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executive summary

This oil spill risk assessment report presents a study of the potential accidental oil spills during the lifetime of the ACG Phase 1 project.  A number of potential failures that could result in oil spill have been considered:

· Blowout

· Catastrophic pipeline failure

· Minor pipeline leak

· Separator failure on the PDQ platform

· A diesel spill during vessel and platform activities
The likelihood of a spill occurring, and the predicted volume of that spill, has been evaluated based on experience of the oil industry internationally and in the Caspian Sea.  The identified scenarios have then been modelled using OSIS, a bespoke oil spill mathematical modelling package.  

For a blowout at the ACG field, with the potential for an estimated volume of 200,000m3 of oil, there is a <1% likelihood of oil beaching on the Aspheron Peninsula in the winter, rising to >10% in the summer.  Under worst-case conditions, of an onshore 20 knot wind in the winter, beaching will take place after 48 hours.  

A catastrophic pipeline failure of 90,000m3, either offshore or near shore, has a <1% chance of beaching on the Aspheron Peninsula.  Under worst case conditions an offshore spill will beach on the Aspheron Peninsula in 38 hours, a near shore spill in 19 hours.  

For a smaller spill volume of 720m3, arising as a result of a chronic leak from the pipeline, the time to beaching on the Aspheron Peninsula is 48 hours for an offshore leak and 28 hours for a near shore leak.  A leak from a separator on the platform, of 140m3, is considered to behave in a similar manner to an offshore leak from a pipeline and will beach after approximately 48 hours.  Modelling of a diesel spill of 100m3 indicted that the diesel would be fully dispersed after 8 hours.

BP has prepared an overview Oil Spill Contingency Plan (OSCP) for its Azerbaijan Business Unit, which addresses onshore and offshore incidents, incident reporting, oil spill remediation, contractor databases and response resource availability.  An ACG Phase 1 project OSCP will be prepared by BP on the basis of this oil spill risk assessment report.

FINAL REPORT


AZERI, CHIRAG & GUNASHLI 
OIL SPILL RISK ASSESSMENT


FOR 


BP EXPLORATION (CASPIAN SEA) LTD
BAKU, AZERBAIJAN

1. introduction

This report has been prepared by URS on behalf of BP and is concerned with the risk of oil spill arising as a result of operations during the ACG Phase 1 project.  It forms a contribution to the Environmental and Social Impact Assessment (ESIA) for the ACG phase 1 Project, where further detail of the project can be found.  

All offshore oil production and export operations carry with them some potential for accidental oil spill.  However, oil spills are considered unacceptable by BP, who place considerable emphasis on their prevention.  It is BP policy to strive for a zero spill target through the use of appropriate design standards, equipment, prevention measures and personnel training.

Even with comprehensive prevention measures in place, the residual risk of an oil spill remains and integral to any BP operation is the formulation of detailed and fully tested contingency response plans appropriate to local environmental sensitivities. The ACG Phase 1 ESIA includes a commitment to develop an oil spill response strategy and oil spill contingency plan.  This report will make a significant contribution to that process.

The remaining sections of this report are:

· Section 2, The ACG Phase 1 Project

· Section 3, Oil Spills

· Section 4, Oil Spill Response Strategy

· Section 5, Conclusions

· Appendix A -OSIS Modelling Results Report, Briggs Marine Environmental Services Ltd

The ACG Phase 1 Project 

Phase 1 facility design will comprise a new Drilling, Production and Quarters platform (PDQ) and Compression and Water Platform (C&WP) offshore, sub sea pipelines for the transport of hydrocarbons to shore and expansion of the existing EOP oil-receiving terminal at Sangachal.

Figure 1:
Location of ACG Phase 1 development
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The PDQ will consist of oil and gas separation and pumping facilities, drilling facilities and living quarters.  The C&WP will provide the facilities to compress associated gas production for reservoir maintenance purposes as well as seawater treatment and water injection pumping equipment required to meet the Phase 1 production expectations. The offshore facilities will be bridge-linked and will be linked by inter-field pipelines to the existing Chirag-1 platform for the transportation of oil to the PDQ and gas to the C&WP.  Oil from the PDQ will be exported to the Sangachal terminal facility via a new 30" oil export line.  Gas transport from the PDQ will be achieved through conversion of the existing Chirag-1 24” oil pipeline to gas service (although this option is being reconsidered at the time of writing).

The existing EOP Terminal at Sangachal will be expanded to process the additional oil and gas produced.  This will include a new oil and gas inlet, two new oil process trains, gas compression and refrigeration package and two additional oil storage tanks and temporary tank storage facilities for produced water.

Oil Spills

1.1 Overview

1.1.1 Information Sources

Data on the frequency and consequence of a spill has been 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.

Several scenarios have been considered in this risk assessment:

· Blowout

· Catastrophic pipeline failure

· Minor pipeline leak

· Separator failure on the PDQ platform

· A diesel spill during vessel and platform activities 

1.1.2 Modelling Methodology

Oil spill modelling was undertaken by Briggs Marine Environmental Services Ltd. using the Oil Spill Information System (OSIS) model (Appendix A). Scenarios were run for both winter and summer conditions.  Two types of modelling were undertaken, stochastic and single trajectory.  Stochastic modelling takes its input data in the form of identified spill scenarios and actual statistical wind speed/direction frequency data.  This is then calculated to provide a probability range of sea surface oiling representative of the prevailing conditions.  Single trajectory modelling investigates the shortest beaching time, excluding prevailing weather conditions, to deduce the worst - case scenario.

