fish caught around a sunken semi-submersible rig, located in the same area as the drilling and production platform under investigation to represent a man-made but unmanned structure; and

· fish caught at a remote site on the west coast of Scotland to represent a population unaffected by man-made structures.

The results showed that the fish growing around the manned and unmanned installations were growing better than those from the third location (Mathers et al., 1992b).  It was also found that the fish caught around the man-made installations were in good condition with no evidence of lesions or other defects on their skin (Mathers et al., 1992b).  This work indicates that there may be a beneficial effect accrued on fish stocks by the presence of offshore installations.

There is limited information on Caspian Seal movements offshore, the installations would not be considered to present an obstacle to the movement of these mammals in the area.  Indeed, the seal would be attracted by the fish that are expected would congregate around the offshore structures and the Caspian Seal is regularly observed in the waters around the existing Chirag-1 platform.

10.3.4 Impacts on offshore subsurface geology

10.3.4.1 Cuttings re-injection

The base case design for the disposal of all NWBM cuttings is re-injection down a dedicated offshore disposal well.  Two dedicated drill cuttings disposal wells are planned for the Phase 1 development.  In addition to cuttings, it is planned that produced sand retrieved from the offshore production equipment would also be injected into the disposal well along with the cuttings.  The cuttings re-injection process is described in Chapter 5 and summarised below.

To assess the likely maximum geometry of an induced fracture and the feasibility of undertaking batched injection of cuttings, a preliminary set of numerical simulations have been undertaken by BP.  The total volume of cuttings slurry expected from the Phase 1 development for re-injection will be approximately 960,000 bbls.  For the purpose of these simulations it was assumed that this total field waste volume would be split equally between two dedicated re-injection wells so that each disposal domain accommodated 480,000 bbls of cuttings slurry.

For the simulations the maximum predicted well head treating pressures were between 2,720 to 4,350 psi for re-injection at 2,200 m total vertical depth below rotary table (tvdbrt).  The three dimensional simulation, assuming a volume 480,000 bbls of fluid with a similar viscosity at the cuttings slurry predicted a fracture that has a half-length of 547 m and has a height of 1,208 m and 305 m above and below the injection point.  This places the top of the fracture at a depth of 992 m tvdbrt.  A less powerful but industry standard two-dimensional model predicted a fracture length of about 530 m either side of the well and total upward growth of approximately 990 m.  Relatively little downward growth (120 m) occurs from the disposal zone.  This places the top of the fracture at about 1,210 m tvdbrt.

Impact significance

The impact assessment process for the subsurface geology receptor yielded the following results:

Likelihood of occurrence = 5 - certain to occur.

Consequence = 1 - impact largely not discernable on a local scale.

Significance = 5 - low.

Based on the results of the above assessment, the environmental impacts associated with the implementation of the CRI program are summarised below:

· the injection process would create a sub vertical fracture that would be confined to the low permeability shales of the Sabunchi Formation;

· the anticipated rate of cuttings production would require the establishment of a continuous injection model that would lead to the establishment of a large single fracture;

· the geometry of the single fracture would be less than the conservative assessments predicted by the simulators described in the previous section; single fracture geometries could range for 800 m to over 1,200 m in height;

· the fracture would generally grow up from the perforations;

· due to the low permeability of the host rock, pressure leak off into the host rock would be very small as a consequence, a temporary suspension of cuttings re-injection for periods of time up to 48 hours would not have a detrimental impact on the injection process.

· repressurisation of the induced fracture is likely to reopen and extend the original fracture; periods of suspension in well excess of 48 hours may lead to areas of the main fracture closing and the re-pressurisation inducing additional fractures at an oblique angle to the main fracture;

· on completion of the cuttings re-injection process, the injection borehole would be shut in for several days to allow the fracture to close onto the injected cuttings; during this process, excess water from the cuttings would be squeezed out of the cuttings and it is likely that the water would gradually leak-off into isolated beds of sandstone where over time the pressure surcharge would gradually dissipate; and

· due to the low permeability of the host rock and the fact that the induced fracture would be confined to the Sabunchi the long-term environmental impacts of the process would be very low.













�  “Kilka” is a term that collectively refers to several species of herring.


�  World Bank Operational Policy 4.01: Environmental Assessment (1999).


�  The BFCC( copper-chlorine system is a proprietary system produced by Baker-Hughes in the UK.


�  MUDMAP is a proprietary application developed by Applied Science Associates.
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		Routine

				2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024

		CO		565		1227		1571		1771		1613		1487		1292		954		685		422		392		365		296		272		188		200		156		156		141		144

		NOx		470		1019		1304		1471		1339		1235		1073		793		569		350		325		303		246		226		157		166		129		129		117		119

		SOx		1		3		4		4		4		3		3		2		2		1		1		1		1		1		0		0		0		0		0		0

		CH4		25		53		68		77		70		65		56		41		30		18		17		16		13		12		8		9		7		7		6		6

		NMVOC		44		96		122		138		126		116		101		74		53		33		31		28		23		21		15		16		12		12		11		11

				2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024

		CO2		275097		596772		764159		861681		784537		723404		628794		464318		333319		205231		190676		177576		144099		132454		91699		97521		75688		75688		68410		69866

		Non-Routine

				2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024

		CO		545		563		321		321		321		321		321		321		321		321		321		321		321		321		321		321		321		321		321		321
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		NMVOC		939		970		553		553		553		553		553		553		553		553		553		553		553		553		553		553		553		553		553		553

				2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024
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		Total Routine & Non-Routine Operations Onshore

				2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024
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		Routine

						2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024

				CO		84		750		744		731		754		758		732		658		620		579		558		545		540		533		532		532		529		526		524		522

				NOx		621		1,626		1,613		1,579		1,636		1,646		1,583		1,398		1,304		1,203		1,149		1,119		1,106		1,089		1,085		1,085		1,079		1,072		1,065		1,062

				SOx		26		41		41		41		41		42		41		41		41		41		41		40		40		40		40		40		40		40		40		40

				CH4		276		576		576		573		577		578		574		562		556		550		546		545		544		543		542		542		542		542		541		541

				NMVOC		115		230		229		229		230		230		229		228		227		226		226		226		226		225		225		225		225		225		225		225

						2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024

				CO2		248,098		653,941		648,426		634,638		658,077		662,214		636,017		560,185		521,579		480,216		458,156		445,747		440,232		433,338		431,959		431,959		429,202		426,444		423,687		422,308

		Non-Routine

						2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024

				CO		1,213		499		285		285		285		285		285		285		285		285		285		285		285		285		285		285		285		285		285		285

				NOx		209		86		49		49		49		49		49		49		49		49		49		49		49		49		49		49		49		49		49		49

				SOx		2		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				CH4		4,878		2,007		1,145		1,145		1,145		1,145		1,145		1,145		1,145		1,145		1,145		1,145		1,145		1,145		1,145		1,145		1,145		1,145		1,145		1,145

				NMVOC		2,091		860		491		491		491		491		491		491		491		491		491		491		491		491		491		491		491		491		491		491

						2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024

				CO2		363,782		149,657		85,378		85,378		85,378		85,378		85,378		85,378		85,378		85,378		85,378		85,378		85,378		85,378		85,378		85,378		85,378		85,378		85,378		85,378

		Total Routine & Non-Routine Operations Offshore

						2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024

				CO		1,297		1,249		1,029		1,015		1,038		1,043		1,017		942		904		864		842		830		825		818		816		816		814		811		808		807

				NOx		830		1,712		1,662		1,628		1,685		1,695		1,632		1,447		1,353		1,252		1,198		1,168		1,155		1,138		1,134		1,134		1,128		1,121		1,114		1,111

				SOx		28		42		42		42		42		42		42		41		41		41		41		41		41		41		41		41		41		41		41		41

				CH4		5,154		2,583		1,720		1,718		1,722		1,723		1,719		1,707		1,701		1,695		1,691		1,690		1,689		1,688		1,687		1,687		1,687		1,687		1,686		1,686

				NMVOC		2,206		1,090		720		720		720		720		720		718		718		717		717		716		716		716		716		716		716		716		716		716

						2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024

				CO2		611,880		803,598		733,804		720,017		743,456		747,592		721,395		645,563		606,958		565,595		543,534		531,125		525,610		518,716		517,338		517,338		514,580		511,823		509,065		507,686

						2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024

				GHG		720,120		857,847		769,934		756,102		779,616		783,766		757,485		681,410		642,680		601,185		579,054		566,605		561,072		554,156		552,773		552,773		550,007		547,240		544,474		543,091
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		Total Routine & Non-Routine Operations Onshore and Offshore

						2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024

				CO		2,407		3,038		2,921		3,108		2,972		2,850		2,630		2,218		1,910		1,607		1,555		1,516		1,442		1,411		1,326		1,338		1,290		1,288		1,270		1,271

				NOx		1,393		2,828		3,022		3,154		3,080		2,986		2,760		2,295		1,977		1,658		1,579		1,526		1,456		1,419		1,346		1,356		1,312		1,306		1,286		1,286

				SOx		30		46		46		46		46		46		45		44		43		43		42		42		42		42		42		42		42		42		42		42

				CH4		7,371		4,900		3,080		3,086		3,083		3,078		3,066		3,040		3,022		3,004		3,000		2,996		2,993		2,991		2,987		2,987		2,985		2,984		2,983		2,983

				NMVOC		3,189		2,155		1,396		1,411		1,399		1,390		1,374		1,346		1,324		1,303		1,300		1,298		1,293		1,291		1,284		1,285		1,282		1,281		1,280		1,280

						2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024

				CO2		1,050,416		1,569,133		1,594,241		1,677,975		1,624,270		1,567,274		1,446,467		1,206,159		1,036,554		867,104		830,488		804,979		765,987		747,448		705,314		711,137		686,546		683,788		673,753		673,830

						2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024

				GHG		1,205,198		1,672,027		1,658,918		1,742,790		1,689,016		1,631,918		1,510,849		1,269,989		1,100,015		930,192		893,478		867,905		828,832		810,249		768,035		773,868		749,227		746,461		736,403		736,478
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						2001		2002		2003		2004		2005		2006		2007		2008		2009		2010

				Chirag-1 flaring (mmscfd)		27		19		19		19		7		1		1		1		1		1

				Chirag-1 GHG emissions		233761		186009		186009		180000		102849		54501		48477		35955		31902		30697

				Figure A:  Anticipated Chirag-1 flaring volumes

				Figure B:  Chirag-1 GHG emissions
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Onshore - Rout + non Rout.

