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Environmental & Socio-economic Impact Assessment


4 Options Assessed

4.1 Introduction

The primary objective of Phase 1 of the ACG Full Field Development (FFD) project is to produce and deliver to the market the recoverable reserves in the central part of the Azeri Field.  Oil and gas produced at the existing Chirag-1 platform will be transported to the Phase 1 facilities by means of interfiled pipelines to be installed and will be commingled with production at the central Azeri field.  Production is anticipated to be over 400,000 barrels of oil per day and the lifetime of operation, 25 years.  It is proposed that associated gas produced from the Phase 1 project will be used as a fuel supply for the new facilities and for re-injection for reservoir pressure maintenance.  Surplus gas will be delivered to the State Oil Company of Azerbaijan Republic (SOCAR) for delivery to the local Azerbaijani market.

The project will require offshore drilling and production facilities, a means of transferring the produced hydrocarbons to shore and a hydrocarbon reception and processing facility onshore to provide storage and onward delivery facilities for the export product.

To achieve the primary project objective, a number of decisions have to be made as to which of the engineering options available best meet the specific requirements for the development.  BP’s Capital Value Process (CVP) provides the mechanism to sanction projects as they pass through a number of stages which importantly, is synergistic with the standard engineering design phases.  Stages of the CVP are as follows:
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At the time of writing this Environmental Statement, the Phase 1 project was in the initial stages of the Execute stage in the above process.  As part of the Select stage, a number of alternative engineering design options were considered starting at a conceptual level including the “no development option” and subsequently adding detail for each conceptual option through the design and planning process.  Project design options were identified and evaluated using a number of screening criteria.  Non-viable options were rejected at an early stage in the process and potentially viable options were taken forward for further consideration.  The screening criteria used during the option evaluation process to Select included:

· safety;

· technical feasibility;

· environmental implications;

· capital expenditure (CAPEX);

· schedule and ability to execute the project;

· operating expenditure (OPEX);

· availability;

· operability;

· reputation; and 

· partner and government agreement.

It should be noted that AIOC also considers Best Available Control Technology (BACT) in its selection process and as a mechanism for minimising releases to the environment in a cost effective and legislatively compliant manner.  BACT uses a ‘top-down’ approach to the selection and evaluation of technology, starting with the best technology possible for the application, followed by the next best and so on.  Each technology is considered on a cost benefit basis, taking into account technical and operational limitations.  BACT will be determined by using Best Practicable Environmental Option (BPEO) studies on the significant environmental aspects.
This Chapter reviews the main decisions regarding the engineering and design options that were made for the ACG Phase 1 project components in order to arrive at the project’s Base Case Design as described in Chapter 5.  It should be noted that in addition to the core criteria listed above, key drivers in the decision-making process included the availability of infrastructure and resources in Azerbaijan as well as the wider Caspian region.  Further, as part of the consideration of environmental implications, environmental protection measures were included as the selected options became more defined.

4.2 No development option

Were the Phase 1 Project not to go ahead, this would result in a number of potential negative effects on the Caspian region.  In particular, Azerbaijan would not benefit from the revenue generated from the export of oil from the ACG field, which is estimated to be significant, particularly for the period, 2007 to 2017.  As most of the national share of this revenue (estimated to exceed all other sources of public revenue) would go to the government, a ‘no development option’ would mean that the Azerbaijan government would not be in a position to deliver the broader benefits from ACG export earnings which could (with prudent management) end Government budget deficits and lead to positive social and environmental change. 

There are a number of additional benefits to good governance, which would not be realised in the event of a ‘no development option’.  Government would remain dependant on import duties thereby denying opportunities for a more liberal trade environment.  Similarly, Government expenditure on public reform and administration programs and infrastructure modernisation and development would not be possible in the absence of significant revenues. 

More specifically, the development of the ACG field will provide a range of employment and training opportunities for Azerbaijani citizens arising from the development through construction to operation.  A ‘no development option’ would deny technology transfer opportunities to Azerbaijanis’ and capacity building for the Caspian region.  In addition, these developments are integral to the wider development of the region and it is possible that without them, many other large-scale oil and gas development projects and associated non-oil projects in Azerbaijan and the wider Caspian region may not be realised.

The no development option would mean that specific environmental benefits accruing from the project such as the opportunity to provide ‘cleaner’ fuels to the market (replacing ‘dirtier’ fuels, eg, wood); additionality, through social investment programmes; biodiversity investment; and significantly, oil revenues; would not be forthcoming.  

