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EIA of Yoho Development Wells Drilling Project

CHAPTER SEVEN

ENVIRONMENTAL MANAGEMENT PLAN
7.1
General

An environmental management plan (EMP) is essentially a management tool and standalone component of an EIA that provides the assurance that the mitigation measures developed for the significant impacts of a proposed project are implemented and maintained throughout the project lifecycle. It therefore outlines management strategies for health, safety and environment stewardship in the proposed project implementation.  This EMP would therefore ensure that all significant associated and potential impacts of the proposed project (documented in Chapter Five of this report) are either prevented or reduced to acceptable limits as mention in the proffered mitigation measures (Chapter Six).

This EMP has been developed principally in line with MPN’s policies and objectives on Safety, Health and Environment (SHE) and in accordance with the general guidelines provided by the ISO 14000 - Environmental Management System – set of specifications and shall apply to all phases of project development from concept; design; operations to decommissioning and abandonment.  
It should however be noted that the framework for the execution of this EMP is the MPN Operations Integrity Management System (OIMS).  This provides a systematic and strategic approach at ensuring that the company’s SHE policies are achieved in all operations.   The OIMS framework is strongly based on a cyclical process of continuous improvement (Figure 7.1) which comprises of eleven (11) elements, each with underlying principle and set expectations. 
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7.2
EMP Objectives
The primary objectives of the EMP for the Yoho Development Wells Drilling Project are to:

· ensure that mitigation measures prescribed in the EIA document for eliminating or reducing significant adverse project impacts are fully implemented;

· present MPN project management system that will be used for ensuring compliance with Nigerian and other relevant environmental regulations, standards, guidelines and codes of practice at all phases of the proposed project implementation;

· ensure that appropriate recovery preparedness is in place in the event that control is lost during the implementation of the exploratory drilling project; and 

· provide part of the basis and standards needed for overall planning, monitoring, auditing and review of environmental performance throughout the project duration.

7.3
Core Elements of the EMP

In line with the objectives outlined in section 7.2 above, the main elements of this EMP are:

· overall project organisational chart (including SHE) organogram;

· preliminary EMP guidelines;

· guidelines for waste management;

· overall safety philosophy/guidelines;

· contingency plan for oil spills;

· environmental monitoring plan;

· guidelines for audit and review;

· guidelines on maintenance and facility management; and 

· guidelines for decommissioning and abandonment.

This EMP is a dynamic working tool and its scope may be reviewed periodically to effect changes in regulatory regimes, guidelines and standards as well as operator’s corporate SHE policies and expectations.  It shall be made a green document throughout the project duration so as to ensure that lesson learnt, new environmental findings and sustainable technology are incorporated to guarantee continuous mitigating measures to reduce the project potential impacts.
7.3.1
Project Organisational Chart

The definition of roles and responsibilities for SHE issues in the proposed project is one of the main elements of MPN’s OIMS.  This is necessary for ensuring that every SHE related activity in the project is performed by the competent personnel and that all such activities are auditable.  In addition the roles and responsibilities defined in Figure 7.2, it will help to ensure prompt response to environmental emergencies.  




7.4
Preliminary EMP Guidelines

The preliminary guidelines for the implementing the EMP for the proposed Yoho development wells drilling project included feasibility, planning and initial design concept, surveys of the project area as well as general safety.  
7.4.1
Pre and Post Surveys
The project area has witness several surveys prior to the present stage of full field development.  Earlier surveys on the area include baseline surveys, bathymetric survey, seismic as well as post drill seabed surveys during the initial exploratory well development stage.  This survey programmes were aimed to acquiring necessary data of the area as well as maximizing the safety of personnel, minimise environmental and sea-user disturbance and also ensure the maximum efficiency of methods and locations for waste minimisation. The essential considerations in pre and post-survey activities are:

· Survey transects are chosen to ensure maximum coverage of the area is achieved.
· Information regarding the different stages of operation and that of the workforce were collated prior to mobilization in order to identify any areas where further equipment and crew training may be necessary.

· Experienced marine biologist / fisheries expert were used to give account of the bio diversity and fisheries resources of the area.
· Post surveys were used to evaluate impacts of initial exploratory well on the area.
· Management guidelines on waste disposal and minimization methods will be made available prior to commencement of each job.

7.4.2
Job Safety Analysis

Job safety analysis (JSA) is the foundation that supports incident free operations.  It is a behavioural tool used to identify and minimize risk associated with routine and non-routine job tasks.  When used, JSAs enable workers to minimize exposure to conditions that may cause injuries. 

Consequently, prior to the proposed project a job hazard analysis shall be conducted and made available for all jobs in the workplace. The JSA shall assess each aspect of the task and identify items that may pose a threat to the environment or result in injury to personnel or damage to equipment.  The basic steps for conducting the JSA are:

· outline the sequence of events;

· identify hazards associated with those events; and

· document steps to be taken to mitigate the identified hazards.

To enhance the effectiveness of the JSA, the plan shall outline the work or events that are going to take place.  If the work, events or conditions change from the original plan, the job shall be stopped and all parties involved should review / revise the plan.  Additionally, when new personnel arrive at the site after the job or activities have started, those personnel shall review the JSA before beginning work.

7.5
Guidelines for Mitigation Measures

Mitigation measures have been proffered for the potential impacts of the proposed project in order to avoid, minimize or reduce such effects to a level as low as reasonably practicable (ALARP).  The guidelines covering the various project phases, activities/aspects and impacts, mitigation measures and designation of responsibilities for implementation are presented in Table 7.1. Detailed guidelines on waste management, safety, emergency response / contingency, environmental monitoring, audit and review as well as decommissioning and abandonment are presented in sections 7.6 – 7.11.
Table 7.1: Mitigation Guidelines for the Proposed Yoho Field Development Project

	Project Phase / Activity
	Environmental Aspect
	Associated and Potential Impact
	Mitigation Measures
	Responsible Party

	Mobilisation 

&

Support Services
	· Mobilisation of drilling rig to site
	Interference with ocean going vessels/boat traffic and fishing activities along mobilisation route
	MPN shall ensure the rig is mobilized after due consultation with relevant maritime authorities and other stakeholders to minimize interference along the water ways
	Project Manager

	
	
	Release of SOX, NOX, COX, etc from exhausts which could lead to atmospheric pollution 
	· Air emissions are expected to be short term and minimal at this stage of the operation

· Stakeholders’ engagement has been carried out.

No additional measures are recommended
	Project Manager

	
	
	Disturbance of fishery resource along mobilisation route
	
	

	
	
	Risks of pirates / militant attack leading to personnel injury / death
	· MPN shall carry out security assessment along mobilisation route prior to mobilisation
· MPN shall ensure security operatives (navy/mopol/army) accompany mobilization vessel to project site

· MPN shall activate emergency response plan in the event of threat
	· Project Manager

· Logistic Coordinator

· SHE Superintendent

	
	· Drilling rig Positioning
	Interference with marine organisms migratory route and other fishing activities
	MPN Shall:

· Collect and examine necessary data on fish activities within the project area

· Maintain contact with the relevant authorities, listen to relevant concerns 
	Project Manager

	
	
	Temporary re-suspension of sediments especially within shallower waters and consequent Degradation of water quality
	Impact is short term and reversible 

No additional measures are recommended
	-

	
	Supply vessels and helicopter support services
	Injury/loss of life from collision of supply vessels with other vessels and structures during adverse weather conditions
	MPN shall ensure standard procedures for ocean going vessels are employed: include notifying vessels by appropriate signals in accordance with International Maritime Law to include communications via radio, lights, and flags.
	· Project Manager

· Logistic Coordinator

· SHE Superintendent

	
	
	Injury/loss of life from helicopter accidents / crash during support services
	· MPN shall certify weather conditions before embarking on a air trip
· Support / shuttle / crew change helicopters shall be maintained in optimal conditions prior to each journey

· Pre-flight checks shall carry out at all times per each flight

· MPN shall ensure that all operational flight crew are competent

· MPN shall activate emergency procedures on the event of an accident / crash
	


Table 7.1: Mitigation Guidelines for the Proposed Yoho Field Development Project Cont’d
	Project Phase / Activity
	Environmental Aspect
	Associated and Potential Impact
	Mitigation Measures
	Responsible Party

	Drilling & Well Completion Operations

· Drilling Sequence
	Drilling in the shallow depth section of proposed well.  This section poses potential risk due to possible presence of shallow hydrocarbon (gas/fluid) column
	Sudden release of shallow hydrocarbon (gas or fluids) which may lead to environmental pollution, fire and injury/death to personnel as well as marine flora and fauna
	· MPN has designed the sequence of drilling operations to minimise such hazard and allow for contingency solutions to be assessed while drilling.  Also, flexibility is granted by the availability of intermediate casing diameters to be set in case of unexpected geological fluid conditions.

· Also, MPN shall activate its existing contingency plan to deal with need for emergency evacuations
· MPN shall activate existing oil spill contingency plan to effect clean up in the event of any hydrocarbon release
MPN shall manage this potential impact by periodically monitoring its well sequence to detect sudden changes in pressure 
	· Project Manager

· Drilling Engineer
· Site SHE Superintendent

	· 
	
	Shallow hydrocarbon column effect could lead to drilling difficulties which may compromise work place safety and health of personnel
	· MPN shall ensure state of the art drilling technology is used to forestall any operational difficulty

· MPN shall ensure highly trained and competent personnel are used through out the operation

Periodic monitoring of well sequence will also be used to serve as early warning for shallow hydrocarbon column
	· Project manager

· Drilling engineer

· Site SHE Superintendent

	
	· Drilling in the deeper depth sections.  

