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EXECUTIVE SUMMARY
E.S 1.0: Introduction
The Shell Petroleum Development Company of Nigeria Limited (SPDC), on behalf of its Joint
Ventures partners (Nigerian National Petroleum Corporation, Total, and Nigeria Agip OIl
Company) conducted a Environmental Impact Assessment studies for the Enwhe Field
Development Projecthe Enwhe field development project is an opportunity to sustaisgpply
to NLNG and maximize utilization of Gbaran CPF by developing gas and condensate in the Enwhe
field. The proposed activities for the development of the Enwhe field will have various interactions
with the environment, hence the need to conduct mrir@hmental Impact Assessment (EIA)
studies. In line with the provisions of Part VillSection A, 3.0 of the Environmental Guidelines
and Standards for Petroleum Industries in Nigeria, 2002 (EGASPIN), an environmental screening
of all concept options and preliminary assessment of the selected option was conducted and
approval issued. Post approval of the environmental screening and preliminary impact assessment
report, the Terms of Reference/Scope of Work (ToR/SoW) was submitted to the Department of
Petoleum Resources (DPR) and Federal Ministry of Environment (FMEnv) for consideration and
an approval obtained. This EIA study has identified the key potential impacts of the project
activities on Biophysical, Social and Health components within the prajeet and proffered
mitigation measures for Environmental Management. The findings are hereby incorporated in this
report.

E.S 2.0: Project Location

The Enwhe field is located in the sowtlestern corner of license block OML 22 and extends into
license bock OML 23and islocated about 36km to the East of Gbaran CIFie. field is part of

the Gbaran Ubie Node which is a mdléld oil and gas asset. The Enwhe field is bounded by
creek and creeklets of Orashi and Nun River. Major communities in the Ensitidids in
Yenagoa Local Government Area of Bayelsa State, Ahoada West and Abua/Odual Local
Government Areas of Rivers State.

E.S 3.0: Objectives of the Environmental Impact Assessment
The objectives of the Environmental Impact Assessment studieswfie Field Development
Projectinclude but not limited to the following:

i establish the baseline conditions of the project area with respect to the biophysical, social
and health environment.

1 identify and evaluate the potential impacts of the projectities on the biophysical, social
and health environments of the area.

1 identify and assess the potential seeic onomi ¢ ef fects of the pro
livelihood patterns, including impacts on cultural properties, social infrastructures,| natura
resources and values.
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identify and evaluate health impacts that may be associated with different activities of the
project.

develop coseffective mitigation measures and appropriate Environmental Management
Plan (EMP) for sustainable development.

E.S 40: Legal and Administrative Framework

The statutory (legal and administrative) frameworks within which the Environmental Impact
Assessment study was executed are provided by the following regulations, guidelines and
standards:

T
T

l

T

T

DPR Petroleum (Drilling anBroduction) Regulations (1969)

The Federal Ministry of Environment (FMEnv) regulations, guidelines and standards on
oil and gas activities in Nigeria.

All International Conventions on Environmental Protection to which Nigeria is a signatory
eg; African Convention on the Conservation of nature and Natural Resources, 1968;
International Convention on Civil Liability for Oil Pollution Damage, 1969 AND
Convention Concerning the Protection of the World Cultural and National Heritage (World
Heritage Convention 1972.

The regulations, guidelines and standards of the Bayelsa State Ministry of Environment
(Bayelsa State Environmental and Development Planning Authicaity 1998; Bayelsa
State Pollution Compensation Thaw 1998 and Bayelsa State Land Use (Envirental
Degradation/Protection) Charge Law 2005).

The regulations, guidelines and standards of the Rivers State Ministry of Environment
(Rivers State Environmental Protection Agency Law, No. 2 of 1994; Rivers State Private
Health and Allied Establishmengsuthority Law, 2001, Rivers State Public Health Law,
1999 and Rivers State Noise Pollution Control Law of 1984).

E.S 5.0: Need for the project

The Enwhe field development is expected to develop 767 Bscf of gas and 7 MMstb of condensate
of the total fieldrecoverable volume of 834 Bscf of gas and 15 MMstb of (oil and condensate),
within the expected production life of the Gbaran CPF. The value drivers identified for the Enwhe
FDP include but not limited to the following:

il
T
1

Meet NLNG Gas Supply obligatiorsustaining the planned DCQ as long as possible.

To improve the recovery factor in the node towards the Top Quartile bracket.

Reduced CAPEX achieving low unit development cost to align with Partners aspiration
and facilitate funding.

Reduced OPEX- achievirg low unit operating cost by utilizing remote operations
capability to cut down on operator intervention and exposure considering remoteness of
Enwhe field from Gbaran CPF

E.S 6.0: Value of the project
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The revenue that will accrue from the sales of gaddoproduced from these wells will
substantially increase the foreign exchange earnings of the Federal Government and help to
improve the social and health standards of the inhabitants of the area covered by the project. The
100% JV P50 cost estimate fondhe Tranchel development approximately 450 min USD
(Wells =200 min and Facilities = 250min).

E.S 7.0: Envisaged Sustainability

The proposed Enwhe FDP consists of gas development (Trapched oil & gas development
(Tranche2). The Enwhe field development project is an opportunity to sustain gas supply to
NLNG and maximize utilization of Gbaran CPF by developing gas and contdemshe Enwhe

field. The Enwhe FDP is envisaged to be environmentally, technically, economically and socially
sustainable.

Economic Sustainability

A long term gas sale agreement (GSA) is in place that commits SPDC to supply an average
Daily Contractal Quantity of 1,941 MMscf/d to the six NLNG train. It is an opportunity to sustain
gas supply to NLNG and maximize utilization of Gbaran CPF by maturing 0.83Tcf of recoverable
gas and 15MMbls of oil and condensate. The Enwhe field has proven resepassthht can
economically and commercially support the project thereby contributing to the revenue accruing
to Nigeria and SPDC.

Technical Sustainability

This project is technically sustainable becau.
adherence to internationally and nationally acceptable engineering design and construction
standards. Innovative technologies that are economically viabte Faving minimal
environmental, social and health impacts shall be utilised in the execution of the proposed project.
New gas wells will be drilled and flowlines constructed to transport the gas to a gathering manifold,

from which the gas will be transped via a bulk line to the Central Processing Facility (CPF).

The CPF has gas dehydration facilities for high pressure AG and NAG treatment prior to export

to NLNG.

Environmental Sustainability

National and international regulatory and engineering destegmdards, innovative technologies

that have minimal environmental, social and health impacts shall be utilized in the execution of
the proposed project. The incorporation of the findings and recommendations of this report at the
various stages of the peat development and strict adherence to the Environmental Management
Plan (EMP) will ensure environmental sustainability.

Social Sustainability
The integration of appropriate social impact assessment and community interface management
mechanisms in théroject are critical success factors to the realization of overall business
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objectives and SPDC corporate reputation in the area. A stakeholder engagement plan has been
developed and all stakeholders, especially communities, partners, regulators agowvatirenent
agencies will be engaged in a proactive and respectful manner to engender participation and secure
enabling environment for the Project. The deployment of GMoU and allied processes for interface
management and delivery of basic community devatag intervention projects and programs is
critical to the success of this project. Its scope will ensure that we do not create legacy issues, but
enhance community participation in the business through active collaboration with SPDC
Community Content TeamSkills will also be developed and business supported to enable
community participation in the project execution phase and beyond. Approximately, 2.5% of
project cost (CAPEX) shall be provided for the implementation of Social Performance intervention
progams and projects in the impacted communities. The fund assigned for community
development through the GMoU shall be paid into a joint account maintained with the
communities in tranches and spread over the duration of the agreement, which will algatlalign

the duration of that project.