		Routine

				2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024

		CO		565		1227		1571		1771		1613		1487		1292		954		685		422		392		365		296		272		188		200		156		156		141		144

		NOx		470		1019		1304		1471		1339		1235		1073		793		569		350		325		303		246		226		157		166		129		129		117		119

		SOx		1		3		4		4		4		3		3		2		2		1		1		1		1		1		0		0		0		0		0		0

		CH4		25		53		68		77		70		65		56		41		30		18		17		16		13		12		8		9		7		7		6		6

		NMVOC		44		96		122		138		126		116		101		74		53		33		31		28		23		21		15		16		12		12		11		11

				2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024

		CO2		275097		596772		764159		861681		784537		723404		628794		464318		333319		205231		190676		177576		144099		132454		91699		97521		75688		75688		68410		69866

		Non-Routine

				2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024

		CO		545		563		321		321		321		321		321		321		321		321		321		321		321		321		321		321		321		321		321		321

		NOx		94		97		55		55		55		55		55		55		55		55		55		55		55		55		55		55		55		55		55		55

		SOx		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		CH4		2192		2263		1291		1291		1291		1291		1291		1291		1291		1291		1291		1291		1291		1291		1291		1291		1291		1291		1291		1291

		NMVOC		939		970		553		553		553		553		553		553		553		553		553		553		553		553		553		553		553		553		553		553

				2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024

		CO2		163438		168763		96278		96278		96278		96278		96278		96278		96278		96278		96278		96278		96278		96278		96278		96278		96278		96278		96278		96278

		Total Routine & Non-Routine Operations Onshore

				2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024

		CO		1,110		1,789		1,892		2,092		1,934		1,808		1,613		1,275		1,006		743		713		686		617		593		509		521		477		477		462		465

		NOx		564		1,116		1,360		1,526		1,395		1,290		1,129		848		624		406		381		358		301		281		212		222		185		185		172		175

		SOx		2		4		4		4		4		4		3		3		2		1		1		1		1		1		1		1		1		1		1		1

		CH4		2,216		2,316		1,359		1,368		1,361		1,356		1,347		1,333		1,321		1,309		1,308		1,307		1,304		1,303		1,299		1,300		1,298		1,298		1,297		1,297

		NMVOC		983		1,065		676		691		679		669		654		628		607		586		584		582		576		575		568		569		565		565		564		565

				2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024

		CO2		438,536		765,535		860,437		957,958		880,815		819,682		725,072		560,596		429,597		301,509		286,954		273,854		240,376		228,732		187,977		193,799		171,966		171,966		164,688		166,144

				2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024

		GHG		485,077		814,180		888,984		986,688		909,399		848,152		753,364		588,579		457,335		329,007		314,424		301,300		267,759		256,093		215,262		221,095		199,221		199,221		191,929		193,387





Onshore - Rout + non Rout.
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Offshore - Rout+non Rout
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		Routine

						2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024

				CO		84		750		744		731		754		758		732		658		620		579		558		545		540		533		532		532		529		526		524		522

				NOx		621		1,626		1,613		1,579		1,636		1,646		1,583		1,398		1,304		1,203		1,149		1,119		1,106		1,089		1,085		1,085		1,079		1,072		1,065		1,062

				SOx		26		41		41		41		41		42		41		41		41		41		41		40		40		40		40		40		40		40		40		40

				CH4		276		576		576		573		577		578		574		562		556		550		546		545		544		543		542		542		542		542		541		541

				NMVOC		115		230		229		229		230		230		229		228		227		226		226		226		226		225		225		225		225		225		225		225

						2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024

				CO2		248,098		653,941		648,426		634,638		658,077		662,214		636,017		560,185		521,579		480,216		458,156		445,747		440,232		433,338		431,959		431,959		429,202		426,444		423,687		422,308

		Non-Routine

						2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024

				CO		1,213		499		285		285		285		285		285		285		285		285		285		285		285		285		285		285		285		285		285		285

				NOx		209		86		49		49		49		49		49		49		49		49		49		49		49		49		49		49		49		49		49		49

				SOx		2		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				CH4		4,878		2,007		1,145		1,145		1,145		1,145		1,145		1,145		1,145		1,145		1,145		1,145		1,145		1,145		1,145		1,145		1,145		1,145		1,145		1,145

				NMVOC		2,091		860		491		491		491		491		491		491		491		491		491		491		491		491		491		491		491		491		491		491

						2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024

				CO2		363,782		149,657		85,378		85,378		85,378		85,378		85,378		85,378		85,378		85,378		85,378		85,378		85,378		85,378		85,378		85,378		85,378		85,378		85,378		85,378

		Total Routine & Non-Routine Operations Offshore

						2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024

				CO		1,297		1,249		1,029		1,015		1,038		1,043		1,017		942		904		864		842		830		825		818		816		816		814		811		808		807

				NOx		830		1,712		1,662		1,628		1,685		1,695		1,632		1,447		1,353		1,252		1,198		1,168		1,155		1,138		1,134		1,134		1,128		1,121		1,114		1,111

				SOx		28		42		42		42		42		42		42		41		41		41		41		41		41		41		41		41		41		41		41		41

				CH4		5,154		2,583		1,720		1,718		1,722		1,723		1,719		1,707		1,701		1,695		1,691		1,690		1,689		1,688		1,687		1,687		1,687		1,687		1,686		1,686

				NMVOC		2,206		1,090		720		720		720		720		720		718		718		717		717		716		716		716		716		716		716		716		716		716

						2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024

				CO2		611,880		803,598		733,804		720,017		743,456		747,592		721,395		645,563		606,958		565,595		543,534		531,125		525,610		518,716		517,338		517,338		514,580		511,823		509,065		507,686

						2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024

				GHG		720,120		857,847		769,934		756,102		779,616		783,766		757,485		681,410		642,680		601,185		579,054		566,605		561,072		554,156		552,773		552,773		550,007		547,240		544,474		543,091
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		Total Routine & Non-Routine Operations Onshore and Offshore

						2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024

				CO		2,407		3,038		2,921		3,108		2,972		2,850		2,630		2,218		1,910		1,607		1,555		1,516		1,442		1,411		1,326		1,338		1,290		1,288		1,270		1,271

				NOx		1,393		2,828		3,022		3,154		3,080		2,986		2,760		2,295		1,977		1,658		1,579		1,526		1,456		1,419		1,346		1,356		1,312		1,306		1,286		1,286

				SOx		30		46		46		46		46		46		45		44		43		43		42		42		42		42		42		42		42		42		42		42

				CH4		7,371		4,900		3,080		3,086		3,083		3,078		3,066		3,040		3,022		3,004		3,000		2,996		2,993		2,991		2,987		2,987		2,985		2,984		2,983		2,983

				NMVOC		3,189		2,155		1,396		1,411		1,399		1,390		1,374		1,346		1,324		1,303		1,300		1,298		1,293		1,291		1,284		1,285		1,282		1,281		1,280		1,280

						2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024

				CO2		1,050,416		1,569,133		1,594,241		1,677,975		1,624,270		1,567,274		1,446,467		1,206,159		1,036,554		867,104		830,488		804,979		765,987		747,448		705,314		711,137		686,546		683,788		673,753		673,830

						2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024

				GHG		1,205,198		1,672,027		1,658,918		1,742,790		1,689,016		1,631,918		1,510,849		1,269,989		1,100,015		930,192		893,478		867,905		828,832		810,249		768,035		773,868		749,227		746,461		736,403		736,478
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Year

Volume (stb)

0
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832200
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42 daily - 29 monthly

		Year		Produced Water
(stbd)		Annual Amount of Produced Water (stb)		5% Water Content
in Oil to Shore
(stbd)		Balance
Produced Water Offshore
(stbd)		Balance Produced Water
Offshore
Per Year
(stb)		Annual Amount Water Discharged
to Water Column
During 5% Down-Time
(stb)		Annual Amount Water Discharged
to Water Column
During 5% Down-Time
(litres)		Amount of Oil (mg) in Produced
Water Discharged to Water Column
(Monthly Average Oil in Water = 29 mg/l)		Amount of Oil (t) in Produced
Water Discharged to Water Column
(Monthly Average Oil in Water = 29 mg/l)

		2004		0		0		0		0		0		0		0		0.00		0.00				Figure 5.13:  Estimated produced water volumes generated offshore per year

		2005		0		0		0		0		0		0		0		0.00		0.00

		2006		3000		1095000		150		2850		1040250		52013		8269988		239829637.50		0.24

		2007		7000		2555000		350		6650		2427250		121363		19296638		559602487.50		0.56

		2008		21000		7665000		1050		19950		7281750		364088		57889913		1678807462.50		1.68

