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EIA of Yoho Development Wells Drilling Project

CHAPTER THREE
PROJECT DESCRIPTION
3.1
General

The overall Mobil Producing Nigeria Unlimited (MPN) field’s layout is presented schematically in Figure 3.1.  The planned 2009 - 2011 MPN drilling campaign in the Yoho Area (Yoho, Awawa and Isuo Fields) located offshore Nigeria within OML 104 will increase oil production and provide gas lift for enhanced recovery.  The drilling programme will involve a total of 14 wells (13 producers and 1 gas source well) and 9 workovers will be implemented over the three year period as follows:

· 10 ‘new drill’ wells (i.e., drilled from existing open slots, slot additions, and new wellhead platforms);
· 4 ‘redrill’ wells (i. e. wells developed by drilling a sidetrack from an already existing well that will be plugged and abandoned); and
· The 9 workovers comprise 1 oil producer recompletion, and 8 workovers to install gas lift mandrels.
All oil production wells drilled or recompleted will be equipped with gas lift mandrels.  The Yoho Area currently has four (4) wellhead platforms, a production platform with flare system, flow lines and a Floating Production Storage and Offloading (FPSO) facility.  The schematic layout of these existing facilities in Yoho Area is presented in Figure 3.1.
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The proposed drilling and completion activities will be carried out mainly from these existing facilities, particularly the wellhead platforms.  The geographical coordinates of these wellhead platforms are presented in Table 3.1 below.
	Table 3.1: Geographic Coordinates of Wellhead Platforms in Yoho Area

	S/N
	Well Head Platform
	Platform Co-ordinates
	Facilities Within
	Pressure

	
	
	Latitude
	Longitude
	
	

	1
	Yoho PP
	4° 0' 56.947" N
	7° 29' 25.994" E
	200-220 Mscf/d gas prod. & inject.

40KBD Water treating
	HP_550 psi

LP – 155 ps

	2
	Yoho A
	4° 0' 56.934" N
	7° 29' 26.067" E
	12 prods / 4 GIs
	550psi

	3
	Yoho B
	3° 59' 50.05" N
	7° 28' 53.201" E
	8 prods / 8 open

8” line 3 km
	920psi

	4
	Yoho WW
	4° 0' 56.784" N
	7° 29' 26.002" E
	9 prods / 7 open

10” line 11 km
	830psi


The existing wellhead platforms are connected to the production platform via flowlines of different lengths (see Figure 3.1) above.  The production platform is also linked to the Yoho FPSO.  The crude processing activities at the production platform / FPSO, gas flare process and piping of oil/gas are not within the scope of this development wells drilling EIA.
3.2 Proposed Development Wells Drilling Overview

As earlier stated the proposed development wells drilling in Yoho Area will involve a total of 14 wells (13 producers and 1 gas source well) and 9 workovers which will be implemented over the three year period.  Selected concepts for both drilling and completions within the Yoho Area will vary from well to well.  The current estimate of drilling and workover activities within the demarcated acreage is summarised by field / platform in Table 3.2 and by completion type in Table 3.3. 

Table 3.2: Proposed Well Drilling and Workovers

	Field / Platform
	Location Coordinates (x, y)
	New Drills
	Redrills
	Recomplete Workovers
	GL Mandrel Workover
	Total No. of Wells

	Yoho A
	558472, 1800
	-
	4
	-
	6
	10

	Yoho B
	557440, -234
	6
	-
	-
	-
	6

	Awawa A
	555422, -8026
	4
	-
	1
	2
	7


Table 3.3: Single vs. Dual Completions

	Completion Type
	New Drills
	Redrills
	Recompletions
	GL Mandrel WOs
	Total No. of Wells

	Single String
	10
	4 
	1
	8
	23

	Dual String
	0
	0
	0
	0
	0

	Total
	10
	4
	1
	8
	23


Targeted reservoirs in Yoho Area are between 5500ft and 8300ft true vertical depth (TVD). In order to reach the intended targets from the wellhead platforms, some of the wells will need to be drilled at high angles to reach objectives at distances of up to 4.0km away from the platforms. Majority of the new and redrill wells will be completed as horizontal wells with screens installed for sand control.  A smaller subset of wells will be completed as deviated wells with cased hole gravel packs for sand control.  Wells will be cased to protect aquifers overlying the reservoirs from contamination.