· Installation of casings at designated sections / drilling depths 
· Construction of flowlines and other subsea facilities
	Borehole instability in the deeper region could result in well blowout and subsequent release of oil and gas.  This occurrence could lead to environmental pollution, injury/death of personnel and reduction in biodiversity of marine flora and fauna 
	· MPN has designed the sequence of drilling operations to minimise such hazard and allow for contingency solutions to be assessed while drilling.  Also, flexibility is granted by the availability of intermediate casing diameters to be set in case of unexpected geological fluid conditions.

· To specifically deal with borehole instability, the down hole sections of the proposed well shall be drilled using Synthetic/Pseudo - Oil Based Mud

· MPN shall employ standard blow out preventers (BOPs) to forestall well bow outs
MPN shall activate existing oil spill contingency plan to effect clean up and forestall wide spread pollution in the event of a blow out 
	· Project Manager

· Drilling Engineer

· Site SHE Superintendent

	
	
	Mortality / injury to marine flora and fauna and hence reduction in biodiversity due to oil spills occurring as a result of casing failure
	· MPN shall ensure state of the art drilling technology is used to forestall any operational failure

MPN shall manage this potential impact by activating existing oil spill contingency plan (effective clean up), thereby reducing impact on marine flora and fauna
	· Project Manager

· Drilling Engineer

· SHE Coordinator


Table 7.1: Mitigation Guidelines for the Proposed Yoho Field Development Project Cont’d
	Project Phase / Activity
	Environmental Aspect
	Associated and Potential Impact
	Mitigation Measures
	Responsible Party

	Drilling Operations

· Drilling Sequence
· Well Completion and Development Prognosis
	· Drilling in the deeper depth sections.  

· Installation of casings at designated sections / drilling depths 
· Construction of flowlines and other subsea facilities
	Disturbance of pristine / valued deep offshore areas during the entire drilling sequence
	MPN shall source for a drilling rig with dynamic positioning and offline activity for drilling activities in the area shall reduce impact on bottom sediments and hence reduction in biodiversity of benthic organisms
	Project Director

	
	
	Disturbance of bottom sediments and possible loss of benthic organisms during the entire drilling sequence
	No other mitigation is recommended.  

The procurement of a drilling rig with dynamic positioning and offline activity for drilling activities will reduce bottom sediments disturbance and possible loss of benthic organisms
	-

	
	
	Work place accidents / incidents (trip and fall, man overboard, etc) during entire drilling sequence.  This may lead to injury/death of personnel
	· MPN shall provide and enforce use of appropriate PPE by worksite personnel at all times

· Drilling rig shall be is fitted with appropriate safety and emergency recovery gadgets

· MPN shall ensure the work platform of the drilling rig is designed in line with international standards for offshore operations

MPN will manage this potential impact through creating awareness and training on safety for all personnel both at office and project site.  Also, a safety supervisor and officer shall be on hand for work supervision during the entire project duration
	· Project Manager

· Drilling Engineer

· Site SHE Superintendent

	
	
	Degradation of air quality by emissions from exhausts of internal combustion engines
	· Air emissions are expected to be short term and minimal at this stage of the operation

No additional measures are recommended
	Site SHE Superintendent

	
	
	Localised increase in ambient noise levels from rig operations.  This could lead to loss / scare for fishes, seabirds and marine mammals
	· At this stage of operation increase in noise level will not be significant and is expected to be short term.  However, persons working in areas with noise level higher than 90dB[A] will be provided with ear protection gargets.
No additional measures are recommended
	Site SHE Superintendent

	
	
	Liability to MPN and partners due to damage to telecommunication cables during drilling and construction/installation of subsea facilities
	MPN shall carry out appropriate seabed surveys of the Yoho Field area prior to mobilization and commences of field development operations.

Such surveys will include bathymetric and ROV surveys of the seabed in order to detect and avoid any subsea facility
	· Project Manager

· SHE Coordinator


Table 7.1: Mitigation Guidelines for the Proposed Yoho Field Development Project Cont’d
	Project Phase / Activity
	Environmental Aspect
	Associated and Potential Impact
	Mitigation Measures
	Responsible Party

	Drilling Operations

· Drilling Sequence
· Well Completion and Development Prognosis
	Well Testing
	Localised increase in the ambient concentration of air pollutants due to flaring during well testing
	Flaring during well testing operation is expected to be short term 

No additional measures are recommended
	· Project Manager

· Site SHE Superintendent

	
	Hazardous / corrosive chemicals handling
	Risk of injury / death of personnel
	· MPN shall provide and enforce use of appropriate PPE by worksite personnel at all times

· MPN shall employ only competent personnel for this task

· MPN shall employ chemicals with lowest toxicity levels in all its operations

· Material safety data sheets (MSDS) shall be provided for chemicals on site

MPN will manage this potential impact through awareness and training for all personnel working with chemicals 
	· Project Manager

· Site SHE Superintendent

	
	
	Acute and chronic health conditions (for on-site personnel) resulting from over exposure to adverse conditions and handling of toxic chemicals/materials at work place
	The above mitigation measures shall apply
	

	Drilling Operations

· Waste Management
	Handling and discharge of wastes (waste oils, spilled oils, deck drains, spent muds, cement, cuttings, etc.) from drilling operations
	Alteration of seawater column baseline quality resulting from routine discharge of drilling wastes (deck drains, spent muds, cement, cuttings, etc.)
	· MPN shall develop an appropriate Waste Management Plan before project commencement

· As a minimum all operational waste Must be separated at source to enhance efficiency in waste handling and disposal
· Also, training on waste management will be conducted for project site personnel
· MPN shall treat and discharge all effluents (spent mud, cement, cuttings, etc.) in accordance with regulatory (FMENV and DPR) requirements
· There shall be zero discharge of spent Oil Based Mud.  This shall be recovered, reconditioned and reused or taken to offsite facility for treatment.
MPN will manage these potential impacts by periodic monitoring of the ecological components (seawater, sediment and microbes) and operational waste (produce water, sewage, drill cuttings etc.) of the project area through out the duration of the entire project.  This monitoring programme will be supervised by the FMENV and DPR
	· Project Manager

· SHE Coordinator

	
	
	Increase in biological and chemical toxicity of seawater column/increased bioaccumulation in marine flora and fauna from discharge of chemicals, spent mud, cuttings, cement, oily waste waters, etc.
	
	· 


Table 7.1: Mitigation Guidelines for the Proposed Yoho Field Development Project Cont’d
	Project Phase / Activity
	Environmental Aspect
	Associated and Potential Impact
	Mitigation Measures
	Responsible Party

	Drilling Operations

· Waste Management
	Handling and discharge of wastes cont’d
	Mortality / reduction in benthic species abundance and diversity through smothering resulting from drilling operations and discharge of spent mud, cement, cuttings, etc. to sea bottom.
	Through the implementation of the Waste Management Plan as stated above.  Mortality / reduction in benthic species abundance and diversity through smothering will be controlled.

Additionally, a pre and post seabed survey of the project area will be used to monitor benthic species abundance and diversity
	· Project Manager

· SHE Coordinator

	Operations / Maintenance 
	Rig and subsea facilities maintenance
	Degradation of seawater column quality resulting from oil spills due to pipeline rupture
	· MPN shall implement leak prevention, inspection and maintenance, and repair programmes to ensure equipment perform to industrial standards

· MPN shall activate spill contingency plan in an event of oil spill

MPN will manage these potential impact by monitoring seawater column quality as well as marine flora and fauna diversity and abundance in the event of any spill
	· Project Manager

· SHE Coordinator

	
	
	Reduction in diversity and abundance of marine flora and fauna resulting from oil spill due to pipeline rupture
	
	

	
	
	Increase in biological and chemical toxicity of seawater column/increased bioaccumulation in marine flora and fauna from discharge of pigging waste
	The activation of the waste management plan will ensure all discharges meet regulatory limits
Additionally, monitoring of seawater column and seabed sediment as well as marine organisms will give early warming on bioaccumulation and chemical toxicity threats.
	

	Abandonment
	· Suspension of operations and capping of well head

· Demobilisation of rig from location
· Removal of structures
	Degradation of seawater column quality due to oil leaks from abandoned well head structures and pipelines corrosion
	· MPN shall ensure that abandoned well head is properly capped

· Post demobilisation checks shall be carried out prior to commencement of development operations in the area to check incidence of well leaks

Additionally, periodic checks on abandoned well heads and pipelines will be conducted by MPN to forestall leakages
	· Project Manager

· SHE Coordinator

	
	· 
	Injury/loss of life from marine transport accident resulting from collision with abandoned structures
	Abandoned well head shall be capped 2m to the seabed. All other facilities shall be decommissioned and removed from site at the end of the project lifespan.  Therefore the likelihood of collision with abandoned structures is minimal 
	

	
	· 
	Disturbance of normalised/stabilised benthic and pelagic environment due to rig, and other facilities demobilisation from location
	Disturbance of stabilised benthic and pelagic environment as well as spawning ground for fishes will be localised, short term and reversible

No additional measures are recommended
	-

	
	
	Disturbance of spawning ground for fishes due to buried subsea wellheads and pipeline.  
	
