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10.6 Impacts resulting from non-routine (accidental) events

Whilst AIOC has made and will continue to take every precaution to avoid the occurrence of accidents in all of the Company’s activities, all oil and gas development operations carry with them the risk of an unplanned events.  Within the ACG Phase 1 project, there is a risk of an oil or chemical spill from the offshore facilities impacting the coastline of Azerbaijan and neighboring countries.  Such unplanned non-routine releases may be caused as a result of human operational error or by natural phenomena (e.g. seismic events).  This Chapter addresses the potential impact of an accidental event occurring and considers the following events:

· oil spills;

· unplanned release of wastes; and

· loss of control of re-injection wells (produced water and/or cuttings).

10.6.1 Oil spills

The risk of oil spills is a key concern to AIOC as well to the public and was raised as a concern by stakeholders (Chapter 8).  AIOC has invested considerable effort in improving project design, implementing high international engineering standards in the project and conducting coastal sensitivity studies to identify vulnerable areas of the environment to assist in the appropriate placement of oil spill contingency equipment, thereby removing and/or reducing the likelihood and consequences of an accidental release of oil into the Caspian environment.  It is AIOC’s Policy to strive towards a zero spill target in the Company’s operations through the use of appropriate equipment, prevention measures and personnel training.

10.6.1.1 Risk assessment

Even with the incorporation of comprehensive oil spill prevention measures, the residual risk of an oil spill cannot be eliminated and the formulation of detailed oil spill contingency response plans appropriate to local environmental sensitivities remains integral to AIOC’s operation.  To assist in this planning, a comprehensive oil spill risk assessment has been conducted for the Phase 1 development in order to identify potential sources and probability of oil spill during the ACG Phase 1 development. 

The oil spill risk assessment used data on the frequency and consequence of a spill as derived from a number of sources.  These include:

· Historical spill data from oil production operations in geographic areas compiled by the International Offshore Association of Oil & Gas Producers (OGP formerly known as the E&P Forum).  These data primarily come from fields that have been subject to long term reporting requirements.  The application of these data to the Caspian environment is considered appropriate, as the operations will be run to standards similar to these fields.  However it should be recognised that these data have been interpolated from a different geographical region.
· Discussions and workshops held in June and July 2001, involving members of the ACG Phase I design team and environmental specialists from URS when expert option and experience was employed and a consensus achieved concerning frequency and consequence.  This process allowed experience gained on the EOP to be imported to the ACG Phase 1 project.

The determination of the most likely spill frequency associated with each project activity for ACG Phase 1 was accomplished by dividing the number of spills from the proposed activity (installation and commissioning, drilling, completion, pipelines etc) as reported in the OGP database by the total amount of activity. This result (known as the computed spill rate) was then multiplied by the amount of the specific activity associated with ACG Phase 1 to determine the most likely spill frequency associated with the project. When discussing the frequency of possible oil spills the following terminology was employed:

· likely, more than one spill per year;

· possible, spill every 1-10 year;

· unlikely, spill every 11-100 year;

· remote, spill every 101-1000 year; and

· extremely remote, spill every 1001-10,000 year.

The results of the risk assessment are provided in detail in the ACG Oil Spill Risk Assessment report (URS, 2001) and so are only provided in summary in this report.  Figure 10.24a shows the distribution of oil spills by project activity, with 10.24b illustrating the size of potential spills from the ACG Project.  These results were used to determine the appropriate spill scenarios for input into the Oil Spill Modelling (Section 10.6.1.3).

Figure 10.24a
Statistically expected number of spills by size - Phase 1 lifetime
(2001 through 2024)1

[image: image21.wmf]
1  Data for small operational spills from offshore leaks are shown in Figure 10.24c.

2  Spills recorded are either brought under control within the spill size of 100 tonnes or exceed >300 tonnes.  No spills fall within the 100-300 tonne range.

Figure 10.24b
Probability of one or more spills by size (%) - Phase 1 lifetime
(2001 through 2024)
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1 Data for small installation spills shown in Figure 10.24d

Figure 10.24c
Statistically expected number and sources of installation spills from by size -Phase 1 lifetime (2001 through 2024)
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Figure 10.24d
Probability and source of small installation spills by size (%) - Phase 1 lifetime (2001 through 2024) 
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10.6.1.2 Oil weathering and characterisation of Azeri crude

To investigate the behaviour of oil released from the Phase 1 drilling location at sea, oil spill weathering and modelling studies were conducted.  The results of these are provided below.

Crude oils spilt on the sea surface undergo evaporation and emulsification processes that change the physical properties of the oil.  These changes are important as they determine the long-term persistence of the oil and the choice of spill response techniques.  Some oils and particularly those that do not form stable water-in-oil emulsions are relatively non-persistent and in the event of spillage, might be expected to disperse naturally within a short period of time.  Other oils that form viscous emulsions are likely to be very persistent and may also be resistant to treatment by dispersants unless treated rapidly before emulsions form.

The behaviour of the oil is so important in determining a response strategy that it is essential for oil contingency plans to take account of the particular properties of the oil and how these might change with time.  Thus, any understanding of the environmental behaviour of an oil once on the water requires not only information on the physical properties of the crude in a fresh state but also on such properties in a weathered and emulsified state.  To be able to understand changes in the physical properties of the oil that would occur in the event of a surface spill, it is necessary to conduct laboratory-weathering studies.  Such studies provide “constants” that are specific to the crude oil under investigation.  Once oil constants have been determined, spill trajectory modelling (i.e. prediction of the fate of the oil once on the water’s surface) can be completed.

For this impact assessment, samples of Azeri crude were subject to laboratory tests in order to determine an OSIS
 constant to be added to the OSIS database of crude oils.  The Azeri Crude oil was analysed for viscosity, emulsification and evaporation to determine the following:

· evaporation, emulsification and changes in viscosity after a spill;

· modelling constants (for OSIS); and

· oil properties modelling with OSIS.

The crude exhibited unusual weathering behaviour insofar as it is a light oil yet forms viscous emulsions at low temperatures.  Laboratory tests on the evaporation of the Azeri Crude suggest that it will rapidly lose approximately 20% by volume to the atmosphere by evaporation within the first few hours on the sea surface.  After one to two days, approximately 32% by volume will be lost.  This loss in volume will however, be counterbalanced by the increase in volume as a result of the formation of a water-in-oil emulsion.  The oil is expected to form a stable emulsion at a maximum water content of 82%, significantly increasing the volume of the residual oil and its viscosity.

The viscosity of the crude was observed to be significantly higher with lower temperature, with laboratory conditions of 6OC and 27OC.  This difference becomes more apparent as the Azeri crude evaporates.  When the oil has weathered for a few hours (i.e. after 20% evaporative loss), the viscosity increases.  This difference is further emphasised after 1 to 2 days weathering (i.e. after 32% evaporative loss) where the viscosity increases further to form a stable emulsion that is considerably more viscous at a lower temperatures.  For example, at 6OC, the emulsion viscosity is much higher than was observed at 27OC.  The high viscosity of the Crude, particularly at low temperatures, suggests that a spill may persist for 10 days at high wind speeds and several weeks at low wind speeds.

10.6.1.3 Oil spill trajectory modelling

Potential sources of oil and fuel spills to the marine environment from the ACG Phase 1 project include the following:

· vessel release from:

· operator error;

· collision incident and loss of containment;

· failure in storage facilities;

· refuelling operations; and

· failure of oil-in-water treatment system;

· pipeline failure:

· direct impact (vessel grounding, dropped object, fishing interaction) resulting in loss of structural integrity; and

· structural failure due to corrosion, manufacturing fault or induced physical stress;

· rig/platform installation release from:

· well blow out;

· operator error;

· collision incident and loss of containment;

· failure in storage facilities;

· refuelling operations; and

· failure of oil-in-water treatment system.

In consideration of the above and to assess the behaviour of an oil spill at sea, oil spill trajectory modelling was conducted using the OSIS oil spill model.  The following scenarios were modelled:

· catastrophic blowout at platform location with surface release of crude oil;

· loss of inventory of storage tank with release to sea surface of diesel;

· catastrophic failure of main export pipelines to shore with subsea release of oil including;

· nearshore (~1.25km);

· offshore;

· small leak in pipeline with subsea release of oil including:

· near shore (~1.25 km);

· offshore;

· small process equipment leak/spillage.