Full well streams (FWS) fluids will be brought together in manifolds via flowlines in a wellhead platform. The FWS will then be routed from the WHP to Yoho YP Production Platform by way of pipelines (Awawa ZBA, Yoho YB) and piping connection for Yoho YA wellhead platform. The FWS are separated into oil, gas and water at the Yoho YP Production Platform. The water is treated and discharged; the gas is then compressed and either re-injected or used for gas lift; the crude is conveyed to Yoho FPSO where it is stabilised and stored before offloading to tankers.

The Yoho Area development drilling program is expected to recover about 400 million barrels of crude oil.  Depletion methods including primary depletion and gas injection were evaluated for each reservoir.  In Yoho Area gas is currently being injected into reservoirs in which natural water or gas cap expansion drive is weak to moderate.

3.3
Drilling Rig and Associated Facilities

The proposed Yoho Field Development Drilling Project shall be done using Jack-Up drilling rigs that are fully registered in Nigeria for drilling.  These rigs will be used for well drilling and workover purposes.  In general, these jack–up rigs will have the ability to cantilever the drilling rig out over a platform to access well slots.
3.3.1
Rig Requirement

One or more Jack – up rigs will be required for the development of the Yoho Development wells.  The units are capable of performing all anticipated drilling, completion, and testing operations required to develop the wells in shallow water without interfering with producing operations on the MPN Development Wells.  The general specifications of the proposed jack - up rigs are presented below: 
	Unit Specification
	Rig 

	Rig Type
	: Jack - up

	Overall length of unit including Helideck
	: ~349.0ft

	Overall width of unit including anchor racks
	: ~268.0 ft

	Water Depth Rating
	: ~375.0ft

	Maximum Drilling Depth
	: ~25,000.0ft

	Variable Deck Load
	: ~4,000 s.tons

	Mud / Cement Bulk Tank Capacity
	: ~14,550cu.ft

	Fuel Capacity
	: ~5,993bbl

	Drill Water Capacity
	: ~15,587bbl

	Potable Water Capacity
	: ~2,192bbl

	Liquid Mud
	: ~6,150bbl

	Mud Processing Tank
	: ~338bbl


A jack–up rig will be used to conduct major workovers needed to repair down-hole equipment failures and shut off excess water or gas breakthrough into producing wells.  Other fit-for-purpose intervention vessels, in addition to the above mentioned system, are being considered for both major and minor (through tubing) workovers.  Rigs potentially being considered for use in the drilling of Yoho development wells are expected to be similar in specification to the GSF Baltic.  A typical Jack-up drilling rig is shown in Figure 3.2 below.
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Cranes and Material Handling Systems 

Rig Deck Crane

The jack - up drilling rig will have a deck crane to transfer goods and personnel to and from supply boats moored alongside it and to transfer equipment and goods within the lay down area on main deck.

Drain Systems
The drilling rig will be equipped with two drain systems:

Non-hazardous Open Drain:  Used to collect drain fluids (e.g., rain water) from non-hazardous areas and to dispose them overboard or to the Slop Tank if contaminants are present. 

Hazardous Open Drain: Used to collect drain fluids (e.g., spilled drilling fluid, contaminated water, rain water) from hazardous areas and to route them to the Slop Tank on the rig.
Slops Tanks

Slop tanks are used for the reception, storage and settling out of oil/water mixtures.  In addition, contaminated water is discharged to the slop tanks as drains.  The slops tanks are fully epoxy-coated to guard against corrosion from seawater and are also protected by zinc sacrificial anodes.
Fresh and Potable Water Systems

Freshwater generation package consists of the following stages:

· Potable water will be supplied to the rig by vessels that have been identified and certified to carry out this activity. 

· Fresh water for domestic consumption in the accommodation area will be drawn from the freshwater tanks and passed through two parallel hydrophone vessels.

Air System

The installed air compression plant in the engine room will supply all the drilling rig consumer requirements.  The function of the compressed air systems is to provide dried and filtered air to the:

· Engine room instrument air ring main.
· Engine room and vessel utility and general service requirements.
Sewage System 

Typically the sewage treatment plant is a self-contained unit, which uses the biological aerobic principle of sewage digestion, coupled with chlorine disinfection to treat the effluent before it is discharged overboard.

The package unit comprises a tank, two duty/standby rotary vane air blowers, two duty/standby centrifugal discharge pumps, a chemical dosing tank with pump and a local control panel.  The tank is divided into three separate compartments, for settling, aeration and disinfection.  Incoming sewage (influent) is aerated to promote digestion by aerobic bacteria and micro organisms and allowed to settle.  This causes the activated sludge and clear effluent, resulting from the action of the bacteria, to separate.  The clear effluent is disinfected with chlorine before being discharged overboard.