		2009		48000		17520000		2400		45600		16644000		832200		132319800		3837274200.00		3.84

		2010		75000		27375000		3750		71250		26006250		1300313		206749688		5995740937.50		6.00

		2011		94000		34310000		4700		89300		32594500		1629725		259126275		7514661975.00		7.51

		2012		98000		35770000		4900		93100		33981500		1699075		270152925		7834434825.00		7.83

		2013		97000		35405000		4850		92150		33634750		1681738		267396263		7754491612.50		7.75

		2014		97000		35405000		4850		92150		33634750		1681738		267396263		7754491612.50		7.75

		2015		93000		33945000		4650		88350		32247750		1612388		256369613		7434718762.50		7.43

		2016		101000		36865000		5050		95950		35021750		1751088		278422913		8074264462.50		8.07

		2017		107000		39055000		5350		101650		37102250		1855113		294962888		8553923737.50		8.55

		2018		74000		27010000		3700		70300		25659500		1282975		203993025		5915797725.00		5.92

		2019		75000		27375000		3750		71250		26006250		1300313		206749688		5995740937.50		6.00

		2020		78000		28470000		3900		74100		27046500		1352325		215019675		6235570575.00		6.24

		2021		76000		27740000		3800		72200		26353000		1317650		209506350		6075684150.00		6.08

		2022		91000		33215000		4550		86450		31554250		1577713		250856288		7274832337.50		7.27

		2023		101000		36865000		5050		95950		35021750		1751088		278422913		8074264462.50		8.07

		2024		99000		36135000		4950		94050		34328250		1716413		272909588		7914378037.50		7.91				Figure 5.X:  Estimated produced water volumes discharged to sea per year

		TOTAL:		1435000		523775000		71750		1363250		497586250		24879313		3955810688		114718509937.50		114.72

		Figure 10.13 Annual amounts of produced water discharged to the sea

		Figure 10.14 Annual amounts of oil discharged to sea





42 daily - 29 monthly
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72 daily - 48 monthly
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		Year		Produced Water
(stbd)		5% Water Content
in Oil to Shore
(stbd)		Balance
Produced Water Offshore
(stbd)		Balance Produced Water
Offshore
Per Year
(stb)		Annual Amount Water Discharged
to Water Column
During 5% Down-Time
(stb)		Annual Amount Water Discharged
to Water Column
During 5% Down-Time
(litres)		Amount of Oil (mg) in Produced
Water Discharged to Water Column
(Monthly Average Oil in Water = 48 mg/l)		Amount of Oil (t) in Produced
Water Discharged to Water Column
(Monthly Average Oil in Water = 48 mg/l)

		2004		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		2005		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		2006		3000.00		150.00		2850.00		1040250.00		52012.50		8269987.50		396959400.00		0.40

		2007		7000.00		350.00		6650.00		2427250.00		121362.50		19296637.50		926238600.00		0.93

		2008		21000.00		1050.00		19950.00		7281750.00		364087.50		57889912.50		2778715800.00		2.78

		2009		48000.00		2400.00		45600.00		16644000.00		832200.00		132319800.00		6351350400.00		6.35

		2010		75000.00		3750.00		71250.00		26006250.00		1300312.50		206749687.50		9923985000.00		9.92

		2011		94000.00		4700.00		89300.00		32594500.00		1629725.00		259126275.00		12438061200.00		12.44

		2012		98000.00		4900.00		93100.00		33981500.00		1699075.00		270152925.00		12967340400.00		12.97

		2013		97000.00		4850.00		92150.00		33634750.00		1681737.50		267396262.50		12835020600.00		12.84

		2014		97000.00		4850.00		92150.00		33634750.00		1681737.50		267396262.50		12835020600.00		12.84

		2015		93000.00		4650.00		88350.00		32247750.00		1612387.50		256369612.50		12305741400.00		12.31

		2016		101000.00		5050.00		95950.00		35021750.00		1751087.50		278422912.50		13364299800.00		13.36

		2017		107000.00		5350.00		101650.00		37102250.00		1855112.50		294962887.50		14158218600.00		14.16

		2018		74000.00		3700.00		70300.00		25659500.00		1282975.00		203993025.00		9791665200.00		9.79

		2019		75000.00		3750.00		71250.00		26006250.00		1300312.50		206749687.50		9923985000.00		9.92

		2020		78000.00		3900.00		74100.00		27046500.00		1352325.00		215019675.00		10320944400.00		10.32

		2021		76000.00		3800.00		72200.00		26353000.00		1317650.00		209506350.00		10056304800.00		10.06

		2022		91000.00		4550.00		86450.00		31554250.00		1577712.50		250856287.50		12041101800.00		12.04

		2023		101000.00		5050.00		95950.00		35021750.00		1751087.50		278422912.50		13364299800.00		13.36

		2024		99000.00		4950.00		94050.00		34328250.00		1716412.50		272909587.50		13099660200.00		13.10

		TOTAL:		1435000.00		71750.00		1363250.00		497586250.00		24879312.50		3955810687.50		189878913000.00		189.88
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42 daily - 29 monthly

		Year		Produced Water
(stbd)		Annual Amount of Produced Water (stb)		5% Water Content
in Oil to Shore
(stbd)		Balance
Produced Water Offshore
(stbd)		Balance Produced Water
Offshore
Per Year
(stb)		Annual Amount Water Discharged
to Water Column
During 5% Down-Time
(stb)		Annual Amount Water Discharged
to Water Column
During 5% Down-Time
(litres)		Amount of Oil (mg) in Produced
Water Discharged to Water Column
(Monthly Average Oil in Water = 29 mg/l)		Amount of Oil (t) in Produced
Water Discharged to Water Column
(Monthly Average Oil in Water = 29 mg/l)

		2004		0		0		0		0		0		0		0		0.00		0.00				Figure 5.13:  Estimated produced water volumes generated offshore per year

		2005		0		0		0		0		0		0		0		0.00		0.00

		2006		3000		1095000		150		2850		1040250		52013		8269988		239829637.50		0.24

		2007		7000		2555000		350		6650		2427250		121363		19296638		559602487.50		0.56

		2008		21000		7665000		1050		19950		7281750		364088		57889913		1678807462.50		1.68

		2009		48000		17520000		2400		45600		16644000		832200		132319800		3837274200.00		3.84

		2010		75000		27375000		3750		71250		26006250		1300313		206749688		5995740937.50		6.00

		2011		94000		34310000		4700		89300		32594500		1629725		259126275		7514661975.00		7.51

		2012		98000		35770000		4900		93100		33981500		1699075		270152925		7834434825.00		7.83

		2013		97000		35405000		4850		92150		33634750		1681738		267396263		7754491612.50		7.75

		2014		97000		35405000		4850		92150		33634750		1681738		267396263		7754491612.50		7.75

		2015		93000		33945000		4650		88350		32247750		1612388		256369613		7434718762.50		7.43

		2016		101000		36865000		5050		95950		35021750		1751088		278422913		8074264462.50		8.07

		2017		107000		39055000		5350		101650		37102250		1855113		294962888		8553923737.50		8.55

		2018		74000		27010000		3700		70300		25659500		1282975		203993025		5915797725.00		5.92

		2019		75000		27375000		3750		71250		26006250		1300313		206749688		5995740937.50		6.00

		2020		78000		28470000		3900		74100		27046500		1352325		215019675		6235570575.00		6.24

		2021		76000		27740000		3800		72200		26353000		1317650		209506350		6075684150.00		6.08

		2022		91000		33215000		4550		86450		31554250		1577713		250856288		7274832337.50		7.27

		2023		101000		36865000		5050		95950		35021750		1751088		278422913		8074264462.50		8.07

		2024		99000		36135000		4950		94050		34328250		1716413		272909588		7914378037.50		7.91				Figure 5.X:  Estimated produced water volumes discharged to sea per year

		TOTAL:		1435000		523775000		71750		1363250		497586250		24879313		3955810688		114718509937.50		114.72

		Figure 10.13 Annual amounts of produced water discharged to the sea

		Figure 10.14 Annual amounts of oil discharged to sea
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72 daily - 48 monthly
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		Year		Produced Water
(stbd)		5% Water Content
in Oil to Shore
(stbd)		Balance
Produced Water Offshore
(stbd)		Balance Produced Water
Offshore
Per Year
(stb)		Annual Amount Water Discharged
to Water Column
During 5% Down-Time
(stb)		Annual Amount Water Discharged
to Water Column
During 5% Down-Time
(litres)		Amount of Oil (mg) in Produced
Water Discharged to Water Column
(Monthly Average Oil in Water = 48 mg/l)		Amount of Oil (t) in Produced
Water Discharged to Water Column
(Monthly Average Oil in Water = 48 mg/l)

		2004		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		2005		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		2006		3000.00		150.00		2850.00		1040250.00		52012.50		8269987.50		396959400.00		0.40

		2007		7000.00		350.00		6650.00		2427250.00		121362.50		19296637.50		926238600.00		0.93

		2008		21000.00		1050.00		19950.00		7281750.00		364087.50		57889912.50		2778715800.00		2.78

		2009		48000.00		2400.00		45600.00		16644000.00		832200.00		132319800.00		6351350400.00		6.35

		2010		75000.00		3750.00		71250.00		26006250.00		1300312.50		206749687.50		9923985000.00		9.92

		2011		94000.00		4700.00		89300.00		32594500.00		1629725.00		259126275.00		12438061200.00		12.44