Modelling was conducted using the following types of model runs:

Stochastic modelling which takes its input data in the form of identified spill scenarios and actual statistical wind speed/direction frequency data and then calculates a probability range of sea surface oiling representative of the prevailing meteorological conditions.

Single trajectory modelling which investigates the shortest beaching time, excluding prevailing weather conditions, to deduce the worst-case scenario (i.e. shortest allowable response time before the oil reaches a shoreline).

The rationales behind selecting these scenarios, together with the results of the modelling are provided below.

Catastrophic well blow-out at the PDQ

A well blow-out can occur when the pressure of the formation exceeds the pressure maintained during drilling, resulting in the complete loss of well control and the uncontrolled flow of oil from the wellbore.  This is mitigated against during drilling by two independent barriers; the weighted mud system and in the event that this is temporarily lost, the blow-out preventor.  Sudden changes in conditions in the well, such as striking localised high pressure zones may cause a rapid high pressure kick which has the potential to cause both prevention barriers to fail.  

Whilst the probability of a blow-out is extremely small, the consequences represent the worst-case oil spill scenario with oil flowing from the largest well.  This scenario would apply equally to template well drilling and platform drilling.  the duration of the event is based on the time taken to find another drilling facility that can be mobilised to the site of the spill and drill a relief well.

For the Phase 1 project, the blow-out scenario assumed an open hole flow-rate of 30,000 bpd and a minimum of 30 days to mobilise a drilling rig and drill a relief well.  Since there are a limited number of drilling rigs available in the Caspian, it has to be assumed that if another drilling rig is required, it will likely be working elsewhere and thus allowance for the drilling rig to cease operations at another location and to transit to the ACG location would take 7 and 5 days respectively.  Thus the total time for the worst-case blowout scenario is 42 days.  Based on this timeframe, the total amount of oil reaching the sea by this scenario equates to:

· 30,000 bpd
= 4,769.62 m3/day; and

· for 42 days
= 200,324 m3
Stochastic modelling conducted for this scenario in both winter and summer conditions is shown in Figure 10.25.

Figure 10.25
Stochastic modelling of an accidental release of oil resulting from a well blow out

	a)
Winter
	b)
Summer
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Whilst the movement of the oil under the modelled scenario shows a much different distribution under winter conditions than in summer, in both model runs oil was transported predominantly to the northwest, south and south east of the field into the Southern Central Caspian Sea area, with the heaviest area of oiling also occurring in these directions.

Under summer conditions there is a high probability (>10%) of oil beaching along the coastline north of Baku with oil also reaching the west coast of the Caspian Sea from the Apsheron Peninsula north towards Makhachkala.  There is a 5% chance of oil beaching around the coast of the southern Caspian.  There is a 1% probability of oil reaching the Cheleken Peninsula in the east.

Trajectory modelling was used to determine the shortest time available before oil beached along these coastlines from a blow out scenario (Figure 10.26)

Figure 10.26
Trajectory model for an accidental release of oil from a well blow out
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The trajectory model shows that under the blow out scenario simulated, with a constant 20 kn onshore wind, the oil would first reach land modelling results show that 77,821 m3 of crude would impact the Apsheron Peninsula after 49 hours.  This is considered an adequate time to mobilise a marine and shoreline response (Chapter 14).  The oil spill response strategy is further described in Chapter 14. 

Potential spills from the 30” oil export pipeline

A number of pipeline spills have the potential to occur from Phase I.  These can be classified into minor, moderate and major leaks, with the size of the spill depending upon the rate of oil leak from the pipeline and the time taken for detection.  As a result, a minor leak may become major if left undetected for an extended period of time.  Using industry accepted definitions for pipeline spill sizes, the leaks may be defined as follows:

Minor leak.  Low release rates (<0.1 m3/hr) and usually from small holes (<0.5 mm).  Generally the result of pipeline corrosion, poor fitting flanges, damaged or poor fitting seals or vents.  A minor leak is unlikely to lead to any detectable change in pipeline pressure and may not result in a visible surface sheen.  Such leaks are difficult to detect and may persist for an extended period before the effects are noticed.

Moderate leak.  A ‘significant’ leak, which is not detectable by an online leak detection system (i.e. loss of <10% of the pipeline flowrate) but is detectable on the sea surface (requiring a release of 0.23 m3/hr).  Moderate leaks are usually the result of pipeline damage or prolonged corrosion.  Detection is by visual identification of the spill on the water after approximately 24 hours of flow.

Major leak.  Detectable by an online leak detection system (leak loss of >10% loss of total flow rate) and the product of a significant impact and physical damage sufficient to cause a pipeline rupture (eg from vessel grounding or dropped anchors).

In consideration of the pipeline leak types discussed, major and minor pipeline spill scenarios were modelled.

Catastrophic failure of a pipeline

It is considered that, although there is potential for a pipeline leak to go undetected, given the ability of the platform and the terminal to detect pressure drops in the pipeline, it is considered unlikely that a major catastrophic failure of the main export pipeline would take more than an hour to detect and for shut-in of production to be implemented.  The worst case for a pipeline failure is therefore, based on the inventory of the pipeline and one hours production.

The volume of the pipeline is 85,746 m3.  The production rate is 5.2 x 105 bpd or 3,451 m3/hr.  Assuming one hour for shut-in of production, then the total potential spill would be 89,197 m3.  Stochastic modelling was conducted for the release of this inventory over 26 hours in winter and summer conditions with scenarios run as two separate events assuming a nearshore (UTM 9371500E, 4449800N) and offshore (UTM 4433190N, 9530085E) releases (Figure 10.27).

Figure 10.27
Stochastic modelling of a major pipeline leak (catastrophic failure) in the nearshore zone

	a)
Winter
	b)
Summer
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The results for the nearshore release show that there is a consistent pattern of oil movement in winter and summer conditions with the oil being transported predominantly to the south of the field into the Southern Caspian Sea area.  Heaviest oiling is in the area directly to the south and south east of the release location.  Even under these extreme conditions, there is a <1% probability of oil reaching the Apsheron Peninsula in the West, the Cheleken Peninsula in the east and the Khazar Island in the Southwest.

For the assessment of an offshore release of the above scenario, the results show a different pattern of behaviour for the winter and summer runs (Figure 10.28).

Figure 10.28
Stochastic modelling of a major pipeline leak (catastrophic failure) in the offshore zone

	a)
Winter
	b)
Summer
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It can be seen from Figure 10.28 that during the winter run, oil is transported predominantly to the southeast and northwest of the field into the Central and Southern Caspian Sea areas with the heaviest area of oiling directly to the southeast and northwest of the release location.  In the summer run scenario, the oil was transported predominantly to the southeast of the field into the Southern Caspian Sea area with the heaviest area of oiling directly to the south and south east of the release location.  In both winter and summer scenarios, there was a <1% probability of oil beaching.

Single trajectory modelling was conducted for the above catastrophic pipeline failure scenarios to determine the shortest time for oil to reach the shoreline under these scenarios.  The results of the simulations are shown in Figure 10.29

Figure 10.29
Trajectory modelling of an oil spill from a catastrophic pipeline failure

	a)
Offshore zone
	b)
Nearshore zone
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Modelling of the pipeline spill at the nearshore location shows that on release of the oil there is an increase in volume due to emulsification, before steadily decreasing in volume as the oil disperses and evaporates.  At the end of the simulation, 20,470 m3 of the oil evaporated, 9,974 m3 dispersed and 29,4481 m3 of the original volume has beached at the point of nearest landfall after 19 hrs.

Modelling at the 30” pipeline offshore location using trajectory simulations shows that the oil undergoes an increase in volume due to emulsification before steadily decreasing in volume as the oil disperses and evaporates.  At the end of the simulation, 23,458 m3 of the oil evaporated, 13,409 m3 dispersed and 264,288 m3 of the original volume beached at the point of nearest landfall after 38 hours.