Sewage is described as black or grey water.  Black water streams, water closet and urinal drains and drains from the hospital, are routed directly to the aeration compartment for treatment.  Black water may be discharged directly overboard through a bypass line, without treatment, if the sewage treatment unit is unavailable due to breakdown.  
Grey water is divided into three streams vis: water from showers and wash basins, water from the two laundries and water from the galley.  The galley stream passes through a grease trap before discharging overboard through a dedicated discharge and SDNR storm valve.  The showers and laundries share a common discharge, fitted with an SDNR storm valve.  The storm valves are fitted with extended spindles allowing them to be operated from the main deck level.  The grey water streams will be treated to meet FMENV and DPR effluent limitation limits for offshore environment.
Power Generation

The power required for running the drilling rigs is generated using engines and generators.  Power is derived from 5 diesel generators. Each generator has an in-built capacity of 1855 hp; and all units are equipped with spark plug arrestors.
3.3.2
Logistics Support

Marine Support Vessels

A variety of marine vessels will support the drilling operations. For example, supply boats will bring supplies to and remove wastes from the drilling rig. Tugboats will assist in jack–up rigs movements.  Most of the vessels supporting the drilling operations will be taken from a shared pool of dedicated, contractor-owned and operated vessels contracted to the MPN Marine Department.  And for the supply boats, trips will often be shared with other facilities, so only minor incremental traffic and emissions would result from supply vessels servicing the drilling rig.

Helicopters and Air Travel

Helicopters will be the principal means of transporting personnel to the drilling rig and back to shore. Helicopters will also be used to move certain supplies. Passenger requirements will likely be met with a 10-passenger capacity P001 helicopter from MPN’s fleet.

3.3.3
Quarters and Helideck

Living Quarters

The accommodation is designed for maximum personnel on board (POB) of 98–106 (including 15 temporary beds) to ensure that there is sufficient capacity.  The heating, ventilation and cooling (HVAC) system will maintain an overpressure of 50Pa inside the accommodation block, except the galley and laundry, to prevent smoke and gas ingress.  Airlocks are provided on the main entrances.  The galley is provided with local cooling and a dedicated supply and exhaust ventilation system.  Automatic closure devices are installed on the main air intakes.  In addition to the air conditioning system the central control room (CCR) is provided with an emergency ventilation system.

Helideck

The helicopter deck is located above the stern of the vessel aft of the accommodation.  The location of the helicopter deck has been carefully selected taking into account the constraints of the existing accommodation and funnel structures and the envisaged helicopter operations.  The helicopter deck is designed for a Sikorsky or equivalent type helicopters.  The steel support structure, systems and equipment of the helicopter deck is designed to meet standard requirements.
3.3.4
Control and Safeguarding Systems

Safeguarding System

The goal of the safeguarding system is to protect against unsafe operation of the process and to perform corrective or suppressive actions in case of hazardous conditions on the rig.  The drilling rig safeguarding system consists of the emergency shutdown switches for the complete power systems, which are located on the rig floor and Barge Master’s office.

3.3.5
Safety and Personnel Protection Systems

Fire and Gas Detection

An addressable type fire and gas (F&G) detection type system is installed to monitor and alarm accommodation, engine room, etc.  Ionization/optical type smoke detectors, heat detectors and manual call points are installed in enclosed spaces.  Flame detectors are installed throughout the process module decks.  Infrared point gas detectors are fitted in ventilation intakes, in process areas, in air locks and entrances to the engine room for monitoring of combustible gas.  All detector signals are connected to main control cabinets in the AER including an addressable type fire detection unit for the accommodation, I/O cards to handle gas detectors, flame detectors and fire protection. 

Firewater and Deluge Systems

A pressurized fire water system is installed to cover the firewater demand for foam generation systems, deluge systems and hydrants located throughout the rigs.  The main components of the fire water system fire water system are:

· Pressurized fire water ring main on main deck, with section isolation valves.
· Pressurized single line fire mains in the engine room and accommodation.
· Two 100% capacity jockey pumps.
· Two 100% capacity diesel hydraulic driven fire pump sets, one located in a deck structure on starboard side of the accommodation block and one located in the forecastle.
The following fire water consumers can be identified:

· Water deluge systems for cooling equipment containing hydrocarbons on the topsides and turret.
· Water deluge system for cooling the accommodation front bulkhead including the lifeboat fire wall.
· Foam deluge systems.
· Hydrants throughout the vessel.
· Helideck fire system.
The fire water system throughout the vessel is pressurized by means of two jockey pumps.  Start/stop of the jockey pumps is local at the pumps.  Running indication is available in the ECR and CCR.  The diesel hydraulic driven fire pumps will automatically start at low pressure in the fire main and from the fire and gas detection system in case a fire is detected.  Further, it is possible to start the diesel hydraulic driven fire pumps manual/remote from the F&G panel in the CCR and local at the pumps.  Running indication is available in the ECR and CCR.