E.S 8.0: Project Options

The Project Options include
1 No Option: This option entails not implementing the project.
1 Delayed Project Option
1 Develop the Enwhe field

The development alternatives/concepts for the Enwhe w&® as follows: Low Capex, Smart
Field and Optimized development of the field. The differences between the concepts are the Well
counts, gas rate, sand control, degree of smartness and pipeline construction.

Low capex OptionThis is focused on a low development cost concept, fewer wells etc. In severely
funding constrained environment, this concept is the most attractive

Smart Field: This is focused on minimizing impact on community during production by minimal
operationalmterventions. This concept is best on SD consideration.

Optimized Developmenthis involves development with optimized philosophy (i.e. right amount

of wells, complexity, etc)The selected concept is Optimized Development which involves gas
development wh optimized philosophy (i.e. right number of wells), use of one manifold location

at Enwhe West, acceptable level of Smartness (ALoS), use of fully rated lines and Multiphase
flowmeters for metering and allocation.

Drilling Location alternatives
Drill a total of 6 NAG wells with 11 reservoir targets as part of traricdevelopment.

Advantages
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1 Prompt development of the reservoirs identified as réady-gas which includes NAG
reservoirs and oil rim reservoirs with less than 20ft oil column or flackrtainty.

1 High gas volume in the reservoirs.

9 Drilling from new location is less complicated.

Risk of delay and not delivering on promises to stakeholders is low.
Disadvantages

1 Higher overall costs

9 Additional land take

Remarks: Recommended

Drilling from existing Enwhe Wells in the Orashi forest reserve
Advantages
No new landtake

Disadvantages
1 The location of the current wells is in and around government protected forestry reserves
(Orashi Forest reserve).
1 Due to the age of the wells (49 years), theyrit pass the minimum requirement for gas
well completions

Remarks: Not Recommended

Pipeline Options

Pipeline Route 1:The selected route takes off from the Remote Enwhe Manifold in a-North
Easterly direction, avoiding the forestry reserve. The routertivenin a North Westerly direction

to Gbaran CPF. The route crosses a river at between and Road Crossings. The communities in
proximity to the proposed route include: Okarki, Odua, Egbema, (Retiommended).

Pipeline Route 2Runs from Enwhe f |l owstation. 't runs
Kolocreek trunkline RoW, then across the Upper Orashi Forest reserve and terminates at the
Kolocreek flowstation(Not Recommended).

Pipeline Route 3Runs Enwhe flowstation towartise South Eastern flange of the area of interest.
It runs parallel to the pipeline to Oloibiri flowstation then runs southwards along the EGGS
pipeline to Soku GasPlar{fiNot Recommended).

Pipeline Route 4:Runs from Enwhe Flowstation to Kolocreek floatsbn running parallel to

Option 1 Pipeline. It runs southwards then west parallel to Option 2 before terminating at the
Kolocreek flowstation(Not Recommended).
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ES 9.0:Project objectives

The objective of this development is to develop some 0.830F@&s and 15 MMstb Condensate

and Oil in Enwhe field aimed at sustaining NLNG gas supply obligation at 2 Bscf/d and address
potential demand gap beyond off plateau date of 2021.

Proposed Project scope/Overview

The selected concept for Enwhe Opporturstyit he Opti mi zed Devel opment
Right Wells and Facilitieso. The scope-involyv
up to the Gbaran CPF.

NAG development Scope:
9 Drill and complete 6 wells from @ellhead cluster locations
Drill one exploration well
Drill 2 appraisal wells
Construct 6 x 60606 duplex steel flowlines o
Install two remote manifold with mufphase metering and chemical injection skid
(Enwhe East and Enwhe West remote manifolds).

= =4 4 A

Pipeline scope:
The pipelinesdéd scope for the Enwhe field deve
limited to:
1 Design and installation of the following flowlines:
1 Three 0.3 km flowlines from Enwhe East locations to Enwhe East NAG Manifold
1 Three 0.3 kmlbwlines from Enwhe West location to Enwhe West NAG Manifold
1 Design and installation of hoakp arms for the NAG wells
Design and installation of the Enwhe NAG remote Manifolds
1T Design and installation of a new 3&NA@1lkm | c
Manifold to the Gbaran CPF
1 Design and installation of pigging facilities including the pig traps and associated pipework
and valves. The Bulkline extends from pig launcher to pig receiver.

=

Pipeline Dimensions

T 1 no. X 1 2 6i &GbaBah KRR Blkkihne h e

T 1 no. Xx 120606 Ii5Enth& WestBolkliree East

T 3 no. X 666 0.3km Enwhe East fl owlines
T 3 no. X 6606 0.3km Enwhe West fl owlines
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ES 10.0: Project Activities scope for Enwhe Field Development Project

Pre-mobilization

Premobilization activities shall include community and other stakeholder engagements and land
acquisition. This phase will also include designs andibéf fabrications of modules, pipes etc.

Mobilization Phase
This phase will involve:
1 Moving construction equipment (dredger, bulldozers, excavators, graders, rollers, pay
loaders, asphalt pavers, tippers, trailers, swamp bogey, generators, self loaders, cranes,
crew bus, 4WD truck, welding sets, Flushing pumps, Hydro testingGeiterators,
Compressors, Bending Machine, Grit blasting unit, Oxy acetylene torch, Line up clamps,
Coldcutter,xr ay units, Thrust boring machine etc
1 Movement of temporary offices and accommodation to site.
1 Set up site of€e and yard (telecommunication masts, temporary sewage system, messing
facilities).
T Movement of personnel from Contractords ba
1 Movement of rig to site (this is captured as part of mobilization for the purpose of impact
assaesment although this comes after well location preparation).

Construction Phase

Well Locations Preparations

Well location preparations shall typically involvegetation clearing, sand filling, pilling, concrete
and asphalt works

Drilling Workscope andActivities

Logging

This is the electrical/nuclear investigation of the drilled well to ascertain the lithology and fluid
content. The interpretation of the log data gives an indication of the presence and the quantity of
hydrocarbon (in this case gas)tie formation.

Completion

This is the process of hooking up a well for production. The process involves loggingoveell
cleanup, perforation, production testing, sand consolidation and installation of the Christmas tree.
The completion of the drillingyill be the hooking up to the field manifold.
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Pipeline Project Activities

Survey and Staking of Pipeline Routes

Survey shall be carried out to-establish and clearly mark out boundaries of the permanent ROW
and temporary working strip required for construction activities.

Probing for existing facilities
Along existing RoW and at brownfield locations, existiagilities shall be identified and located

using drawings and pipe detectors. Manual excavations at appropriate intervals shall confirm exact
positions. Inspection of each exposed location shall be carried out and a permanent mark placed
on all exposed lies and facilities to indicate which are to be removed and which are to be left in
place.

Clearing and grading
The working width shall be cleared of trees and hedges. Ditches shall be flumed by installing pipes

and ramped over with subsoil to give a contimsi running track through the fields. Topsoil shall
then be stripped across the working area and stored at one side. An area of the working width
adjacent to the stored topsoil shall be designated as a running track for vehicular movements.

Trenching
Atrench, nominally 0.8 0.6 m wider than the pipe diameter and deep enough to provide minimum

cover, will be excavated to for the pipelines burial. Where the pipeline has to cross existing facility
the trench depth will be increased to allow a gap to eristden the two facilities.

Stringing and bending

Stringing and bending involves the handling and positioning of pipes or joints along the ROW on
one side of the trench in preparation to welding into a continuous pipeline. Line pipes shall be
transported tsite from the pipe dumps or lay down areas and laid out on wooden skids along a
line parallel to the proposed trench.