	


7.6
Waste Management Guidelines
Oil well drilling activities produce a variety of solid, liquid and gaseous wastes. Some of these wastes are tribute to exploration and production (E&P) activities (drilling wastes, produced water, associated gas, treatment and workover fluids), while others are due to either human presence (sanitary and food wastes) or generic industrial operations (wastepaper, scrap metal, used paints and solvents).  Waste from Yoho project will be managed in accordance with MPN Waste Management Plan (see Appendix 7.1).  MPN Waste Management Plan is based on a responsible waste management which will be accomplished through hierarchical application of the practices of source reduction, reuse, recycling recovery, treatment and disposal in line with applicable regulatory guidelines and standards.
The following subsections highlight some of the waste management options and waste disposal systems that will be adopted for this project.  Some of these are also contained in the MPN waste management programme document OIMS65-QIT-2002-0101 of October, 2005. 

7.6.1
Discharge of Liquid Wastes
Aspects of the drilling programme that are likely to discharge into the marine environment are divided between controlled emissions, for example drill rig drainage, sanitary waste water, cooling water, oily water and cuttings discharge (Figure 7.3), and uncontrolled releases including oil spills which will be contained as specified in the oil spill contingency plan (OSCP).

Biological waste water shall be treated such that the residual chlorine content is between 0.8 – 1.5mg/l and BOD5 of below 30mg/l before discharge to the sea (EGASPIN, 2002).  Any oily or contaminated drainage from the drilling unit and rig shall pass through an oily water separator before being discharged.  Concentration of oil in water discharged shall be restricted to less than 15ppm in accordance with the International Convention for the Prevention of Pollution from Ships, 1973, as modified by the Protocol of 1978 (MARPOL 73/78).
Chemicals

MPN shall optimise the use of chemicals in order to minimize the quantities/types of chemicals used.  Chemicals which are carcinogenic, allergenic or toxic should be avoided whenever practicable.  Most recent chemical data-sheets (MSDS) are required for all chemicals to be used during installation, operation or maintenance of equipment shall be supplied from the vendors.  Routines and interval for updates shall be defined in operational requirements. These data sheets shall be kept on the relevant facility.

Hazardous chemical handling shall be with utmost care and appropriate PPE and technique.  There shall be a dedicated storage area for each type of chemical.  Chemicals that may react with each other shall not be stored together.  The areas shall be properly ventilated and protected against fire.  All chemicals shall be legibly labeled and potential/associated hazard indicated. 

Safety showers and eye baths shall be located close to any area where handling of chemicals harmful to eyes and skin takes place.  As much as possible all the re-useable components of hazardous material or waste should be recovered by using the best practicable technology currently available. 

7.6.2
Disposal of Solid Wastes

MPN shall consider the following planned measures for the effective management of solid wastes:

Drill Cuttings

A discharge permit naming the proposed drilling fluid will be obtained from the DPR prior to discharging cuttings in Nigerian waters. The discharge limit for synthetic drilling fluids is 50 grams synthetic per kilogram dry cuttings (5% oil on cuttings). The discharge of NAF is permitted only in offshore discharge zones. i.e. 12 nautical miles from shore in water depth no less than 200ft. 

In water depths less than 200 feet, all Non-Aqueous Fluid cuttings must be collected and shipped to Onne Port for proper treatment/disposal. Upstream Nigeria does not presently have the capability to dispose of water base muds or water base mud cuttings other than discharge from location. Therefore, Upstream Nigeria will continue to discharge water base mud and cuttings until appropriate facilities are in place. Cuttings must be discharged by shunting to below the surface of the sea.
Necessary discharge permit from the appropriate regulatory agency shall be obtained prior to drilling and discharge. 

Miscellaneous Oil Residue / Oily Sludge 

A combination of the following methods shall be used for the handling of sludge:

Waste oil e.g. used engine oil, rotary table oil, BOP fluids, hydraulic oil, and other oil products shall be contained in properly sealed tanks and returned to the shore base for incineration. Specifically, Upstream Nigeria rent (8) eight barrel capacity stainless steel tanks on a daily rate and every rig will have at least one on board. It will be the responsibility of the drilling materials man to keep track of these tanks the same as any other rental item on their spreadsheet. Some rigs also can have approved spill proof containers supplied by the contractor. Checks on the tightness of the lid, that the valves are fully closed and that a plug is in place on the drain line will be conducted before leaving the rig. Containers must be equipped with signs identifying type of waste to be placed in container.
Oily/greasy rags, used grease tubes, drained engine oil filters, absorbent pads, dope brushes, saturated sawdust/sand used for cleaning up SBM/oil spills, SBM saturated hand gloves will be disposed of in a separate skip. This skip must have the lids kept closed to keep out rainwater. This skip will not be used for any liquid transfer.  Integrated Technical Services (ITS) Onne, is presently supplying these containers to the rigs.  Some rigs have approved containers supplied by the contractors for these substances. Skips are to be equipped with sign to identify type of waste to be placed in skip. These wastes are sorted and recycled as appropriate.

Domestic Waste

MPN shall apply the following principles in handling of general domestic solid (wood, plastics, paper, food wastes):

· Segregate components such as wood, plastic and paper, for recycling or reuse into designated containers.

· Reduce packaging wastes such as paper and plastic by the use of bulk handling systems.

· Refilling and reusing of containers.

· Transport all wastes ashore for disposal at approved dumpsite or incinerate offsite.

Sanitary Waste 

Sanitary wastewater also known as grey and black waters shall be passed through a sewage treatment plant on the rig.  It shall be treated such that the residual chlorine content, biochemical oxygen demand, (BOD5), dissolved oxygen (DO) and faecal coliform concentrations meet regulatory limits i.e. 1.5mg/l, 45mg/l, 4.0 – 5.0mg/l and 400MPN/100ml respectively, (daily maximum discharge limitations as specified by Environmental Guidelines for Oil and Gas Industry in Nigeria [EGASPIN, 2002]).  Discharged effluents shall be closely monitored to check the operational efficiency of the system.
7.6.3
Guidelines for Gaseous Emissions
All produced gas, except fuel gas, shall normally be re-injected, and no restrictions on glycol system vents.  Flaring shall be limited to emergency situations and process offsets and will not be restricted in an event of equipment failure.  High efficiency burners shall be used to minimise the release of un-burnt hydrocarbon.
Pressure control shall be maintained in line with the drilling programme.  Valid International Well Control Forum (IWCF) certified personnel shall take responsibility for all drilling and subsea supervisions. Fugitive emissions shall be minimised by proper house keeping practice and adherence to environmental friendly procedures.
7.7
Safety Philosophy

The Project shall incorporate an Integrated Control and Safety System (ICSS) that shall provide an integrated monitoring, control, protection and safety system for the entire production, topsides, marine, and subsea facilities.  The safety systems shall be separate from the Process Control System (PCS).

Fire and Gas Detection
The Fire and Gas System shall be integrated with the ESD system with four basic functions:

· Automatic initiation of appropriate protective actions to isolate the source of a leak, to minimize source of ignition, and to activate fire suppression systems and fire pumps,

· Annunciation of alarms to alert personnel and identify the general location of the hazard, and

· Interface with facility PA/GA system for annunciation and alarm.

The overall goal of the Fire and Gas System shall be to:

· Continuously monitor all areas of the installation where either a fire hazard may exist or an accumulation of flammable gas may occur,

· Alert personnel at the CCR to the presence, location and nature of the fire or gas emergency,

· Alert personnel on board to the hazard via the PA/GA system,

· Automatically activate fixed fire protection systems, and

· Reduce the risk to personnel by implementing executive control actions and/or shutdown events.

Lifeboats and Life Rafts

The rig will be provided with life boats on either side of the accommodation having a capacity each for 100% of the complement.  Two 100-persons Totally Enclosed Self Propelled Survival Crafts (TEMPSC) are installed, one on the port side and the other on the on starboard side.  The rig will also be equipped with a fast rescue boat.  The crafts are located and arranged such that boarding of the units in stowed position will be in accordance with the latest SOLAS requirements.  On the forward main deck area near the turret, on either side, life rafts will be installed in case crew members can not return to the accommodation in case of emergency.  The number and capacity of the life rafts will be established by an Escape, Evacuation and Rescue Analysis performed during detailed design.
7.7.1
Safety Shutdown System

In the event that the primary control system fails to keep the process within specified operating limits, separate, dedicated safety systems shall be provided for the safe shutdown of equipment and/or process units.  The purpose of these systems shall be; first, to protect personnel from an abnormal condition; second, to protect the environment and equipment from damage; and third, to safely isolate problem areas.