ACG Crude had not been characterised for use in OSIS at the time that this modelling was undertaken, therefore Iranian Light Crude was used, as it is considered to have a close match for modelling purposes based on API and Specific Gravity:

· Azeri Crude: API 34.5, Specific Gravity 0.85

· Iranian Light: API 33.7, Specific Gravity 0.856

Briggs Marine Environmental Services Ltd has subsequently undertaken a review of the modelling work with the conclusion that Iranian crude was representative of Azeri crude.

The following constants were employed in the modelling work:
· For winter spill runs the air temperature used was 5ºC and the sea temperature was 10ºC; 

· For summer spill runs the air temperature used was 35ºC and the sea temperature was 25ºC;

· A worst-case scenario for single trajectory would be in winter conditions using a 20-knot onshore wind; this has been calculated by examining the annual wind data and using a wind speed at approximately the 90th percentile. 

· For spills extending over a long time period a shorter representative modelling time was used.  For a spill over 180 days, a spill run lasting 10 days was deemed as representative.

1.1.3 Frequency of Spills

When discussing the frequency of possible oil spills the following terminology has been 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.

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

1.2 Blowouts

1.2.1 Background

An uncontrolled blowout can be defined as any uncontrolled flow of formation fluids from the reservoir to the surface, due to formation pressure exceeding the hydrostatic pressure of the mud or fluid column and failure of secondary blowout prevention measures.  Blowout events may occur at the platform or sub sea.  Blowouts are extremely remote events, however an uncontrolled blowout would result in a significant release of oil. 

1.2.2 Spill Frequency and Volume

The determination of the most likely spill frequency associated with each project activity was accomplished by dividing the number of spills from this activity 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 the proposed project to determine the most likely spill frequency associated with the project. Table 1 presents the most likely blowout frequency (known as the statistically expected value) for the ACG Phase I project lifetime (2001 through 2024). The calculated probability of one or more blowouts >300 tonnes is 4.5% between 2001 and 2024.

Table 1:
Statistically Expected Number of Blowouts by Size ((). Phase I Lifetime (2001 through 2024)
	Spill Source
	Risk Exposure (during project lifetime) 1
	(

	
	
	1-100 tonnes
	100-300 tonnes
	>300 tonnes

	Blowouts


Development Drilling


Well Completion


Production


Wireline2
	48 wells

48 completions

860 well-years

860 well-years
	0.0082

0.0023

0.0042
0.0031
	Spills are either contained and <100 tonnes or uncontrolled resulting in release >300 tonnes
	0.0245

0.0091

0.0129

0.0095

	Subtotal – Blowouts
	
	0.0152
	
	0.0465


1
Risk exposure is the length of time equipment is exposed to during the lifetime of a project.
2
Wire line surveys are included in the production spill statistics, and have not been double-counted in this total.

Table 2:
Probability of one or more blowouts by Size (%). Phase I lifetime (2001 through 2024)

	Spill Source
	%

	
	1-100 tonnes
	100-300 tonnes
	>300 tonnes

	Blowouts


Development Drilling


Well Completion


Production


Wireline1
	0.81

0.28

0.42

0.31
	Spills are either contained and <100 tonnes or uncontrolled resulting in release >300 tonnes
	2.42

0.91

1.28

0.94

	Subtotal – Blowouts
	1.50
	-
	4.54


1 Wire line surveys are included in the production spill statistics, and have not been double-counted in this total

If either the Dada Gorgud or the PDQ was to lose control of a well either during drilling or during a well workover, then it may be necessary to drill a relief well.  In either case it is possible that the drilling facilities or indeed, all facilities may not be viable for this purpose and thus an intervention well would have to be drilled by a MODU.  

When a relief well is drilled, it is drilled from a position at some distance from the blowout location and is designed to intercept the well bore that is out of control.  With new casing and well control equipment available to the relief well, it is then possible to kill the well and thus prevent any further loss of hydrocarbon from the well.  The blowout volumes given below are based on the assumption that any other MODU required for intervention drilling would be actively working at the time of the blowout occurring.  Thus there would be a period of time required for the intervention MODU to cease the operation in which it was engaged and make safe those operations.  Thereafter the MODU would take some time to be transported to the blowout location and further time would be required to prepare for the intervention operation.   

It has been assumed for worst case modelling, that the time taken for the MODU to suspend drilling operation (7 days), mobilise to the blowout location (5 days) and drill a relief well (30 days) would amount to a total of 42 days.  During this time is also assumed that the well continues to flow at the full production rate.  In reality, the mobilisation and drilling time may be less than that assumed here and furthermore, it is highly likely that some obstructions would occur in the well, either from drilling equipment or well debris and that this would cause some restriction to the flow.  However, it is not possible to predict to what extent the flow may be restricted or how much faster drilling and intervention might be achieved and therefore the worst case has been assumed.

Table 3:
ACG Phase 1- Blowout Volumes

	Parameter
	Value/quantity
	Notes

	Rate of oil flow
	30,000 bbls/day
	4,770 m3/ day

	Shut-in time
	42 Days
	Based on 7 days to suspend a rig operating elsewhere in the Caspian (eg Istiglal) then 5 days moving time then 30 days to drill relief well 

	Volume of Oil (Total) released over 42 days
	200,324m3
	


Other blowout or loss of well-control are possible in which the flow from the well is restricted in some way, for example by drilling debris and it is possible under some circumstances to bring the well back under control without the need for an intervention well.  Such blowout events (i.e. those quickly controlled by safety valve or blow-out protection equipment) would result in only a minor release of oil (approximately 200 m3) as they can be controlled within an hour.