Welding

Before welding, each item shall be visually inspected to ensure that the integrity and general
condition of the pipes and fittys have not been compromised during transportation and storage,
that they are clean internally and that the ends are correctly prepared for welding. Repairs on any
damaged item would be done. Once pipes have been certified fit for use the pipeslistedl be

up for welding. Pipes shall be checked, fitted and cleaned to ensure their quality prior to welding.
Pipes and fitting shall be lined up for welding with all end caps and similar protections removed
immediately before lining up each pipe or fittimgelding of the joints shall be in accordance with
sections 21, 25 and 34 of Shells standard construction specifications. A pipe tally shall be kept
showing records of pipe length and wall thickness and number of welds made.
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Inspection testing and NDT oivelds

Quiality assurance and control of the weld shall be achieved by visual inspection and radiographic
inspection. 100% radiography of all weld joints shall be employed. All radiography films will be
processed and interpreted on site to facilitate queglairs of defective welds. Records of test
results shall be prepared and submitted on a regular basis. Defects shall be repaired or cut out.

Field coating

The weld joint sections and any other sections of the pipeline which are bare or which the coating
has been damaged shall be coated to form a continuous protective coating. Heat shrinkable sleeves
or repair patches shall be used for repairs of defective field joint coatings taking into account the
extent of the portion to be repaired.

Lowering

The welded pipe shall be lowered gently into the ditch without subjecting the line to any stress.
The pipes will conform to the ditch and substantially supported by the ditch bottom. The bed
underneath the pipe shall be prepared by installation of sodtiaigimedium sand bed) to obtain

a soft surround for the installed pipe.

Tie-in

After the pipeline sections are lowered into the trench, the sections will be welded together and
field joint coated after has been ensure that the integrity and general condition of the sections have
not been compromised during lowering. Quality assurandecontrol of the tien weld shall be
achieved by visual inspection and radiographic inspection.

Backfilling
Backfilling operation shall follow as closely as possible the lowering afd tireoperation so that
the pipeline and its protective coatiwgl not be damaged. settlement.

Cathodic Protection

Permanent cathodic protection (CP) facilities shall be installed to protect all Enwhe pipelines.
Protection source shall be from deep well ground bed installed at the CPF and remote manifold
locationsto be determined during design.

Hydrotesting, PreCommissioning and Commissioning

Cleaning, Testing, Davatering and Drying
After all pipeline and manifold sections have been constructed, inspected and tied iR, hydro

testing, precommissioning and commissing will be carried out. Hydrtesting and pre
commissioning involves cleaning, gauging, flooding, hydrostatic pressure testiugteténg and
conditioning of the pipeline systems. It may also involve function checking of valves and other
systems.

Commissioning and Handover
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A pre-commissioning audit of the newly constructed pipelines to verify their conformity with the
construction drawings and operability shall be carried out. The contractor shall participate in the
pre.commissioning audit, and dheffect any remedial works identified.

Decommissioning, Abandonment and Restoration

The decommissioning of the project facilities shall involve these main activities:
Determining the regulatory requirements

Evolving a community involvement strategy

Establishing future land use objectives

Determining objectives of the mothballing plan

Determining remediation requirements

Determining reclamation objectives

Developing a HSE plan

=4 =2 =4 4 4 -

Techniques for river crossing

Along the pipeline corridor, there is o) major river (Orashi River), one (1) medium river of
approximately 100m width, and several minor rivers (width up to 50m). Open cut method shall be
considered at minor river crossing. For the major and medium river crossings, HDD, floatation
method or psh and pull method could be employed, however CONTRACTOR shall assess the
areas at the time of construction and propos
approval. Uncased Thrust boring shall be considered at Major road crossing, and opehaxlit me

at minor road crossing.

River and Creek Crossings
At creek/river crossing, the following RoW extent shall apply:
1 Medium size creeks/water crossings of between 50m and 200m, the ROW shall be 30m.
1 Major water crossings wider than 200m, the RoW shafitre.
1 On each bank of the crossing, the enlarge RoW width shall extend 30m inland from
the bank.

E.S 11.0: Waste and/ or Byproducts Generated

Drilling Waste

The drilling waste management principles in this project will focus on waste minimisation and
recycling. The wastes that will be generated during the drilling operation®ltecuttings /
excess , Spent drilling mud and completion fluids, Cementegte and Drilling effluents (waste
water).

Waste from Pipeline laying activities
Scrap metals, Food wates, Wood, Glass wastes and Plastics.
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ES 12.0: Decommissioning, Abandonment and Restoration

The decommissioning of the project facilities shall invdlvese main activities:
Determining the regulatory requirements

Evolving a community involvement strategy

Establishing future land use objectives

Determining objectives of the mothballing plan

Determining remediation requirements

Determining reclamationbjectives

Developing a HSE plan

= =2 4 4 A A

ES 13.0 Project Schedule
Mobilization to site, and other major pipeline activities are scheduled for Q3 2017. Drilling of
Enwhe Wells and Bukline construction is expected to commence in 2019.

ES 14.0: Description ofExisting Environment

The purpose of the baseline data acquisition is to establish, before the execution of the project, the
status of the various environmental components that are likely to be affected by the proposed
project. A multi-disciplinary approachwas adopted for data acquisition and ecological
characterization which included climate, air quality and noise, soil, land usedead vegetation,

wildlife and biodiversity, aquatic, geology, social and community health status. Data were also
generatd through literature review of existing environmental studies report in the area,
consultations with the stakeholders, detailed field work/study, laboratory and statistical data
analysis. Furthermore, a proper Participatory Rural Appraisal/Assessmeiliectund sampling

could not be conducted due to heightened Security challenges especially around Abua/Odual Local
Government Area in Rivers State. Also, inaccessibility to some sampling stations especially in the
Dry season lead to the short fall in thenner of samples approved in the Terms of Reference.

ES 15.0: Literature Review
Some information used for the description of the environment in this report was obtained from
the following documents:

1 Environmental Management Plan for Gbaran Infill Project, 2016.

1 Scientific publications.

ES 16.0: Description of Sampling location

The Enwhe FDP Environmental Impact Assessment Studies involved a two season field data
gathering (3% to 12" September, @16 (Wet season) and 14th to™28ovember, 2016 (Dry
season)) andovered a spatial boundary of 1km on either side of the proposed Pipeline RoW.
Similarly, thestudy also covered a spatial boundary of 2km radius of the proposed well locations
in the Enwhefield. The stratified sampling desigprotocol was adapted for the study. The
summary of sampling points for various environmental spheres are as follows:
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Soil quality; WS:63 + 2 control; DS: 45+2control
Surface water/Sediment quality: WS: 2 control;DS: 13+2control
Groundwater: WS: 11+2 control; DS: 11+2 control
Vegetation/ Wildlife: WS: 63 + 2 control; DS: 45 + 2control

1 Air quality/Noise: WS/DS; 21+2control
ES 17.0: Quality Assurance/Quality Control
The following QA/QC was observed in sample coll@ttandin situ analysis carried out in the
field. Samples were collected in bottles that have been thoroughly washed with detergent (nutrient
free) and rinsed thoroughly. Prior to sample collection, each container was rinsed with the water
to be sampled dfore finally collecting the representative sample for laboratory anakdis.
samples were analysed at Earthquest International Limited, Warri, Delta State.

1 All sampling equipment were properly protected and maintained in accordance with

manuf aananualse r s 0
1 Sampling bottles were adequately labeled with masking tapes and indelible markers to
avoid mistaken identity.

1 Only analytical reagents (Analar grade) and chemicals were used.
Automated equipments were calibrated prior to field sampling
1 The same stk solutions and standards of3@, HNOz, N&S;SO; Wi n k| er 6 s ( A an
and Starch Indicator were used for all the batches of samples to ensure comparability and
reliability of results.

= =4 4 A

=

ES 18.0: Results

Climate and meteorology

All climatological andmeteorological parameters including Temperature (Mean: Z22685C),
relative humidity (Mean: 60.681.90%), wind speed (0.8B5 m/s), wind direction and air
pressure (Mean:100%011.7) are normal for the study area.