Minor pipeline leak

There is potential for delayed detection of smaller leaks with consequent delayed shut-in of production.  A more credible undetected pipeline leak is approximately 1 m3/hr over a period of 30 days.  This is based on the assumption that a small leak from the 30” pipeline low-pressure separator could go undetected for some considerable time since the oil would be dispersed and broken down.  The worst-case small pipeline leak would therefore, result in an amount 720 m3 of oil being lost to the water column.  Trajectory modelling was conducted for the release of this inventory scenarios run as two separate events, an offshore and a nearshore release (Figure 10.30)

Figure 10.30
Trajectory modelling of an oil spill from a small pipeline leak

	a)
Offshore zone
	b)
Nearshore zone
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As can be seen from Figure 10.30, both models mirrored the increase in volume due to emulsification that was observed during the large-scale release as well as the following reduction of the oil volume as the spill dispersed and evaporated.  

Offshore it was observed from the model that 321 m3 evaporated, 358 m3 dispersed and 197 m3 beached at the point of nearest landfall after 48 hours.

For the nearshore scenario, of the total 720 m3 volume released, 317 m3 evaporated, 361 m3 dispersed and 205 m3 beached at the point of nearest landfall after 26 hours.  The difference between the volume released and total volume of the evaporated, dispersed and beached volumes are attributable to the commingling of oil and water as the oil emulsifies, causing an increase in volume.

Process equipment leak/spillage

Failure of an offshore separator or other process equipment (e.g. rupture or failure of a valve or pipework) could lead to a loss of inventory.  Given the proposed equipment operating and maintenance systems, the offshore shut-in and detection system for production process would be highly reliable and offshore production would be shutdown promptly if not immediately.  Furthermore, the drain system should contain most of any process area spill.  The most likely scenario would therefore, be a leak of the contents of the one largest of the separators on the platform.  In this case the worst-case spill would amount to 140 m3 assuming no containment of the spilled oil.

It was not considered necessary to conduct stochastic modelling of this release given the worst-case scenario model runs conducted previously.  The trajectory model showed that the oil experienced the same changes in volume through emulsification and later evaporation but remained persistent to enable beaching after 37 hours.  Of the total oil inventory, 51 m3 evaporated, 25 m3 dispersed and 315 m3 beached (Figure 10.31).

Figure 10.31
Trajectory modelling of an instantaneous release of oil from the LP Separator 

[image: image13.png]



Loss of inventory of fuel/oil storage

One of the most common types of spill on offshore exploration and production operations is the loss of inventory from storage tanks.  This can be caused through a number of scenarios as discussed below.

The offshore diesel storage spillage scenario is the overfilling of the diesel storage tank by the supply boat or filling a diesel storage tank which has the drain valve left open.  The maximum diesel storage capacity of the PDQ is 100 m3 per storage tank.  Offshore spills from vessels servicing the platforms are also possible.  For the purposes of modelling and for risk assessment, it has been assumed that the support vessels carry approximately the same volume of diesel.

As with the loss of oil from the low-pressure separator, it was not considered necessary to use stochastic modelling for this release.  The results of the trajectory model showed that upon release, the diesel quickly evaporated (39.54 m3) and dispersed (60.46 m3) to the point that after 8 hours the surface slick at sea became insignificant.  This is illustrated in Figure 10.32.

Figure 10.32
Trajectory modelling of an instantaneous release of diesel (instantaneous release from loss of diesel storage tank) in worst-case
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In summary, the modelling shows that a large spill of Azeri Crude from the ACG PDQ and nearshore and offshore pipeline locations have a low to extremely low probability of oil impacting the shoreline around the Caspian.  The shortest beaching times for large crude releases from the platform, pipeline nearshore and pipeline offshore locations are 49 hours, 19 hours and 38 hours respectively.  This allows sufficient time to mobilise marine and shoreline response resources.

10.6.1.4 Effectiveness of dispersants

The spill trajectory modelling shows that under certain conditions, there is a potential for oil to impact the coastlines of Azerbaijan, Turkmenistan and Islamic Republic of Iran.  Transboundary impacts from the accidental release of oil are discussed in Chapter 13 Transboundary Impacts.  

Dispersants have been developed and used to combat oil spills that have the potential to impact sensitive coastlines and an early study of the suitability of dispersant use in these cases is provided in the technical appendices.  In order to allow for appropriate oil spill contingency planning, it is necessary to test the suitability of dispersants that may be used to combat the spill.  It should be noted however, that whilst it is recognised that dispersant use is not the principal response option in Caspian waters, dispersants are stockpiled in case of safety incidents.  

For the purposes of this impact assessment, one dispersant type (i.e. Finasol OSR51) that is available in Azerbaijan was tested to assess whether this dispersant was effective against spills of Azeri crude oil at various stages in the weathering and emulsification process.  The results indicate that the dispersant tested would be effective on a spill of fresh Azeri Crude oil at 6oC and 27oC.  Once the oil becomes weathered and emulsified however, Finasol OSR51 was not effective.

Using the OSIS model to analyse the time window for dispersability provides further information on the time available for dispersant application under different conditions.  The analysis indicates that at low temperatures, when Azeri Crude is most viscous, the fresh crude is only likely to be ‘dispersible’ with Finasol OSR51 for less than one hour in all wind conditions.  At low temperatures and high wind speeds, the crude will rapidly weather and emulsify to a state at which it is not dispersible with this product.  At lower wind speeds (e.g. 2 to 5 m/s), this process of weathering and emulsification is far slower and there may be an extended time window of a few days (compared to higher winds) when Azeri Crude may be possibly be dispersible.  At higher temperatures, time window analysis indicates that Finasol OSR51 is likely to be effective for less than one hour at high wind speeds (i.e. 10 to 20 m/s) although this increases to 9 to 55 hours at low wind speeds (i.e. 2 to 5 m/s).

In summary, the laboratory studies indicate that a spill of Azeri Crude will form stable viscous emulsions that may persist for a number of days at sea.  It was found that treatment of the crude with dispersant tested is only likely to be effective in the very early stages of a spill and would not be effective in cold conditions.  It should be noted however, that whilst the effectiveness of Finasol OSR51 has been shown to be limited, there are many other dispersants on the market that may be more effective in an oil spill response for spilled Azeri Crude.  If dispersant use is considered as part of the contingency plan, additional dispersants will be tested to assess their effectiveness in combating Azeri crude spills.

10.6.1.5 Impact of an oil spill from ACG Phase 1

Behaviour of oil in the marine environment

After an oil spill, complex processes in the marine environment start breaking down the oil from the first seconds of the oil's contact with seawater.  The behaviour of the oil and the rate of change in its physical condition from the interaction between the oil and the marine environment depends on the properties and composition of the oil itself, parameters of the actual oil spill, and environmental conditions. The main characteristics of oil transformations and the close interaction of physical, chemical, and biological mechanisms of dispersion and degradation of oil components contribute to the transformation of the oil spill into more common and safer substances.  The main processes acting on the oil spill are discussed below and illustrated in Figure 10.33.

Figure 10.33
Fate and behaviour of spilled oil in the marine environment (from Brown, et al. 1992)
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Physical transport

The distribution of oil spilled on the sea surface occurs under the influence of gravitation forces and is largely controlled by oil viscosity, the surface tension of the water, meteorological and hydrological factors, with the direction of movement of the oil depending mainly on the power and direction of wind, waves, and currents.  As the oil travels across the surface of the water, the slick gets thinner.  During the first several days after the spill as the oil continues to spread, a considerable part of the oil transforms into a gaseous phase as volatile components are lost to the atmosphere.  Further losses occur as the slick rapidly loses water-soluble hydrocarbons into the water column, with storms and active turbulence speeding up the dispersion of the slick and its fragments.  As these volatile components are lost, the oil becomes more viscous, slowing down the spreading of the slick.

Dissolution

Most oil components are water-soluble to a certain degree, especially low-molecular-weight aliphatic and aromatic hydrocarbons. Polar compounds formed as a result of oxidation of some oil fractions in the marine environment also dissolve in seawater. Compared with evaporation, dissolution takes more time. Hydrodynamic and physicochemical conditions in the surface waters strongly affect the rate of the process.