1.2.3 Oil Spill Behaviour

1.2.3.1 Stochastic Modelling

In the winter, stochastic modelling indicates that the oil will be transported predominantly to the south and south east of the field into the Southern Central Caspian Sea area, with the heaviest area of oiling directly to the south east of the release location.  There is a <1% probability of oil heading west and reaching the Apsheron Peninsula on the west coast of the Caspian Sea.

Figure 2
Winter Stochastic Modelling of a Blowout

[image: image8.wmf]
In the summer, stochastic modelling indicates that the oil will be transported predominantly in three broad directions; to the northwest, south and south east of the field into the Southern Central Caspian Sea area, with the heaviest area of oiling also in these directions.  There is a >10% probability of oil heading in a north west direction and reaching from the Apsheron Peninsula north towards Makhachkala on the west coast of the Caspian Sea.  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 (Turkmenistan).

Figure 3
Summer Stochastic Modelling of a Blowout

[image: image9.wmf]
1.2.3.2 Single Trajectory, Worst Case, Modelling of Blowout

Single trajectory modelling of the worst case blowout shows that on release the oil increased in volume due to emulsification before steadily decreasing in volume as the oil dispersed and evaporated.  The oil was persistent enough to beach at the point of nearest landfall after 49 hrs.  The resultant volumes of emulsified oil after 49 hours were:

· 83032m3 Evaporated

· 100929m3 Dispersed

· 77821m3 Beached
Figure 4:
Well Blowout in worst case conditions

[image: image2.wmf] 
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1.2.4 Blowout Prevention

The reservoirs in the ACG field are normally pressured formations and the wells are all designed so that the wells are monitored and controlled against unplanned influx.  A well control incident may occur if a formation pressure overcomes hydrostatic pressure applied by the column of well fluids.

Primary well control against an influx of formation fluid requires the maintenance of sufficient hydrostatic head of weighted drilling mud or completion fluid in the well bore to balance the pressures exerted by fluids in the formation being drilled. This is an inherently safe approach to maintaining well control.

The Blow Out Preventer (BOP) stack provides secondary well control.  BOPs consist of a series of hydraulically actuated steel and elastomer rams, which can be rapidly closed following an influx of formation fluids into the well bore.  The BOP can close the annulus between the drillpipe or casing and the well bore, which prevents additional hydrostatic head being lost. The BOP is connected to the choke manifold, and by a combination of hydrostatic head and maintained pressure, the well can be circulated to safely remove the influx and increase the fluid density, if necessary. 

The choke manifold is connected to both the mud system degassers and gas venting system. In an emergency situation this allows gas to be vented harmlessly at the surface and any oil to be contained and disposed of. 

1.3 Pipeline Leaks

1.3.1 Background

A number of potential leak scenarios have been identified:

· catastrophic pipeline failure; and

· minor pipeline leak. 

The size of spill produced by a leak will depend on the rate of leak and the time taken for detection. Therefore, a minor leak may lead to a large spill if undetected for a long period.

1.3.2 Catastrophic pipeline failure 

The worst case for a pipeline leak would be a catastrophic failure of the pipeline resulting in the complete loss of pipeline inventory.  This has a low probability for a number of reasons.  The pipeline is protected with a concrete coating and is thus resistant to impact damage from a dropped object or dragged anchor.  Furthermore, the pipeline is on two major gradients as it dips down from the platform and then steadily rises again as the pipeline heads towards the shore.  This means that there is a low point at some distance from the platform.  For oil to leak from the pipeline it would have to overcome the hydrostatic head of water in the surrounding waters and thus it is unlikely that all oil in the pipeline to be discharged.  

Continued production following a catastrophic pipeline failure would of course mean that oil was being forced down the line to the rupture but this effect is offset by the fact that downstream of the rupture there would be relatively less pressure and the oil in this section of the pipeline would be subject to the hydrostatic head of water and would thus be more likely to remain in the pipeline.  It is estimated that a pressure drop in the major export pipeline (30”) will be detected within an hour followed by production shut-in.  This is not an accurate figure and is taken as a best estimate.  

There is no leak detection system associated with the pipeline other than pressure drop and the obvious point that the terminal would cease to receive oil.  Thus it is simply estimated that the time to detect a pressure drop, confirm the extent of the pressure drop and subsequently cease export from the

 installation would be approximately one hour.  In the case of a catastrophic failure, it is unlikely that it would take longer than an hour and thus this figure has been assumed in order to quantify the worst case.  In fact the amount of oil that would be discharged through one hour’s continued production following a catastrophic pipeline failure would amount to approximately 3441 m3 or a little over 4% of the total worst case volume
.  Thus, for the purpose of modelling, the exact time to detect a leak is of low significance since in all likelihood the increased oil discharged is likely to amount to less that 5% of the total spill.  Therefore the worst case for a pipeline failure is based on the inventory of the pipeline and one hour production. 