The safety systems shall include dedicated process sensors that will activate the Process Shutdown (PSD), Emergency Shutdown (ESD) and Fire and Gas (F&G) systems and shall not rely on functions controlled by the PCS.  These safety systems, while functioning separately, shall have serial data links to the PCS for purposes of monitoring from the CCR to view all facility operations.  Safety system outputs, in general, shall be designed “fail safe,” i.e., loss of output signal shall trip the associated field device and shall be designed in accordance with the following codes and standards:

· API RP14C

· ANSI/ISA S84.01

· International Practice IP 15-7-2 “Protective Systems”

· Project-approved document # NG01-BRE-G-XR-0418.0001, “FEED Fire & Gas Detection Philosophy” and EMDC-FRY-P-IS-0725.0002, “RIG Fire and Gas System Minimum Requirements Specification.

· Project-approved shutdown matrix and / or logic diagrams 

General operational requirements of the safety systems include:

· Shutdown subsea wells upon subsea ESD,

· Shutdown the subsea wells upon RIG ESD,

· Allow partial production if one train shall be shutdown,

· Allow production to crude storage to continue upon a tanker-initiated ESD, and

· Allow flaring of all produced gas upon shutdown of gas injection.

The levels of shutdown shall be defined as follows:

· USD  -  Unit Shutdown;
· PSD  -  Process Shutdown;
· ESD  -  Emergency Shutdown;
· AVS  - Abandon Vessel Shutdown; and

· Blowdown.

Each of the safety systems is monitored in the CCR via operator graphics and an alarm logger.  Operator set pre-alarms for process control signals (in the PCS) can be entered from the OS (Operator Station) to alarm prior to reaching a safety setpoint, thereby giving the operator an early warning of an impending shutdown. In addition, each safety device may be placed “in bypass” to assist regularly scheduled testing from the OS via password-protected entries.  Indication that a safety device is in bypass shall be displayed on each graphic and on each OS so as not to be overlooked.  The system shall automatically place a device back “in service” after a preset time delay.  This may cause an unwanted shutdown, however, it shall not allow operations to run for an extended period of time with a safety device in bypass. 

All safety systems shall be separate from the Process Control System (PCS).  The Safety System includes such devices as process sensors that activate Process Shutdown (PSD), Emergency Shutdown (ESD) and Fire and Gas system (F&G) and will have no function related to or affected by the PCS.

The logic facilities for safety system (PSD, ESD, and F&G) actions will not be incorporated within the PCS. The ESD and F&G systems however may be integrated. Trip initiators between systems must be hardwired.  The overall design shall follow a layered design of independent, but integrated systems.  The PCS will monitor alarms and key functions including systems health to the card level for each of the safety systems via redundant data links.

The individual monitoring and protection panels that shall be furnished by the equipment vendors generally provide protection for individual equipment items such as gas turbines, compressors and fired equipment.  The shutdown functions of these panels shall be subject to the design and testing requirements contained in this standard (i.e., API RP 14C, fail-safe design, dedicated shutdown sensors, etc.).  Annunciation shall be required in the control room only of the equipment shutdown rather than individual sensor trips.

Depressurizing for safety reasons shall be initiated manually via hand switch/valve. (Note: Operational depressurizing of certain equipment that must be depressurized after each shutdown, such as centrifugal compressors with seal oil systems, may be accomplished automatically via the control/monitoring system associated with the equipment.) The capability to initiate system depressurizing manually shall be provided inside the control room and at the emergency assembly area.

The shutdown logic for each installation shall be based on the specific equipment, processes, operations and hazards that exist for the particular area and shall be documented by a cause and effect matrix that shows the action of the shutdown system for each initiating device.  

In general, shutdown logic will not rely on process sensors to detect the cascading effects of shutdowns.  Shutdown functions should occur as primary deliberate actions through shutdown logic rather than through detection of the secondary effects of a trip.

7.7.2
Operator Control System Interface

The PCS shall include full CCR operator interface facilities in the form of VDU-keyboard style operator stations, together with local operator facilities in the LER. The CCR operator facilities will cover the entire rig production installation.

The CCR operator shall be provided with comprehensive displays, alarms, and control interface and plant diagnostic facilities to enable the safe and efficient control of the installation.  The overall operating philosophy shall be to avoid the “armchair operation” of a fully automatic installation (with subsequent tendency to divorce the operator from potential hazards of the functional plant), yet provide sufficient facilities to enable all normal operation and monitoring to be undertaken from the CCR.

The technical personnel shall have the capability to perform maintenance activities from any LER or EER.  Each LER shall be provided with connections for a workstation with full PCS OS functionality including full engineering capability.  The EER shall be provided with connections for a PCS OS including full engineering capability and a permanent safety system workstation (one for each main processor and connected to the safety network). 

The PCS shall directly or indirectly control and monitor all rig topside process plant, utilities etc.  The control system shall be “distributed” into multiple LER's on the vessel deck, two in the hull, and into a EER.  All subsea control logic shall be handled by a subsea control system housed in an appropriate LER.  The PCS will be used as an operator interface only allowing control room personnel to monitor and interface with the system.

The PCS shall be designed such that control functions shall be geographically distributed on a modular basis with multiple controllers that will be physically separated to distribute risks, provide concurrent operation and to simplify commissioning.  The controllers will be linked by a redundant communication highway that allows transfer of data between controllers and monitoring of the whole controls scheme through a single window. 

Control functionality, however, shall not be dependent on a centrally based device or communication system, and controllers will continue to operate in the absence of communications to other controllers and workstations.

The PCS shall be based on “open” system architecture.  That is, the system will have inherent capability to integrate and exchange information with other brand system devices and platforms via industry standard communications, platforms and protocols. As a minimum, the required protocols include HART, Modbus, Allen Bradley, and OLE for Process Control (OPC).

7.7.3
Local Area / Unit Monitoring / Control Panels

The facilities shall be operated and controlled from an integrated control and safety system comprising the following major systems:

Process Control System (PCS) – This system shall serve as the primary means to control and monitor all operations of the facilities from a fully manned, centralized control room (CCR) on the rig.  It shall be used to control not only the rig Topsides process equipment, but also the subsea production and injection wells, and supervisory control and monitoring of rig Hull and marine systems.

Safety Systems – A totally separate safety system, independent of the PCS, shall serve to protect equipment and personnel from process upset and emergency conditions, fire, and the unexpected release of hazardous hydrocarbon vapors. These safety systems (PSD, ESD, and F&G), while functioning separately, will have data links to the PCS for purposes of monitoring from the CCR Operator Stations.

Unit Control Panels (UCP) – In addition to remote control and monitoring from the CCR, certain major equipment shall be provided with their own, stand-alone local panel.  These panels will provide local control during normal operation, and assist operations during equipment start-up and system troubleshooting.  Certain remote control functions will also reside in the PCS to allow start/stop, setpoint changes, valve and/pump control and data monitoring from the CCR.

In general, all facilities shall be controlled from a centralized CCR located on the rig. The PCS will be designed to ensure the rig CCR operator will have the ability to view the Subsea wells, Rig Topsides, Rig Hull and the SPM offloading facilities from the PCS console.  An integrated Human-Machine Interface (HMI) shall be developed to provide this capability and will reside on the Operator Stations (OS) to display process measurement and status information in a graphical format depicting the main process flow in an abbreviated P&ID format supplemented with simulated instrument faceplates.  The HMI screens shall be designed to minimize the number of keystrokes or mouse clicks needed by the operator to determine the cause of an alarm or upset/abnormal condition and react immediately.  Also, all PCS control consoles shall be arranged in the CCR to permit multiple operators to interact as one central operating team in controlling the process, safety systems, and marine operations.

Normal Operations

All operations shall be initiated and controlled from the OS in the CCR with assistance provided by outside operators where necessary.  All key process variables, equipment status, pre-alarms and trip alarms will, likewise, be monitored from this central location.  Certain ancillary items, such as lube oil and chemical systems, may require the local inspection of level and pressure gauges for tank inventory reporting and system maintenance.

Local, visual surveillance and intervention may also be needed where critical equipment warrants immediate attention to ensure efficient and safe operations such as resetting critical shutdown valves, re-starting compressors and power generation systems, etc.  The operator will be allowed to start most pumps from the CCR with the exception of the helicopter-refueling pump, lube oil pumps, and others deemed critical for local operation.  

Although some operator functions may require on-site intervention, no command, either locally or remotely, will be permitted unless the associated safety permissive signals have first been cleared.  However, both local and remote commands to stop pumps or close SDV’s shall be allowed. Operator commands from the CCR shall be password protected per an appropriate security system that shall be agreed upon by EMDC Operations. The system shall allow only “designated” individuals access to initiate commands and change set points based on a hierarchy approval with security controlled by the Management of Change (MOC) Process. 

Upset Conditions

Any condition throughout the production facility requiring operator attention or action shall be displayed and alarmed within the CCR.  However, for certain equipment that may require local operator action, a package “common trouble alarm” shall be transmitted to the CCR and displayed on the PCS OS.  An operator shall then be required to go to the local UCP to ascertain the exact cause of the fault.  Once the condition has been cleared and the alarm reset from the UCP, the operator can then reset the PCS-generated alarm.

In a “non-critical” trip situation where the CCR operator can fully access facilities status, the trip action shall be reset at the CCR from the OS.  However, in certain “critical” ESD trip situations (i.e., Rig incoming pipeline SDV’s, outgoing rig oil pipeline SDV’s to the SPM offloading buoy, sales gas and gas lift SDV’s), it will be essential that the operator reset these locally once the trip condition has cleared.