Emulsification

Oil emulsification in the marine environment depends, first of all, on oil composition and the turbulent regime of the water mass. The most stable emulsions such as water-in-oil contain from 30% to 80% water. They usually appear after strong storms in the zones of spills of heavy oils and can persist in the marine environment for several months in the form of peculiar "chocolate mousses".  Stability of these emulsions usually increases with decreasing temperature.  Conversely, oil-in-water droplets are much less stable because surface-tension forces quickly decrease the dispersion of oil.  This process can be slowed with the help of emulsifiers - surface-active substances which help to stabilise oil emulsions and promote dispersing oil to form microscopic (invisible) droplets.  This accelerates the decomposition of oil products in the water column.

Oxidation and destruction

Chemical transformations of oil on the water surface and in the water column start within a couple of days of the oil entering the marine environment.  Oxidation of the oil by photochemical (photooxidation and photolysis) reactions from the ultraviolet waves of the sun aid the decomposition of the most complex molecules of the oil; although the products of oxidation can have increased water solubility and increased toxicity.  These processes increase the oil's viscosity and promote the formation of stable oil aggregates.

Aggregation

Oil aggregates in the form of petroleum lumps, tar balls, or pelagic tar derive from oil after the evaporation and dissolution of its relatively light fractions, emulsification of oil residuals, and chemical and microbial transformation.  Oil aggregates look like light grey, brown, dark brown, or black sticky lumps. They have an uneven shape and vary from 1 mm to 10 cm in size (sometimes reaching up to 50 cm) and can persist from a month to a year in an enclosed water body and up to several years in the open ocean before slowly degrading in the water column, on the shore (if they are washed there by currents), or on the sea bottom (if they lose their floating ability).

Sedimentation

As the oil mixes in the water column, a proportion is adsorbed on suspended material and deposited to the bottom. This effect is greater in the shallow waters of the coastal zone where particulates are abundant and water is subjected to intense mixing. In deeper areas remote from the shore, sedimentation of oil (except for the heavy fractions) is an extremely slow process.  When the suspended oil reaches the sea bottom, the decomposition rate of the oil buried on the bottom abruptly drops as oxidation processes slow down, especially under anaerobic conditions in the bottom environment.  The heavy oil fractions accumulated inside the sediments can be preserved for many months and even years.

Microbial degradation

The fate of most petroleum substances in the marine environment is ultimately defined by their transformation and degradation due to microbial activity, with species of bacteria and fungi able to use oil components to sustain their growth and metabolism.  The degree and rates of hydrocarbon biodegradation depends upon the type of oil, the physical state of the oil, including the degree of its dispersion and environmental factors (temperature, concentration of nutrients and oxygen, and, species composition and abundance of oil-degrading micro-organisms).  These complex and interconnected factors influencing biodegradation and the variability of oil composition make interpreting and comparing available data about the rates and scale of oil biodegradation in the marine environment extremely difficult.

As a result of the processes discussed, an oil spill from ACG Phase 1 will rapidly lose its original properties as it disintegrates into hydrocarbon fractions. As the original and intermediate compounds disappear, and carbon dioxide and water form the marine environment will recover and the ecosystem become re-established, assuming toxic effects have not exceed the limits of the environment to the point where recovery is not possible.

Impact of an oil spill from the ACG Phase 1 project

Spilled oil poses serious threats to fresh water and marine environments. It affects surface resources and a wide range of subsurface organisms that are linked through a complex food chain that includes human food resources.  Harm to the physical environment will often lead to harm for one or more species in a food chain, which may lead to damage for other species further up the chain.  In this way, an oil spill can harm the environment in several ways, including physical damages that directly impact wildlife and their habitats (such as coating birds or mammals with a layer of oil), and damages resulting from the toxicity of the oil itself, which if ingested can poison exposed organisms. 

The severity of an oil spill's impact depends on a variety of factors, including the physical properties of the oil and the natural actions of the receiving waters on the oil (discussed above).  In addition, the degree of impact is influenced by complex interrelations between plant and animal species and their physical environment.  Where an organism spends most of its time, for example in open water, near coastal areas, or on the shoreline, will determine the effects an oil spill is likely to have on that organism.  Thus the environmental vulnerability to an oil spill is a factor of both the environmental sensitivity and the likelihood of an oil spill reaching that environmental sensitivity.  

Modelling has shown that an oil spill will affect both offshore and coastal areas; therefore the vulnerabilities of these environments need to be considered separately as different parameters will apply.

Offshore vulnerability

In the offshore environment, the likelihood of impact of an oil spill will be determined by the direction of travel of the slick and whether environmental sensitivities are present in its path. In open water, marine organisms such as fish and seals have the ability to swim away from a spill by going deeper in the water or further out to sea, reducing the likelihood that they will be harmed by even a major spill.  Evidence from previous major oil spills elsewhere in the world however, suggest that in the open water, these organisms have the ability of the fish to detect oil, even at low concentrations.  As a result, most spills in open water have a limited effect on fish populations, many of which are generally subject to high levels of natural variability.

Organisms with a reduced ability to evade an area of an oil spill, such as plankton, may be expected to experience greater impacts, including direct mortality during the early stages of a spill incident from toxicity of hydrocarbon components.  In the open sea however, rapid dilution of naturally dispersed oil and its soluble components, as well as the high natural mortality and patchy irregular distribution of the eggs and larvae, reduces the possibility of significant effects from an oil spill on plankton.  
The greatest environmental sensitivity offshore at the Azeri drilling location is the potential presence of seabird populations. The magnitude of any impact will depend on the species and number of birds present, the amount of time the birds spend on the sea surface, the percentage of the population present, their vulnerability to oil spill and their rates of potential recovery from oil pollution. 

Weathering studies of the Azeri crude has shown that the oil is persistent oil, and in the absence of any offshore response, has the potential to persist on the sea surface for a number of days. However, the rapid evaporation of volatile components of the spilled crude, will rapidly reduce the toxicity of the oil within a few hours of the spill.  Residual effects on offshore organisms, such as seabird populations will be associated with the physical impact of the oil.

Coastal environments

The likelihood of any oil spill having an impact on the coastal environment is directly related to the volume of the oil released and the volume of emulsified oil beaching.  Oil spill modelling for all release simulations, shows a greatest potential (5%) for oil to impact the coastline during a blowout scenario in summer conditions, with oil beaching after 72 hours.  However, although the probability of oil reaching the coastline of the Aspheron Peninsula from a nearshore and offshore pipeline rupture is lower (<1%), the time taken for oil to reach the coastline during such an event is shorter, with oil breaching during the simulations after 19 hours (Section 10.6.3.2).  Coastal environmental sensitivities to oil spill at these times of the year include migrating, breeding and overwintering bird populations, including shore birds, waders and diver species, seagrass habitat, sub-littoral and coastal habitats.  As a result, environmental sensitivities to oil spill are high all year round.  

The most sensitive shoreline areas identified are the coastal wetlands, the most extensive of which are to be found in the Kyzyl-Agach region towards the south of Sangachal Bay (Figure 13.2).  These areas are highly productive ecosystems hosting large concentrations of birds and the shallow waters also act as feeding grounds for many fish species.   In addition, the shallow waters and seagrass habitat identified along the Sangachal Bay and Aspheron Peninsula make the area a biologically productive region which is also of importance for fish and bird species, including resident, migrating, nesting and breeding species at various times of the year.  As the toxic volatile components of an oil spill rapidly evaporate on entering the marine environment, the most likely impact of any oil spill will be one of physical smothering and coating by oil.  However, oil dispersed in the water column would have a detrimental impact on the seagrass and its associated communities, through and toxic effects.  