		2012		98000.00		4900.00		93100.00		33981500.00		1699075.00		270152925.00		12967340400.00		12.97

		2013		97000.00		4850.00		92150.00		33634750.00		1681737.50		267396262.50		12835020600.00		12.84

		2014		97000.00		4850.00		92150.00		33634750.00		1681737.50		267396262.50		12835020600.00		12.84

		2015		93000.00		4650.00		88350.00		32247750.00		1612387.50		256369612.50		12305741400.00		12.31

		2016		101000.00		5050.00		95950.00		35021750.00		1751087.50		278422912.50		13364299800.00		13.36

		2017		107000.00		5350.00		101650.00		37102250.00		1855112.50		294962887.50		14158218600.00		14.16

		2018		74000.00		3700.00		70300.00		25659500.00		1282975.00		203993025.00		9791665200.00		9.79

		2019		75000.00		3750.00		71250.00		26006250.00		1300312.50		206749687.50		9923985000.00		9.92

		2020		78000.00		3900.00		74100.00		27046500.00		1352325.00		215019675.00		10320944400.00		10.32

		2021		76000.00		3800.00		72200.00		26353000.00		1317650.00		209506350.00		10056304800.00		10.06

		2022		91000.00		4550.00		86450.00		31554250.00		1577712.50		250856287.50		12041101800.00		12.04

		2023		101000.00		5050.00		95950.00		35021750.00		1751087.50		278422912.50		13364299800.00		13.36

		2024		99000.00		4950.00		94050.00		34328250.00		1716412.50		272909587.50		13099660200.00		13.10

		TOTAL:		1435000.00		71750.00		1363250.00		497586250.00		24879312.50		3955810687.50		189878913000.00		189.88
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TOTAL EMISSIONS

		Pre and Post Operation Activities

				CO2		CO		NOx		SOx		CH4		NMVOC		PM

		Pre-drilling Activities		32,791		106		485		5,794		30		168

		Platform Transportation		7,200		18		133		1,800		1		5

		Platform Assembly		66,910		417		1,564		896				283		89

		Platform Installation		8,640		22		159		2,160		1		6

		Platform Decommissioning		3,200		8		59		800		0		2

		Pipeline Transport Onshore

		Pipeline Transport Offshore		43,200		108		797		10,800		4		32

		Terminal Construction		65,517		373		1,147		446				208		104

		TOTAL		227,458		1,052		4,344		22,695		35		705		193

		Operations

				CO2		CO		NOx		SOx		CH4		NMVOC

		Offshore Platforms		6,491,442		7,682		20,105		79,531		13,742		4,063

		Terminal		5,452,126		7,345		11,930		25		6,805		1,223

		TOTAL		11,943,568		15,027		32,035		79,556		20,547		5,287

		Operational Offshore contribution		97.5053145382		%				Operational Onshore contribution		98.7983267547		%

		CO2 Emissions (Source: Carbon Dioxide Information Analysis Centre)										CO2 Emissions (Source: Carbon Dioxide Information Analysis Centre)

		Azerbaijan  - 1996		8,193,000								Azerbaijan  - 1996		8,193,000

		ACG Phase I Offshore platforms (annually)		309,116		Contribution		3.77		%		ACG Phase I Sangachal Terminal (annually)		259,625		Contribution		3.17		%

		ACG Phase I Offshore Installations to the Overall CO2 Generated in Azerbaijan										ACG Phase I Onshore Installations to the Overall CO2 Generated in Azerbaijan





TOTAL EMISSIONS

		Azerbaijan  - 1996

		ACG Phase I Offshore platforms (annually)



8193000

309116.278913686



Total Sewage Emissions

		Azerbaijan  - 1996

		ACG Phase I Sangachal Terminal (annually)



8193000

259625.044343954



Pre-drilling

		Dada Gorgud + transport		Gray water:		Sewage water:		Putrescible galley waste:						Platform Operation		Gray water:		Sewage water:		Putrescible galley waste:

		2002		7,964		2,655		159				2004				14,509		4,836		290

		2003		578		193		12

		Platform Transportation		Gray water:		Sewage water:		Putrescible galley waste:

		2003		315		105		6

		Platform Installation		Gray water:		Sewage water:		Putrescible galley waste:						Platform Decommissioning		Gray water:		Sewage water:		Putrescible galley waste:

		2003		378		126		8				2024				86		29		2

		Pipeline Tranportation		Gray water:		Sewage water:		Putrescible galley waste:

		2003		1,080		432		1,296

		Pipeline Commissioning		Gray water:		Sewage water:		Putrescible galley waste:

		2003		53		18		1

																				ACG Phase I Sewage Water and BOD treated per Annum

		Projected Atmospheric Emissions from ACG Phase I												Total Sewage Water (m3)		BOD Treated (kg)

				Gray water:		Sewage water:		Total Sewage Water				2002		10,619		2,548

		2002		7,964		2,655		10,619				2003		2,506		601

		2003		1,826		681		2,506				2004		19,345		4,643

		2004		14,509		4,836		19,345				2005		19,345		4,643

		2005		14,509		4,836		19,345				2006		19,345		4,643

		2006		14,509		4,836		19,345				2007		19,345		4,643

		2007		14,509		4,836		19,345				2008		19,345		4,643

		2008		14,509		4,836		19,345				2009		19,345		4,643

		2009		14,509		4,836		19,345				2010		19,345		4,643

		2010		14,509		4,836		19,345				2011		19,345		4,643

		2011		14,509		4,836		19,345				2012		19,345		4,643

		2012		14,509		4,836		19,345				2013		19,345		4,643

		2013		14,509		4,836		19,345				2014		19,345		4,643

		2014		14,509		4,836		19,345				2015		19,345		4,643

		2015		14,509		4,836		19,345				2016		19,345		4,643

		2016		14,509		4,836		19,345				2017		19,345		4,643

		2017		14,509		4,836		19,345				2018		19,345		4,643

		2018		14,509		4,836		19,345				2019		19,345		4,643

		2019		14,509		4,836		19,345				2020		19,345		4,643

		2020		14,509		4,836		19,345				2021		19,345		4,643

		2021		14,509		4,836		19,345				2022		19,345		4,643

		2022		14,509		4,836		19,345				2023		19,345		4,643

		2023		14,509		4,836		19,345				2024		115		28

		2024		86		29		115

		TOTAL
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Total Sewage Water (m3)

BOD Treated (kg)
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0
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0
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0

0

0

0

0

0
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0
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0

0
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0
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0

0

0

0

0



Platform Transportation

		Emission  Factors (E&P Forum - Report No. 2.59/197) - Tonnes of Emissions per Tonnes of Fuel Used

				Engines		Helicopters		Vessels		Flare Gas		Flare Oil

		CO2		2.75		3.2		3.2		2.61		3.08

		CO		0.019		0.0052		0.008		0.0087		0.0014

		NOx		0.07		0.0125		0.059		0.0015		0.0078

		SOx		8.00E-01		8.00E-01		8.00E-01		0.0000128		0.004

		CH4		0.00014		0.000087		0.00027		0.035		0.002

		NMVOC		0.0019		0.0008		0.0024		0.015		0.048

		Assumptions

		Rig transfer:		4		days								Flaring Conditions

		Pre-drilling programme duration:						391.5		days				Nb of well test:		3		well, 1, 3 and 4

		Dada daily diesel fuel consumption:						9		Tonnes				Testing period:		50		hours per well

		Standby vessel:						3		Tonnes				Oil flared		10,000		bbl per well

		Vessel:						6		Tonnes				Oil flared		1,040		Tonnes of oil per well

		Vessel trips:						7		trips per week				GOR		1100		scf/bbl

		Helicopter						0.24		Tonnes/hr				Gas flared		11000000		scf per well

		Helicopter trips:						4		Return trips per week				Natural gas:		0.04		lb/SCF

		Helicopter trip duration:						2		Hours				Gas flared		209.8319327731		Tonnes of gas per well

		Estimated Air Emissions (Tonnes)

				Rig Transfer		Drilling		Helicopters		Vessels		Gas Flaring		Oil Flaring		TOTAL		Relative Contribution of Emission sources

		CO2		230		9,690		344		11,275		1,643		9,610		32,791

		CO		1		67		1		28		5		4		106

		NOx		4		247		1		208		1		24		485

		SOx		58		2,819		86		2,819		0		12		5,794

		CH4		0		0		0		1		22		6		30

		NMVOC		0		0		0		8		9		150		168

				CO2		CO		NOx		SOx		CH4		NMVOC

		Rig Transfer		230		1		4		58		0		0

		Drilling		9,690		67		247		2,819		0		0

		Helicopters		344		1		1		86		0		0

		Vessels		11,275		28		208		2,819		1		8

		Gas Flaring		1,643		5		1		0		22		9

		Oil Flaring		9,610		4		24		12		6		150

		Waste Emissions

		Dada Gorgud POB:				100						PDQ POB:				220

		Duration:				391.5		days (well shcedule for ACG Phase I)				Duration:				7300		days - based on 20 years operations

		Black water:				0.1		m3 per day per person				The emissions factors provided are those given in the project description

		Gery water:				0.22		m3 per day per person

		BOD				240		mg/l								Gray water:				0.15		m3 per day per person

																Sewage water:				0.05		m3 per day per person

								Rig								Putrescible galley waste:				0.003		m3 per day per person

		Parameters						Dada Gorgud		PDQ

		Sewage volume (m3)				Per day		32		70.4

						No of Days		391.5		7300						Domestic Liquid Waste Discharges (m3)