Operator Graphics

Each OS will contain a full complement of graphics to monitor and control the entire facility.  Each station shall be capable of displaying the following:

· Facilities overview display(s) depicting all major areas and components indicating key variables and status to allow an operator to “see the big picture;
· Process displays, represented in any abbreviated P&ID format, containing sections of the process that the operator can monitor and control;
· Group displays of selected controllers and indicators in a logical order by process;
· Trend displays, both pre-configured and operator selected type;
· System diagnostics display showing health of the ICSS as well as communication status with the various packaged control systems; and
· Status of ESD, PSD and F&G safety system inputs and outputs.
These displays shall show trip set points and present measured values, indication if the input is “In Service” and/or “In Manual Bypass,” and the resulting outputs when tripped.

Alarm Monitoring

Design of the alarm systems shall comply with International Practice IP 15-7-3 and related standards referenced therein.  Audible and visual alarms shall be announced both outdoors in the process areas and inside all buildings.  Alarms shall be annunciated at the OS in the CCR by way of visual images on the associated graphics, by an audible signal, and logged onto the alarm logger.  Any alarm that is acknowledged at the OS in the CCR will automatically be acknowledged at all other Operator Stations in the CCR and in the LER buildings.  An alarm summary graphic will show a history of all alarms over a prescribed period of time, with a time/date stamp of when the point went into alarm, when acknowledged, and when the point went back to normal condition.  Operator-set process alarms will be capable of being enabled or disabled on-line, however, safety shutdown alarms will not. 

7.7.4
Active Fire Protection

The rig shall be sufficiently equipped with fixed automatic, manual and portable fire fighting equipment.  Mechanisms for release of fixed automatic systems shall be:

· Pneumatic fusible plugs for each fire/deluge area;

· F&G input (for inside enclosures);
· Manual buttons in the CCR;
· Manual buttons in local area;
· Remote trips for diesel oil valves, and 

· Manual buttons for rotating equipment shutdown and manual released fixed fire fighting systems.

Firewater application rates shall be risk based, taking into account the fire hazard of the area under concern.  Two independent firewater pump systems shall be provided for the rig.  All firewater ring mains shall be copper-nickel.

The requirements for fire water protection for the rig shall be 2736 m3/hr. The firewater shall be supplied by two separate 100% systems, each system comprising 2 X 50% diesel driven fire pumps.  The fire pumps for the two separate systems shall be in diverse locations.  Jockey pumps (one service, one standby) will maintain the required ring main pressure in normal operation. Based on a maximum allowable velocity of 7 m/s and a firewater demand of 2736 m3/h, the diameter of the rig ring main will be 16”. The largest demand for firewater shall be dictated by the injection compression module plus the largest adjacent module.

Accommodation
The living quarters for the rig have a sprinkler system that shall be charged with fresh water and backup seawater from the ring main.

Helideck
The helideck for the rig shall be provided with two foam hose reels with 0.23 m3 (60 gallons) of foam for each reel and deliver foam for a period of 20 minutes.  

Electrical Rooms
Rooms containing electrical equipment (transformer room, battery room, HV/LV switchboard rooms and instrument rooms) shall be protected with automatically actuated non-halon, gaseous fire suppression systems. In addition, portable CO2 extinguishers will be provided.

Hull Equipment Spaces
None of the hull equipment spaces have oil fuelled machinery and they shall be, therefore, not ‘Category A spaces’ according to SOLAS. These compartments shall be provided with a sufficient number of portable extinguishers and hose reels. 

Deluge System
A pressurized fire water system shall be installed to cover the firewater demand for foam generation systems, deluge systems and hydrants located throughout the rig.
Fixed automatic firewater deluge systems shall be provided in process areas. Fire pumps comply with specification ‘Firewater Pumps’ EMDC-EDE-G-RS-0411.3001 and with NFPA 13 and 15. The fire water duty pump starts automatically upon low ring main pressure, or by signal from the control system. The other pumps, start automatically according to a pre-set schedule.

Foam Systems
A wet foam liquid system shall be installed to store and transfer synthetic alcohol resistant AFFF to maindeck and topsides areas.  Alcohol resistant AFFF has been chosen as the best solution for the large volume stored on board.  Alcohol resistant Foam is produced locally by pressure balanced foam proportioners.  An existing ordinary AFFF foam system will cover the engine room and pump room areas.  
Water Mist Systems
Fixed self contained automatic water mist systems shall be used in gas turbine enclosure hoods.

7.7.5
Miscellaneous Fire Fighting Equipment

Hose Reel/Monitors

Hose reels and nozzles shall be provided in accordance with good engineering practice and applicable regulations and standards.  The location of hydrants and hose reels shall allow for fire fighting in any location by the water jets from at least two hoses.  This assumes the use of standard hose length and quality.

The hoses shall be of the non-collapsible type, oil-resistant and suitable for the outdoor, offshore environment.  In the accommodations area, the hoses will be 1½” diameter, 30 m long and of the collapsible type. In outdoor areas, stand-alone type of hose reels shall be used.  In enclosed areas, recessed hose reels will be used. In areas where there is the potential for a liquid hydrocarbon spillage, combination hose reel/monitors with foam injection will be used. These shall be provided with 60 gallons of foam for each reel.

Portable Fire Extinguishers

Portable fire extinguishers shall be located in all areas of the installation.  As a general rule, a portable fire extinguisher shall be available within a walking distance of approximately 15 m (50’).  Type, size and locations shall be selected based on the encountered risk and in accordance with Company practice.  

Fire Fighting Equipment

Fire fighting equipment, including fire fighting suits and gear, shall be provided in accordance with an emergency response plan.  The equipment provided shall be stored in a cabinet/locker located near the primary muster area for the facility.

Passive Fire Protection

Passive fire protection (PFP) coating, with H60 or J30 rating, shall be applied to all integrity critical components of the primary space frame in areas where significant pool or jet fire hazards exist. Integrity critical components shall be defined as those which, when removed, lead to progressive collapse of the primary structure based on a missing member and joints analysis.

Based on the above criteria, PFP shall be applied to the following:

· Integrity critical components of all topsides process modules (lower and upper decks);
· Integrity critical components of pipe racks;
· Rig flare stack to +116000 elevation (upper process deck), and

· North Rig crane to +122350 elevation (PSV access platform).

The strategy for prevention of escalation due to fire impingement of process vessels shall be the application of water deluge for cooling and depressurization via blowdown. 

Due to their location along side the hull of the rig, the risers and riser ESDV’s shall be protected by location from topsides fire/explosion events and, therefore, do not require PFP protection. 

7.7.6
Dropped Object Load Criteria

The design criteria for equipment from dropped object loads shall be dependent on the weight of lifts, the lift height, their location and the frequency with which operations will be performed.

Protection from impacts shall be provided as follows:

· Rig hull – designed to MARPOL/SOLAS rules for damage stability with respect to side damage.  A double-sided hull shall be required.

· Riser protection framing in the region of the boat landing area should be able to withstand accidental impact energy of 3.5 MJ. This value shall be derived from a 5000 ton supply boat and a relative velocity of 1 m/s.  Along the hull side from well north or the boat landing, the impact energy to be used shall be 875 kJ (derived from a supply vessel of 5000 ton and a relative velocity of 0.5 m/s).  

· A review of potential boat traffic in the vicinity of the rig shall be performed during detailed design to confirm the risk ranking and determine any protection measures necessary.

7.7.7
Evacuation, Escape, Rescue 

Escape Routes

The general requirement for number and location of escape routes on the rig shall follow the requirements of specification ‘Facilities Layout and General Operational and Safety Systems.  The EER Analysis contains a more detailed description of the arrangements, which include:

· Main escape routes shall have a minimum height of 2.39 m (7.8’) and a minimum width of 1.525 m (5’);
· Secondary escape routes shall have a minimum height of 2.1 m and minimum width of 1.0 m (3’-3”);
· Dedicated routes shall be provided to both the helicopter deck and the lifeboats that allow the transportation of an injured adult on a stretcher from every manned area;
· Two paths of escape shall be provided from every area on the facilities that may be normally manned.  This requirement also applies to enclosed areas and rooms that will not be continuously manned.  However, this does not apply to tanks where normal tank entry procedure is assigned around tank access.  Each tank shall be fitted with a second access hatch which can be fitted with ladders and access in the event there is major work required in that space.  Smaller rooms/areas where the distance from any location to the exit will be less than 5 m (16’) may have a single exit, however, all electrical rooms will have at least two exits; and 

· Stairs shall be installed to ensure proper and easy access between all levels of the facilities.  Wherever access shall be needed to a platform or any level below base, access will, as far as possible, also be performed via stairs.

Adequacy of the number/protection of escape routes was considered in the Evacuation, Escape and Rescue (EER) Analysis.  During detailed design, where is it assessed that for a credible fire or explosion scenario, all escape routes to the primary or alternative muster area shall be impaired, then protection shall be specified for the route from the hazard effects. Impairment of escape routes shall be assumed if:

· heat radiation exceeds 6.3 kW/m2 (1990 BTU/ft2);
· blast overpressure exceeds 0.3 barg; or 

· smoke levels lead to visibility below 5 m. 