In addition to potential Impacts on flora and fauna in Sangachal Bay and Aspheron Peninsula, there is the potential for oil to reach the coastline of neighboring countries (Section 13).  The coastlines of Iran and Turkmenistan are of known importance for their coastal wetlands and include a number of sites of designated sites of national and international importance, particularly for their bird populations.  Most birds inhabiting this region are waterfowl or shore birds, with sensitive times of the year including spring, summer and autumn (encompassing migration, nesting, fledging and moulting periods) which can be classified as a time of high sensitivity for birds in this area.  Important bird areas along the southern Caspian coast are identified and discussed further in Chapter 13.

Impacts on the nearshore feeding area for fish and birds may be increased through adverse impacts on the benthos.  Benthic organisms may be impacted as a result of a oil sinking onto the seabed due to the direct toxicity of the oil.  Shoreline benthos may also be physically smothered by the oil in the case of stranding.  Impacts are likely to be greatest in the immediate area of the spill and these effects will be greater for oil such as Azeri crude, which is more persistent due to its higher viscosity.

In shoreline and shallow water environments where there is a reduced potential for evasion, oil spills may impact seal populations through inhalation, ingestion and smothering/clogging of feathers/fur, all of which increase stress and reduce insulation.  Seal pups are considered more vulnerable to oil pollution than adults because of their lack of mobility and dependence on fur for thermal insulation.  The breeding/pupping season is the period of highest vulnerability to oil pollution for the Caspian seal, although as the seals breed and pup predominantly in the north Caspian, the majority of the Caspian seal population is not found in the ACG Phase 1 development location during these times of the year.  AS a result the impact on the Caspian seal is not considered significant.

As discussed above, significant long term changes to fish populations are not expected to result after an oil spill incident from ACG Phase 1.  Fish tainting of fish may occur as a result of a major spill at sea and this has the potential to impact the local community, through lowered values of fish catches and impact on fish caught for subsistence by the local residents.

Impact of cleanup operations

In addition to the direct toxic and smothering effects of spilled oil, ancillary impacts may occur during clean up wherever vessels and helicopters are used to recover oil and conduct surveillance sorties.  During such response strategies, clean up operations have the potential to disturb more organisms (eg seals and birds) and impact the coastline more than the original spill.  Through these activities clean up operations can threaten different types of marine habitats in different ways:

Seagrass shorelines and coastal wetlands form important nurseries for fish, birds and other organisms, which are at risk from exposure to the toxic substances within oil as well as smothering.  The most sensitive habitats for these areas of aquatic vegetation are coastal areas with shallow depths in the transition zone (the pseudo-littoral zone).  The spring growth period from the end of April to the end of June is the most sensitive period for the vegetation and physical disturbance from clean-up operations may result in a greater degree of damage to the environment than from the oil itself.

Exposed sandy, gravel or cobbled beaches are usually cleaned by manual techniques. Although oil can soak into sand and gravel, few organisms live full-time in this habitat, so the risk to animal life or the food chain is lower than in other habitats. 

Sheltered beaches have very little wave action to encourage natural dispersion. If timely cleanup efforts are not begun, oil may remain stranded on these beaches for many years, providing a source for repeated oil introduction and adverse effects. 

Muddy shorelines usually contain rich plant, animal, and bird communities. Deposited oil may seep into the fine-grained sediments, creating potentially harmful effects on the ecology of the area. 

Shoreline sensitivity to oil spill cleanup operations has been the subject of considerable international study and accepted standards exist for the classification of cleanup techniques in different coastal conditions.  These are summarised in Figure 10.34 together with the classification of the Caspian shorelines that have the potential to be affected by an oil spill from ACG Phase 1 facilities.

Figure 10.34
Coastal classifications and clean-up strategies for the Azerbaijan coastline (adapted from Gundlach and Hayes, 1989 and AIOC, 2001).
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	Coastline classification
	Clean up strategy and comments

	Sandy shore
	Where oil does not penetrate into sediment.  This facilitates mechanical removal, otherwise oil may persist for several months.  Oil penetration may occur depending on water table movements

	Wetland
	Most productive Caspian environment.  Oil may persist for months to years.  Physical and chemical clean-up may cause more impacts and disturbance above those caused by the oil.  Protection and prevention of contamination is important

	Sand with lagoon 
	Low energy environment.  Oil may remain stranded for many years, providing a source for repeated oil introduction and adverse effects

	Rocky shore
	Reflection keeps the shore offshore.  Hard substrate allowing cleaning if necessary

	Mud flats/eroded clay
	High biological productivity.  Deposited oil may seep into the fine-grained sediments, creating potentially harmful effects on the ecology of the area

	Shingle beach
	Oil may become buried making clean-up difficult.  Oil may persist for many months-years.  Clean-up should concentrate on high water mark to stop the accumulation of beached oil and formation of solid/heavy oil contamination


Impact significance

In summary, the environmental impacts associated with non-routine (accidental) oil spill events are considered to be of “high” significance as follows:

Likelihood = 2 - unlikely.

Consequence = 5 - transboundary and/or national scale impact.

Significance = 10 - high.

10.6.2 Loss of control of re-injection wells

10.6.2.1 Cuttings re-injection offshore

There are a number of potential non-routine (accidental) events that may result in environmental impacts.  These events are:

· “screen out” of cuttings within the injection well;

· loss of injected cuttings behind the casing of the injector well;

· loss of cuttings to surface via adjacent fault;

· potential to pressurise local sands; and

· intersection of an adjacent well;

· inducement of a seismic event.

Impact significance

The environmental impacts of non-routine (accidental) events associated with cuttings re-injection are considered to be of “low” significance as follows:

Likelihood = 2 - unlikely.

Consequence = 2 - local scale impact.

Significance = 4 - low.

“Screen out” of cuttings within the injection well

“Screen out” of cuttings is a term used in the industry when a fluid that is loaded with solids has insufficient energy to carry its solids and as a consequence, very quickly loses or deposits the entrained solids in an uncontrolled way.  This process can occur either into an induced fracture in a CRI well or directly into the well prior to solids actually entering the induced fracture.  If this condition were to occur within the CRI well, the injection process would be terminated, as the solids will completely block the fracture. 

It is possible for “screen out” of cuttings to occur, although the probability of occurrence would be expected to be very low as the dedicated CRI well would be explicitly designed for this application.

If “screen-out” of the cuttings were to occur, then further injection into the “screened out fracture” would not be possible and cutting injection would only be able to restart once the well has been re-conditioned and a new fracture location has been established by perforating an additional interval within the well.  This process can take many days to complete and as a consequence, if production drilling is to continue, cuttings would be shipped to shore for treatment and disposal.

Loss of injected cuttings behind the casing of the injector well

A poorly cemented casing would result in fluid pressure leaking vertically up the back of the casing as it leaves the casing perforations.  With a high quality cementing process, the likelihood of this occurring would be highly unlikely.  In the event of a vertical leak occurring, then the impact on the injection process can be classed as major and the injection process would be terminated and cuttings would be shipped to shore for treatment and disposal.

Loss of fluid to surface via surface faults

An extensive network of faults is present at the crest of the Azeri structure, particularly in shallower formations.  The likelihood of re-injection fractures intersecting open conductive faults or natural fractures has been considered carefully by BP engineers.  Due to the depth of the potential site, the risk of slurry actually escaping undetected to the seabed is considered to be highly unlikely.

Whilst the probability of the slurry actually intersecting a fault and escaping to surface is highly unlikely, the possibility of the induced fracture intersecting a fault cannot be discounted.  Indeed, taking a worst-case prediction for the size of the induced

 fracture, the apex of the disposal domain could theoretically be situated only about 110 m lateral distance from the nearest fault.

Preliminary analysis of the structure undertaken by BP suggests that the risk of the induced fracture intersecting a fault is significant.  The possibility of the induced fracture intersecting a smaller fault whose displacement is too small to be identified by a seismic section should also be considered as a possible risk.

The severity of the impact would clearly depend on the hydraulic and geotechnical properties of the fault plane.  The worst-case scenario is if the fault that is intersected by the induced fracture is open, in a low stress environment and is permeable.  The impact of a permeable fault on the integrity of the induced fracture would also be controlled by the angle of intersection.