Foam System

A wet foam liquid system is installed to store and transfer synthetic alcohol resistant aqueous film forming foam (AFFF) to main deck 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.  The main components of the foam system are:

· A single line wet foam liquid main.

· Alcohol resistant AFFF foam liquid tank consisting of two 50% capacity compartments.  The capacity of each compartment is approx. 4800 litres.  Foam liquid storage capacity is based on deluging the largest fire zone for a period of at least 20 minutes.

· Two 100% capacity foam liquid pumps. 

· AFFF foam liquid system, covering engine room and pump room.

The foam liquid main is kept under overpressure by means of an accumulator to allow detection of leakage in the system.  Occasionally the foam liquid pumps will run to pressurize the accumulator.  Starting of the foam liquid pump(s) will be automatic from the F&G system after initiating opening of a foam deluge valve.  Further it is possible to start the pumps manual/remote from the F&G panel in the CCR and local at the pumps.  

Lifeboats and Life Rafts

The Rig is provided with life boats on either side of the accommodation having a capacity each for 100% of the complement.  Two 106-persons Totally Enclosed Self Propelled Survival Crafts (TEMPSC) are installed, one on the port side and the other on the on starboard side. The number and capacity of the life rafts will be established by an Escape, Evacuation and Rescue Analysis performed during detailed design.
3.3.6
Corrosion Protection
Corrosion will be controlled via material selection.  This means that materials that will withstand corrosion and rust will be chosen for all construction for Yoho Field Development project.
3.3.7
Well Intervention Strategy

A Jack – up rigs will be used to conduct major workovers needed to repair downhole equipment failures and shut off excess water or gas breakthrough into producing wells.  Other fit-for-purpose intervention vessels, in addition to the above mention system, are being considered for both major and minor (through tubing) workovers.

3.3.8
Interfaces/Scheduling

Interfaces with the operation such as construction, installation and facilities groups must be clearly defined to minimize downtime and maximize production during installation and producing operations.  A definitive drilling and installation schedule must be developed with roles and responsibilities for specific operations.  Batch drilling and completion operations should be considered in the scheduling process to minimize interference with other operations.
3.4
Well Drilling Design
MPN will develop the various JV reservoirs with additional drill wells from multiple existing platforms and future new build development platforms. The maximum drilling radius anticipated for the shallower reservoirs (+/-6000ft TVD) is 8,000ft while the deeper reservoirs (> 6000ft TVD) can expect a maximum drilling radius of up to 10,000ft.

The anticipated wells include a mixture of both new wells from existing / future slots along with sidetracks from existing wells.  Various gas and water injectors will be drilled to provide reservoir pressure maintenance as outlined in current field development plans.  The current plan allows flexibility to increase the number of wells dependant on future available sidetrack candidates and slot recovery techniques as deemed appropriate in the future.  

3.4.1
Well Design Objectives 
In order to achieve the required well design from a drilling viewpoint the following fundamental and associated detailed objectives have been established as a guide for engineering and implementation.  These objectives cascade into several engineering, design and operational tasks that will be addressed in the course of the detailed design of this project.

Maximise Economic Reserves

· Maximize accessed reserves through optimized trajectory designs. 

· Provide a sound structural design for the wellbore, achieving a well life in excess of 25 years.
· Selectively isolate water and gas through effective cementing design practices and completion components.
· Efficiently collect required formation evaluation data.
· Maintain reservoir pressure of the reservoir through injection wells.
Maximise Oil Production Rate within Facility Constraints

· Design wells to maximize wellbore utility.
· Provide a high rate completion.
· Provide a steep ramp to production plateau through a pre-drill strategy that accounts for early failures.
· Minimize production downtime by effective coordination with installation and production function.
· Selectively isolate water and gas through effective cementing design and practices and completion components.
Minimise OPEX

· Minimise rig intervention. 

· Design for high reliability. 

Control CAPEX

· Design wells to maximize wellbore utility.

· Minimize risked drilling days by balancing risk among hole sections.

· Fit-for-purpose rig specification.

· Achieve capital efficiency through effective contracting strategies, logistics and operations planning.