Gas concentrations shall be assumed not to impair escape routes as it is assumed that personnel would not attempt to pass through a gas cloud if alternative routes or shelter appear to be available.

Means of Evacuation

The primary means of emergency evacuation shall be lifeboats. Escape to sea via life rafts shall be considered the secondary means of evacuation.  If helicopters shall be in the vicinity of the field, it shall be the decision of the Emergency Incident Coordinator to determine the best means by which helicopters may be used.  The Emergency Incident Coordinator may also instruct the standby vessel(s) to assist with the evacuation of personnel via the boat landing area or via tertiary means of evacuation.

The type, number, capacity and location of lifeboats and capacity of life rafts shall be determined in the EER Analysis during detailed design.  This shall be based on throwover type inflatable life rafts with aggregate capacity in excess of the accommodation capacity.  In addition, a life raft shall be stored at the alternative muster area.  Freefall lifeboats shall be provided at the rig adjacent to the LQ.  The total lifeboat capacity for the lifeboats adjacent to the LQ shall be in excess of 100% of the maximum accommodation capacity for the rig, with a minimum size of 65 man lifeboats.  An additional freefall lifeboat of the same capacity shall be provided at the rig North end.  As a minimum, requirements of SOLAS will be met.

Equipment Room Evacuation
Machinery spaces can be evacuated by using the main stairways leading into the space from the main deck from both the east and west sides.  The stairs drop down to the first level of the machinery space.  Escape from the lower levels of each machinery space will also be by stairways. 

Deck Escape Routes

There shall be two unobstructed longitudinal escape routes on the main deck.  One will be located on each side of centerline at the outboard edge of the main deck. There shall be also five east-west or transverse escape routes that join with the longitudinal escape routes at almost equally spaced intervals.  The transverse routes offer at least 7 feet of clearance under the centerline pipe rack and do not crossover any piping.  There shall be one other longitudinal escape route that shall be provided on the topsides deck near centerline and can be used for escape along the entire length of the topsides deck.  Stairs shall be provided at intervals along both sides of the deck for access between the main deck and the process deck.
Personnel caught on deck during a fire can proceed east to west through one of the east-west escape routes into one of the longitudinal escape routes located farthest away from the fire.  The route taken through the longitudinal escape route shall be either north or south, whichever takes the trapped persons farther away from the fire or to the closest life boat. Protection against blast and fire can be provided (for at least 60 minutes) in the North TSR, in the LQ or behind the main deck blast wall under the LQ.

Each escape route shall be clearly marked, including arrows showing direction of the nearest life boat.

Muster Areas

The primary muster area on the rig shall have direct access to the life boats and requires a minimum area of 0.56 m2 (6 ft2) per person, per specification ‘Facilities Layout and General Operational and Safety Systems.’  Arrangements/location of the muster areas for rig shall be detailed in the EER Analysis.  The study considers the location for the muster area for the rig.  The extent of protection required for personnel mustering will be defined in, based on the hazard scenarios to which personnel could be exposed; however, the intention will be to use the same size of lifeboat. 

An alternative (backup) muster area will be provided on the rig. The location/size basis will be based on an analysis of the hazard scenarios for which it may be required.  This will be located at the flare end of the rig. The alternative muster area will be protected from flare radiation and from the effects of any process hazard scenarios that could impair the muster area.

Based on predicted evacuation times for the rig, primary muster areas will remain intact for a minimum of 45 minutes in order to allow an orderly evacuation.  Protection will be required for this period from the effects of fire, explosion, un-ignited gas/smoke ingress and excessive heat.

Muster areas will be considered to be impaired if: 

· heat radiation exceeds 1.6 kW/m2 (500 BTU/ft2);
· blast overpressure exceeds 0.3 barg;
· smoke levels lead to visibility below 5 m; or 

· un-ignited gas concentrations exceed 50% of the gas lower flammable limit (LFL).

An emergency control centre shall be provided on the rig in close proximity to the primary muster areas.  Telephone and radio communication will be provided to enable coordination of emergency response actions between the primary and alternative muster areas.  The emergency control centre will be protected to the same extent as the accommodation.  The location will be in the central control room (Rig). It will be possible to initiate ESD from the muster areas.

Life Saving Equipment

Safety and information signs shall be provided in accordance with relevant regulations and operational requirements.

Helicopter Crash Equipment

Appropriate helicopter crash equipment shall be provided adjacent to the helideck of the rig.  Personnel going offshore shall undergo mandatory helicopter ditching and water survival training.

Lifeboats/Liferafts

Two (2) lifeboats of the free fall type shall be installed at the Primary Muster Area and one (1) at the Secondary Muster Area.  Each of these free fall lifeboats will be rated for 60 persons minimum.  Sufficient life rafts will be provided to comply with the applicable regulations.
Fast Rescue Boat

A line boat shall be used as the fast rescue craft for Yoho.  This boat shall be mounted on the westside adjacent to the workshop in Module C on the process deck. However, this is the windward side for squalls.  The boat will be used for rescuing any personnel who have fallen overboard from the rig, from the export tanker, or if a helicopter goes down.  In a major emergency, the boat can be used to gather and tow life rafts after launching into the water.  The boat can carry up to six persons and will be equipped with a Hamilton water jet propulsion engine.  The engine will be capable of sustaining a speed of twenty knots.  The line boat will be selected such that it complies with MPN Line Handling Boat Specification NG01-EDE-G-JS-0401.3042.

Miscellaneous Safety and Lifesaving Equipment

In the accommodation cabins, for each occupant there shall be provided one lifejacket and also a grab bag containing flashlight, heat resistant gloves and a smoke hood. The provision of additional equipment items such as safety equipment cabinets, emergency showers and lifejackets will be determined in detailed design based on the findings of the updated EER Analysis.  An emergency shower will be located adjacent to the chemical usage areas, battery rooms, etc.  Self-contained eye bath bottles and stretchers will be located at strategic points.  Emergency response equipment lockers will be located adjacent to the primary muster area for rig and for other areas will be determined in detailed design as defined by the updated EER analysis.

Vessel Security

The vessel shall have suitable arrangements to prevent unauthorized personnel access to the vessel and reduce the risk of sabotage.

Gangeway Access

All access ladders on the rig shall have alarms to identify people boarding the ladders and gates at the top of the ladders.

Riser Support and Protection Security

The riser areas shall have means of preventing unauthorized personnel access to the riser valves and the vessel.  Access ladders to the riser valve platforms will have means to be secured.

7.8
Oil Spill Contingency Plan

Enhancing safety, reducing health risks and protecting the environment is among the highest priorities of MPN’s business objectives.  In light of this, MPN has conducted developed a structured and comprehensive oil spill contingency plan (OSCP) in respect of activities in Yoho Field.

This plan is designed to cover the control and removal of an oil spill occurring at any MPN facility in the Federal Republic of Nigeria.

Also, the oil spill contingency plan outlines coordinated and integrated response actions to be implemented in the event of an oil spill.  It highlights the roles and responsibilities of key personnel in MPN operations and lists equipment and materials available to combat oil spills.  The plan is designed to cover the control and removal of any oil spill occurring at any of the facilities operated by MPN in the Federal Republic of Nigeria.  It is a generic plan to be used in conjunction with a separately designed specific operational annex applicable to the particular project area. The main components of the contingency plan are namely spill categorisation, offshore response action plans, reporting and notification guidelines.
7.9
Monitoring Programmes

To achieve its environmental policy, objectives and targets, including compliance with the DPR/FMENV regulatory requirements, MPN shall monitor specific environmental indicators and operational activities.  Monitoring of environmental indicators will help to confirm the effectiveness of mitigation measures and to identify unforeseen environmental impacts on time.  The monitoring of operational activities shall be routinely carried out to ensure auditability and compliance with regulatory requirements.  The environmental monitoring programme is presented in Table 7.2 while the programme for monitoring operational activities is presented in Table 7.3. 

Table 7.2: Monitoring Programme 

	Environmental Components
	Indicator Parameters
	Frequency
	Responsibility

	Sediment
	· pH
· Salinity
· Heavy metals
· TPH
	9 monthly after drilling has commenced
	SHE Department

	Air Quality/Noise
	· SOX, NOX, COX, VOC, BTEX, particulate, noise
	9 monthly after drilling has commenced
	SHE Department

	Surface water Quality
	· nutrient content
· pH
· volatile-organic compounds (VOC)
	9 monthly after drilling has commenced 
	SHE Department

	Marine Ecology
	· population and diversity of benthos, fisheries, plankton
	9 monthly

after drilling has commenced
	SHE Department


In the event of accidental discharge or spills, MPN shall immediately effect monitoring for environmental changes.  The monitoring shall be based on regulatory recommendation. 
Table 7.3: The Preliminary Discharge Monitoring Programme
	Monitoring Requirements

	Discharge Type
	Parameter / Effluent Characteristics
	Monitoring Frequency
	Responsibility

	Drilling Fluids
	· Volume / discharge rate

· Toxicity, 96-hour LC50 (for each mud type and major additive proposed for use)

· Oil content for based mud

· Petroleum hydrocarbons (aliphatic and aromatic) for oil based mud.