If the cuttings disposal domain intersected a permeable fault, then the potential impact on the domain could potentially be more dynamic.  If the fault was permeable and intersected at a high angle, then fluid leak-off into the fault could reduce the energy at the crack tip and the fracture may begin to screen out.  The dynamics of the situation would increase as the angle of intersection increases.  If the angle becomes very acute, then an open permeable fault would have a more dramatic impact on the disposal domain.

The scale of the impact would also depend on the amount of energy stored within the induced fracture.  In the event of a high energy fracture intersecting a high permeability fault, the induced fracture may change direction and quickly ‘off load’ its pressure into the fault plane. This would lead to a rapid fall off in pressure at the well bore.

If the pressure was not maintained by increasing the rate of injection then there is a very high chance of the fracture “screening out”.  The environmental impacts would only become significant if the pressure loss is matched by an increase in injection rate.  In this situation, there would be a period of ‘uncontrolled’ fracture growth where the speed of fracture growth would increase.  Operational procedures would however, be in place to control this situation.

In reality if this was to occur, the injection process would be stopped and the well “shut in”.  It is unlikely that injection process would be continued in the same fracture but after leaving the induced fracture to heal, the re-injection of the fracture would create a new fracture which would be sub-parallel to the Principal Stress Direction.

If the fault intersected by an induced fracture was sealed and exhibited low permeability then its impact on the disposal domain would be much lower and dependant on the relative direction and dip of both the induced fracture and the fault, one of the following scenarios may develop:

1. If the angle of intersection is very high (i.e. greater than 30 to 40 degrees) then there is every possibility that the induced fracture would pass straight through the fault with minimal impact.  The risk of an impact increases as the angle of intersection reduces.

2. If the angle was very acute (i.e. less than 10 degrees) then there is the possibility that although the permeability of the fault plane is low, it would represent a plane of weakness and allow the fracture to preferentially migrate along the strike of the fault.  If this was to occur, the rate of fracture growth may increase, although this would be observed at the well-head by a fall in injection pressure.

Once the fall in pressure is recorded at the surface, engineers would be warned of the potential for a faster rate of fracture growth to be occurring.  Action would depend on the rate of pressure fall-off.  The worst-case scenario would be that the well would be temporally shut-in to observe and record the pressure fall-off.  A decision under controlled conditions would then be made by experts to ensure that the risk of a worst-case scenario occurring is significantly reduced.

Potential to pressurise local sands

An induced fracture initiated from a re-injection well in the Azeri field will inevitably penetrate a sequence of interbedded sand and shale extending down from the top of the Surakhany formation.  These thin interbedded formations are believed to be laterally extensive and appear to be between 10 to 20 m thick.  Adopting a conservative approach to the disposal design, if it is assumed that the sand bodies are closed, such as a sand lens, then it is possible to estimate the increase in pore pressure that results if they act as a long-term ‘sink’ for fluid from the waste cuttings slurry.

BP engineers have scoped out this issue.  Assuming a 20 m thick sand extending for 3,000 m around the re-injection location, then the expected increase in pore pressure caused by influx of 360,000 bbls of brine would be around 100 psi.  This volume represents one half of the base fluid in a 25% by volume slurry of all cuttings anticipated from the field.  A localised pressure increase of this magnitude may cause a problem when drilling new development wells through the Azeri overburden particularly if the drilling engineers were unaware of the potential for its existence.

Intersection of the disposal domain by an adjacent well

It is not possible to control either the orientation or inclination of an induced fracture. The direction of the induced fracture will be controlled by the direction of the principal stresses.  The regional variation in the direction of the principal stresses can be quantified by mapping the direction of borehole breakout.

Drilling of production wells in the immediate vicinity of a CRI fracture system would not be permitted.  If the risk of an intersection was identified, then the proposed well would be offset to avoid the occurrence.

If an induced fracture intersected a producing well that had been drilled and cased, then the severity of the impact would be related to the quality of the cement around the production casing (at the point of intersection).  If the casing was well cemented, it is likely that the induced fracture would pass around the production well with no impact.  If however, the casing was poorly cemented, then the fracture could lose liquid into the uncemented annulus that could act as a ‘fast pathway’ delivering cuttings to a higher level.  If this condition was experienced, then the loss of fluid or cuttings at the tip of the fracture would be observed at the well head as a loss of injection pressure.  Clearly the greater the vertical pathway, the higher the fall off in pressure.

If the direction of fracture propagation lies between east to west and northwest to southeast, then the proposed track of PO2 is roughly 370 m lateral distance away to the south-west of the planned re-injector.  In this situation the well-bore of PO2 should pass directly under the fracture domain and not be intersected.  If however, it is assumed that the fracture grows directly towards PO2, then the well-bore could be intersected between around 2,000 – 2,350 m tvdbrt
.

Apart from PO2, the nearest well to the planned re-injector is Azeri PO7 situated just over 500 m due south at the intended disposal depth of 2,200 m tvdbrt but this is unlikely to be in a preferred direction.  Well Azeri PO5 is closest to the injector well along the likely azimuth of fracture propagation. It lies about 730 m due west of the re-injection location at 2200 m tvdbrt that is outside the worst-case fracture radius of the 550 m.

10.6.2.2 Produced water re-injection onshore

The base case option for the disposal of produced waters onshore and hydrotest waters is injection into dedicated disposal wells to be drilled in the Lokbatan field some 22 km north of the terminal at Sangachal.  There are a number of potential non-routine (accidental) events that may occur and these could result in environmental impacts.  These events are:

· loss of injection fluid via an existing well;

· inducement of a seismic event; 

· loss of fluid to surface via existing major faults;

· contamination of existing drinking water; and

· pressurisation of the existing oilfield.

Impact significance

The environmental impacts of non-routine (accidental) events associated with produced water injection are considered to be of “low” significance as follows:

Likelihood = 2 - unlikely.

Consequence = 2 - local scale impact.

Significance = 4 - low.

Loss of fluid via an existing well

The Lokhbatan oilfield has producing oil for over 70 years.  This has resulted in the construction of over 1,700 production and exploration wells.  At present, data on the integrity of casings of these existing wells is not available.  One of the most serious potential environmental hazards associated with the concept of injecting produced water into an existing oilfield is the threat of injected water flowing from the injection horizon around the outside of an existing production well.

Based on understanding developed from earlier experiences of water injection, the possibility of the occurrence of vertical flow along existing wells cannot be ruled out and should be regarded as a possibility.  Clearly the greatest risk would be to very old wells or well casings that have gone through significant deformation as a consequence of over production.  If leakage does occur outside existing casings, water would flow under high pressure in a vertical direction towards the surface.

Due to the absence of shallow aquifers containing potable drinking water and the high level of existing surface contamination in the Lokbotan Field, the environmental consequences of this occurrence are classed as negligible to low.  The potential for water to flow to surface via an outside pathway is thought to be extremely unlikely unless the induced fracture or high pressure injection front intersects a poorly completed borehole within 100 m of the injector.  The vertical distribution of hydrostatic pressure and permeability of the strata above the production horizon would control the probability of water flowing to surface via this route.

A more serious environmental impact associated with the loss of fluid via existing wells would be if a well was inadequately grouted and the introduction of additional pressure induced an uncontrolled flow of hydrocarbons at surface.  Whilst the consequences of this occurrence would be moderate the probability of this occurring are classed as highly unlikely.

Loss of fluid to surface via surface fault

If the produced water injection wells were constructed close to an unidentified fault there would be the possibility that water could flow rapidly to higher levels by flowing existing sub-vertical pathways within the fault plane.  Clearly the risk would be much greater if the fault was intersected by the hydraulic fracture induced by the injection process.  Evidence presented from the modelling work demonstrated this effect by calculating the presence of a pressure surcharge of 750 psi at a sealing fault positioned approximately 1 km from the injection well.

The possibility of a fault occurring that is vertically persistent over the full stratigraphic section and within 300 m of the injector well is considered possible.  The environmental consequences of such an occurrence, assuming that the majority of the produced water contained, would be moderate as the intersection of such a permeable feature would be identified via the surface pressure response at the injector wellhead.  In this situation the rate of fluid loss up an existing fault plane will be controlled by the permeability of the fault plane.