Operations Integrity

· Design to standards in compliance with Operations Integrity Management System (OIMS).

· Document work in compliance with OIMS.

· Low interference with project implementation through simultaneous operations planning.

· Zero safety incidents.
3.4.2
Shallow Hazards

Most MPN development wells will be drilled from Platform locations; shallow hazards typically include collision risk from multi-well platform. This is usually managed via risk assessment mitigation plans, collision avoidance and directional drilling. 
3.4.3 Directional Design

Subsurface targets will be provided by the reservoir engineering group based on seismic interpretation. Field layout will be optimized to provide a minimum cost for the development, taking into consideration drilling days (based on gross footage) and flowline costs.  Modifications will be made to accommodate facility layout and avoid shallow hazards.  While the current manifold locations are considered near optimum, further revisions will be required if major changes occur in the subsurface targets and well count.

The following constraints were used to develop the directional plans:

· Directional Profile - Build-Hold or Build-Hold-Drop;

· Kick-off point - 400 m to 1400 m (BML);

· Max. inclination - 50 - 80( ;

· Max. Build Rate - 2-1/2o - 3(/30m; and

· Max Drop Rate - 2( - 3o/30m.
It is important to note that these parameters are for planning purposes only and will be optimized on a well-by-well basis. 
3.4.4
Drilling Fluids 

The choice of drilling fluids is based on the challenges associated with drilling in the MPN fields:
· Losses in the upper sand sections.

· Drilling the Qua-Iboe shale with water based mud (WBM) and setting casing.

· Pore throat sizes of 1 - 10 darcy.
· Hole cleaning.

· Overbalance in depleted zones.
· Clean up of the non-aqueous fluids (NAF) prior to running production screens.
Fluid Selection

The importation of API bentonite is currently banned by the Nigerian government.  Due to the ban a Xanthan gum / PAC polymer mud treated with sized Calcium carbonate is used for the sand section below the conductor.  The Calcium carbonate improves the polymer fluid filter cake and helps bridge the sands.  Potassium chloride (KCl) is then added up to 20ppb prior to entering the Qua-Iboe shale.  Non aqueous fluid systems utilizing mineral oils is currently being successfully used to true depth (TD) of the wells.  The use of NAF represents a significant cost savings over the course of a well and is recommended for each of the hole sections subsequent to setting casing in the Qua-Iboe shale.  100% of the drilled cuttings and attached NAF shall be captured and returned to shore for processing.  The recovered base oil is then reused.  A typical drilling fluids programme for MPN development wells is presented in Table 3.4.

Table 3.4: Typical Drilling Fluids Programme for Yoho Development Wells 

	Hole Size (in)
	Casing Size (in)
	MD (ft)
	TVD

(ft)
	Fluid Type
	MW (ppg)

	Driven
	36
	400
	400
	Seawater & Sweeps
	8.6 – 8.7

	171/2
	133/8
	3800
	3640
	KCl Polymer
	8.8 - 9.5

	121/4
	95/8
	7408
	5860
	NAF
	10.5 - 11.0

	81/2
	7
	8401
	5860
	NAF
	10.0 – 10.5


Borehole Stability Issues

NAF systems provide the best cuttings inhibition, hole stability, and differential sticking mitigation.  The addition of bridging agents to the system is required (normally through the use of Drill & Seal pills) in order to prevent seepage losses, differential sticking and reduce torque and drag.  Hole cleaning is of primary importance.  This can be achieved by monitoring hole angle, pressure while drilling (PWD), rate of penetration (ROP), revolutions per minute (RPM), gallons per minute (GPM), fluid properties, hydraulics, cuttings morphology, and cuttings tracking graphs.  Wellbore stability issues can also be managed in well design by avoiding unfavourable orientations relative to the principle stresses in the rock and operationally by increasing the mud weight until the wellbore is stabilized.

Lost Returns

Lost circulation potential is relatively low in most of the MPN fields.  Pore pressure / fracture gradients are typically large enough to handle the densities required to drill the sections along with the pump rates necessary to clean the hole.  In general mud weights will be dictated by shale stability rather than kick concerns.  Again focusing on hole cleaning is very important to minimize losses.  The use of Drill and Seal (D&S) pills will optimize the filter cake and help prevent differential sticking or seepage losses.  D&S pills have also been used to reduce losses to the formation.  Fracture closure stress (FCS) pills are recommended for increasing well bore stability in permeable zones.  It should be noted that losses have also occurred when the NAF is cleaned up prior to running completion screens
3.5
Well Casing Design