4.3 The Project

It was decided at an early stage in the project Design stage to integrate the ACG Phase 1 production into the existing ACG Early Oil Project (EOP) as opposed to developing a standalone ACG Phase 1 option.  As such, the development will expand upon existing facilities.  This means that the existing environmental footprint (with some enhancement), remains relatively constant, thereby minimising the potential for new and duplicate environmental impacts at numerous geographic locations.  

The existing EOP oil reception and storage terminal is located south of Baku near Sangachal.  The EOP terminal site was considered the best location in terms of its proximity to transportation routes and associated infrastructure in the region.  Initial land acquisition undertaken for this development also considered the requirements for future terminal expansion for each Phase of the ACG FFD.  The existing EOP terminal at present receives oil from the Chirag-1 platform.  Once the ACG Phase 1 development becomes operational, oil (and associated gas) from Chirag-1 will be commingled with Phase 1 hydrocarbons for onward transfer to the terminal.  As a result, the Phase 1 terminal will comprise an expansion of the EOP existing terminal facilities located near Sangachal.  Benefits of using the same location include the use of existing access and infrastructure and ease of building on existing services at the location as well as significant cost savings associated with these benefits.  Environmental benefits would also be realised through expansion of the existing facility as this eliminates the requirement for additional land-take at a separate and new location.  This is also true for the offshore subsea pipeline in that the offshore pipeline nearshore landfall approach will be similar to that for the existing EOP pipeline, thereby avoiding impacting the seabed and coastline at another location.

There are a number of infrastructure upgrades necessary to achieve the project objective within the schedule, as there will be a requirement to assemble many of the facilities in Azerbaijan.  The construction phase of the project will create many opportunities for employment of Azerbaijani citizens and at the same time will raise the capabilities of the workforce to international standards in construction and operation of oil and gas projects.   Without Phase 1 of the ACG FFD these upgrades would be less likely to take place resulting in the loss of opportunity to increase the competitiveness of the Azerbaijan construction and oil and gas sector, including the development of a skilled workforce.  The availability of internationally recognised facilities and infrastructure along with a skilled workforce would in the future, make the region more attractive to potential investors.

The nature of the project will broadly require the same level of institutional strengthening and training irrespective of the final design option selected, including a substantial requirement for the training of a new workforce and re-training of the local work force that has previously been involved in oil and gas projects in Azerbaijan.  Institutional issues will include strengthening of the network of local suppliers, possibly through the establishment of joint ventures with international companies, in order to ensure locally manufactured equipment meets the international standards required by the oil and gas industry.

4.3.1 Offshore facilities

A number of offshore drilling and production concepts were considered for ACG Phase 1.  Early concepts included the installation of a number of drilling and production centres however, due to the availability of technology and in particular directional drilling capabilities to allow extended reach into the oil reservoirs, the project design team was able to design the facilities that resulted in a reduced number of drilling and production centres.  This reduction in drilling and production centres means that project construction, installation and operational activities would be confined to a smaller area which in turn, minimises potential impacts on the environment.  The requirement for directional drilling to enable extended reach to the reservoir targets and a need for primary separation of the produced fluids meant that a surface structure was required as opposed to a subsea system.  

The options considered for the offshore facilities included the development of production, drilling and living quarters platform.  A number of drilling well slot platform sizes were evaluated including 12, 24, 36, 48 and 52 slot platforms.  Based upon production requirements an optimum total of 48 wells would be required for Phase 1 and  the use of side track/recompletion technology meant that the project could achieve more than 100 reservoir penetrations.  It was thus decided to develop a 48 well slot facility along with the production and accommodation facilities to minimise the number of platforms necessary for the development   further reduces potential impacts to the environment from multiple facilities.   

As regards product processing, consideration was given to full and partial processing of produced fluids offshore and to transporting wet fluids to shore for processing prior to export.   Processing offshore also allows the integration of existing production fluids from the EOP development with Phase 1 production, one of the objectives of the Project.

Full offshore processing would require considerable infrastructure and facilities.  The availability of an existing terminal site and infrastructure onshore near Sangachal (i.e. the EOP terminal) that could be expanded to meet the additional hydrocarbon production from Phase 1 meant that full offshore processing was not considered a viable operational or environmental option.

In comparison to full offshore processing, partial offshore processing has reduced space and weight requirements on the platform.  Again, this reduced space and weight requirement for the platform has flow-on benefits for the environment by reducing the area of intervention and hence reducing potential impacts.  It does require however, that further processing be conducted onshore to produce stabilised products for export.  

Partial processing offshore will include separation of associated gas from the produced fluids which would then used as fuel gas in gas turbines for power generation on the offshore facilities, gas lift requirements and gas injection requirements for reservior pressure maintenance.  The separation and use of gas provides both environmental benefits (as opposed to alternative energy sources) and energy efficiencies benefits.  