With the exception of those faults close to the crown of the Lokbatan structure, the majority of faults on the flanks of the anticline are thought to be sealing faults.  Evidence from existing records suggest that local faults present to the south of the southern flank are thought to be “sealing” and are responsible for the occurrence of artesian pressures in a number of wells in the immediate vicinity of the proposed region of interest.  Without the introduction of significant pressure to hydraulically “open” an existing fault plane, local faults are therefore, unlikely to provide sub-vertical pathways through which water could escape. As a consequence, the possibility of water escaping via groundwater advection along an existing fault plane is considered highly unlikely.  If this situation did occur, then the environmental consequences would be negligible.

Contamination of shallow aquifers and drinking water

One of the most important aspects of world-wide legislation controlling the deep disposal of contaminated water is the threat to aquifers and potable water sources that may overly the candidate formations.  Pollution of shallower aquifers can occur via poorly constructed injection boreholes leading to annular flows around external casing.  Less direct pathways in the short term can occur via faults and adjacent wells with more long-term pollution occurring as a consequence of regional mass flow, often when injected water has migrated into regions of the aquifer whose water quality is suitable for drinking.

Based on the baseline assessment of geology and hydrogeology presented in the Environment Description (Chapter 6), the potential to cause significant impacts at Lokbatan is negligible.  This conclusion is based on the following understanding:

1 there are no shallow aquifers that are used to supply potable drinking waters in the immediate vicinity of the injection zone;

2 the injection well casings would be engineered to such a high standard that the potential occurrence of vertical leakage at the well-bore would be effectively eliminated; and

3 the Balakhany and Pereriv formations do not outcrop or contain potable drinking waters at higher elevations.

The probability of this impact occurring is therefore, highly unlikely and the significance negligible given that no sub-surface potable water resources exist within the Lokbotan area.

Pressurisation of the existing well-field

It is standard oilfield practice to enhance both the volume of oil recovered and the down-hole production rate in depleted oil fields by injecting water into the reservoir.  If the fault present to the north of the area of interest is permeable then there is the potential for the pressure surcharge imposed at the injector well to increase the regional pressure of the aquifer to the north of the site.

This increase in hydrostatic pressure could be transmitted laterally over several kilometres and as a consequence re-pressurise the producing fields to the north.  Quite clearly this phenomenon would only occur if the faults to the north of the injection field are permeable.  Based on the present conceptual understanding and the presence of artesian pressures at surface, this conclusion appears to be valid.  Based on this preferred understanding the probability of pressurisation of existing the well-field is regarded as highly unlikley.

If the faults were permeable and allowed injection pressures to be transmitted horizontally into the aquifer the consequences of the injection process at a distance in excess of 2000 m would be low.  For the high stress case with no sealing faults, the average reservoir pressure increase at the end of the disposal period (end 2024), in the uppermost injection interval in the oil leg was predicted to be 370 psi.  Indeed the consequence of this impact would be beneficial and would not adversely affect the environment.  The intersection of the oil-leg from the geological section is at least 3,000m to the north of the proposed site.  If wells were completed in the Pereriv outside this zone, then whilst the hydrostatic pressure would be lifted as a consequence of produced water injection, it is unlikely that oil would flow to surface.

Inducement of a seismic event from re-injection operations

The risk of a seismic event being triggered by re-injection of cuttings and produced water, has been raised as a key concern by project stakeholders.

There have been a number of documented cases where prolonged injection of water in seismically active area has initiated some form of seismic event that may or may not be associated with the release of energy along major faults.  The severity of the impact and the probability of the occurrence are very site specific.  In terms of their impact on the environment such seismic events can theoretically provide a very positive impact by reducing the shear along active fault planes to initiate a larger number of smaller displacements as compared to a single more dramatic event.

The potential for a seismic event to be triggered as a result of re-injection of produced water in the onshore environment or cuttings in the offshore environment is considered to be low due to the limited volumes of injection.

10.6.3 Seismic events

As noted in Chapter 6 (Environmental Description), the Apsheron Peninsula and adjacent area of the Caspian Sea are located in a zone of moderate seismic activity because of their location in the active Alpine folding zone.  The abundant mud volcanoes indicate tectonic activity and the likely presence of oil and gas in the deep strata.  Five earthquakes with a magnitude greater than 6 on the Richter scale have taken place since 1842 with the most recent events occurring in 2000; one measuring 6.5 on the 25th November 2000 with an epicentre 30 km east-northeast of Baku and the other measuring 7.2 at the epicentre, occurring 10 days later on the 6th of December off the coast of Turkmenistan.

10.6.3.1 Offshore facilities, wells and pipelines

The seismic activity in the area of the Phase 1 development has been fully considered in the design of the facilities.  There are two levels of integrity designed into the platform structures.  The first is a 1-in-500 year event that the platforms are designed to withstand and be able to continue operations.  The second level is a 1-in-3,000 year event design factor such that the platform would retain its structural integrity and would remain in place, although depending on the magnitude of the event, the platform’s operational capability may be compromised.

Impact significance

The probability of a seismic event that leads to the total loss of offshore facilities occurring is extremely low given the consideration of these phenomena in the facilities design.  The impact significance of seismic events on offshore facilities is therefore, considered to be “low” as follows:

Likelihood = 1 - very unlikely.

Consequence = 5 - transboundary and/or national scale impact.

Significance = 5 - low.

Wells

All of the Phase 1 wells will be equipped with down-hole safety valves, such that, for any reason that the platform facilities became unavailable, the wells would shut-in by means of these valves, hence preventing any loss of well control or free flow from the wells into the sea.

Subsea pipelines

The on-bottom pipeline should not be adversely effected by a seismic event as the pipeline is flexible, unrestrained and free to move.  At the point that the pipeline joins the platform jacket however, the transition between on-bottom and buried sections and within the buried sections, high stresses due to seismic activity could occur.  Consequently, the effect of possible seismic activity is to be evaluated, to ensure that the integrity of the pipeline is maintained in the event of a seismic activity, at the following locations:

· jacket-seabed interface (where spoolpieces are covered with mattresses);

· seabed-trench transition interface; and

· buried sections (i.e. mudflow crossing; landfall; etc.).

The effect of seismic activity, with a return period of 3000 and 500 years (corresponding to the Seismic Strength Level (SLE) and Ductility Level (DLE) events, respectively) are to be considered in conjunction with the functional load case only.

Onshore facilities

The terminal has also been designed to withstand seismic activity.  This has been included in the project design safety standards as a 30% increase on the base case Factor Of Safety (FOS) for the terminal expansion.  This is considered sufficient to safeguard the terminal facilities against the type and size of seismic events characteristic of the region.

10.6.4 Introduced species

In recent years the transfer of marine organisms into the Caspian Sea from international waters has increased in parallel to an increase in trans- and inter-oceanic movement of vessels into the region and corresponding changes in legislation and technology to prevent the contamination of ballast water taken up and discharged by vessels.

The transportation of pre-fabricated components and equipment for the ACG Phase 1 project would be from international waters to the Caspian Sea via the Volga Don Canal or Baltic-Volga Canal and as such, there is a risk that exotic (i.e. non-indigenous) species could be introduced into the Caspian.  The key pathways for the introduction of exotic species include:

· in ballast water
; and

· as sessile hull fouling organisms.

10.6.4.1 Ballast water

An acute problem associated with ballast water is the potential introduction of alien algal species into marine environments in which they do not naturally occur.  Of particular concern is the introduction of toxic species of dinoflagellates and microscopic, unicellular algae that may out-compete other indigenous species that represent an important dietary component of indigenous fish and shellfish.

Dinoflagellates and microscopic, unicellular algae may be transported in live form in the ballast water of cargo vessels.  Under favourable environmental conditions, planktonic populations of only a few cells can rapidly multiply into dense blooms containing millions of cells per litre.  These species can cause significant environmental damage when introduced into areas where they are not naturally found and/or where they may contain toxic phases in the lifecycle (see below).

Other organisms such as marine invertebrates, molluscs, fish and other macrofauna may also be introduced, either as adult individuals or as larval stages, as a result of ballast water discharge.  The ability of these organisms to survive within ballast water depends on environmental characteristics in the area of ballast water uptake and on the species present and their tolerance to temperature and salinity.