Design and analysis of “Surface”, “Intermediate” and “Production” Casings will be performed using the in-house proprietary Load and Resistance Factor Design (EMLRFD) Computer Program.  The method combines a probabilistic model of casing loads and strengths (LRFD) with conventional, deterministic working-stress design (WSD) methods.  Selected load cases are designated as resistance factor designs (RFD), indicating the use of a probabilistic strength with a deterministic load.  For both LRFD and RFD a utilization factor (UF) of 1.0 indicates an acceptable design, acceptable design factors for WSD are defined by load case.  The design load environments (P, T and pH2S) determine the required product application level (PAL), which specifies the inspection requirements for the anticipated service.  The typical casing program for producer and injector wells is summarised in Table 3.5.

Table 3.5: Summary of Yoho Development Wells Casing Program

	String
	Nom. OD
	Weight
	Grade
	Conn.
	Conn. OD
	Nom. ID
	Drift ID

	Structural/DP
	30”
	1.5”/1.0” W.T.
	X-52
	RL-4R
	30.234”
	29.250`"
	−

	Surface
	133/8”
	68.0 ppf
	N-80
	BTC
	14.375”
	12.415”
	12.259”

	Prod. 2
	95/8”
	47 ppf
	L-80
	BTC
	10.625”
	8.681”
	8.525”

	Liner
	7”
	33.7 ppf
	L-80
	SLX
	7.721”
	6.094”
	5.969”


3.6
Well Cementing and Zonal Isolation

3.6.1
Surface Casing Cementing

The main objective of this cement job is to provide isolation to the surface casing annulus.  No hydrocarbon zones are expected; therefore the cement systems shall be standard fresh water slurries to facilitate reaction time. The lead slurry cement top will be designed to be at the surface

3.6.2 Production/Liner Casing Cementing

The primary objective of this cement job is zonal isolation across permeable sands.  The production casing/liner will require a slurry design with zero free water, no settling tendencies, good fluid-loss control and a low yield stress.  Effective centralization for mud and cement placement is also an important consideration for the production casing string.  The cement top for the lead slurry will be designed to be below the surface casing shoe for trapped pressure considerations.  The tail or completion cement tops will be designed to cover any potential hydrocarbon intervals.
3.6.3 Formation Evaluation

The formation evaluation strategy is to acquire project critical formation evaluation data in a timely and cost efficient manner within the constraints imposed by the drilling order and well path design.  These data should address uncertainties in the depletion plan, as well as impact completion decisions.  Collected data would include:

· Targeting, correlation;
· Measurement While Drilling (MWD) Directional, Logging While Drilling (LWD) Gamma Ray (GR), Resistivity (and gyro surveys if depth errors are suspected);
· Reservoir quality/saturation/facies/NTG;
· LWD:  GR, Resistivity, Density, Neutron, Sonic;
· Wireline;
· GR, Resistivity, Density, Neutron, Sonic, Magnetic Resonance, Sidewall Core (SWC);
· Well Tie to Seismic;
· Checkshot / Vertical Seismic Profile (VSP), Sonic; 
· Pressure/Fluids:  Wellhead Flow Temperature (WFT); and
· Core.
3.7
Well Completion Design

3.7.1
Completion Objectives

In order to achieve the required well design from a completion viewpoint the following fundamental and associated detailed objectives have been established as a guide for engineering and implementation.  These objectives cascade into several engineering, design and operational task that will be addressed in the course of detailed design of this project.

Maximise Economic Reserves
· Provide a highly reliable completion design capable of high throughput over the life of the well.

· Selectively isolate water and gas though effective cementing design and practices and completion components.

· Maintain pressure of the reservoir through injection wells.

Maximise Oil Production Rate Within Facility Constraints

· Design wells to maximize wellbore utility.

· Provide a high rate completion.

· Minimize production downtime by effective coordination with installation and production functions.

· Minimal formation damage over time will be achieved through the use of non-damaging fluids.

· Selectively isolate water and gas though effective cementing design and practices and completion components.

Minimise OPEX
· Minimise rig intervention by designing the system for wireline/coil tubing minor interventions.
· Design for high reliability by applying to the completion field proven equipment, with a focus on simplicity of the components.

Control CAPEX
· Design wells to maximize wellbore utility.

· Fit-for-purpose rig specification.

· Achieve capital efficiency through effective contracting strategies, logistics and operations planning.

· Fit-for-purpose rig specification for well interventions.

Operations Integrity

· Design to standards in compliance with OIMS.

· Document work in compliance with OIMS.