· pH

· Heavy metals e.g. copper, lead, mercury, nickel, total iron, vanadium, arsenic, barium, total chromium.
	Record hourly during discharge

Once per mud system

Every 305m of well depth

Once at the end of the well (from the lowest section but not in the pay zone)
	Drilling Engr & SHE Supt


	Drilling Cuttings
	· Grain size distribution

· Volume/discharge rate

· pH

· Total petroleum hydrocarbon

· Heavy metals as listed above
	Every 305m of well depth

Report daily during discharge and measure duration of discharge
	Drilling Engr & SHE Supt


	Deck Drainage
	· Volume

· Total hydrocarbon content
	Record on a daily basis Once per week
	Site Supt.

	Sanitary Waste
	· Discharge rate

· Residual chlorine

· BOD5

· Total coliform count

· Total suspended solids

· Dissolved oxygen
	Estimate and record daily

Once per week
	SHE Dept

	Blow-out prevention fluid
	· Volume
	Record monthly
	Drilling Engr.

	Well treatment fluid
	· Volume
	Record monthly
	Drilling Engr

	Work-over fluids/waste
	· Volume

· pH

· Oil and Grease content

· Chlorine
	Estimate monthly

Once per week


	Drill Supt.

SHE Dept


Source: DPR Environmental Guidelines and Standards for the Petroleum Industry in Nigeria (Revised 2002)
7.10
Environmental Audit

MPN shall conduct regular SHE audits (monthly / quarterly / annually etc) of the Yoho field development project activities in order to ascertain extent of compliance with policy and regulatory requirements. The audits shall be carried out by certified (ISO) auditors and in accordance with ISO 14001 guidelines.  The scope of the audits must include the following, as a minimum:

· compliance with all necessary codes, standards and procedures;
· examine line management systems, plant operations, monitoring practices etc.;
· identify current and potential environmental problems especially during the operational phase of the project;
· check the predictions in EIA and assure implementations and application of recommended practices and procedures; and
· make recommendation for the improvement of the management system of the operation.
After every audit exercise, the environmental auditor shall produce an Environmental Audit Report (EAR) which shall be submitted to MPN and the operating contractor.

7.11
Maintenance Operations
High rate production and injection will result in wear-and-tear on the Yoho wellbores.  To minimize operating expenditures due to lack of access to wells on the subsea project, well intervention and workover, a philosophy has been adopted to avoid the need for well entry whenever possible.  This philosophy is applied to the project in four ways:

· design the wells to be highly reliable and to facilitate intervention and workover;
· operate the wells in a manner that prevents the most likely failures;
· plan for through-tubing methods of intervention to avoid full-scale workovers; and
· accommodate intervention rigs and vessels that are projected to be used on the project.
Production Wells Operations

Due to the presence of CO2 produced fluids are likely to be relatively corrosive.  Material selection will sufficiently address corrosion potential from reservoir fluids.  In cases of shutdown, methanol injection above the SCSSV will inhibit hydrate formation between that point and the tree.  The SCSSV will be located below the hydrate formation depth.  Analysis of oil samples from the reservoir indicates little potential for paraffin or asphaltene formation in the wellbore.  The potential for souring of the reservoir over the life of the field has been identified.  A design basis of 50 ppm H2S has been selected for the project.

A number of factors may limit production from individual wells below the reservoir’s capacity.  From a wellbore management standpoint, the primary limiting factor is the allowable drawdown at the sandface.  Excessive drawdown could lead to stresses that would fail the sand control equipment.  This limitation applies to transient production at well startup as well as to steady state production.  Increasing production rates too quickly will apply localized stress to the sand control equipment and promote the migration of formation fines to the wellbore.  Maximum allowable drawdown will be estimated as part of the design process.  Production enhancement may be achieved by clustering wells with high water cuts with those with high gas-oil ratios together in the production risers.

The production wells will be equipped with permanent downhole pressure and temperature gauges.  These can be used to assess reservoir depletion, control production drawdown and control the rampup of production at well startup.  In addition, production wells will be equipped with sand probes at the tree.  These will be used for early detection of sand control failures.  Safety barriers will be monitored with instrumentation at the tree and, in the case of fail-safe valves, periodic pressure testing.  Productivity will be assessed with periodic well tests.  A 6-inch production riser will be run to each production well center to allow wells to be isolated for well testing
Production Well Failures and Anticipated Response

The most likely failures for production wells are estimated to include sand control failure, water and gas breakthrough, productivity impairment and equipment failure (Table 7.4).  Subsequently, by design, wells have been configured so that, where possible, most likely failures can be addressed with a through-tubing response.  This may allow problems to be addressed with vessels other than a full-sized drilling rig
Table 7.4: Failures and Responses of Production wells

	Failure
	Cause
	Consequences
	Response 

	Sand Control 
	Loss of integrity in sand control equipment leading to production of gravel pack and formation sand. 
	Lost reserve, deferred production, wellbore and flowlines clean out, new sand control installation workover 
	Place a through-tubing gravel pack in the wellbore.

Use a full size rig which would either remove the completion from the well and replace the sand control or sidetrack the well

	Water and Gas Breakthrough
	Production of injected water or gas due to coning or uneven movement of gas or water in high permeability intervals. 
	Lost reserves, deferred production, production logging to identify problem section and intervention to shut off problem interval.
	Isolate zones that water-out or gas –out.



	Productivity Impairment 
	Drop in productivity to a level below reservoir completion capacity by formation of solids (e.g., paraffin, asphaltenes or scale) in the flow stream or by plugging of sand control equipment with fine-grained formation material
	Lost reserves, deferred producton, and intervention to clean out the well or a workover to install new sand control
	Through-tubing clean-out to address solids formation.

Plugging of the sand control equipment which would require a full-sized rig to replace the sand control.

	Equipment 
	Loss of integrity or function of safety-critical equipment as a result of solids formation in valves or erosion and corrosion of barrier elements (tubing and components, packers, casing or wellhead)
	lost reserves, deferred production, an intervention to add a barrier (e.g., running an insert valve) or a workover to replace a component
	Type of response depends on specific failed mponent.  

If equipment is not safety-critical, no response.  

In the case of an SCSSV failure, an insert valve could be run, though this would introduce restriction to flow. 

In the case of a tubing leak, a through-tubing patch could be installed


Water Injection Wells Operations

The injection seawater will be filtered, treated and de-aerated prior to injection.  Oxygen levels will be controlled to less than 20 ppb, with a target of less than 10 ppb to prevent corrosion.  The potential for souring of the reservoir over the life of the field has been identified.  A design basis of 50 ppm H2S has been selected for the project.  Any chemical treatment of the injected water will be performed at the facility.  There is no provision for downhole addition of chemicals in the water injection wells.  Distribution of injection water among wells will be handled with chokes at the trees.  Control of the injection profile within a single wellbore will require an intervention.  
Water Injection Well Failures and Anticipated Response

The likely failures (Table 7.5) for water injection wells are estimated to include injectivity impairment, improper injection profile, sanding due to backflow/crossflow and equipment failure.
Table 7.5: Failures and Responses of Water Injection wells
	Failure
	Cause
	Consequences
	Response 

	Injectivity Impairment
	Drop in injectivity to a level below the capacity of the reservoir and completion caused by plugging of formation permeability with fine-grained material.
	Intervention to refracture the formation.
	In the case of plugging, high pressure injection to start a new fracture would be attempted.

If the pressure required exceeded the rating of the Rig pumps, well would be fractured from a stimulation vessel or with skid-mounted pumps.

	Improper Injection Profile 
	Underinjection or overinjection in an individual zone caused by permeability contrasts between intervals or by plugging of an individual interval which may lead to water breakthrough at the production wells.
	Lost reserves, deferred production, and injection logging to identify the problem section.

Intervention to shut off or improve injectivity to the problem interval.
	Modify injection profile through use of downhole chokes.  Shut off Injection zones using through-tubing plugs, patches or squeeze cementing.

Addition of perforations to zones using through-tubing guns.  .

	Sanding due to backflow / cross flow 
	Sand being carried into the wellbore when the well is shut in as a result of pressure imbalance between intervals due to preferential injection.
	Deferred production, clean out of the wellbore and a workover to install equipment down hole.


	Clean out Injection wells with coiled tubing

	Equipment 
	Loss of integrity or function of safety-critical equipment as a result of solids formation in valves or erosion and corrosion of barrier elements (tubing and components, packers, casing or wellhead)
	Lost reserves, deferred production, an intervention to add a barrier (e.g., running an insert valve) or a workover to replace a component.
	Type of response depends on specific failed mponent.  

If equipment is not safety-critical, no response.  

In the case of an SCSSV failure, an insert valve could be run, though this would introduce restriction to flow. 

In the case of a tubing leak, a through-tubing patch could be installed


Gas Injection Well Operations

Injectivity will be assessed through the use of pressure gauges upstream and downstream of the choke at the subsea trees.  The gas injection wells will be equipped with permanent downhole pressure and temperature gauges.  These can be used to monitor gas cap pressures, assess injectivity for individual wells and assess reservoir connectivity.  Safety barriers will be monitored with instrumentation at the tree and, in the case of fail-safe valves, periodic pressure testing.
The injection gas will be dewatered prior to injection to eliminate the possibility of hydrate formation.  Provisions will be made to treat the gas in case the dewatering facilities go down.  The potential exists that injected gas could strip asphaltenes out of oil in the reservoir, which could result in near-wellbore plugging.  The likelihood of this occurrence is currently being assessed.  Any chemical treatment of the injected gas will be performed at the facility.  There is no provision for downhole addition of chemicals in the gas injectors.