1.3.3 Minor pipeline leak (pinhole leak)

Minor pipeline leaks are unlikely to lead to any detectable pressure change within a large capacity pipeline and are therefore inherently difficult to detect with online pressure leak detection systems. Furthermore, such leaks may not lead to a surface sheen. This type of spill may continue unnoticed until observed during an intelligent pig survey, Remote Operated Vehicle survey or by a diver performing inspection or maintenance operations.  Furthermore, given the depth of water in which the pipeline is located, it is highly likely that any leaked oil will move up through the water column, before emerging at the surface some distance from the pipeline and the original source of the leak.  In addition, there may be some emulsification or dispersion of the oil as it moves through the water column and thus such leaks can be very difficult to detect.  

It has been assumed that a leak of 1m3/hour would not be detected by pressure drop and thus detection would rely on a visual sighting of the oil.  It is highly likely that the oil will be carried some distance from the pipeline by water currents as it rises up through the water column.  Since the leaked oil may thus emerge on the sea surface outside of normal platform helicopter flights and supply boat routings, an arbitrary figure of 30 days has been taken as a worst case for the length of time it will take for the leak to be detected.  

1.3.4 Spill Frequency and Volume

Table 4 provides the statistically expected number of pipeline spills for the lifetime of the ACG Phase 1 Project. As indicated in Table 5 the probability of a pipeline spill is unlikely.  Table 6 provides realistic estimates of spilled volumes for the ACG Phase 1 project.

Table 4:
Statistically Expected Number of pipeline spills by Size ((). Phase I Lifetime (2001 through 2024)

	Spill Source, Pipeline Spills
	Risk Exposure
	(

	
	
	1-100 tonnes
	100-300 tonnes
	>300 tonnes

	Corrosion and Fittings

Pipe Damage/Anchors
	4000 km-years

4000 km-years
	0.072

0.022
	-

-
	0.056

0.016


Table 5:
Probability of one or more pipeline spills by Size (%). Phase I Lifetime (2001 through 2024)

	Spill Source, Pipeline Spills
	%

	
	1-100 tonnes
	100-300 tonnes
	>300 tonnes

	Corrosion and Fittings

Pipe Damage/Anchors
	6.95

2.18
	-

-
	5.45

1.59


Table 6:
ACG Phase 1– Catastrophic and Minor Pipeline Failure

	Scale of Leak
	Parameter
	Value/quantity
	Notes

	Catastrophic
	Production rate (ACG and EOP)
	3,441m3/hour.
	

	
	Pipeline inventory (30”)
	85,746 m3
	Released at above rate.

	
	Shut in time
	1 Hour
	

	
	Total Volume
	89,197 m3
	Inventory plus the pipeline flow for 1 hour.

	Minor (pin-hole)
	Leak rate
	1 m3/hour
	Note this has been assumed as not detectable by pressure drops.

	
	Shut in time
	30 days
	

	
	Total Volume
	720 m3
	30 days at 1m3/hour


Causes of a minor leak may be erosion, corrosion or minor damage from, for example a dragged anchor.  Hole sizes associated with minor leaks are between 0.25 – 0.5 mm resulting in spill release rates between 0.02 – 0.09 m3/hr. Assuming a worst case scenario of a 30 days period between a leak commencing and being detected, leak volumes would amount to 720 m3.

1.3.5 Oil Spill Behaviour

1.3.5.1 Overview

Several scenarios have been modelled, in each of winter and summer, in order to present a better understanding of the consequences of a possible oil spill from the pipeline:

· Offshore catastrophic pipeline spill (89,197 m3)

· Near-shore catastrophic pipeline spill (89,197 m3)

· Offshore minor pipeline leak (720 m3)

· Near-shore minor pipeline leak (720 m3)

1.3.5.2 Offshore Catastrophic Pipeline Spill –Stochastic Modelling

In the winter, modelling indicates that the oil will be transported predominantly to the south east and north west of the field into the Central and Southern Caspian Sea areas, with the heaviest area of oiling directly to the south east and north west of the release location.  There is a <1% probability of oil beaching from the Apsheron Peninsula in the West to the Khazar Island (Iran) in the Southwest.

Figure 5
Stochastic Modelling of an Offshore Catastrophic Winter Pipeline Spill

[image: image3.wmf]
In the summer, modelling indicates that the oil will be transported predominantly to the south east 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.  There is a <1% probability of oil reaching the Apsheron Peninsula in the West.

Figure 6
Stochastic Modelling of an Offshore Catastrophic Summer Pipeline Spill
[image: image10.wmf]
1.3.5.3 Offshore Catastrophic Pipeline Spill -Single Trajectory, Worst Case Modelling

Upon release the oil increased in volume due to emulsification before steadily decreasing in volume as the oil dispersed and evaporated.  The oil was persistent enough to beach at the point of nearest landfall after 38 hrs.

The resultant volumes of emulsified oil were:

· 23458m3 Evaporated

· 13409m3 Dispersed

· 264288m3 Beached

Figure 7:
Offshore Catastrophic Pipeline Spill in Worst Case Conditions

[image: image4.wmf] 
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1.3.5.4 Nearshore Catastrophic Pipeline Spill –Stochastic Modelling

In the winter, modelling indicates that the oil will be transported predominantly to the south 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.  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.

Figure 8
Stochastic Modelling of a Near-shore Catastrophic Winter Pipeline Spill

[image: image11.wmf]
In the summer, modelling indicates that the oil will be transported predominantly to the south 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.  There is a <1% probability of oil reaching the Apsheron Peninsula in the West, the Cheleken Peninsula in the east and Astara (Azerbaijan) in the Southwest.