An early design option for the offshore processing of product was to have a single stage separator operating at approximately 35 bar.  As a consequence, there would have been a requirement for compression to bring all the gas up to 60 bar pressure.  An alternative option was selected therefore, whereby a two-stage separation process was designed with the first stage separator operating at 60 bar.  Most gas will be separated in the first stage separator with the remaining gas separated out at a second stage separator operating at 25 bar.  This smaller volume and lower pressure gas would then be compressed back to 60 bar and added to the gas export.  The result of this option selection is that the overall compression requirements are greatly reduced on the platform in favour of a second stage separation.  This results in important offshore energy efficiencies with inherent environmental benefits due to the significantly lower emissions (from reduced compression capacity).  

Alternatively, no offshore separation of gas from the product stream would require multiple multi-phase pipelines to shore, additional processing facilities onshore and would not provide gas for power generation offshore or gas lift.  This option was therefore, not considered as a suitable one for the development.

A secondary consideration for selection of two stage production separation is to separate the majority of the produced water offshore and to use the recovered produced water as a source for re-injection water.  Thus, the first stage separators primary function is for gas/liquid separation and the second stage separator’s primary function is for oil and water separation.

The reservoir will also require pressure maintenance to assist the flow of hydrocarbons to the production platform and the design of the programme requires that the facility is made to use both gas and water injection for this purpose.  Compression facilities for reservoir pressure maintenance on the platform were thus evaluated.  Integration of these facilities on the drilling and production platform was however, found to require excessive space and had substantial weight support requirements.  In addition, the provision of these facilities would also have delayed the construction and start of operations of the drilling and production platform.

The requirement for pressure maintenance for the Azeri field portion of the FFD and the technical problems associated with a single installation led to the decision to construct and install a dedicated platform in the field that has the capacity to host all of the gas injection compression and water injection equipment to enhance the Azeri field production rates.  Gas and water injection will be necessary for the successive Phases of Azeri field FFD and space and weight considerations have been catered for within the design of the compression and water injection platform.  Whilst consideration was given to dual platforms (with gas injection on one platform and water injection on the other), the construction and installation of a single pressure support platform was selected  to service the needs of the three separate production centres planned for the Azeri field (FFD Phases 1 and 2).  This up-front investment in facility design to accommodate future production requirements means that one facility, rather than numerous facilities will be developed, thus confining potential impacts on the environment to a smaller area. 

In summary, the final decision was to construct and install a single production, drilling and quarters (PDQ) platform.  This was inclusive of a primary two-stage separation facility to separate gas, oil and produced water before oil and gas export to the onshore terminal at Sangachal for final processing.  Facilities will be added to the topsides to receive oil from the EOP Chirag-1 platform.  The PDQ will be bridge linked to a single compression and water injection (C&WP) platform with compression and injection facilities for gas and water for Phase 1 along with a standalone compressor for received Chirag-1 gas (eliminating the need for flaring of associated gas on Chirag-1) as well as space requirements for later Azeri field FFD compression and injection facilities.  

Reservoir pressure maintenance will not be a requirement in the early stages of Phase 1 development and as such, it is proposed that the C&WP be installed approximately one year after the installation of the PDQ.  The dehydration facilities for Phase 1 will be installed with the C&WP and the consequence of this is that chemical hydration inhibition/corrosion inhibition of the export gas will be necessary during the early production phase.

Design of the layout of the platform topsides facilities included consideration of feasible installation methods offshore.  As heavy lift vessels are not available in the Caspian Sea, the preferred layout will be such that a topside floatover method of installation from an available transportation barge can be used.  This has meant that the drilling facilities on the PDQ will be centrally located.  Floatover installation means that the topside modules may be installed and mechanically completed onshore prior to offshore installation, keeping offshore commissioning activities to a minimum.

The offshore processing, compression and injection facilities could be supported by either jackets or barges.  Due to the requirement for transportation of materials into the Caspian, the jacket option proved the more attractive option as components for the jacket can be more easily transported into Azerbaijan for assembly than could barge components.

The sub-structure options available included concrete or steel jackets.  Construction of concrete jacket structures use more raw materials than do steel jackets and infrastructure availability within Azerbaijan would not easily allow for construction of a concrete monolith type sub-structure.  In addition, the decommissioning of a concrete sub-structure may not be feasible, whereas technology exists for the removal of a steel jacket.