Air Quality and Noise

All measuredAir quality parameters were within regulatory limits. Heavy metals, Nitrogen
dioxide, Sulphur dioxide, hydrogen sulphide, ammonia, volatile organic compounds, and ozone
were undetected. Carbon monoxide (Mean: 0.01 ppm) and suspended particulate n&2¢030.8
ug/m?) were below the respective permissible limits (10 ppm & 250 flgiNoise levels (Mean:
50.3455.3dBA) were within regulatory limits (90 bB(A)).

Surface Water Quality

Physicochemistry

Most of the surface water physicochemical parametersasipi, redox potential, conductivity,
dissolved oxygen, BOD, COD, nitrate, phosphate, alkalinity, sulphate, cations, heavy metals and
oil & grease were within normal limits for unpolluted surface waters. Turbidity and Total
suspended solids were high dlatations including the control particularly during the wet season
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(eg. Wet season control Mean: 15045 NTU). High turbidity in surface waters are common in the
Niger Delta and is related erosion and surfaceaffimto the rivers during rains. All measd
physicochemical parameters showed a tendency to increase during the rainy season which is
attributed to rairrelated surface ruoff into the rivers.

Microbiology

Levels of Total Heterotrophic Bacteria (THB), Hydrocarbon Utilizing Bacteria (HUB)alTot
Heterotrophic Fungi (THF) and Hydrocarbon Utilizing Fungi (HUF) were all within normal levels
for the unpolluted surface waters. Coliform bacteria were detected in the surface waters-(Mean:2
10 MPN/100 ml) making the waters hazardous to health andeuftsdiuman consumption

Sediment Quality

Texture

The sediment was dominated by sand in the dry season but during the rainy season silt and clay
dominated in some location mainly due to erosion and surfaeeffumput of materials from the
catchment.

Physicochemistry

Sediment physicochemical factors including pH, redox potential, electrical conductivity, total
organic carbon, oil and grease (Mean:-B.9 ppm), nutrients, exchangeable cations and heavy
metals were all within normal levels for unpolldtsediments. Variations were mainly seasonal
due to erosion and surface raff from the catchment into the surface waters.

Microbiology

Levels of Total Heterotrophic Bacteria (THB), Hydrocarbon Utilizing Bacteria (HUB), Total
Heterotrophic Fungi (THF) ahHydrocarbon Utilizing Fungi (HUF) were all within normal levels
for the unpolluted sedimentEhe ratios of HUB to THB were well below 10%, signifying absence
of oil pollution in the environment.

Soll

Soil Texture Soil texture ranged from clay loam to sandy loam with higher proportion of clay in

and silt during the wet season compared to higher proportion sand during the dry season. Particle
size distribution varied widely between surface and subsurface levelsetmeen wet and dry
seasons compared to control locations. The seasonal flooding which characterizes the study area
is the main cause of the wide seasonal and spatial variations observed in the textural characteristics
of the soils.

Soil Porosity and perreability. Soils porosities (approximately 50%) are normal for the area, the
higher dry season values being linked to the reduced moisture content of the soils. Soils
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permeability was generally <2 cm/hr and are considered low compared to soil criticabfvalue
cm/hr. This is good for groundwater protection from infiltration of pollutants.

Bulk Density. The bulk density of soils in the study area were generally low (<0.5 g/cm3) but
were within the acceptable range of < 1 3/ifhe low bulk density is relat to the low organic
matter content of the soils.

Conductivity and pH Soil conductivity (<100 uS/cm) was well within recommended limit of 150
puS/cm for good agricultural soils. The soil pH was generally acidic at all locations with lower
values (<<5)m some locations. The levels were low when compared with recommended levels of
5.5-7.5 for good agricultural soils. The acidic nature of the soils may be associated with the
seasonal flooding characteristic of the study area.

Total Organic Carbon (TOC)TOC levels were low (<1%) when compared with recommended
levels of > 2% for good agricultural soils. At all locations lower values were obtained during the
wet season. Surface levels were also higher than subsurface levels.

Oil and Grease

Oil and Greaseral Total Hydrocarbons showed relatively higher values during the wet season and
at surface levels compared to subsurface levels but concentrations were generally very low at all
study locations indicating absence of oil pollution in the area. Levels of (Bd@erally <1.5

mg/kg) are within background levels of mineral oils in soils (100 mg#ger, 1990)).

Nutrients: Levels of nitrate were below 2 mg/kg at most locations which is considered too low for
good agriculture. Similarly, total phosphorus (<5 kgj/were generally when compared to
preferred levels of >10 mg/kg for good agriculture. The levels of sulphate were also low (<4
mg/kg) compared with recommended levels of >15 mg/kg for agricultural soils.

Exchangeable cationsThe levels of sodium, potsism, calcium and magnesium varied widely
between seasons and depths compared to control. All values were higher than the respective critical
values for soil and are consider adequate for agricultural production but sodium was higher than
the recommendedhhit of < 1.0 cmol/kg.

Heavy metals

Mercury, barium and vanadium were not detected in the soils of the study area. All other studied
metals including copper, zinc, lead, cadmium, nickel, chromium and arsenic were generally very
low in concentrations andithkin the recommended limits for agricultural soils. Only iron showed
high concentrations at all locations and depths. Although iron was higher than the recommended
limit of 500 ppm for good soils, high concentrations of iron in Niger Delta soils are sma@om
occurrence and does not constitute any environmental hazard.
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Aliphatic ad Aromatic hydrocarbons

BTEX were not detected in the soils indicating absence of any recent petroleum pollution. PAH
ranged from below detection limit at most locations during the wet and dry seasons to a maximum
of 0.274 mg/kg recorded for Acenaphthalene in the wet seasose@gein levels was significantly
higher than dry season concentrations at all study locations. During the wet season, six (6) PAH
congeners were undetectable in the soil (Benzo(b)fluoranthrene, Benzo(a)pyrene,
Benzo(k)fluoranthrene, Indeno (1,2,3) peryleD#&enzo(a, h)anthracene, Benzo(g,h,i) perylene)
Apart from dibenzo (a,h) anthracene and benzo (g,h,i) perylene which were not encountered in any
of the sample all other PAH congeners were detected during the wet season. The wide distribution
of both the3-4 ring polycyclics and the higher ring polycyclics is an indication of the mixed
sources of hydrocarbons (petrogenic and pyrogenic) particularly during the wet season in the study
area. Levels of PAH were generally low and below levels of concern & soil

Soil Microbiology

The counts of bacteria and fungi encountered are normal for unpolluted environments in the Niger
Delta. The ratio of HUB to THB which is commonly used as indicator of petroleum pollution were
markedly lower than the threshold of 1q%tlas, 1982) at all locations indicating absence of
petroleum pollution in the soils.

Land Use/ Land cover

The land cover of the Enwhe field comprises of water, primary forest, fallow lands, urban and
industrial areasThe area occupied by water remairaggproximately the same across the three
periods. It covered an area of 3.15%km1988, 3.92 krhin 1999 and 3.74 kAin 2015.The little
changes in area coverage can be ascribed to some areas that are seasonally e quledary

forest area decreasadross the three periods. It covered an area of 6 281Ki888 and decreased

to 56.6knt in 1999 which decreased further to 47.52km 2015. This decrease is due to the
conversion of the primary forest into fallow lands and buitaround the study are®@he fallow
landsincreased across the three periods. It covered an area of 2.#53k888 and increased to
6.05 knt in 1999 and further increased to 9.5%km2015 The increase in the land coverage is
due to the deforestation dfe primary forest into fallows because of increase in urbanisation and
other developmental activitiedJrban/Industrial/Bare Land clagscreased across the three
periods. This classovered an areaf 1.07 knf in 1988, increased to 1.98 krm 1999 and
increased further to 5.21 Knin 2015 This growth is observed around Obunaghan, Tombia,
Gbarantoru and the SPDC CPF area. This is an indication of high urban development/construction
and influx of people into the study area.