Figure 9
Stochastic Modelling of a Near-shore Catastrophic Summer Pipeline Spill

[image: image12.wmf]
1.3.5.5 Near-shore Catastrophic Pipeline –Single Trajectory, Worst Case Modelling

Upon release the oil increases in volume due to emulsification before steadily decreasing in volume as the oil dispersed and evaporated.  The oil was persistent enough to beach at the point of nearest landfall after 19 hrs.  The resultant volumes of emulsified were:

· 20470m3 Evaporated

· 9974m3 Dispersed

· 294481m3 Beached

Figure 10:
Near-shore Catastrophic Pipeline Spill in Worst Case Conditions

[image: image5.wmf] 


1.3.5.6 Offshore Minor Pipeline Leak –Single Trajectory, Worst Case Modelling

Upon release of 720m3 of oil at 1m3 per hour for 720 hours the oil increased in volume, due to emulsification, before steadily decreasing in volume as the oil dispersed and evaporated.  The oil was persistent enough to beach at the point of nearest landfall after 48 hrs.  

The resultant volumes were as follows:

· 321m3 Evaporated

· 358m3 Dispersed

· 197m3 Beached
Figure 11
Offshore Minor Pipeline Leak Worst Case Conditions

[image: image13.png]



1.3.5.7 Near-shore Minor Pipeline Leak –Single Trajectory, Worst Case Modelling

Upon release of 720m3 of oil at 1m3 per hour for 720 hours the oil increased in volume due to emulsification before steadily decreasing in volume as the oil dispersed and evaporated.  The oil was persistent enough to beach at the point of nearest landfall after 26 hrs.  The resultant volumes after emulsification were:

· 317m3 Evaporated

· 361m3 Dispersed

· 205m3 Beached

Figure 12
Near-shore Minor Pipeline Leak Worst Case Conditions
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1.3.6 Prevention of Leaks from Pipelines

1.3.6.1 Overview

Causes of pipeline leak can be divided into:

· Corrosion;

· Impact;

· Minor leaks at joints and valves.

1.3.6.2 Corrosion

Based on generic North Sea frequency data, leaks due to corrosion may occur once every 314-1,429 years depending on pipeline diameter (AME, 1998).  Leaks due to corrosion are considered to be remote to extremely remote events.

There are a number of prevention and mitigation measures in place on the ACG Phase 1 pipelines to reduce or remove the probability of leaks from corrosion:

· Use of proven pipeline design and appropriate design codes;

· Inclusion of corrosion allowance along the full length of the pipeline based on worst case anticipated corrosion rates close to the platform;

· The use of corrosion inhibitor in the crude;

· Regular pigging operations to remove water, wax and any other debris;

· Use of an external anti-corrosion coating on the pipeline;

· Use of a cathodic protection system; and

· Regular maintenance driven by an inspection programme.

BP operates a goal setting and risk based Pipeline Integrity Management Scheme (PIMS) for its Caspian Sea Business Unit. These schemes are in-line with best industry practice. A PIMS has been developed for the EOP and will be expanded for the ACG Phase 1 Project. The ACG PIMS includes a detailed pipeline risk assessment process to identify potential failure modes and mechanisms, probability and time dependence of failure, consequences of failure and overall risk of failure.  This information is used to develop appropriate inspection, monitoring, maintenance and repair procedures during detailed design. The results of inspections are subsequently used to reassess the probability of failure and the feedback cycle is repeated (see Figure 13). 

Examples of inspection and monitoring activities that form part of the PIMS process include:

· Internal intelligence pig surveys;

· Corrosion monitoring;

· Side scan sonar surveys; and 

· Visual inspection surveys by ROV.

Figure 13:
Pipeline corrosion monitoring and mitigation cycle

[image: image6.jpg]Wall thickness

inspection
] ) Determination of actual
Set next inspection metal loss for period since
date last inspection (mm/year)

sufficient wall
thickness

Predict future metal loss !
for next period
(mml/year)

risk of
corrosion leak

identified

Preventative repair
programme





If the integrity of the pipelines is found to be compromised in any way, remediation measures will be employed. These may include activities such as pipeline free span correction using grout bags or corrosion repairs.

In addition to pipeline integrity tests, the pipelines will require periodic pigging to remove any accumulated wax build up from the crude. There is a high expected wax content in the Azeri crude and as a result, pigging operations will be required to push the wax to reception facilities at the terminal.

The maintenance programme will include any of the following as required: 

· span correction;

· corrosion defect repairs;

· reapplication of corrosion coating and cathodic protection anodes; and 

· replacement of concretes protection. 

1.3.6.3 Impact damage

Impact damage to the pipeline may be caused by a number of events:

· fishing gear impacts;

· anchoring impacts; and 

· impact from dropped objects. 

At the time of writing there are no operational benthic trawlers in Azerbaijan, therefore there is little risk of impact from fishing gear.  North Sea generic pipeline leak frequency data show pipeline leaks from impact damage to be remote to extremely remote events (AME, 1998).  The probability of a pipeline incident leading to a loss of containment is greatest per kilometre of pipeline within the 500 m safety zone around the PDQ and C&WP platform.  Experience in the Caspian indicates that there is also a greater risk in the near-shore zone.  This is due to increased vessel traffic near the pipeline and greater risk of dropped objects in the vicinity of the platforms and by direct vessel impact and anchor dragging in the near-shore zone.  The pipeline will be trenched in the nearshore further reducing the likelihood of damage.