Once the decision was made to use a steel jacket sub-structure there was an option to either build new jackets or refurbish existing jackets designed and constructed in recent years by SOCAR.  AIOC conducted a number of integrity studies on the existing jackets and came to the conclusion that the jackets were not suitable to support the topsides that have been designed for the ACG Phase 1 project.  A decision was made therefore, to fabricate new steel jackets for Phase 1.  The C&WP jacket and topsides support structure will be constructed in a similar manner.  Construction experience and lessons learned during the building of the PDQ will be passed on to the C&WP construction team with the objective of optimising further costs, safety and project schedule.

The option to pre-drill a number of wells prior to installation of the PDQ as opposed to waiting for the PDQ to be installed prior to commencing drilling was considered.  Pre-drilling will enable hydrocarbons to be brought onstream more rapidly following installation of the PDQ and as first oil is scheduled for early 2005, it was decided that pre-drilling would be necessary to achieve the project schedule.

4.3.2 Transfer of hydrocarbons to shore

Options

The alternative options available for the transfer of the produced hydrocarbons to shore included shuttle tanker or subsea pipeline.  It is considered that a pipeline presents a much lower oil spill risk than offshore loading and shuttle tanker transportation as tanker transportation would imply increased vessel movements between the offshore facility and the terminal and a consequent increased collision risk.  Offshore storage of oil, tanker loading and off-loading operations would also result in increased VOC emissions to the atmosphere.  In addition, the Caspian Sea is an enclosed water body with insufficient tanker capacity currently available to provide transportation of the oil production rates arising from the development.  Furthermore, the use of shuttle tankers for oil transport is not feasible without full oil processing offshore to a stabilised condition.  The shuttle tanker option was therefore discounted early in the processing evaluations consideredand the sub-sea pipeline transfer option adopted as the base case for the development.

Subsea pipeline configuration options

Initially, a total of 38 sub-sea pipeline options were evaluated for ACG FFD.  These options were reduced to sixteen based on technical considerations and from these, four main options were selected for more detailed evaluation once all of the technical and commercial aspects were considered.  The four options remaining included:

1. conversion of the existing EOP 24” oil pipeline to gas service and tie in of a Phase 1 gas line into the existing subsea wye; installation of a new 30” oil line to Sangachal; installation of two new interfield lines from Chirag-1 to the Phase 1 facilities for oil and gas transfer.

2. retention of the existing EOP 24” oil pipeline in oil service and installation of a new 32” oil line as well as a new 24” gas line; no interfield lines are required with this option as the existing oil line remains dedicated to Chirag-1.

3. retention of the existing EOP 24” oil line in oil service and tie in Phase 1 oil into the existing subsea wye; installation of a new 24” oil line and 24” gas line to Sangachal as well as two new interfield oil lines from Chirag-1 to Phase 1 and from Phase 1 to the existing subsea wye.

4. conversion of the existing EOP 24” oil pipeline to gas service and tie in a Phase 1 gas line into the existing subsea wye; installation a new 32” oil line to Sangachal.

Each option was compared and ranked based on a number of criteria including:

· compatability with ACG FFD objectives;

· technical merit;

· constructability;

· impacts on the environment;

· cost and commercial attractiveness; and

· schedule.

Option 1 was chosen as the preferred option as it satisfied the technical requirements of both Phase 1 and FFD and at the same time maximised shareholder value.  Only one new export pipeline would need to be installed and it defers the requirement for a second pipeline to be installed for FFD.  Installation of the second line at a later date allows for more knowledge of the reservoir and properties of the crude to be established, allowing the size requirement for the second oil line required for FFD to  be adjusted according to requirements prior to installation.  It should be noted that the laybarge available for pipeline installation would require upgrading to enable installation of a line of 30” diameter.  This option also contains provision for Chirag-1 oil production to be commingled with Phase 1 oil on board the Phase 1 facilities for combined oil export to the onshore terminal through a single pipeline.  

Option 2 would require all FFD lines to be installed during Phase 1 removing the flexibility for changing the size of any of the lines at a later date.  This option would also require an offshore booster station.  In addition, As with Option 1, the laybarge would need to be upgraded to enable the installation of the 32” pipeline.  Laybarge upgrade also  applies to Option 4.   In addition, Option 4 does not contain any plan for a second line for FFD and hence the option provides limited flexibility for future requirements.  Maximum oil subsea transport is also  limited to 833,000 bpd which is short of the 1,000,000 bpd peak rate planned for FFD.  Options 2 and 4 do not allow provision for Chirag-1 production to be commingled with Phase 1 hydrocarbons.

Option 3 consists of two oil pipelines for Phase 1 and hence provides more operational flexibility and less strategic risk.  As with Option 1 it also requires a second pipeline to be installed for FFD providing flexibility in the design of this line as more information on the oil from the field becomes established.  This option provided a solution to many of the technical requirements for Phase 1 and FFD oil and gas export to shore however the high costs associated with this option were limiting.