Groundwater quality

Physicocherstry

Ground water physicochemical parameters including pH, redox potential, conductivity, dissolved
oxygen, BOD, COD, nitrate, phosphate, alkalinity, sulphate, cations, heavy metals and oil & grease
were within recommended limits for drinking water. Tadlity and Total suspended solids were
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above recommended limit of 10 NTU at all locations including the control particularly during the
wet season (eg. Wet season control Mean: 38,590 NTU). This was attributed to the unconfined
nature of surface aquifers wehi allows infiltration of surface materials. All measured
physicochemical parameters showed a tendency to increase during the rainy season which is
attributed to rairrelated inputs from infiltration.

Microbiology

Levels of Total Heterotrophic Bacter{@HB), Hydrocarbon Utilizing Bacteria (HUB), Total
Heterotrophic Fungi (THF) and Hydrocarbon Utilizing Fungi (HUF) were all within normal levels
for the unpolluted surface waters. Coliform bacteria occurred widely (MeattQMBPN/100 ml)
making the waterlazardous to health and unsafe for human consumption

Vegetation

The vegetation in Enwhe was described in seven transects and two controls within the study area.
The vegetation was divided into Flood forest, low land forest, secondary vegetation t@agticul

and home gardens. The percentage composition of the vegetation showed that trees constituted
29.91%, herbaceous plants 14.53%, shrub 13.68%, climbers 8% and grasses 4%. Some of the trees
identified in the area weldevea brasiliensis Elaeis guineesigPentades matyracea, Anthocleista
nobilis, Anthocleista djalonensis, Cleistopholis pate@Ecosperma secundifloru@odominant

with andPsidium guajava The herbaceous plants obsereved in the area inclGtimpertonia

ficifolia, Panicum subalbidumand Alchornea laxiflora Annual flooding occurs in Enwhe with
sources from River Orashi and River Nun. The floods can reach a height@fektand lasts for

an average of 5 weeks. The vegetation in the flooded areas of Enwhe are destroyed afbeisthe flo
receed. Farmland clearing, plantation agriculture and lumbering have contributed to the alteration
of the vegetation in the area.

In the study area, agricultural farmland and home gardens comprise of plants belonging to the
following Families: Moracea, Caricacaea, Solaneaceae, Musaceae, Rutacea, Poaceae,
Bromeliaceae and Myrtaceae which were representedripcarpus communisBfeadfruit)

Carica papaya(Paw paw), Solanummelongena/Garden egg)Musa paradisiacal (Plantain),

Citrus SinensigCitrus), Ananas ComosugPineapple), andPsidium guajavagGuava). Edible

green leafy vegetables found in the study area belonged to the following Families: Asteraceae,
Cucurbitaceae and Amaranthaceae; examples include Veronia armygalatina, (Bitterleaf) and
Telfera @cidentalis (Fluted pumkin). Twentiree (23) timber species were identified in the study
area. Trees constitute the natural biodiversity of the area and are therefore critical in the ecological
balance of the freshwater swamp forest zone. Felling of fowecommercial purposes resulted in

loss of valuable plant species and reduced species richness and evenness.

Some ecosystem services provided by the plants in the study area include food such as yam.
Cassava, vegetables and fruits; medicinal plante &agcinia kola pitter kola) Chromolaena

odorata and Alchornea spp (Christmas busHegulatory and supporting ecosystem services
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provided by plants in the study area were nutrient recycling, shielding of soil from erosion, siltation
control andevapotranspiration.

Wildlife

The wildlife in Enwhe showed remarkable diversity in both invertebrates and vertebrates. There
was abundance of invertebrates such as arthropods and molluscans. The edible land snalil
Archachatina marginatavere also abundant and were commercially exploited in the area. For
Amphibians,Bufo regularis(African common toad) was common whll@oria Caerulea(tree

frog) was rare. Reptiles such Bslusios nige(West frican black turtle)KXinixys erosaSerated

back turtle) andPython regiugRoyalPythons) were rar@steolaemus tetraspiPwarf crocodile)

and Crocodylus niloticus(Nile crocodiles) were rare because they were exploited for food.
Common reptiles in the study area includes wall gecko, stinks agagnd lizards. Diverse
Avifauna such as cattle egret, pied crow, hornbill and black flycatcher were seen in the study
location. These Farmland birds were either insectivores or grain eating birds.

There were 24 species of mammals recorded at Enwhe. Thegierrodents (Rodentia), primates
(Primates), pangolins (Pholidota), carnivores (Carnivora), insectivores (Insectivora), and
ungulates (Artiodactyla). The study indicated that most of the mammals were rare, vulnerable and
threatened while just few were ramon. The deforestation of Enwhe forest has exposed the
mammalian population to hunters, and this has ultimately led to loss of biodiversity.

The ecosystem services provided by the wild life include provision of meat; birds participate in
fruit and seed dpersal; mollusk plays a major role in nutrient recycling; while the butterflies
pollinate the crops.

Aquatic Ecology

Phytoplankton

Phytoplankton was composed of Bacillariophyceae, Chlorophyceae, Cyanophyceae, Dinophyceae
and Euglenophyceae with Baciilaphyceae being the most dominant and abundant. This is
normal for Niger Delta Rivers. However, the higher abundance of Phytoplankton during the wet
season compared to dry season is not common but this was attributed to the higher levels of
phytoplankton atrients (nitrate, phosphate, silicate) in the wet season. Shannon diversity (Mean:
2.7723.52) indicated an ecologically stable system that is only moderately stressed.

Zooplankton
The zooplankton was composed of Protozoa, Copepoda, Rotifera, Cladocera and Insecta with
Rotifera being the most dominant. Such distribution is normal in Niger Delta Rivers. The higher

XXXI



Environmental Impact Assessment of Enwhe Field DevelopPepecti Final Report

wet season abundance of zooplankton is linked the phytoplankton wincidgs direct food
source to zooplankton. Dominance, diversity and richness indices indicate a relatively stable
system. The Shannon diversity index (Mean: 2.63@®3) indicates a stable system with only a
moderate level of stress.

Macrobenthos

The macobenthos was composed of Crustacea, Annelida, Plecoptera, Diptera and Coleoptera with
Annelida and Diptera being the most abundant during the wet and dry seasons respectively. The
distribution of zooplankton is normal in Niger Delta Rivers. The highenddmce during the wet
season compared to dry season was attributed to increased levels of silt and clay in sediments
during the wet season. Silt/clay presents a richer source of organic carbon and food for
microbenthic fauna. Dominance, Diversity and Re$sindices indicate a stable ecosystem. The
Shannon diversity index (Mean:1.326407) however points to a greater level of stress in the
benthic environment. This may be linked to the low levels of organic food source in the sediment
particularly in thedry season when the sediments are dominated by sand.

Fisheries

The major occupation of the inhabitant of the community living along Orashi and Nun Rivers was
fishing. It is artisanal fisheries because of the low level of investment. Their fishing gears w
largely made of long setlines, circling nets and seine nets of different mesh sizes and the fishermen
used dugput canoe. The finfish comprised of 11 Families namely: Hepsitidae, Characidae,
Channidae, Ariidae, Centropomidae, Carangidae, AnabantidgedBe, Cichlidae, Clarridae and
Citharinidae. The Characidae were the highest in species abundance and condigtiedoyhus

brevis H. lineatus, H. forskalii, Alestes nurse, A. baremoze A. longipiantMicralestes
acutidensThe FamilyCichlidae waghe second in the order of importance and the examples were
Hemichromisbimaculatus, H. fasciatuBelmatochromis guentherTilapia zillii, Sarotherodon,
galilaeus, Tilapia heudelotii, T. mariaand Oreochchromis niloticuBagriidae was represented

by Bagrus bayad, B. flamentosus, Clarotes lanticeapd C. macroplhalusCarangidae, Ariidae,
Hepsitidae andCentropomodae were represented by one species each. There was no significant
difference in fishes caught during the rainy season and dry seasonidpearaunit effort is low
indicatingoverexpliotation of fisheries resource.