· Low Interference with project implementation by managing inter-disciplinary interfaces through simultaneous operations planning.

· Zero Safety Incidents will be achieved through identifying training needs and implementation of training /safety planning.

3.7.2 Inflow and Tubing Performance

The production wells will typically have 3 ½” or 4 ½” ” L-80 tubing. There are the special cases where the rates expected may dictate the use of 5 ½” or even 7” L-80 tubing. The use of alloy steels like 13% Cr, etc. will be dictated by the well condition elements for example erosion/corrosion, CO2, etc. 

3.7.3 Sandface Completion

Field experience indicates that the majority of wells require some form of sand control. In the deeper wells, with TVD greater than approximately 9,500 feet for example in the Oso field wells have been successfully completed without sand control. There is a mixture of open hole and cased hole completions. Typically the open hole sand control completions have mainly been Stand Alone Screens (SAS) and the cased hole completion have been Gravel Packs.  

The Injection wells have also been installed with sand control if the producers in the same zone have had Sand control e.g. Oso producers do not require sand and as such none was installed on the injectors. Sand control on the injectors is for the backflow and cross flow scenarios.

3.7.4 Well Completion Schematics

The conceptual schematics for four types of MPN Development wells in the MPN JV area are presented in Appendix 3.1.

3.7.5 Water and Gas Shutoff

Early breakthrough of water and/or gas in high permeability producing zones could reduce hydrocarbon production rates and is a critical design criterion of the completions.  Special emphasis will be placed on this issue when developing completion and workover techniques that will help mitigate the risk of future wellbore intervention and maximize present value profit (PVP).  Wells with multi-targeted sands within the reservoir will be completed with lower completions that may utilize isolation assemblies to shutoff unwanted gas or water production.  Specific applications of technology will be evaluated on an individual well basis and be balanced with the economics of each well.

3.7.6 Tubing Materials

Material selection has been based on load conditions, corrosion and erosion estimates and anticipated changes in the environment over the life of the wells.  Carbon steel and chrome resistant alloy (CRA) materials will conform to ExxonMobil Development Company (EMDC) Drilling Material Selection Standards.

3.7.7 Well Cleanup and Testing

Wells are normally cleaned up of completion fluid and tested on the rig prior to rig move off. This will typically involve the creating an under-balance in the well normally through the use of Coiled Tubing with Nitrogen.  The preferred method is to use rig based testing equipment with this test spread tied in to the platform production manifold facilities.  The completion and well hook up process will be coordinated such that the delay in getting the wells on production prior to hand over is short (within hours).

3.8
Drilling Operation Waste
The proposed Yoho Development Wells Drilling Project would result in the generation of certain quantities of solid and liquid wastes.  MPN recognises the need to minimise waste generation in the course of the proposed project implementation and to handle such wastes in accordance with industry and international best practices and in line with its policies on safety health and environment.  The waste items that would be generated during the proposed project implementation include solid wastes (spray/aerosol cans, batteries, drill cuttings, drilling mud/fluids, used drums, filters, lumber and packing materials, waste rags, rubbish/garbage, etc) and liquid wastes (acids/caustics, cooking oils, deck drainage, gray water, chemicals, used solvents, oily sludge, sanitary waste water, etc).  Detailed inventory of the waste type and sources and planned management practices are documented in Chapter Seven (Environmental Management Plan) of this report.

3.8.1
Drill Cuttings Quantity
The quantity of drill cuttings for each hole section of the proposed development well has been estimated and presented in Table 3.6.  The estimated volume of drill cutting for each well is 298.6m3.  However, a total of fourteen (14) wells are expected to be drilled in Yoho Area.  This gives an estimated total drill cutting volume of 4180.4m3.
Table 3.6: Estimated Volume of Cuttings in Yoho Area during Proposed Drilling
	Drilling Interval (m)
	Hole Size (m)
	Volume Cuttings Produced (m3)
	Mud Used

	Driven
	0.91
	-
	Seawater & Sweeps

	122 - 1158
	0.44
	157.5
	KCl Polymer

	1158 - 2258
	0.32
	88.5
	NAF

	2258 - 2561
	0.47
	52.6
	NAF

	Total for each well
	-
	298.6
	-

	Estimated drill cutting for 14 wells
	-
	4180.4
	-


3.8.2
Fuel Consumption and Gaseous Emission

Emissions to air from the drilling operations arise from both primary (direct) and secondary (indirect) emission sources: 

Primary emission sources
· Rig power generation 

· Vessel propulsion and power generation 

· Fugitive emissions from the rig and vessels 

· Flaring during well testing 

Secondary emission sources

· Transport emissions (increased flights and vehicle traffic) 

· Manufacturing emissions (necessary, chemicals, machinery etc.) 