						Total		12,528		513,920

		BOD (treated) (kg)				Per day		7.68		16.896										DG + V

						Total		3,007		123,341						Gray water:				8,542

																Sewage water:				2,847

																Putrescible galley waste:				171

																Total				11,560





Platform Transportation

		CO2		CO2		CO2		CO2		CO2		CO2

		CO		CO		CO		CO		CO		CO

		NOx		NOx		NOx		NOx		NOx		NOx

		SOx		SOx		SOx		SOx		SOx		SOx

		CH4		CH4		CH4		CH4		CH4		CH4

		NMVOC		NMVOC		NMVOC		NMVOC		NMVOC		NMVOC



Rig Transfer

Drilling

Helicopters

Vessels

Gas Flaring

Oil Flaring

230.4

9689.625

343.6251428571

11275.2

1642.9840336135

9609.6

0.576

66.9465

0.5583908571

28.188

5.4766134454

4.46320992

4.248

246.645

1.3422857143

207.8865

0.9442436975

24.2851128

57.6

2818.8

85.9062857143

2818.8

0.0080575462

12.48

0.01944

0.49329

0.0093423086

0.951345

22.0323529412

6.24

0.1728

0

0.0859062857

8.4564

9.4424369748

149.76



Platform Assembly

		

		Atmospheric Emissions

		Emission  Factors (E&P Forum - Report No. 2.59/197) - Tonnes of Emissions per Tonnes of Fuel Used

				Vessels

		CO2		3.2

		CO		0.008

		NOx		0.059

		SOx		8.00E-01

		CH4		0.00027

		VOC		0.0024

		ACG Float Over Tow and Jacket Tow

		Number of tugs		3		80 Tonnes tugs

		Duration		50		days

		Fuel Load		800		Tonnes

		Consumption		15		Tonnes per day

		Crew		14		crew per boat

		General Assumptions

		24		hour operations

		7		days per week

		30		days per month

		Atmospheric Emissions (Tonnes)

				Transport in Caspian

		CO2		7,200

		CO		18

		NOx		133

		SOx		1,800

		CH4		1

		VOC		5

		Aqueous Emissions

		Gray water:				0.15		m3 per day per person

		Sewage water:				0.05		m3 per day per person

		Putrescible galley waste:				0.003		m3 per day per person

		Domestic Liquid Waste Discharges (m3)

						Transport in Caspian

		Gray water:				315

		Sewage water:				105

		Putrescible galley waste:				6

		Total				426





Platform Assembly

		CO2

		CO

		NOx

		SOx

		CH4

		VOC



Atmospheric Emissions (Tonnes) Transport in Caspian

7200

18

132.75

1800

0.6075

5.4



Platform Installation

		Atmospheric Emissions

		Emission Factors (CORINAIR "Atmospheric Emission Inventory Guidebook")

																				Emission Factors (US EPA AP-42, Sction 3.4) (lb/MMBtu)

				CO2		CO		HCs		NOx		SOx		PM

				(g/hr)		(g/hr)		(g/hr)		(g/hr)		(g/hr)		(g/hr)						NOx		3.20E+00

		Tractor		51,161		350		100		580		41		60						CO		8.50E-01

		Excavator		45,314		310		80		770		65		60						CO2		1.65E+02

		Crane		87,704		600		1,260		3,600		4,390		250						SO2		2.02E-01

		Truck		119,132		815		140		1,890		205		120						HC		9.00E-02

		Minibus		98,669		450		185		930		101		154						Methane		8.10E-03

		Sideboom		87,704		600		1,260		3,600		4,390		250						VOC		8.19E-02

		Generator		43,852		300		140		1,440		2		110						PM10		1.00E-01

		DQ Platform																C&WP Platform

		Duration		24		months (May 2002 - May 2004)												Duration		28		months (Nov 2002 - Feb 05)

		Cranes		10														Cranes		10

		Trucks		10														Trucks		10

		Others		5		diesel driven equipment - compactors												Others		5		diesel driven equipment - compactors

		General Assumptions																General Assumptions

		30		days per month														30		days per month

		12		hours per day														12		hours per day

		Civils Emissions																Civils Emissions

				CO2		CO		HCs		NOx		SOx		PM						CO2		CO		HCs		NOx		SOx		PM

				Tonnes		Tonnes		Tonnes		Tonnes		Tonnes		Tonnes						Tonnes		Tonnes		Tonnes		Tonnes		Tonnes		Tonnes

		Crane		7,578		52		109		311		379		22				Crane		8,841		60		127		363		443		25

		Truck		10,293		70		12		163		18		10				Truck		12,008		82		14		191		21		12

		Others		1,958		13		3		33		3		3				Others		2,284		16		4		39		3		3

		Total		19,828		136		124		508		400		35				Total		23,133		158		145		592		466		40

																		Atmospheric Emissions Associated with the DQ and C&WP Assemb ly

		Construction Camp																		CO2		CO		HCs		NOx		SOx		PM

																				Tonnes		Tonnes		Tonnes		Tonnes		Tonnes		Tonnes

		Power Generation for DQ:				1		MW										DQ		30,881		193		130		722		413		41

																		C& WP		36,028		225		152		842		482		48

				CO2		CO		HCs		NOx		SOx		PM				Total		66,910		417		283		1,564		896		89

				Tonnes		Tonnes		Tonnes		Tonnes		Tonnes		Tonnes

		Camp		11,053.13		56.94		6.03		214.36		13.53		6.70

		Total		11,053		57		6		214		14		7				Atmospheric Emissions Associated with the DQ and C&WP Assemb ly

																				CO2		CO		HCs		NOx		SOx		PM

																				KTonnes		Tonnes		Tonnes		Tonnes		Tonnes		Tonnes

		Power Generation C&WP:				1		MW										05/02-08/02		4		24		16		90		52		5

																		08/02-11/02		4		24		16		90		52		5

				CO2		CO		HCs		NOx		SOx		PM				11/02-02/03		8		48		33		180		103		10

				Tonnes		Tonnes		Tonnes		Tonnes		Tonnes		Tonnes				02/03-05/03		8		48		33		180		103		10

		Camp		12,895.32		66.43		7.03		250.09		15.79		7.82				05/03-08/03		8		48		33		180		103		10

		Total		12,895		66		7		250		16		8				08/03-11/03		8		48		33		180		103		10

																		11/03-02/03		8		48		33		180		103		10

																		02/03-05/03		8		48		33		180		103		10

																		08/03-11/03		8		48		33		180		103		10

		Atmospheric Emissions Associated with the DQ and C&WP Assemb ly																11/03-02/04		8		48		33		180		103		10

																		02/04-05/04		8		48		33		180		103		10

																		05/04-08/04		4		24		16		90		52		5

																		08/04-11/04		4		24		16		90		52		5

																		11/05-02/05		3		16		11		60		34		3

																		Domestic Waste Associated with the DQ and C&WP Assemb ly

																				Gray Water		Sewage		Cantine

																				m3		m3		m3

																		05/02-08/02		20,250		6,750		405

																		08/02-11/02		20,250		6,750		405

																		11/02-02/03		40,500		13,500		810

																		02/03-05/03		40,500		13,500		810

																		05/03-08/03		40,500		13,500		810

																		08/03-11/03		40,500		13,500		810

																		11/03-02/03		40,500		13,500		810

																		02/03-05/03		40,500		13,500		810

																		08/03-11/03		40,500		13,500		810

																		11/03-02/04		40,500		13,500		810

																		02/04-05/04		40,500		13,500		810

																		05/04-08/04		20,250		6,750		405

																		08/04-11/04		20,250		6,750		405

																		11/05-02/05		13,500		4,500		270

		Domestic Wastes																Domestic Waste Associated with the DQ and C&WP Assemb ly

		DQ								C&WP

		Crew		1500						Crew		1500

		Duration		24		months				Duration		28		months

		Gray water:				0.15		m3 per day per person

		Sewage water:				0.05		m3 per day per person

		Putrescible Cantine waste:				0.003		m3 per day per person

		Domestic Liquid Waste Discharges (m3)