An additional option is under consideration for Phase 1 that includes retention of the existing EOP 24” pipeline in oil service and installation of a new 30” oil pipeline to shore.  The new interfield lines between Chirag-1 and Phase 1 facilities for oil and gas transfer would also be installed for this option, as in option 1 and option 3, but a new 30” gas line from Phase 1 to shore would also be installed.  The installation of this dedicated gas line is being considered in order to provide additional oil and gas export capacity.  This represents an acceleration of the installation of the gas line originally planned for the ACG Phase 3 development, however this option remains under review and a final decision is not expected until a later date.

Pipeline routes

During the new pipeline route selection process, three alternative pipeline corridor routes were considered (Figure 4.1):

1. a route that follows the existing EOP 24” oil pipeline corridor with landfall alongside the EOP landfall site at Sangachal Bay; the total length of this pipeline route would be 190 km.

2. a route that initially follows the existing EOP 24” oil pipeline corridor but at the western edge of the Contract Area follows a more direct westerly route that is south of Oil Rocks to join the existing EOP pipeline route at a distance of approximately 120 km from the landfall; landfall would be alongside the EOP landfall site at Sangachal Bay and the total length of this pipeline route would be 190 km.

3. a route that initially follows the existing EOP 24” oil pipeline corridor, but at the western edge of Oil Rocks continues to the northwest making a landfall on the Apsheron Peninsula north of Dubandi then continuing north of Baku and then parallel along the coast to Sangachal; the offshore length of this route would be 113 km and the onshore length would be 120 km.

Option 1 was considered to be the preferred route for the new 30” oil pipeline as this follows the existing proven route.  This has both physical benefits in that it follows a known geotechnically sound route and environmental benefits in that it would not give  rise to impacts on a separate and distinct area of seabed.  A geotechnical investigation of Option 2 was carried out and the results indicated that areas of the seabed where the pipeline does not follow the existing route consisted of unsuitably unstable material.  An additional constraint is the potential to impact on areas of the seabed which have not previously been subject to environmental impacts from pipeline construction, installation and operational activities.  Option 3 was also discounted principally due to the additional length of this route, the difficulty of pipeline installation in the Apsheron Peninsula, environmental considerations (as for Option 2), as well as the increased safety risks associated with the onshore route.   

Figure 4.1
Alternative Pipeline Routes 
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4.3.3 Terminal

As stated above an early decision to develop the Phase 1 terminal as an extension of the existing EOP terminal was made.  Following the discovery of gas and condensate in the Shah Deniz contract area by BP, field development design included the requirement for a gas/condensate processing terminal to be sited onshore.  As ACG terminal facilities are planned at the Sangachal site, this location has also been considered to be the preferred site for the Shah Deniz terminal as opposed to developing a new site at a different location.

Benefits of using the same location include the use of existing access and infrastructure, shared new terminal facilities, potential for integrated operational control as well as combined maintenance and support services.  In addition, potential cost savings would be possible from combined engineering construction works at one location, as well as the advantage of developing a skilled workforce at one location.

Due to the potential for the construction of the Shah Deniz terminal at the same location, planning for the terminal expansion for Phase 1 has included terminal layout options with a view to realising the potential synergies between the AIOC FFD and the Shah Deniz FFD project.

Two options have been considered during the terminal facility design:

· independent (stand alone) terminal facilities for Phase 1 and Shah Deniz; and

· an integrated layout for both terminals.

Independent standalone terminal development included the Phase 1 expansion alongside the existing EOP terminal with the Shah Deniz terminal separated from ACG by a distance of approximately 50-100 m to the west.  It was considered however, that the standalone option would not capture any potential operational synergies that would be realised if a more integrated approach to both facilities were to be adopted.

The potential benefits that could be achieved from an integrated layout for both terminals include:

· common control room and safety systems to maximise site coordination and operating efficiency, and emergency response;

· shared administration, warehousing and other service buildings (for example fire service, accommodation and mess facilities);

· shared site security;

· single flare area, with separate ACG and SD flares co-located; and

· reduced land-take requirement.

The reduced land-take requirement would also result in an increased distance between the terminal and the location of the local communities, potentially reducing noise, odour and visual impact to the residents.

The integrated approach to the terminal facilities was considered in greater detail in a number of areas and it was decided that as the benefits of integration outweighed a standalone option, maximising the potential for integration of the facilities wherever possible would be the approach adopted. 