Distribution of injection gas among wells will be handled with chokes at the trees.  Control of the injection profile within a single wellbore will require an intervention to add or shut off individual zones.
Failures and Responses of Gas Injection Wells

The most likely failures for gas injection wells are assumed to include a non-optimal injection profile, injectivity impairment and equipment failure (Table 7.6).
Table 7.6: Gas Injection Well Failures and Actions Proposed
	Failure
	Cause
	Consequences
	Actions Proposed 

	Nonoptimal Injection Profile
	Under-injection or overinjection in an individual zone caused by permeability contrasts between intervals or by plugging of an individual interval leading to gas breakthrough at the production wells
	Lost reserves, deferred production, injection logging to identify problem section and an intervention to shut off or improve injectivity to the problem interval.
	Continuous monitoring of production rates and PLTs at the injectors as required 

Injection profile may be modified through the use of downhole chokes.

Injection zones may be shut off using through-tubing plugs, patches or squeeze cementing.

Perforations may be added to zones using through-tubing guns

	Injectivity Impairment 
	Drop in injectivity to a level below the capacity of the reservoir and completion.  Plugging of formation permeability asphaltenes stripped out of the reservoir fluid would be the likely cause
	Intervention to refracture the formation.
	Fracture the well from a stimulation vessel.

	Equipment 
	Loss of integrity or function of safety-critical equipment as a result of solids formation in valves or erosion and corrosion of barrier elements (tubing and components, packers, casing or wellhead)
	Lost reserves, deferred production, an intervention to add a barrier (e.g., running an insert valve) or a workover to replace a component.
	Type of response depends on specific failed component.  

If equipment is not safety-critical, no response.  

In the case of an SCSSV failure, an insert valve could be run, though this would introduce restriction to flow. 

In the case of a tubing leak, a through-tubing patch could be installed


7.12
Facility Management

MPN maximize economic value of assets by developing a quality operations and maintenance plan that builds on personnel safety, environmental protection, equipment protection, and conformance to applicable rules and regulations.  Full compliance with applicable Nigerian laws, regulations, and/or generally accepted industry standards will be related to MPN specifications and standards for design, construction, operations, and maintenance.  Specifically the under listed shall be identified and developed:

· transition plan for turn over from project execution to production operations, including all documentation of the Facility as part of the deliverables;

· QA/QC programs to monitor conformance with adopted standards;

· operating Philosophy and Procedures for all equipment and systems for all phases of operations;

· maintenance Philosophy and Procedures for all equipment and systems for all phases of operations, including identification of all spare parts required to meet the availability target;

· manage risk exposure to personnel, to the environment, and to asset loss through application of an operations integrity management system;

· assessment Procedures to continually monitor the performance of the reservoir, the wells, and the facilities; and

· develop training plans and schedules.
Operations and Maintenance Philosophy

The ExxonMobil Operations Development and Support (OD&S) will provide early and accurate operational input to Yoho project development phases to ensure project facilities can be operated and maintained efficiently and safely through the life cycle operations.  As the facilities project matures, OD&S will support the Project team in the transition from project execution to achieving first oil.  OD&S will also work with the Project organization to turnover the facilities to the operating organization for long-term production operations.  Maintenance and Reliability (M&R) philosophy will be developed to identify the business objectives.  M&R objectives are:
· Safety - Provide an accident-free workplace;

· Environment - Ensure full compliance with all applicable environmental laws and regulations;

· Operations Integrity - Ensure full compliance with MPN’s Operations Integrity Management System;

· Cost - Achieve projected annual maintenance cost;

· Schedule - Meet the schedule of production startup;

· Operability - Design and construct the Facilities capable of safe, environmentally sound, and cost-effective life-cycle operations;

· Integration - Develop maintenance systems to manage all aspects of maintenance prior to startup;

· Expected Availability - Achieve project desired availability of 95% at the 50% Confidence Level;

· Run Period Between Maintenance Activities - Minimize operational upsets which could potentially impact shutdown of oil production;

· Spare Parts Minimization - Equipment standardization throughout the project to minimize sparing requirements; and
· Staffing - Achieve the staffing levels, local content, and competency to accomplish ongoing facilities operations and stay inline.

7.13
Decommissioning and Abandonment Guidelines

MPN policy is that all assets (including wells, production facilities, flowlines/risers, pipelines etc.), which have reached the end of their useful life span, shall be decommissioned and either dismantled and removed or abandoned, in accordance with statutory requirements and standards.  This will entail the following scope of work.

Decommissioning and Abandonment

MPN shall develop a sound and acceptable plan, which will describe how all assets are to be decommissioned and their planned state after abandonment.  The plan will consider all technically feasible options for decommissioning and abandonment, including alternative uses for the asset, in accordance with MPN policy and government regulations.

Well suspension or abandonment operations will be carried out in accord with the regulatory guidelines and best Industry practice. Once drilling activity has been completed, the well will either be producing or suspended and may be later abandoned, depending on production.  During abandonment, an abandonment programme will ensure the isolation of the various zones from each other and from the surface in accord with the regulatory guidelines. Casing and wellhead equipment will be recovered from the well and the well will be capped at least 3 meters below Seabed.

Following equipment recovery, a recorded site survey will be carried out using an ROV around the previous wellhead position and a hundred meter radius around the position as debris and dropped object survey.  In the event the well is suspended for future entry for any purpose, down hole formations will be isolated from each other and from the surface using cement and mechanical plugs as required.  Once the BOP and riser assembly has been removed, corrosion cap will be installed on the subsea wellhead. 

A recorded site survey will be carried out using the ROV as debris and dropped object survey will be completed over a 50 meter radius around the wellhead locations.

Abandonment Report
MPN shall also prepare final report on condition of all assets abandoned prior to relinquishment.  The Abandonment Report will include as a minimum:

· Operating and Technical Data (data on the asset thorough its operating life; e.g., location, repairs, etc.);

· Financial Data on the Abandoned Asset; and
· Final Abandoned Condition.
Preliminary Decommissioning and Abandonment Plan for Yoho Project
A preliminary decommissioning and abandonment plan that shall be used to further develop the final decommissioning and abandonment plan are as follows:

Rig and Wells 
These facilities will be abandoned according to regulatory requirements and with NAPIMS / DPR directions that are in effect at the time to ensure all-producing intervals are permanently sealed.  A summary of a plug and abandon procedure is as follows:

· Disconnect production jumper and flying lead to the subsea horizontal tree.  If allowed, this equipment will be abandoned on the seafloor.

· Pull production tubing and all associated downhole production equipment such as surface controlled subsea safety valve (SCSSV), chemical injection mandrel with control line and etc.  This equipment will be returned to shore for disposal.

· Pick up a cement retainer on workstring and run in hole to just above the upper gravel pack packer and set the retainer. Pump a sufficient quantity of cement below the retainer to seal off the perforated intervals.  

· Spot cement on top of the retainer.

· Circulate the wellbore with inhibited seawater.

· Spot a cement plug across the surface casing shoe (~50m below the shoe to ~50m above the shoe) inside the production casing.

· Spot a cement plug across the conductor casing shoe (~50m below the shoe to ~50m above the shoe).  If conductor casing is not set, spot a plug inside surface casing at an equivalent depth.

· Cut the production casing (10-3/4" x 9-5/8"), surface casing (13-3/8"), and conductor casing (20") strings below mudline and cut structural casing above mudline.

· Recover subsea horizontal tree and subsea wellhead and casing stubs for disposal onshore.

· Install corrosion caps with backpressure valves (BPV's) on the surface casing (13-3/8") and production casing (10-3/4" x 9-5/8") below the mudline.

· Install trash cap on the structural casing (36") string above the mudline.

· Subsea manifolds and associated other subsea equipment will be abandoned on the seafloor if that is consistent with then current regulatory requirements and with NAPIMS / DPR direction.

· Pig oil system flowlines and risers.  Displace with seawater (assuming lines are to be permanently abandoned).  Bleed off crude from risers during pigging operations. 

· Pig gas system flowline and riser.  Displace line with seawater (assuming permanent abandonment). 

The environmental interactions arising from the abandonment of facilities may affect the physical and biological features of the natural environment and may influence other sea users.  The decommissioning plan shall have as its main objective leaving the environment at the end of the operations in a safe and environmentally acceptable condition, suitable for future use.  The main sources of potential environmental impacts during decommissioning and abandonment operations include:

· Air emission discharges from power generation, cutting tools, welding, transportation, lifting etc.

· Oil and chemical spills.

· Solid and other waste generation.

· Noise and vibration during cutting operations 

Potential impacts such as temporary turbidity could arise due to dismantling of facilities. Also during the dismantling process, discharge of chemicals and other toxic wastes could be released constituting potential harm to aquatic organisms and fish populations.  However, appropriate mitigation have been proffered for adverse impacts in Chapter 6 of this report.
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Figure 7.1: MPN Operation Integrity Management System
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Figure 7.2: Yoho Drilling Project Organisational Chart
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Figure 7.3: Flow Chart of Controlled Drainage form Drilling Operations
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