						DQ		C&WP

		Gray water:				162,000		189,000

		Sewage water:				54,000		63,000

		Putrescible Cantine waste:				3,240		3,780

		Total				219,240		255,780





Platform Installation

		05/02-08/02		05/02-08/02		05/02-08/02		05/02-08/02		05/02-08/02		05/02-08/02

		08/02-11/02		08/02-11/02		08/02-11/02		08/02-11/02		08/02-11/02		08/02-11/02

		11/02-02/03		11/02-02/03		11/02-02/03		11/02-02/03		11/02-02/03		11/02-02/03

		02/03-05/03		02/03-05/03		02/03-05/03		02/03-05/03		02/03-05/03		02/03-05/03

		05/03-08/03		05/03-08/03		05/03-08/03		05/03-08/03		05/03-08/03		05/03-08/03

		08/03-11/03		08/03-11/03		08/03-11/03		08/03-11/03		08/03-11/03		08/03-11/03

		11/03-02/03		11/03-02/03		11/03-02/03		11/03-02/03		11/03-02/03		11/03-02/03

		02/03-05/03		02/03-05/03		02/03-05/03		02/03-05/03		02/03-05/03		02/03-05/03

		08/03-11/03		08/03-11/03		08/03-11/03		08/03-11/03		08/03-11/03		08/03-11/03

		11/03-02/04		11/03-02/04		11/03-02/04		11/03-02/04		11/03-02/04		11/03-02/04

		02/04-05/04		02/04-05/04		02/04-05/04		02/04-05/04		02/04-05/04		02/04-05/04

		05/04-08/04		05/04-08/04		05/04-08/04		05/04-08/04		05/04-08/04		05/04-08/04

		08/04-11/04		08/04-11/04		08/04-11/04		08/04-11/04		08/04-11/04		08/04-11/04

		11/05-02/05		11/05-02/05		11/05-02/05		11/05-02/05		11/05-02/05		11/05-02/05



CO2 KTonnes

CO Tonnes

HCs Tonnes

NOx Tonnes

SOx Tonnes

PM Tonnes

3.8601705056

24.0735483871

16.3056227704

90.2454762808

51.6684644402

5.1573586338

3.8601705056

24.0735483871

16.3056227704

90.2454762808

51.6684644402

5.1573586338

7.7203410113

48.1470967742

32.6112455408

180.4909525617

103.3369288805

10.3147172676

7.7203410113

48.1470967742

32.6112455408

180.4909525617

103.3369288805

10.3147172676

7.7203410113

48.1470967742

32.6112455408

180.4909525617

103.3369288805

10.3147172676

7.7203410113

48.1470967742

32.6112455408

180.4909525617

103.3369288805

10.3147172676

7.7203410113

48.1470967742

32.6112455408

180.4909525617

103.3369288805

10.3147172676

7.7203410113

48.1470967742

32.6112455408

180.4909525617

103.3369288805

10.3147172676

7.7203410113

48.1470967742

32.6112455408

180.4909525617

103.3369288805

10.3147172676

7.7203410113

48.1470967742

32.6112455408

180.4909525617

103.3369288805

10.3147172676

7.7203410113

48.1470967742

32.6112455408

180.4909525617

103.3369288805

10.3147172676

3.8601705056

24.0735483871

16.3056227704

90.2454762808

51.6684644402

5.1573586338

3.8601705056

24.0735483871

16.3056227704

90.2454762808

51.6684644402

5.1573586338

2.5734470038

16.0490322581

10.8704151803

60.1636508539

34.4456429602

3.4382390892



Platform Operations

		05/02-08/02		05/02-08/02		05/02-08/02

		08/02-11/02		08/02-11/02		08/02-11/02

		11/02-02/03		11/02-02/03		11/02-02/03

		02/03-05/03		02/03-05/03		02/03-05/03

		05/03-08/03		05/03-08/03		05/03-08/03

		08/03-11/03		08/03-11/03		08/03-11/03

		11/03-02/03		11/03-02/03		11/03-02/03

		02/03-05/03		02/03-05/03		02/03-05/03

		08/03-11/03		08/03-11/03		08/03-11/03

		11/03-02/04		11/03-02/04		11/03-02/04

		02/04-05/04		02/04-05/04		02/04-05/04

		05/04-08/04		05/04-08/04		05/04-08/04

		08/04-11/04		08/04-11/04		08/04-11/04

		11/05-02/05		11/05-02/05		11/05-02/05



Gray Water m3

Sewage m3

Cantine m3

20250

6750

405

20250

6750

405

40500

13500

810

40500

13500

810

40500

13500

810

40500

13500

810

40500

13500

810

40500

13500

810

40500

13500

810

40500

13500

810

40500

13500

810

20250

6750

405

20250

6750

405

13500

4500

270



Platform Decommissioning

		

		Atmospheric Emissions

		Emission  Factors (E&P Forum - Report No. 2.59/197) - Tonnes of Emissions per Tonnes of Fuel Used

				Vessels

		CO2		3.2

		CO		0.008

		NOx		0.059

		SOx		8.00E-01

		CH4		0.00027

		VOC		0.0024

		ACG Jacket Installation, Float over and Derrick Barge

		Number of tugs		3		80 Tonnes tugs

		Duration		60		days

		Fuel Load		800		Tonnes

		Consumption		15		Tonnes per day

		Crew		14		crew per boat

		General Assumptions

		24		hour operations

		7		days per week

		30		days per month

		Atmospheric Emissions (Tonnes)

				Transport in Caspian

		CO2		8,640

		CO		22

		NOx		159

		SOx		2,160

		CH4		1

		VOC		6

		Aqueous Emissions

		Gray water:				0.15		m3 per day per person

		Sewage water:				0.05		m3 per day per person

		Putrescible galley waste:				0.003		m3 per day per person

		Domestic Liquid Waste Discharges (m3)

						Transport in Caspian

		Gray water:				378

		Sewage water:				126

		Putrescible galley waste:				8

		Total				512





Platform Decommissioning

		CO2

		CO

		NOx

		SOx

		CH4

		VOC



Atmospheric Emissions (Tonnes) Transport in Caspian

8640

21.6

159.3

2160

0.729

6.48



Pipeline Transport onshore

		Emission  Factors (E&P Forum - Report No. 2.59/197) - Tonnes of Emissions per Tonnes of Fuel Used

				Engines		Helicopters		Vessels		GT Gas		Engine Gas		Flare Gas		Flare Oil						0.068		lb/10^6Btu		AP-42; S13.5		MMSCFD		MMBtu/hr

		CO2		2.75		3.2		3.2		2.75		2.75		2.61		3.08						0.37		lb/10^6Btu		AP-42; S13.5		MMSCFD		MMBtu/hr

		CO		0.019		0.0052		0.008		0.0027		0.0096		0.0087		0.001						0.004		kg/kg		Assumed		0		kg/hr

		NOx		0.07		0.0125		0.059		0.0067		0.0067		0.0015		0.008						274		ug/l		AP-42; S13.5		0		m3/hr

		SOx		8.00E-01		8.00E-01		8.00E-01		1.28E-05		1.28E-05		1.28E-05		0.004

		CH4		0.00014		0.000087		0.00027		0.0042		0.028		0.035		0.002

		VOC		0.0019		0.0008		0.0024		0.00051		0.003		0.015		0.048

		Assumptions

		One operating year						365		days				Pre-drilling test duration:				10		days		Conversion		3.413		Btu/W

		Weeks in a year						52		wks/yr				Oil flared:				10,000		bbld		Gas turbine efficiency		30		%

		Days per week						7		d/wk				Gas flared:				1		MMSCFD		Natural Gas		9341		Kcal/m3

		Istiglal daily diesel fuel consumption:						15		Tonnes				Crude density:				7.3		lb/gal		Natural Gas		0.713		kg/m3

		Standby vessel:						3		Tonnes				Gallons per barrel:				42		gal/bbl		Natural Gas		13100.98		Kcal/kg

		Vessel:						6		Tonnes				Natural gas:				0.04		lb/SCF		Natural Gas		3126725.96		J/Tonne

		Vessel trips <Y2:						6		trips per week				lb per tonnes				0.000454		lb/Tonne				4.19		cal/J

		Vessel trips <Y2:						8		trips per week				Crude				21,037		Btu/lb		DQ1 Fuel Gas		5.445		MMSCFD

		Helicopter						0.24		Tonnes/hr				Power Generation on DQ				52		MW		CP Inj. compr fuel gas		7.913		MMSCFD

		Helicopter trips:						5		Return trips per week				Power Generation on CP				26		MW		Ch-1 compr fuel gas		0.5149		MMSCFD

		Helicopter trip duration:						2		Hours												CP Power generation fuel gas		0.9143		MMSCFD

		POB:						220														Total CP Fuel Gas		9.342		MMSCFD

		Vessels						15

		Estimated Emissions for Transport (Tonnes)												Estimated Emissions for the DQ Platform (Tonnes)

				2004		2005		2006		2007						2004		2005		2006		2007

		CO2		9,894		15,395		15,395		15,395				CO2		147,627		122,429		122,429		122,429

		CO		24		38		38		38				CO		124		163		163		163

		NOx		177		278		278		278				NOx		363		264		264		264

		SOx		2,473		3,849		3,849		3,849				SOx		56		1		1		1

		CH4		1		1		1		1				CH4		194		403		403		403

		NMVOC		7		11		11		11				NMVOC		690		124		124		124

		Estimated Emissions for the CP Platform (Tonnes)												Total Estimated Emissions for the Offshore Operations (Tonnes)										Platforms Operational Life

				2004		2005		2006		2007						2004		2005		2006		2007

		CO2		0.00		178,873		178,873		178,873				CO2 (KT)		158		317		317		317		6,491

		CO		0.00		176		176		176				CO		148		377		377		377		7,682

		NOx		0.00		436		436		436				NOx		539		978		978		978		20,105

		SOx		0.00		1		1		1				SOx		2,530		3,850		3,850		3,850		79,531

		CH4		0.00		273		273		273				CH4		195		677		677		677		13,742

		NMVOC		0.00		33		33		33				NMVOC		698		168		168		168		4,063

																Total Emissions

		Total Estimated Emissions from all Offshore Operations (Tonnes)												CO2 (KT)		6129.9853697924

														CO		6477.3212657595

														NOx		19897.1855721254

														SOx		79528.772780558

														CH4		8895.0903707765

														NMVOC		1986.0813044748

		Aqueous Emissions

		Gray water:				0.15		m3 per day per person

		Sewage water:				0.05		m3 per day per person

		Putrescible galley waste:				0.003		m3 per day per person

		Domestic Liquid Waste Discharges (m3)

						Platforms		Vessels		Total

		Gray water:				12,045		2,464		14,509

		Sewage water:				4,015		821		4,836

		Putrescible galley waste:				241		49		290

		Total				16,301		3,334





Pipeline Transport onshore

		2004		2004		2004		2004		2004		2004

		2005		2005		2005		2005		2005		2005

		2006		2006		2006		2006		2006		2006

		2007		2007		2007		2007		2007		2007



CO2 (KT)