The presence of existing facilities and infrastructure at the terminal site also directly affected the choice of options available for the terminal layout.  This included the location of administration, warehousing and fire brigade station within the existing EOP administration and warehousing facilities at the eastern end of the EOP site ensuring that the majority of personnel are kept as far away as possible from the process areas.  It is proposed that terminal utilities will be located together to reduce costs and allow for better utilisation of energy and a common control room will also reduce cost while at the same time enable operators and technicians to be trained to operate and maintain common control systems and equipment. 

New access road

A new access road for the terminal site is required to enable the movement of construction plant and equipment into the site whilst simultaneously continuing with operations at the existing terminal.  Once in place the existing road will be decommissioned, but will remain accessible in the event of an emergency.  

A number of potential routes were considered for the new access roads:

· a 5 km road running from the south side of the terminal with a connection to a secondary road;

· a 7 km road running from the north side of the terminal and connecting to the road close to the Garadagh Cement Plant;

· a 2.5 km road running from the south east of the terminal and connecting to the main Baku to Astara highway, and

· a 2 km road running from the north east side of the terminal and connecting to the main Baku to Astara highway (preferred option).

The final option is preferred for a number of reasons.  The location means that this road would result in minimum land-take.  The route is also closest to the SPS fabrication yard where it is planned that the majority of the heavy equipment required for the terminal will be laid down prior to transfer to the construction site.  The location is also furthest away from Sangachal village and at the same time is located in position where the predominant prevailing wind direction is away from the Umid IDP camp hence reducing the potential impacts from noise and dust on the local communities.  The preferred route may however, require some modification to balance railway crossing safety requirements and land-take considerations whilst retaining the benefits.

The route selection for new access road is expected to necessitate the incorporation of a new level crossing for the railway to ensure the safe passage of the workers and suppliers to the construction site.  The proposed new level crossing will be semi-automatic and will be permanently manned to ensure safe operation.  A small security building will also be provided next to the railway crossing.  The new access road will mean the overall benefits of greater safety at crossings and an upgrade in the capacity and quality of the access road.  
4.4 Environmental evaluation of the selected option

A BPEO study was carried out in 1999 that highlighted the key areas of potentially high environmental impact and provided recommendations as to the approach to impact reduction.  Four key areas that would potentially result in unacceptable impact were identified as follows:

· continuous low-level operational flaring;

· disposal of produced water onshore; 

· fugitive emissions from storage tanks; and

· energy efficiency.

The results of this study were endorsed by all AIOC partners and ultimately led to the development of the Phase 1 environmental basis of design and Phase 1 environmental design standards.

Each of these issues were also further considered through a robust assessment of the options proposed on technical feasibility, safety and on a financial/environmental cost benefit basis.  The cost to the project was calculated by using the capital cost to reduce the emission of one tonne of CO2 per year.  This cost benefit analysis also considered power generation and drill cuttings discharges.

4.4.1 Flaring

The studies assessed a number of technologies available for the reduction of volumes of gas flared during offshore and onshore operations.  Routine flaring operations were considered such as continuously lit pilots and make-up gas supply required under low flow conditions to prevent air ingress at the flare tip.  The base case design is for no routine flaring of associated gas however the flare will also be used in the event of an emergency blow-down of the facilities to prevent loss of life or loss of the facilities.  Non-routine flaring of gas will also be required at times of process upsets including periods of facility shutdown, start-up and during commissioning of the facilities.  

Options assessed for the reduction of emissions from flaring included; 

· flare gas metering which allows the rate of purge gas flow to be optimised to prevent the unnecessary burning of excessive gas;

· source reduction techniques involving the selection of high integrity valves so gas is less likely to pass through seats and seals;

· flare gas recovery which allows for recovery of low volume gas leakage from the process valves into a flare collection system and is compressed and returned to the process; 

· inert gas purge, so eliminating the need for hydrocarbon purging; and 

· auto ignition systems which reduces the amount of pilot gas necessary as the flare would be auto-ignited when required. Auto-ignition systems can be either electronic or using a UMOE ® (patented compressed nitrogen driven projectile launcher) ignition system.

The options incorporated or rejected for the onshore and offshore facility flares are shown in Table 4.1 and 4.2 respectively.

Table 4.1
Flare emission reduction options onshore 

	Options incorporated
	Options rejected

	Source reduction techniques (high integrity valves and low loss fittings)
	Non-continuous pilot-electronic ignition

	Flare gas recovery
	UMOE projectile ignition system

	Nitrogen purge
	-


The analysis concluded that the addition of auto ignition resulted in marginal benefit and the risk of venting gas if the auto ignition system fails during an emergency blow-down event would result in the venting of gas directly to the local atmosphere.