Social Profile

Stakeholder communities, Governance, Religious belief and Customs

Twenty-four (24) stakeholder communities from five (5) Clans covering Bayelsa and Rivers States

were captured in this study. The clans covered in Rivers State are: Emughan in Abua/Odual Local
Government Area; and Igbuduya and Engenni in Ahoada West Local Government Area. Those in
Bayelsa State are: Gbaran and Epie. The communities of the studyeaszally have a-fevel
pyramidalhierarchical governance structure headed by a Paramount ruler followed by the
Chiefso6/ EIl dersdé Council, the Community Devel o
Groups and Communiigased Organizations (CBOs), and thedividual members. The
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Paramount Ruler is known by various names depending on the Clan concernedkésnawei;
AmananaOwei; Obanekien, etc. Christianity and African Traditional religion are the two main
religious beliefs of the people of the area. Sésimnd sacred grounds exist in the communities
which are highly venerated by the people.

Land Ownership and Land Use

In Nigeria, access to land either for commercial use only and/or for ownership can be through
outright purchase, inheritance, leasmrtgage, etc. In the study area, access to land is usually by
inheritance. Individual ownership of land is not very common as the local land market is still at its
development stage; families and groups of families have custody of ancestral land.

However,when land is to be acquired by an organization, the community leadership serves as
platform for all negotiations. Land in the area is used mainly for farming and fishing purposes.
Other indigenous uses of land are: hunting, lumbering, harvesting dfmbaer forest products,

as well as housing.

Population and Sociedemographic Information

The population of the 24 communities in the Enwhe FDP area, according to the 1991 census was
52,608 people. Out of this number, 27,871 were males and 24,73Tewatles. In terms of sex
distribution males were more than females in the area. Using an annual population growth rate of
2.8%, the National Population Commission projected the population of the area for 1996, 2002
and 2006 at 72,260; 73,694; and 75,488pectively. As part of this study, the population of the
area was projected for 2015 and 2030 using an annual growth rate of 3.4% and the exponential
growth model. The projected population for 2015 and 2030 are 98,593 and 128,763, respectively.

Livelihood and Micro-economy

Agriculture, farming and fishing are major traditional economic activities within the communities.
Common crops cultivated in the area include plantain, banana, cassava, okra, pepper, potato, etc.
Other economic activities in the Prdjerea include lumbering, harvesting of rianber forest
products, motor/tricycle transportation business, telecommunication, hair dressing, petty trading,
etc. Income in the area range between N1,000.00 and N75,000.

Infrastructural Facilities and Quality of Life

Communities in the study area were observed to have one or more infrastructural facilities such as
electricity, primary and secondary schools, roads, health care centers, town hall, market, jetty, and
pipe borne water. However, not all the infrastural facilities in the communities surveyed are in
functional state. With respect to electricity supply, only Obunagha in the Gbaran Oil Field had
regular power being supplied by SPDC from its flow station.
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Housing and House Types

Housing in the Enwd communities are a mixture of modern and traditional designs and
construction materials. With the exception of communities in the Igbuduya Clan, houses in the
other communities were observed to be clustered. The houses within the communities in Igbuduya
Clan are separated by bush and patches of farm land. Houses with modern designs were built with
improved utilities like kitchen, toilet and bath. Most houses in the communities were constructed
with stable and permanent materials like cement blocks anddaath corrugated iron sheets.
However, in the Igbuduya, Ogbogolo and Abua/Odual areas, a good number of houses had roofs
made up of corrugated iron sheets with mud or wooden walls. In Gbaran and Epie areas, most
houses across the communities were bungaland flats. The bungalows were built with many
rooms and were mostly mulietnanted. A few houses were built with single rooms or as self
contained units for commercial purposes. Bungalows account for more than 50% of houses in these
communities.

Percepions, Needs, Interests, Concerns and Expectations from Proposed Project

During the consultation meetings with the leadership of the communities in the Enwhe FDP area,
several concerns and expectations were expressed. Communities in the area expréessadelisp

at SPDCo&s posture with regards to empl oymen
infrastructure. They were particularly bitter that repeated studies have been carried out and their
expectations (demands) articulated, yet nothing had done. &hpkiasized that SPDC should

show human face and be more proactive in addressing community complaints. The communities
expect that the Enwhe FDP would provide the SPDC the opportunity to turn a new leaf in its
relationship with them such that their infrastiural and other challenges would be addressed.

Health Profile

Secondary data on health status of the communities within the study area was obtained from
previous studies on Obunagha community around the Gbaran Central Processing Facility. The
most common causes of ill health in the communities were said to be nmgainiaid fever, upper
respiratory tract infections, skin diseases and diarrheal diseases. These health problems reported
by discussants at the FGD sessions held in the communities were comparable to the patterns noted
in records of public health facilitsethat serve the various communities; and consistent with the
diseases seen in other communities in Nigeria (NDHS, 2008).

Similar to situations in several rural communities in the Niger delta, the incidence -of non
communicable diseases like hypertensand diabetes mellitus are beginning to rise in the
communities. An indication of this was obtained during the focus group discussions conducted in
the communities, and corroborated by the results of the random measurement of blood pressure
carried out dung the field study. Undéive and maternal mortality rates are falling within the
communities. This was acknowledged during the focus group discussions held in the communities.
The mortality rates in the communities were comparable to those of neighbommgunities.
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Reports of maternal mortality was said to be as low as once a year within the communities. This
decrease in maternal mortality was attributed to the training of traditional birth attendants in the
communities, and the swiftness with whichexgencies were recognized and referred to hospital,

for appropriate treatment. Causes of maternal deaths recorded in the communities within the last
five years, according to discussants include prolonged labourpadam hemorrhage, abortion;

and eclampia. These causes are also consistent with the findings in most other communities in
Nigeria (NDHS, 2008).

The common causes of undare mortality include: malaria and its complications, especially
anemia and febrile convulsion; gasenteritis (diarrhea and vomiting), acute lower respiratory

tract infection; and vaccine preventable diseases like measles.

Most of the communities, have a health facility located within the prescribed 5km distance, or 30
60 minutes travel time. The Primary Health Cardlifees are either sited in the communities, or

have the communities as part of their catchment area. Most of the health centers in the communities
are however poorly equipped, and did not offer regular medical services. Pharmacies of health
centers lackedssential drugs, mainly because they did not have a proper drug revolving scheme.
The members of the Emughan clan access secondary health care services from the Aminigboko
cottage hospital, built by SPDC but currently being managed by the Rivers Statergemt.

In addition to primary and secondary health care centers, tertiary health care centers such as Niger
Delta University Teaching Hospital, Okolobiri; Federal Medical Center, Yenagoa; and the
University of Port Harcourt Teaching Hospital, Port Hartpare accessible to these communities.
Similar to communities in the SouBouth region of Nigeria, alcohol and tobacco are commonly
taken. The sexual behavior of members of the communities can encourage the transmission of
sexually transmitted infectis, including HIV/AIDS. Polygamy is common, most adult males
have multiple sexual partners, and marital infidelity is culturally tolerated for men

ES. 19.0: Potential and Associated Impacts
The assessment of the degree of alteration to natural condifitims environment via-viz the
project activities. However, the overall potential negative impacts of the project activities on the
environment were generally minimal. The project activities which showed potential negative
impacts include but not limitet the following:

1 Movement of equipment and personnel, Rig movement

1 Route & location clearing Dredging & Sand filling, Pilling, Concrete and asphalt works,
Excavation, Backfilling, Pipeline coating, Stringing & welding; NDT and cathodic
protection and Bse camp activities.
Drilling and well hookup.
Well & pipeline testing, Cathodic Protection.
Commissioning & Handover
Well work-over, Gas production, Pipeline maintenance & replacement.
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1 Flushing of pipelines, Vacuum drying of pipeline, capping of pipeRemoval of
surface installations, Plugging of wells.