CO

NOx

SOx

CH4

NMVOC

157.5204323975

148.3175455914

539.2515729657

2529.6062674017

194.5555128941

697.5595106092

316.6960712395

376.6929339076

978.2833806303

3850.0469586662

677.3826252471

168.292896416

316.6960712395

376.6929339076

978.2833806303

3850.0469586662

677.3826252471

168.292896416

316.6960712395

376.6929339076

978.2833806303

3850.0469586662

677.3826252471

168.292896416



Pipeline Transport offshore

		CO2 (KT)

		CO

		NOx

		SOx

		CH4

		NMVOC



Total Emissions

6129.9853697924

6477.3212657595

19897.1855721254

79528.772780558

8895.0903707765

1986.0813044748



Pipeline Commissioning Offshore

		

		Atmospheric Emissions

		Emission  Factors (E&P Forum - Report No. 2.59/197) - Tonnes of Emissions per Tonnes of Fuel Used

				Vessels

		CO2		3.2

		CO		0.008

		NOx		0.059

		SOx		8.00E-01

		CH4		0.00027

		VOC		0.0024

		Float Platform off						Topple Jacket								Support Diving Vessel

		Number of tugs		3		80 Tonnes tugs		Number of boats		2		50 Tonnes tugs				Number of boats		1

		Duration		10		days		Duration		15		days				Duration		25		days

		Fuel Load		800		Tonnes		Fuel Load		300		Tonnes				Consumption		10		Tonnes per day

		Consumption		15		Tonnes per day		Consumption		10		Tonnes per day				Crew		15		crew per boat

		Crew		8		crew per boat		Crew		8		crew per boat

		General Assumptions

										Atmospheric Emissions (Tonnes)

		24		hour operations								Total

		7		days per week						CO2  (KT)		3

		30		days per month						CO		8

										NOx		59

		Atmospheric Emissions (Tonnes)								SOx		800

				Float Platform Off		Topple Jacket		Support Diving Vessels		CH4		0

		CO2		1,440		960		800		VOC		2

		CO		4		2		2

		NOx		27		18		15				Atmospheric Emissions Associated with Decommissioning(Tonnes)

		SOx		360		240		200

		CH4		0		0		0

		VOC		1		1		1

		Aqueous Emissions

		Gray water:				0.15		m3 per day per person

		Sewage water:				0.05		m3 per day per person

		Putrescible galley waste:				0.003		m3 per day per person

		Domestic Liquid Waste Discharges (m3)

						Float Platform Off		Topple Jacket		Support Diving Vessels		TOTAL

		Gray water:				12		18		56		86

		Sewage water:				4		6		19		29

		Putrescible galley waste:				0		0		1		2

		Total				16		24		76





Pipeline Commissioning Offshore

		CO2  (KT)

		CO

		NOx

		SOx

		CH4

		VOC



3.2

8

59

800

0.27

2.4



Terminal construction

		





Terminal Operations

		

		Atmospheric Emissions

		Emission  Factors (E&P Forum - Report No. 2.59/197) - Tonnes of Emissions per Tonnes of Fuel Used

				Vessels

		CO2		3.2

		CO		0.008

		NOx		0.059

		SOx		8.00E-01

		CH4		0.00027

		VOC		0.0024

		ACG Pipe Transport in Caspian								ACG Pipe Transport Outside Caspian

		Number of tugs		5		50 Tonnes tugs				Number of boats		50		Kento class vessels

		Duration		6		Months				Number of trips		86

		Fuel Load		300		Tonnes				Trip duration		6		weeks

		Consumption		15		Tonnes per day				Fuel Load		300		Tonnes

		Crew		8		crew per boat				Consumption		10		Tonnes per day

										Crew		7		crew per vessel

		General Assumptions

		24		hour operations

		7		days per week

		30		days per month

		Atmospheric Emissions (Tonnes)

				Transport in Caspian		Transport Outside Caspian

		CO2 (kTonnes)		43		116

		CO		108		289

		NOx		797		2,131

		SOx		10,800		28,896

		CH4		4		10

		VOC		32		87

		Aqueous Emissions

		Gray water:				0.15		m3 per day per person

		Sewage water:				0.05		m3 per day per person

		Putrescible galley waste:				0.003		m3 per day per person

		Domestic Liquid Waste Discharges (m3)

						Transport in Caspian		Transport Outside Caspian

		Gray water:				1,080		3,793

		Sewage water:				432		1,264

		Putrescible galley waste:				1,296		76

		Total				2,808		5,133





Terminal Operations

		CO2 (kTonnes)		CO2 (kTonnes)

		CO		CO

		NOx		NOx

		SOx		SOx

		CH4		CH4

		VOC		VOC



Atmospheric Emissions (Tonnes) Transport in Caspian

Atmospheric Emissions (Tonnes) Transport Outside Caspian

43.2

115.584

108

288.96

796.5

2131.08

10800

28896

3.645

9.7524

32.4

86.688



		

		Atmospheric Emissions

		Emission  Factors (E&P Forum - Report No. 2.59/197) - Tonnes of Emissions per Tonnes of Fuel Used

				Vessels

		CO2		3.2

		CO		0.008

		NOx		0.059

		SOx		8.00E-01

		CH4		0.00027

		VOC		0.0024

		Pipeline Commissioning

		Number of tugs		1		80 Tonnes tug

		Duration		25		days

		Fuel Load		800		Tonnes

		Consumption		15		Tonnes per day

		Crew		14		crew per tug

		General Assumptions

		24		hour operations

		7		days per week

		30		days per month

		Atmospheric Emissions (Tonnes)

				Transport in Caspian

		CO2		1,200

		CO		3

		NOx		22

		SOx		300

		CH4		0

		VOC		1

		Aqueous Emissions

		Gray water:				0.15		m3 per day per person

		Sewage water:				0.05		m3 per day per person

		Putrescible galley waste:				0.003		m3 per day per person

		Domestic Liquid Waste Discharges (m3)

						Transport in Caspian

		Gray water:				53

		Sewage water:				18

		Putrescible galley waste:				1

		Total				71





		CO2

		CO

		NOx

		SOx

		CH4

		VOC



Atmospheric Emissions (Tonnes) Transport in Caspian

1200

3

22.125

300

0.10125

0.9



		

		Atmospheric Emissions

		Emission Factors (CORINAIR "Atmospheric Emission Inventory Guidebook")

																				Emission Factors (US EPA AP-42, Sction 3.4) (lb/MMBtu)

				CO2		CO		HCs		NOx		SOx		PM

				(g/hr)		(g/hr)		(g/hr)		(g/hr)		(g/hr)		(g/hr)						NOx		3.20E+00

		Tractor		51,161		350		100		580		41		60						CO		8.50E-01

		Excavator		45,314		310		80		770		65		60						CO2		1.65E+02

		Crane		87,704		600		1,260		3,600		4,390		250						SO2		2.02E-01

		Truck		119,132		815		140		1,890		205		120						HC		9.00E-02

		Minibus		98,669		450		185		930		101		154						Methane		8.10E-03

		Sideboom		87,704		600		1,260		3,600		4,390		250						VOC		8.19E-02

		Generator		43,852		300		140		1,440		2		110						PM10		1.00E-01

		Civils Equipment												Main contract, mid 2002 to mid 2004

		Duration		6		months								Cranes		10

		Cranes		10		1m3 bucket capacity								Excavators		5

		Trucks		10		6 wheeler dump trucks								Generators		4		sets of <500Kva

		Trucks		10		10 wheeler dump trucks								Trucks		10		transporter units

		Others		5		diesel driven equipment - compactors								Pick ups		10

														Buses		5

														Cars		20

		General Assumptions												Auxiliary plants		10

		30		days per month										Duration		24		months

		12		hours per day

		Civils Emissions																Main contract, mid 2002 to mid 2004 Emissions

				CO2		CO		HCs		NOx		SOx		PM						CO2		CO		HCs		NOx		SOx		PM

				Tonnes		Tonnes		Tonnes		Tonnes		Tonnes		Tonnes						Tonnes		Tonnes		Tonnes		Tonnes		Tonnes		Tonnes

		Crane		979		7		2		17		1		1				Excavator		1,958		13		3		33		3		3

		Truck		5,146		35		6		82		9		5				Crane		7,578		52		109		311		379		22

		Total		6,125		42		8		98		10		6				Truck		10,293		70		12		163		18		10

																		Minibus / cars / pick ups		29,838		136		56		281		31		47

																		Auxiliary plants		3,789		26		12		124		0		10

																		Generator		1,516		10		5		50		0		4

																		Total		54,970		308		197		963		431		95

		Construction Camp

		Power Generation requirements:				0.4		MW										Atmospheric Emissions from Construction Activities (Tonnes)

				CO2		CO		HCs		NOx		SOx		PM

				Tonnes		Tonnes		Tonnes		Tonnes		Tonnes		Tonnes

		Camp		4,421.25		22.78		2.41		85.75		5.41		2.68

		Total		4,421		23		2		86		5		3

		Atmospheric Emissions from Construction Activities (Tonnes)

				CO2 (Ktonnes)		CO		HCs		NOx		SOx		PM

		Construction Equipment		61		350		205		1,061		441		101

		Construction Camp		4		23		2		86		5		3

		Total		66		373		208		1,147		446		104

		Domestic Wastes

		Crew		600

		Duration		30		months

		Gray water:				0.15		m3 per day per person

		Sewage water:				0.05		m3 per day per person

		Putrescible Cantine waste:				0.003		m3 per day per person

		Annual Domestic Liquid Waste Discharges (m3)