Each of the ACG Phase 1 pipelines will be externally coated with concrete to provide mechanical protection against impact and ensure that the structure remains in a stable condition on the seabed.  The thickness of the concrete coating or density will vary and will be governed by stability requirements at that section of the pipeline as well as impact protection requirements.  

1.3.6.4 Minor Leaks at Joints and Valves

The application of the PIMS to the ACG Phase 1 project pipelines will address leaks from these sources.

1.4 Leaks from Offshore Facilities

1.4.1 Overview

Potential spills may be caused by mechanical failure, operational failure or human error. The most common causes of platform spills are:

· Produced water excursions;

· Bunkering operations;

· Hose or plant leaks; and

· Drains and sumps.

1.4.2 Spill Frequency and Volume

Whilst most spills from installations are expected to be small, a risk assessment was undertaken for all potential spill sizes.

The worst-case spill at the platform would be total loss of hydrocarbon inventory, an extremely unlikely event, which would only be caused by catastrophic failure of the platform (e.g. explosion or earthquake).  In calculating probability of spills from fixed platforms, oil spill reports submitted to the DTI for the UKCS (United Kingdom Continental Shelf) between 1993 and 1997 were used.  This data set period was selected as most appropriate to this analysis due to changes in operational practices in recent years and an increased requirement for reporting of all spills to the DTI making these a more accurate representation of current spill frequency and therefore probability.  However, in analysing the probability for larger spills, the number of reports of these spill sizes were zero during the data set period selected, therefore for larger spills, a wider period (1973-1997) was considered. 

Of all spills, the majority in this period were less than 1 tonne (90%) with 58% of this size of spill being less than 0.1 tonnes.  No spills of >50 tonnes were recorded from fixed installations during the period 1993-1997, however since 1980 there have been eight spills of over 50 tonnes recorded from fixed platform installations on the UKCS with the largest of these being 3,000 tonnes.  Table 8 provides probabilities of spills from fixed platforms by source and size of spill based on generic North Sea data.  Spills >50 tonnes are unlikely remote events and are not included in the table.  For the Phase I lifetime 2001 through 2024 it has been calculated that there is a probability of 4% on spill larger then 50 tonnes.

Table 7:
Statistically Expected Number of spills form offshore facilities by Size ((). Phase I Lifetime (2001 through 2024)
	Spill Source
	Risk Exposure
	(

	
	
	<0.1 tonnes
	<1 tonnes
	<25 tonnes

	Separator/process Upsets

Drains/Sumps

Pipe/Hose/Plant failures

Bunkering
	40 installation-1 years

40 installation-1 years

40 installation-1 years

40 installation-1 years
	33

21.05

10.53

7.84


	21.05

11.76

6.35

3.74
	1.13

0.56

0.75

1.32

	All
	40 installation-1 years
	80
	50
	4.49


Table 8:
Probability of one or more spills from offshore facilities by Size (%). Phase I lifetime (2001 through 2024)

	Spill Source
	%

	
	<0.1 tonnes
	<1 tonnes
	<25 tonnes

	Separator/process Upsets

Drains/Sumps

Pipe/Hose/Plant failures

Bunkering
	100

100

99.99

99.99
	100

100

99.83

97.62
	67.59

43.07

52.79

73.17

	All
	100
	100
	99.88


1.4.2.1 Offshore Separator Leak

The worst-case spill scenario for the offshore platforms is the loss of one of the largest separators on the platform.  It is assumed the offshore shutdown and detection system for production process would be highly reliable and offshore production would be shutdown promptly if not immediately.  However, the most credible scenario would be a leak of the contents of one the largest of the separators on the platform, amounting to 140 m3 assuming no containment of the spilled oil.  In fact the probability of total inventory loss into the sea from a separator is low since much of any oil spilled would be contained within the drain system on the platform.  In order to consider the worst case, however, it is assumed that some catastrophic event such as a dropped object would have to occur in order to lose the vessel inventory and in such an event, in all probability would cause further damage to the installation.

1.4.2.2 Loss of Storage Inventory (Diesel)

The loss of diesel in offshore operations is by far the most common type of oil spill.  The causes of diesel loss can be due to failure of transfer hose, failure to secure tankage valves or attempts to fill an already full storage tank.  Given the rate of transfer of diesel during fuel transfer operations, the amount spilled can often amount to the total storage inventory of one tank.  However, since the cause is usually associated with the transfer of fuel into a storage tank, it follows that the most likely worst case is the inventory of one storage tank and not the total inventory of the platform, given that several storage tanks are used, the principal ones being the crane pedestal storage tanks. 

Table 9:
ACG Phase 1 –Leaks from platforms

	Parameter
	Value/quantity
	Notes

	Volume of Oil (Total)

Separator

Diesel Storage
	140 m3
100 m3 
	Containment loss of largest separator

Diesel volume from tank storage

	Loss
	Total
	Instantaneous release


1.4.3 Oil Spill Behaviour

Diesel is non-persistent oil that is rapidly lost from the sea surface. Typically, a diesel spill may be expected to persist for approximately 8 hours after spillage. Small operational spills at the PDQ and C&WP platforms are likely to be diesel spills.  