Table 4.2
Flare emission reduction options offshore

	Options incorporated
	Options rejected

	Source reduction techniques (high integrity valves and low loss fittings)
	Flare gas recovery 

	
	Nitrogen purge

	
	Non-continuous pilot-electronic ignition

	
	UMOE projectile ignition system


Flare gas recovery was rejected for the offshore facilities due to the requirement to deliver from the recovery system the offshore process at a minimum of 25 bar.  This would mean that an additional compressor would be required for the to compress flare gas for this purpose.     In addition, an increase risk to personnel was identified due to the extra equipment required and the maintenance necessary would result in additional time for personnel to work in a hazardous area.

As there is no flare gas recovery offshore nitrogen purge was unnecessary as purge gas would be made up from the gas flows to the flare from internal valve leakage.

The auto ignition systems were rejected for the same reasons given above for the onshore flare system.

4.4.2 Produced water disposal onshore

Three options were considered for the disposal of produced water separated as part of the onshore terminal oil dehydration process.

· treatment followed by discharge via the outfall to Sangachal Bay; 

· deep well injection at a suitable onshore location; and 

· evaporation ponds.

Assessment of the sensitivities of the receiving environment in Sangachal Bay (Chapter 6) determined that the area is a known fish breeding, spawning and nursery ground and concerns with respect to potential discharges to this environment by Azerbiajani regulators, fishermen, NGOs and local residents indicates that this option is not acceptable.  There are a number of additional risks associated with this option including ensuring the selection of the most appropriate outfall location, the lack of agreed discharge standards and the available water treatment technologies.

The use of evaporation ponds was rejected on the basis of the total area of land required was prohibitive and the geology and climatic conditions of the region. 

Injection of the produced water into a suitable dedicated disposal well is the preferable option.  Further evaluation of the injected produced water migration routes and attendant risks, including to potential potable aquifers and outcropping is ongoing.

Produced water separated in the PDQ facilities will be re-injected offshore into the production reservoir via the C&WP as part of the reservoir pressure maintenance regime.

4.4.3 Fugitive emissions from oil storage tanks

The technologies assessed for the reduction of fugitive emissions from oil storage tanks at the terminal included:

· external floating roof tank with primary and secondary seals with low loss fittings allowing emptying and filling without creating an internal vapour space;

· vented internal floating roof tank, based on the same principal as the external floating roof tank except that they have a fixed external roof above the floating roof which provides external protection from the elements; and

· closed internal floating roof tank with vapour recovery system, based on the internal floating roof tank except that the internal vapour space is not open to atmosphere and fugitive emissions are recovered and returned to the process stream.

The preferred option, after consideration of the criteria above, was an external floating roof tank with primary and secondary seals with low loss fittings.  The evaluation was driven by a balance between the environmental benefit in terms of emissions reduction, operability and cost.  This approach, including the use of low loss fittings, will result in reduced estimated emissions compared to the internal floating roof tank with primary seals.  An additional vapour recovery system was also assessed but the benefit was marginal for the extra cost involved.  

4.4.4 Energy efficiency and waste heat recovery

Energy efficiency through waste heat recovery from power generation turbine exhausts was considered for the onshore terminal.  The process is not suited to the offshore facilities due to the weight and complexity of equipment that would need to be installed offshore.  Further there is very limited use of recovered heat on offshore installations other than the glycol regeneration package on the C&WP.  It is more cost effective to power this unit from the electric supply generated offshore.

For the onshore process recovered heat could be delivered to other parts of the process via a closed loop hot oil system.  The objective of a waste heat recovery system is to reduce the amount of fuel gas consumed in the process and minimise combustion emissions.  Two options were considered for the onshore terminal:

· waste heat recovery unit; and

· waste heat recovery with back end exchange.

Use of either of these options would result in a reduction in size of the oil heaters.  The technology results in a higher reduction of emissions but the higher cost, land take as well as the expected additional maintenance requirements due to the complexity of the plant for this option led to the rejection of this technology.  Back end exchange units are also problematic with oils of high wax content, such as the crude from the Azeri field, leading to more downtime and maintenance requirements.  There is however to be an allowance for future waste heat recovery to be incorporated on the terminal, but a waste heat boiler will not be installed until the heat can be used for Shah Deniz and ACG Phase 2.  As such the project has decided to incorporate the ability to retrofit in the future, a waste heat recovery unit without back end exchange into the terminal design.

4.4.5 Power generation

Power generation is required offshore for essential platform utilities and all drilling system and topside processing requirements.  The option of having power generation offshore and onshore as opposed to a single source onshore was assessed.  Platform power import from onshore eliminates the need for offshore power generation facilities.  The assessment found that there was a resulting small reduction in total offshore and onshore CO2 emissions from this option, however all of the emissions were concentrated on one point resulting in higher NOx levels onshore with an associated local air quality issue.  In addition, the technology available is not at present field proven (for instance, efficiency losses are anticipated with the transmission technology available) and not cost effective, hence this option was rejected.