						Camp

		Gray water:				2,700

		Sewage water:				900

		Putrescible Cantine waste:				54

		Total				3,654





		CO2 (Ktonnes)		CO2 (Ktonnes)

		CO		CO

		HCs		HCs

		NOx		NOx

		SOx		SOx

		PM		PM



Construction Equipment

Construction Camp

61.095485028

4.4212535863

349.883712

22.7761548387

205.1191741935

2.4115928653

1061.2944

85.7455240987

440.82192

5.4126862087

101.0016

2.6795476281



		Emission  Factors (E&P Forum - Report No. 2.59/197) - Tonnes of Emissions per Tonnes of Fuel Used																																														Production Profile For Phase I

																																Platform A (DQ1, C. Azeri)								Platform B (DQ2, W. Azeri)

				Engines - Diesel		GT Gas		Engine Gas		Heaters Gas						External Floating Roof Tanks

		CO2		2.75		2.75		2.75		2.75				CH4		0.00000015														Oil		Water		Liquid		Gas		Oil		Water		Liquid		Gas

		CO		0.019		0.0027		0.0096		0.008				VOC		0.00000085														mstbpd		mstbpd		mstbpd		mmscfd		mstbpd		mstbpd		mstbpd		mmscfd

		NOx		0.07		0.0067		0.0067		0.0031

		SOx		8.00E-01		1.28E-05		1.28E-05		1.28E-05																		1998		0		0		0		0		0		0		0		0				0

		CH4		0.00014		0.0042		0.028		0.00007																		1999		0		0		0		0		0		0		0		0				0

		VOC		0.0019		0.00051		0.003		0.00062																		2000		0		0		0		0		0		0		0		0				0

																												2001		0		0		0		0		0		0		0		0				0

		Assumptions																										2002		0		0		0		0		0		0		0		0				0

																												2003		0		0		0		0		0		0		0		0				0

		One operating year						365		days		Conversion		3.413		Btu/W		Production levels year 1:				500,000		bbld				2004		43		0		43		40		0		0		0		0				43

		Weeks in a year						52		wks/yr		Gas turbine efficiency		30		%		Production levels year 2:				500,000		bbld				2005		143		0		143		135		46		0		46		42				189

		Days per week						7		d/wk		Natural Gas		9341		Kcal/m3		Production levels year 3:				500,000		bbld				2006		245		3		248		240		165		2		167		165				410

		Crude density:						7.3		lb/gal		Natural Gas		0.713		kg/m3		Production levels year 4:				500,000		bbld				2007		308		14		322		316		217		17		234		232				525

		Gallons per barrel:						42		gal/bbl		Natural Gas		13100.98		Kcal/kg		Natural gas:				0.04		lb/SCF				2008		348		20		368		370		244		39		283		303				592

		Natural gas:						0.04		lb/SCF		Natural Gas		3126725.96		J/Tonne		lb per tonnes				0.000454		lb/Tonne				2009		347		31		378		385		192		35		227		245				539

		lb per tonnes						0.000454		lb/Tonne				4.19		cal/J												2010		313		43		356		356		184		34		218		254				497

		Crude						21,037		Btu/lb		Terminal electrical load, MW		23.72		MW												2011		257		46		303		321		175		28		203		229				432

		Power Generation on DQ						26		MW		Heater fuel gas		6.816		MMSCFD												2012		165		35		200		229		154		23		177		224				319

												Power generation fuel gas		5.422		MMSCFD												2013		120		31		151		173		109		19		128		164				229

												Total fuel Gas		12.24		MMSCFD												2014		63		16		79		95		78		13		91		103				141

																												2015		65		20		85		97		66		18		84		99				131

																												2016		43		12		55		70		79		13		92		129				122

		Estimated Emissions for Combustion Processes(Tonnes)												Estimated Emissions Fugitive Emissions (Tonnes)														2017		43		12		55		74		56		14		70		88				99

				Base Year												Base Year												2018		35		10		45		60		56		17		73		86				91

		CO2		688,494										CO2		0												2019		35		12		47		60		28		13		41		42				63

		CO		927										CO		0												2020		36		14		50		66		31		14		45		47				67

		NOx		1,507										NOx		0												2021		29		13		42		51		23		12		35		39				52

		SOx		3										SOx		0												2022		30		10		40		49		22		10		32		35				52

		CH4		856										CH4		4												2023		26		6		32		38		21		9		30		32				47

		NMVOC		133										NMVOC		22												2024		24		5		29		36		24		10		34		40				48

		Total Estimated Emissions for the Offshore Operations (Tonnes)

				Base Year

		CO2		688,494

		CO		927

		NOx		1,507

		SOx		3

		CH4		859

		NMVOC		154												Projected Atmospheric Emissions from ACG Phase I (Tonnes)

		Projected Atmospheric Emissions from ACG Phase I

				CO2 (KT)		CO		NOx		SOx		CH4		NMVOC

		2004		50		67		109		0		62		11

		2005		220		296		481		1		274		49

		2006		477		642		1,043		2		595		107

		2007		611		823		1,336		3		762		137

		2008		688		927		1,507		3		859		154

		2009		627		844		1,372		3		782		141

		2010		578		779		1,265		3		721		130

		2011		502		677		1,099		2		627		113

		2012		371		500		812		2		463		83

		2013		266		359		583		1		332		60

		2014		164		221		359		1		205		37

		2015		152		205		333		1		190		34

		2016		142		191		310		1		177		32

		2017		115		155		252		1		144		26

		2018		106		143		232		0		132		24

		2019		73		99		160		0		91		16

		2020		78		105		171		0		97		17

		2021		60		81		132		0		75		14

		2022		60		81		132		0		75		14

		2023		55		74		120		0		68		12

		2024		56		75		122		0		70		13

		TOTAL		5,452		7,345		11,930		25		6,805		1,223

		Domestic Wastes

		Crew		30

		Duration		365		days per year

		Gray water:				0.15		m3 per day per person

		Sewage water:				0.05		m3 per day per person

		Putrescible Cantine waste:				0.003		m3 per day per person

		Annual Domestic Liquid Waste Discharges (m3)

						Terminal

		Gray water:				1,643

		Sewage water:				548

		Putrescible Cantine waste:				33

		Total				2,223





		2004		2004		2004		2004		2004		2004

		2005		2005		2005		2005		2005		2005

		2006		2006		2006		2006		2006		2006

		2007		2007		2007		2007		2007		2007

		2008		2008		2008		2008		2008		2008

		2009		2009		2009		2009		2009		2009

		2010		2010		2010		2010		2010		2010

		2011		2011		2011		2011		2011		2011

		2012		2012		2012		2012		2012		2012

		2013		2013		2013		2013		2013		2013

		2014		2014		2014		2014		2014		2014

		2015		2015		2015		2015		2015		2015

		2016		2016		2016		2016		2016		2016

		2017		2017		2017		2017		2017		2017

		2018		2018		2018		2018		2018		2018

		2019		2019		2019		2019		2019		2019

		2020		2020		2020		2020		2020		2020

		2021		2021		2021		2021		2021		2021

		2022		2022		2022		2022		2022		2022

		2023		2023		2023		2023		2023		2023

		2024		2024		2024		2024		2024		2024



CO2 (KT)

CO

NOx

SOx

CH4

NMVOC

50.0088342668

67.3689691008

109.4303107916

0.2327683922

62.4175718366

11.221940535

219.8062715446

296.110120001

480.9843892935

1.0230982821

274.3470017936

49.3243432819

476.8284197529

642.3552867746

1043.4052889436

2.2194195538

595.1442896052

106.9998981248

610.5729765128

822.5281111139

1336.0677480376

2.8419396725

762.0750049822

137.012064672

688.4937182773

927.4983652941

1506.5754415966

3.2046253069

859.3302913324

154.4974138777

626.8549225532

844.4621940769

1371.6962213186

2.9177247304

782.3970051151

140.6657197299

578.0090844321

778.6599451878

1264.8108014756

2.6903695566

721.4310047165

129.7047545561

502.4143349591

676.8231314308

1099.3928898138

2.3385103591

627.0788612425

112.7413560729

370.9957704906

499.7837475149

811.8202126171

1.7268166772

463.0512887416

83.2511402483

266.3261173742

358.7789284668

582.7800272392

1.2396270191

332.4098593161

59.7633577331

163.9824565492

220.907549842

358.8296237587

0.7632637978

204.6715727667

36.7975259405

152.3524950918

205.2403477256

333.3807142722

0.7091316135

190.155858386

34.1877723277

141.8855297801

191.1398658207

310.4766957344

0.6604126477

177.0917154435

31.8389940762

115.1366184281

155.1053009529

251.9442039157

0.535908624

143.7055723681

25.8365607667

105.8326492622

142.5715392597

231.5850763265

0.4926028766

132.0930008636

23.7487578765

73.2687571815

98.7033733337

160.3281297645

0.3410327607

91.4490005979

16.4414477606

77.9207417645

104.9702541802

170.5076935591

0.3626856344

97.2552863501

17.4853492058

60.4757995784

81.4694510056

132.3343293294

0.281487358

75.4817147792

13.5707187866

60.4757995784

81.4694510056

132.3343293294

0.281487358

75.4817147792

13.5707187866

54.6608188497

73.6358499473

119.6098745862

0.2544212659

68.2238575889

12.2658419802

55.8238149955

75.202570159

122.1547655349

0.2598344843

69.6754290269

12.5268173414
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