The impact of a diesel spill is expected to be restricted to the vicinity of the release point.  Upon release of the worst-case spill of 100m3, the diesel evaporates quickly.  After 8 hours the surface slick at sea is insignificant.  No shoreline impacts are expected to arise even from total loss of containment of the diesel inventory.  The modelled volumes after 8 hours were:

· 39.54m3 Evaporated

· 60.46m3 Dispersed.
Figure 14:
Single trajectory, worst case modelling of a 100m3 diesel spill from the location of the PDQ platform
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A spill of 140m3 crude oil, as a result of a separator failure, from the PDQ platform has not been specifically modelled.  However the worst-case conditions for such a spill will be less than the single trajectory, worst case modelling undertaken for the offshore minor pipeline leak.  A spill of this size can be expected to reach the shoreline in the order of 48 hours or more and to be less intense than the offshore minor pipeline leak. 

1.4.4 Offshore Platform Spill Prevention

The ACG Phase 1 PDQ and C&WP Platforms have been designed to minimise potential leak sources (e.g. by minimising valves, flanges etc.) and to provide secondary containment and processing systems for residual leak sources and spill pathways.

The following are examples of measures employed in the Phase ACG 1 project to reduce the potential for oil spills to sea: 

· Produced water management and produced water re-injection system;

· Minimisation of the number of potential leak sources (small bore fittings, flanges etc.) from the hydrocarbon process systems;

· Containment of potential spills of oil, drilling mud and chemicals;

· Containment of likely spill sources from flow lines, manifolds and HP production separators (e.g. sample connections, level instrumentation) into the drains system via skidpans and piped connections. 

· Regular inspection for corrosion and leaks, of all storage tanks, pipe work and separators. 

Taking account of these design measures for the prevention of oil spill, it is considered that the overall probability of a spill from the DPQ and C&WP platforms are unlikely to remote.

1.5 Vessel Operations

1.5.1 Overview

Potential oil spills from supply and other vessels arise as a result of:

· Upsets in bilge treatment systems;

· Storage tank failure for lubricating oils, fuel oil (diesel), oil based muds, base oil and chemicals;

· Spill during maintenance activities including equipment removal and lubrication;

· Refuelling and cargo loading operations; and

· Damage sustained during a collision, grounding or fire.

The most frequently reported spills from vessel traffic are those spills associated with upsets in bilge treatment systems and are usually small (< 1 tonne).  Worst case spill volumes for accidental spills resulting from grounding, collision or explosion from supply and support vessels will be the total volume of the bunker and any cargo onboard at the time (most likely to be diesel or base oil). The worst-case spill volume is therefore considered to be 100 m3 of diesel.

1.5.2 Spill Frequency and Volume

Table 8 provides the statistically expected number of vessel collision spills for the lifetime of ACG Phase 1, 2001 to 2024. As indicated in Table 9 the probability that a vessel collision may cause a spill is most unlikely.

The probability of incidents relating to supply and support vessels will be higher during pipelay and jacket installation operations when there may be up to a maximum of three tugs and a barge or pipelay vessel in the wider area at any one time. Vessel numbers during post-installation operations will be one standby vessel (on site at DPQ and C&WP platform all year round) and seven supply vessels per week (each trip duration approximately 10 hours).

Table 10:
Statistically expected number of vessel collision spills by Size ((). Phase I Lifetime (2001 through 2024)

	Spill Source
	Risk Exposure
	(

	
	
	1-100 tonnes
	100-300 tonnes
	>300 tonnes

	Vessel Collision/

Impact Damage
	40 installation-years
	-
	-
	5.4 x 10-5


Table 11:
Probability of one or more vessel collision spills by Size (%). Phase I Lifetime (2001 through 2024)

	Spill Source
	%

	
	1-100 tonnes
	100-300 tonnes
	>300 tonnes

	Vessel Collision/Impact Damage
	-
	-
	5.4 x 10-3


1.5.2.1 Oil Spill Behaviour

A worst-case spill volume of 100m3 diesel has been modelled above and as having been released from the location of the PDQ platform.  This modelling is applicable to a spill from a vessel.

1.5.3 Vessel Spill Prevention

A number of measures will be implemented to reduce the risk of oil spills from supply and standby vessels including, but not limited to:

· Selection of vessels that comply with IMO codes for prevention of oil pollution;

· Documented inspection of hydrocarbon hose integrity and condition;

· Drums and storage tanks for hydrocarbons to be secured and stored in burmed areas; 

· All vessels to comply with MARPOL requirements including onboard Shipboard Oil Pollution Emergency Plans (SOPEP). 

A Vessel Management Plan will be in place to reduce collision risk, both vessel–vessel and platform–vessel and will address the following:

· Mandatory 500 m safety zone around platform;

· Operational restrictions on visiting vessels in bad weather;

· Defined vessel no-go areas within safety zone;

· Agreed approach procedures to platform by supply and safety vessels; and

· Vessel personnel will be given full training in spill prevention and actions to be taken in the event of a spill. A system will be in place for the reporting of all spills.

Oil Spill Contingency PlanNING

1.6 Overview

This oil spill risk assessment report has shown that accidental oil spills may beach in Azerbaijan and elsewhere in the Caspian Sea.  BP has commissioned a number of studies to assess the status of the coastline between Azerbaijan and Iran, in order to identify areas of vulnerability and assist in oil spill response planning.  These include sensitivity studies, coastal surveys to assess shoreline types and accessibility and regional Oil Spill Contingency Planning. 