The platform design option chosen was based in part on the decision to use centralised gas turbine generators due to their simple and robust design and their dual fuel capability (fuel gas and diesel).  This technology has a proven track record in reliability in offshore facilities.  Dual fuel gas turbines were also selected for the onshore terminal.

Combustion emissions from the turbines and the options to be able to reduce emissions were considered for the selection of the gas turbine generators.  The options considered included:

· standard industrial type gas turbines;

· aero-derivative turbines; and

· Dry Low Emission (DLE) burner technology.

The aero-derivative turbines were selected for both the offshore and onshore facilities as opposed to industrial turbines as they provide higher efficiency and hence a reduction in CO2  emissions.  Low NOx DLE turbines are known to reduce NOx emissions to the atmosphere.  The technology of single fuel gas turbines for DLE is available and reliable.  However, the dual fuel DLEturbines, using diesel for start up and gas when available has not been proven in the field as reliable and achievable of low NOx emissions.  For this reason it has been decided to install dual fuel conventional turbines at both onshore and offshore locations for the start up of the project.  Onshore it is predicted that there is insufficient gas available for start up, hence conventional dual fuel turbines will be installed initially that will be DLE ready, and the DLE single fuel gas engines will be installed at the first engine change out at the terminal.  

DLE fired oil heaters have been incorporated into the Phase 1 onshore facilities.

Optional exhaust control technologies available to reduce combustion emissions from the turbines were also considered and were rejected as follows:

· CO2 extraction membranes which can extract up to 85% of CO2 from turbine exhausts; the technology however is in the early stages of development and if fitted is likely to reduce turbine efficiency; and

· Selective Catalytic Reduction (SCR) provides NOx reduction via back end scrubbing; this option however presents an increased safety risk in that ammonia would be emitted from the process and there are risks associated with handling and disposal of the catalyst.  In addition, this technology would not be economical for small scale offshore plant facilities.

4.4.6 Drilled cuttings

Drilled cuttings generated during drilling operations carried out with Non Water Based Mud (NWBM) systems will not be discharged to the sea.  The options considered for the handling and disposal of these cuttings included:

· collection on the platform and shipment to shore for processing and disposal; and

· re-injection offshore.

A number of processing and remediation trials for the cuttings have been implemented and trials are ongoing.

Ship-to-shore involves transferring the bulk cuttings contained on the drilling rig (or PDQ) to a vessel for onward transfer to shore.  Shipping of cuttings to shore and onshore processing requires more energy and generates greater amounts of atmospheric emissions in comparison with offshore re-injection.  Ship to shore also requires greater handling of the cuttings both offshore and onshore with presenting increasing health and safety risks.  Furthermore, in periods of bad weather the transferring of bulk cuttings to a vessel presents greater risk of spillage or even may result in weather downtime for the drilling operation.

Implementation of a drill cuttings re-injection operation involves the collection and transportation of drilled cuttings to a slurrification unit for milling with seawater.  The resultant slurry can then be injected under high pressure into the disposal formation.  A suitable formation has been identified offshore for disposal (Subanchi) and the decision was made to construct dedicated cuttings re-injection wells offshore for disposal of cuttings from NWBM based drilling.  Shipment of cuttings to shore will also be used as a contingency disposal route if the cuttings re-injection equipment or disposal well is unavailable.  NWBM cuttings generated prior to the commissioning of a cuttings re-injection well will also be shipped to shore for storage and treatment.

A BPEO study was carried out to assess the disposal of drilled cuttings generated from top-hole section and 26” hole section drilling with seawater and/or Water Based Mud systems (WBM) (URS, 2001).  The following cuttings handling and disposal options were considered:

· discharge to sea;

· collection on the platform and shipment to shore for processing and disposal; and

· re-injection offshore.

The results of the study recommended discharge to sea as the mud systems are carefully formulated to be non-toxic to the marine environment and the extent of impact of the solids deposition would be very localised in the vicinity of the discharge point.  The rate of cuttings generation during drilling of the 26” hole section is high and may require a dedicated vessel on a permanent mooring alongside the platform during drilling operations for the ship-to-shore option.  Bulk handling such volumes of cuttings at the planned drilling rate of penetration (ROP) for the 26” section is also not proven technology

The base case design for the Phase 1 project is described in detail in the Chapter 5.  Additional detailed discussion of the impacts arising from the Base Case are included in Chapters 9 to 13.
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