The negative impacts will be generally minimal, localized and gkart, particularly given the
fact that the adverse impacts will be properly mitigated with the strict implementation of the
Envirormental Management Plan developed for the proposed project. Significant negative impacts
of the proposed project include but not limited to the following:
1 Third party agitation
Increase in road traffic, potential for accidents and injuries
Loss oflivelihood
Damage to road infrastructure
Influx of people causing Pressure on health and other Infrastructure
Reduction in air quality
Loss of aquatic species (Fisheries, Planktons and benthic fauna)
Increase in noise and vibration
Increase in refined hydcarbon contents of soil and vegetation
Increase in crime rate
Contamination of groundwater
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Positive impacts of the proposed project include but not limited to the following:
1 Potential for skills acquisition

1 Opportunity for direct and indirect Employment
1 Opportunity for wealth creation
1 Potential for development of infrastructures and economic enhancement.

ES 20: Mitigation Measures
To ensure that all negative impacts are reduced to the barest minimum in the execution of the
Enwhe Field Developmenmroject, the following mitigation measures shall be applied:
1 SPDC shall ensure adequate consultation with all stakeholders especially communities
1 SPDC shall carry out sound community sensing to evaluate existing relationship between
SPDC & fence lineommunities, collate legacy projects & agree with community on ways
of addressing them to change the perception to positive.
1 Land take shall be limited to the minimum required.
Stakehol derds engagement shall be sustaine
1 SPDCshall discuss and agree on sustainable community development project and
implement agreed projects, these will serve the whole fence line communities without
bias.
1 Relevant stakeholders/legacy issues shall be identified
1 Regular consultation with stakeheld (Govt., Community, NGOs, CBOs etc.) shall be
carried out to understand community perceptions, issues and concerns

=
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1 Alternative income generating activities through skills acquisition that will empower
communities shall be introduced and supported.

1 SPDCshall ensure all project vehicles observe the speed limits and large vehicles have
warning lights to alert other road users.

E.S 21.0: Environmental Management Plan

The Environmental Management Plan (EMP) provides a general overview of each of the major
EMP components, as well as the guidelines and procedures for managing the significant impacts
of the Project. An Environmental Monitoring Plan has also been developed from the EMP. It will
ensure adequate monitoring key receptors and waste streamdsertiigeld. The EMP shall be

used to ensure that potential adverse effects are reduced to ALARP levels. The EMP shall also be
used to check and continuously monitor compliance and effectiveness of the mitigation and
enhancement measures. These are odtlinethe EIA report that SPDC has committed to
implement for the Project. In addition, this EMP shall be used to ensure compliance with statutory
requirements and corporate safety, health and environmental plans of SPDC. The primary
objective of the EMP iso provide a set of consistent managerial tools, which will enable SPDC

to monitor and control environmental performance.

E.S 21.0: Conclusion

The Environmental Impact Assessment Studies of the Enwhe Field Development Project was
carried out in accordance with relevant local, national and international regulations. The
methodology applied for the study involved field work, laboratory analyseswef previous
reports and current field data within the area. To achieve this objective, admacijplinary
approach was adopted in the assessment of the environmental status and sensitivities of the various
biophysical components. The Enwhe Field Blepment Projedts an opportunity to sustain gas
supply to NLNG and maximize utilization of Gbaran CPF by developing gas and condensate in
the Enwhe field. Othergsitive impacts of the proposed project include but not limited to the
following: increase n business opportunities, provide Opportunity for direct and indirect
Employment (Unskilled labour) and Opportunity for contracting.

The identified adverse impacts were generally stesrh and can be prevented, reduced,
ameliorated, or controlled if theecommended mitigation measures are implemented. An
Environmental Management Plan and a Monitoring Plan have been developed to ensure that the
identified potenti al i mpacts are reduced to :
should thereforédorm the basis for the actual project implementation and future monitoring of
environmental components. The approval of this EIA report for the execution of the proposed
project is hereby recommended.
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CHAPTER ONE

INTRODUCTION
1.1: Background Information
TheShell Petroleum Development Company of Nigéiraited (SPDC)on behalf ofts Joint
Ventures partnersNjgerian National Petroleum Corporation, Total, and Nigeria Agip Oil
Company) conducteda Environmental Impact Assessment studies ttoe Enwhe Field
Development Pject The Enwhe field development project is an opportunity to sustain gas
supply to NLNG and maximize utilization of Gbaran CPF by developing gas and condensate
in the Enwhe fieldThe Enwhe field is part of the phasddvelopment of Gbaran node to
support SPDC6s gas supply obligation of 2bs:¢
Gbaran node. The proposed development in the Enwhe field will involve the drilling of gas
and oil wells from two surface locations, canstion of oil and gas pipelines and manifolds
to tie the field into the Greater Gbaran Infrastructure. The development strategy in the Enwhe
field will be in two tranches. TrancHe(i.e. this project) is focused on gas, while Trar2he
oil and gas dexlopment after appraisal for oil in Tranehe

The proposed activities for the development of the Enwhe field will have various interactions
with the environment, hence the need to conduct an Environmental Impact Ass€&sfent
studies.In line with the provisions of Part VIIIT Section A, 3.0 of the Environmental
Guidelines and Standards for Petwte Industries in Nigeria, 2002 (EGASPIN)an
environmental screening of all concept optiamsl a preliminary assessment of the selected
option was conducteahd approval issued (Appendixl). Post approval of the environmental
screening and preliminary impact assessment refheT,erms of Reference/Scope of Work
(ToR/SoW) wassubmitted to the Department of Petroleum Resources (RR&)Federal
Ministry of Environment (FMEnvjor consideration and an approval obtained (Appetdx

and 1.3. This EIA study has identified the key potential impacts of the project activities on
Biophysical, Social and Health components within the prageea and proffered mitigation
measures for Environmental Management. The findings are hereby incorporated in this report.

1.2: Objectives of the Environmental Impact Assessment
The objectives of the Environmental Impact Assessment studiEsvdre Fiéd Development
Projectinclude but not limited to the following:
1 Acquire baseline data of the environment as well as the-segoimomic and health
conditions of the host communities;
1 Use the baseline data to describe and characterize the study area,;
Identify the environmental sensitivities of the project area;
1 Determine and evaluate the potential impacts of the proposed project activities on the
identified environmental sensitivities and the interactions between the sensitivities;
1 Recommend appropreaimitigation measures; and
1 Develop an Environmental Management Plan (EMP).
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1.3 Project Location

The Enwhe field is located in the sowtlestern corner dfcenseblock OML 22 and extends
into licenseblock OML 23and islocated about 36km to the East@baran CPFThe field is
part of the Gbaran Ubie Node which is a mitild oil and gas asseThe Enwhe field is
bounded bycreek and creekle of Orashi and Nun RiveMajor communities in the Enwhe
field lies in YenagoalLocal Government Areaf Bayelsa State and Ahoada West and
Abua/OduéLocal Government Areas of Rivers Stéiable1.3.1).

Table 1.3.1: Major communities in the Enwhe field in Rivers and Bayelsa States
S/N [State LGA Clan Community

1 Rivers state  |Abua/Odual Emughan Aminigboko
Owerewere

Emesu

Okoboh

Emabu

Obarany

Egunughan

Ahoada West Igbuduya Obodhi

Ogbologbolo

Ogbede

Odieke Ugbobi
Odigwe

Engenni Ogbogolo (Ogbogolo, Op
Ogbogolo, Kala Ogbogolg
Egboamadgbogolo)
Akiogbologbo

Ikodi Engenei

Okarki

Kunushia

2 Bayelsa State [Yenagoa Gbaran Okolobiri

Obunagha

Epie Okutukutu
AgudamaEpie
Kumboama

Akenfa
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Fig. 1.3.1a: Map of Rivers State showing Ahoada West Local Government Area
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Fig. 1.3.1b: Map of Bayelsa state showing Yenagoa Local Government Area

1.4: Legal and Administrative Framework

There are legislations, guidelines and standardsgthadrn the assessment of environmental
impacts of development projects in the oil and gas industry in Nigeria. These regulations can
be classified as follows:

1.4.1: Legislations guiding Environmental management in Nigeria

The Mineral Oil (Safety) Act CAP 350 LFN 1990

Sections 37 and 40 of tiMdineral Oil (Safety) Act CAP 350 LFN 199@quire provision of
Personal Protective Equipment (PPE) and the safety measures for workers in drilling and
production operation in accordance with international standards.