1.7 Oil Spill Contingency Planning

An Oil Spill Contingency Plan (OSCP) is the key tool for mitigating impacts resulting from an accidental oil spill.  The purpose of an OSCP is to provide guidance to those involved in responding to an oil spill incident and to initiate all necessary actions to stop or minimise any potential adverse effects of oil pollution on the environment.  

BP’s response to an accidental release of oil is to first notify the relevant contacts of the occurrence of the incident and to categorise the size of the oil spill:

· Tier 1 (Minor Event) incidents are defined as small local spills, which require no outside intervention and can be dealt with on site by local staff.  Equipment provision is based on estimates of potential operational spill sizes.

· Tier 2 (Major Event) incidents are larger spills, which require additional local resources and manpower. 

· Tier 3 (Crisis) incidents are very large, possibly ongoing, spills, which may require additional resources from outside Azerbaijan. 

Where practical actions are predefined for these three categories.  This system of categorisation is internationally recognised as the most pragmatic approach, avoiding excessive costs and seeking shared resources for large, infrequent, accidental events.  Using this system, the level of response will be dependant on a number of factors including:

· Quantity of oil spilled;

· Spill location; 

· Nature of the oil; and 

· Proximity to sensitive resources.  

BP has prepared an overview OSCP for all the Azerbaijan Business Unit, which addresses:

· Onshore and offshore incidents;

· Incident reporting;

· Oil spill remediation;

· Contractor databases; and 

· Response resource availability.  

In addition, the Company will expand the OSCP to include the ACG phase 1 project based on this oil spill risk assessment report.  The plan will include an assessment of the adequacy of available response equipment and mobilisation effort required for the spill scenarios identified in this oil spill risk assessment report.  Particular attention will also be paid to appropriate shoreline protection and prioritisation of protection to sensitive coastal areas identified as being at risk from the potential beaching of a large oil spill.  

The OSCP will also be produced in a form compatible with the current Azerbaijan Business Unit  National Plan and OSCPs already in place for other operators in the area.  The plan will contain all necessary contact details for appropriate logistical support (helicopter companies, spotter planes, dispersant spraying companies etc), together with pertinent contact details for local authorities, NGOs and other interested bodies for responses to the different tier events.  This will allow direction and guidance in responding to an oil spill.  

Figure 15:
Summary of the OSCP process
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Conclusions

Several oil spill scenarios have been considered and their frequency and volume estimated using both generic oil industry data, experience of operations in the Caspian Sea and detailed knowledge of the facilities as designed.  The scenarios are:

· Blowout, 200,324m3
· Offshore catastrophic pipeline Leak, 89,197 m3
· Near-shore catastrophic pipeline Leak, 89,197 m3
· Offshore minor pipeline leak, 720m3
· Near-shore minor pipeline leak, 720m3
· Platform leak due to separator failure, 140 m3
· Diesel leak from both, platform and vessel, 100 m3
BP have designed out or reduced the likelihood of oil spills, where practicable.  Where the risk remains BP’s procedures will further reduce the likelihood of spills.  If a spill does occur, despite these activities, the following table summarises the results of stochastic and single trajectory worst case modelling that takes account of winter and summer conditions where appropriate.

Table 12:
Summary of Oil Spill Modelling Results

	Spill
	Volume (m3)
	Probability of beaching on Aspheron Peninsula
	Time at beach on Aspheron Peninsula (winter worst case)

	Blowout (winter)
	200,234
	<1%
	48hrs

	Blowout (summer)
	200,234
	>10%
	

	Catastrophic offshore pipeline failure (winter)
	89,197
	<1%
	38hrs

	Catastrophic offshore pipeline failure (summer)
	89,197
	<1%
	

	Catastrophic near-shore pipeline failure (winter)
	89,197
	<1%
	19hrs

	Catastrophic near-shore pipeline failure (summer)
	89,197
	<1%
	

	Offshore minor pipeline leak (winter)
	720
	
	48hrs

	Near-shore minor pipeline leak (winter)
	720
	
	28hrs

	Platform leak due to separator failure
	140
	
	Considered similar to “Offshore minor pipeline leak (winter)”, ie 48hrs

	Diesel leak from both platform and vessel
	100
	
	Does not beach, fully dispersed after 8hrs


BP has prepared an OSCP for the Azerbaijan Business Unit, which will be expanded to take account of the ACG Phase 1 project. on the basis of this oil spill risk assessment report.

Appendix A -OSIS Modelling Results Report, Briggs Marine Environmental Services Ltd

Disclaimer

This report has been prepared at the request of URS, by Briggs Marine Environmental Services Ltd for the sole use of BP.  As such the report represents the investigations, findings and conclusions of Briggs Marine Environmental Services Ltd.  

The report in no way represents the views, assumptions or opinions of URS.  No other warranty, expressed or implied, is made as to the professional advice included in, or contents of, this report.  URS is not responsible for any liability arising out of, or in connection with, any reliance on or use of the advice or information provided.
� The volume of 3441m3 is equivalent to one hour of production based on a daily maximum production of 520,000 bbls/day, when solution gas is removed this falls to 505,000 bbls/day, equivalent to 3345m3/hour.  If this latter figure where used, the difference in volume of the total spill volume would amount to some 96m3.  The majority of the spill volume, 85,746 m3, is due to the pipeline inventory.  The difference of 96m3 would be equivalent to 0.1% of the total spill volume.  This is considered to be too small to affect the results of the OSIS modelling reported at Annex A.  
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