Fuel Consumption

Based on estimated fuel consumption, emissions of CO2 was estimated using "Tier C Methodology", which utilises emissions models to predict potential emissions, based on fuel use (Table 3.7).  This is the least accurate tier of emissions modelling but does not depend on equipment specifications, fuel analysis or monitoring (none of which are available at this time).

Guidance on emission factors is published by the offshore industry in "Petroleum Industry Guidelines for Reporting Greenhouse Gas Emissions".  This guidance is produced on behalf of IPIECA (International Petroleum Industry Environmental Conservation Association), IAOGP (International Association of Oil and Gas Producers) and API (American Petroleum Institute), (Battelle 2003).  Emission factors are taken from "The Compendium of Greenhouse Gas Emissions Methodologies for The Oil and Gas Industry' (API 2004). 

Table 3.7: Potential CO2 Emissions from Fuel Consumption
	Area of Use
	Fuel
	Fuel Consumption (m3)
	Carbon Emission Factor from

Original Source Document
	Estimated

CO2 Emission

(tonnes)

	
	
	
	Emission Factors
	Source
	

	Rig
	Diesel/

Gas Oil (1 tonne of diesel fuel emits approx. 3 tonnes of CO2)
	about 7 tonnes per day
	3.82*1010 J/m3

70.4 tonnes CO2/J


	IPCC 1996
	21 tonnes per day

	Supply Vessels
	
	37.8 tonnes per day
	
	
	113.4 tonnes per day

	Air Route
	Aviation Turbine Fuel (ATF)
	39.5 tonnes
	0.859 CO2 /tonne
	
	33.9 tonnes


Calculations are based on 100% oxidisation of carbon content

As there is no other information regarding fuel composition, generator efficiency number of generators, flare composition or efficiency, it is not feasible to provide a more detailed breakdown of potential green house gas (GHG) emissions from the drilling operation.  All emissions will therefore be reported and documented in accordance with the Environmental Emissions Monitoring System (EEMS) reporting format employed internationally.

All power requirements on the rig will be supplied on-board by means of diesel generators.  As well as main power generators there will be an emergency back-up generator to provide essential services.  There may also be smaller generators serving specific purposes, for example to provide power or cementing operations. 

The principal atmospheric emissions from these sources will include carbon dioxide (C02), methane (CH4), oxides of nitrogen (NOx), sulphur dioxide (SO2), carbon monoxide (CO) and volatile organic compounds (VOCs). CO2 and CH are two of the principal GHGs Table 3.8 summarises the environmental impacts of different atmospheric releases.

Table 3.8: Environmental Impacts of Potential Atmospheric Releases
	Type of emission
	Environmental impact

	Carbon dioxide (CO2) 
	A GHG that is believed to contribute to climate change

	Methane (CH4)
	Enhances low level ozone production, indirectly contributing to climate change.

	Carbon monoxide (CO)
	Enhances low level ozone production, indirectly contributing to climate change.

	Oxides of nitrogen (NOX)
	Contributes to acid deposition (e.g. acid rain). May also enhance ground level ozone when mixed VOC in sunlight.

	Sulphur dioxide (SO2)
	Contributes to acid deposition (e.g. acid rain). Toxic gas.

	Volatile organic
	A range of potential impacts, for example hydrocarbons may promote formation compounds (VOCs) of photochemical oxidants. May also be known or suspected carcinogens


3.9
Abandonment / Decommissioning

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.
3.10
Project Schedule

The EIA timeline for the proposed project is presented in Table 3.9 while the notional field development schedule for the proposed project is presented in Figure 3.3 below.
Table 3.9: EIA Timeline of Developemnt Wells Drilling in Yoho Area
	EIA of Development Wells Drilling in Yoho Area
	2008
	2009
	2010
	2011
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· 6 wells from Yoho B location and 5 Awawa well are listed on the schedule above
· 4 drill wells  and 6 GL workover in Yoho A and 3 workover in Awawa A are not firmed on the schedule but will be drilled during the period covered in the EIA 

Figure 3.3: Notional Schedule for the Proposed Yoho Development Wells Drilling Project











































































































































































































































































































































































































































































































































































Figure 3.1: Schematic Layout of Existing Facilities in Yoho Area
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Figure 3.2: A Typical Jack – Up Rig








[image: image8.png]


Chapter Three




Final Report




        Page 11 of 16

[image: image9.bmp]