In addition to site-specific environmental factors, a number of technical considerations can influence the level of risk of transporting non-indigenous species in ballast water.  These include:

· vessel design and ballasting requirements;

· vessel operation and maintenance procedures;

· voyage frequency, duration, season and weather;

· ballast water management practices before, during and after the voyage; and

· the extent to which ballast water management practices are used including:

· minimising uptake of organisms during ballasting by avoiding areas and times of outbreaks,

· avoiding ballast uptake in shallow water and at night;

· regular ballast tank maintenance and cleaning with removal of sediments;

· maintenance of IMO records of ballast;

· adherence to ship Ballast Water Management Plan; and

· ballast exchange at sea.

10.6.4.2 Hull fouling

The risk of organism translocation via hull fouling is as important as that associated with ballast water.  Organisms may nestle in sheltered parts of the vessel but more generally include sessile organisms that attach to any suitable substrate and remain fixed for the duration of their adult lives.  These organisms can be divided into two main groups:

· micro-organisms (e.g. bacteria, diatoms, algae); and

· macro-organisms (e.g. sea squirts, molluscs (mussels), barnacles, sponges, sea anenomies and polychaetes (worms)).

Traditional practice to combat hull fouling has been to physically scrape organisms off the structure of vessels in order to maintain the hydrodynamic efficiency of the vessel.  Ships are typically dry-docked every 3 to 5 years for such maintenance works.  The time and hence cost aspects of this approach to hull fouling control led however, to the use of antifouling paints (e.g. tributyl tin (TBT)) that are toxic to marine organisms on ship hulls.  These chemically treated paints significantly reduce the ability of sessile organisms to inhabit ship hull surfaces.

Concern regarding the long-term fate and toxic effects of these antifoulant agents in the marine environments has resulted in the implementation of restrictions on the use of antifouling paints and a return to a reliance on direct removal measures (i.e. physical hull scraping by divers) while ships are still in-water.  Where in-water cleaning takes place, there is an increased risk that non-indigenous species may be introduced to the receiving marine environment as the debris removed may contain surviving species and gametes that can settle to the seabed and successfully establish new populations.

Impacts associated with introduced species

The survival and success of species when introduced to a new environment is dependant a number of variables.  These include:

· the presence of a suitable environment (temperature and salinity regimes);

· the time period in which these suitable conditions are favourable for reproduction of the species; and

· the presence of predators, food sources and established competitive species occupying the same ecological niche.

The effects of introduced species in the short and long term are difficult to predict.  Species such as the planktonic jellyfish Mnemiopsis leidyi that are physically visible or noticeably adversely affect other species and especially commercially important species, will rapidly attract the attention of marine biologists and regulatory authorities.  Introduced organisms that are not so visible may cause subtle changes to local ecosystems but without being directly noticed.  These effects may not become apparent until some time after the species have become prolific and well established.

Some toxic dinoflagellate species are capable of producing resistant cysts that can remain fully viable, under favourable environmental conditions, for as long as 10 to 20 years.  Cyst producing species that are introduced via ships’ ballast water in their cyst stages may become buried below the sediment surface from which they can become resuspended into the water column.  This process may result in years of recurrent germination attempts by the cysts which, when successful, result in dinoflagellate blooms in the water column.  These toxic blooms may adversely affect the quality of the water and may be fatal to indigenous shellfish and commercial fish species.  The introduction of such species may also cause problems to fisheries by the clogging of fishnets with mucus.  Once the species produces cyst stages it will effectively have colonised a new water body from which it cannot be eradicated.

Of more concern in an enclosed ecosystem such as the Caspian Sea where endemic and specialised species have developed, is the effect of introduced species on the genetic structure of the local population.  This is not only true for the introduction of alien species into the area but also for the movement of individuals of the same species (indigenous species) from outside areas.  Changes in genetic structure may have a number of resultant effects such as changing the sensitivity of the resident population to diseases or the population’s ability to adapt to environmental changes.

The introduction of exotic species also creates the possibility of concurrent introduction of pathogens where the introduced species are pathogen hosts.  In addition, water and sediment discharge from ballast tanks can also contain viruses and bacteria which could not only have an effect on Caspian flora and fauna but may also pose risks to human health.

Impact significance

The probability of the introduction of exotic species into the Caspian, given the low volumes of vessels that are proposed for ACG Phase 1, together with a decision to transfer some loads to existing riverships in the region to gain the necessary draft required for river transport, is low.  The impact significance of introduced species is therefore, considered to be “low” as follows:

Likelihood = 1 - very unlikely.

Consequence = 5 - transboundary and/or national scale impact.

Significance = 5 - low. 

<0.1





<25





Spill category (tonnes)








�  OSIS = Oil Spill Information System a computer based industry standard oil spill trajectory modelling application.


�  tvdbrt = total vertical depth below rotary table.


� Ballast water is taken up to compensate for low loads and discharged prior to or at the same time as loading takes place.
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		Statistically Expected Number of spills by Size (l). Phase I Lifetime (2001 through 2024)

				Spill Source		Risk Exposure (during project lifetime) 1		l								Spill Source, Pipeline Spills		Risk Exposure		l								Spill Source		Risk Exposure		l

								1-100 tonnes		100-300 tonnes		>300 tonnes								1-100 tonnes		100-300 tonnes		>300 tonnes								1-100 tonnes		100-300 tonnes		>300 tonnes

										Spills are either contained and <100 tonnes or uncontrolled resulting in release >300 tonnes						Corrosion and Fittings		4000 km-years		0.072		-		0.056				Vessel Collision/		40 installation-years		-		-		5.4 x 10-5

				Development Drilling		48 wells		0.0082				0.0245				Pipe Damage/Anchors		4000 km-years		0.022		-		0.016				Impact Damage

				Well Completion		48 completions		0.0023				0.0091				Total				0.094		0		0.072

				Production		860 well-years		0.0042				0.0129

				Wireline		860 well-years		0.0031				0.0095

				Subtotal – Blowouts				0.0152				0.0465
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		Probability of one or more pipeline spills by Size (%). Phase I Lifetime (2001 through 2024)

				Spill Source, Pipeline Spills		%								Spill Source		%								Spill Source		%
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				Corrosion and Fittings		6.95		-		5.45				Blowouts				Spills are either contained and <100 tonnes or uncontrolled resulting in release >300 tonnes		2.42				Vessel Collision/Impact Damage		-		-		5.4 x 10-3

				Pipe Damage/Anchors		2.18		-		1.59				Development Drilling		0.81				0.91				Total		0		0		5.4 x 10-3

				Total		9.13		0		7.04				Well Completion		0.28				1.28

														Production		0.42				0.94

														Wireline1		0.31

														Subtotal – Blowouts		1.5		-		4.54
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						1-100 tonnes		100-300 tonnes		>300 tonnes
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		Statistically Expected Number of spills by Size (l). Phase I Lifetime (2001 through 2024)

				Spill Source		Risk Exposure (during project lifetime) 1		l								Spill Source, Pipeline Spills		Risk Exposure		l								Spill Source		Risk Exposure		l

								1-100 tonnes		100-300 tonnes		>300 tonnes								1-100 tonnes		100-300 tonnes		>300 tonnes								1-100 tonnes		100-300 tonnes		>300 tonnes

										Spills are either contained and <100 tonnes or uncontrolled resulting in release >300 tonnes						Corrosion and Fittings		4000 km-years		0.072		-		0.056				Vessel Collision/		40 installation-years		-		-		5.4 x 10-5

				Development Drilling		48 wells		0.0082				0.0245				Pipe Damage/Anchors		4000 km-years		0.022		-		0.016				Impact Damage

				Well Completion		48 completions		0.0023				0.0091				Total				0.094		0		0.072

				Production		860 well-years		0.0042				0.0129

				Wireline		860 well-years		0.0031				0.0095

				Subtotal – Blowouts				0.0152				0.0465
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		Probability of one or more pipeline spills by Size (%). Phase I Lifetime (2001 through 2024)
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