Federal Environmental Protection Agency (Now FMEnv) Act No. 58, 1988

This Act, which was issued in 1988 and amended by Act No. 59 of 1992, provides the setting
up of the Federal Environmental Protection Agency, as the apex organization for the overall
pratection of the Environment and Conservation of Natural Resources. The act also makes
environmental impact assessment (EIA) mandatory for all new major projects. In compliance
with its mandate, FEPA issued the procedure, guidelines and standards feedteoa of

EIA with emphasis on the significance associated with current and potential impacts of such
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projects. The procedure also indicates the steps to be followed (in the EIA process) from
project conception to commissioning in order to ensure tatptoject is executed with
adequate consideration for the environment.

EIA Sectoral Guidelines for Oil and Gas Industry Projects, 1995

In compliance with its mandate, FEPA issued Et& Sectoral Guidelines for Oil and Gas
Industry Projects, 199%ontaned in the Procedural Guidelines (pg. 8) are Category | projects
(mandatory study activities) and listed under item 15;iwrb (a) on page 10) (Petroleum) is

Oil and Gas Fields Development, making an EIA mandatory for the proposed project. The
ProcedurbGuidelines also indicate the steps to be followed (in the EIA process) from project
conception to commissioning in order to ensure that the project is executed with adequate
consideration for the environment. Annex C contains the EIA writing formatqased by
FMEnv. The guidelines are intended to assist in the proper and detailed execution of EIA
studies of projects in consonance with the EIA Act.

S.1. 15- National Environmental Protection Management of Solid and Hazardous Wastes

Regulation (1991) FEMENvV)

This provides that the objective of solid and hazardous waste management shall be to:

1 Identify solid, toxic and extremely hazardous wastes dangerous to public health and
environment,

1 Provide for surveillance and monitoring of dangerous and extrdmebrdous wastes and
substances until they are detoxified and safely disposed,

1 Provide guidelines necessary to establish a system of proper record keeping, sampling and
labelling of dangerous and extremely hazardous wastes,

1 Establish suitable and providecessary requirements to facilitate the disposal of hazardous
wastes;

1 Research into possible-tsse and recycling of hazardous wastes.

Environmental Impact Assessment Act CAP E12 LFN 2004

The Act sets out general principles, procedures and methodshiie ¢éma prior consideration

of Environmental Impact Assessment on certain public or private projects. The objectives of
the Act is to promote the implementation of appropriate policies consistent with all the laws
and decision making processes through withe goal and objectives maybe realized. The Act
also encourages the development of procedures for information exchange, notification and
consultation between the organs and persons when proposed projects or activities are likely to
have significant envanmental effects on boundary or trestate or on the environment of
bordering towns and villages.

FEPA (Now FMEnv) Nigeria's National Agenda 21 (1999)

Nigeria's National Agenda 21 was developed to:

1 Integrate environment into development planning atiealels of government and the
private sector,

1 Intensify the transition to sustainable development,
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1 Address sectoral priorities, plans, policies and strategies for the major sectors of the
economy and,
1 Simultaneously foster regional and global partnerships.

FEPA (Now FMEnv) National Policy on the Environment (1989)
This gave the policy goals, conceptual framework and strategies for implementation.

Forestry Law CAP 51 LFN 1994

The Forestry Act 1958 which was amended ad-tirestry Law CAP 51 LFN 199rohibits

any act that may lead to the destruction of or cause injury to any forest produce, forest growth
or forestry property in Nigeria. The law prescribes the administrative framework for the
management, utilization and protection of forestry resourcegyierid, which is applicable to

the mangrove, and other forests of the Niger Delta.

Land Use Act CAP 202 LFN 1990

Thelanduse Act of 1978 states that #AfAeé it i's al
Nigerians to use and enjoy land in Nigeriasirfficient quality to enable them to provide for

the sustenance of themselves and their fami/]l

National Inland Waterways Authority Act No 13 of 1997

This Act established the National Inland WaterwAwshority with a view to improving and
developing inland waterways for navigation, providing an alternative mode of transportation
for the evacuation of economic goods and persons, executing the objectives of the national
transport policy as they concemland waterways. The Act also prescribes regulations and
sanctions on the use and exploitation of resources of inland waterways such as dredging, sand
or gravel, mining and erection of permanent structures within theafglity or diversion of

water froma declared waterway.

National Oil Spill Detection and Response Agencict 2006 as amended

Ths act established the National Oil Spill Detection and Response Agency with a view of
coordinating and implementing the national oil spill contingency plan atablishing
mechanism to monitor and assist, or where necessary, directing the response. NOSDRA
basically providesversight functiorfor oil spill detection, reporting and response in Nigeria.

Endangered Species Act CAP E9 LFN 2004

This Act prohibits hunting, capture and trade of sanedangered specidike crocodile,
alligator, turtles, Parrot, etdhe Endangered (Control of International Trade and Traffic)
Decree (No. 11 of 1985) has been enacted by the Federal Republic oaNjgerifically to
implement CITES. It is broader than CITES in that it also covers domestic taking of listed
species. Two schedules are included: Schedule | (Endangered $p&aiesls in relation to

which International Trade is absolutely Prohibitedid &chedule 2 (Animals in Relation to
which International Trade may only be conducted under License). The decree prohibits taking
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of Schedule 1 species and requires that taking of Schedule 2 species be in accordance with a
license issued under the decree.

Petroleum Act CAP 350 LFN 1990

An Act to provide for the exploration of petroleum from the territorial waters and the
continental shelf of Nigeria and to vest the ownership of, and-ahore and ofshore revenue

from petroleum resources derivable #feom in the Federal Government and for all other
matters incidental thereto.

Territorial Waters Act CAP 428 LFN 1990

The territorial waters of Nigeria shall for all purpose include every part of the open sea within
twelve nautical miles of the coast oigéria (measured from low water mark) or of the seaward
limits of inland watersAny act or omission which

(& is committed within the territorial waters in Nigeria, whether by a citizen of Nigeria or

a foreigner; and

(b)  would, if committed in any padf Nigeria, constitute an offence under the law in force

in that part, shall be an offence under that law and the person who committed it may, subject
to section 3 of this Act, be arrested, tried and punished for it as if he had committed it in that
partof Nigeria

Water Resources Act CAP W2 LFN 2004

The Water Resources Act vests the right to the use and control of all surface and groundwater
and of all water together with the bed and banks in any watercourse affecting more than one
state in the Governmemwf the Federation. However, the Act essentially preserves existing
rights, including customary rights, provided they are for domestic use, watering of livestock
and personal irrigation schemes. A proviso to section 1(1) states that the subsectiast shall n
be deemed to infringe or to constitute a compulsory right over or interest in property.
Apparently, the idea is to separate rights over water resources from other rights in property.

Nigerian Oil and Gas Industry Content Development Act 2010

The Act povides for the development of Nigerian Content in the Nigerian Oil and Gas
Industry, Nigerian Content Plan, Supervision, Coordination, Monitoring and Implementation
of Nigerian content and for related matters. All regulatory authorities, operators, tanstrac
subcontractors, alliance partners and other entities involved in any project, operation, activity
or transaction in the Nigerian oil and gas industry shall consider Nigerian content as an
important element of their overall project development andaggament philosophy for project
execution.

Empl oyeebs Compensation Act No. 13, 2010

The objectives of the Act aredo (a) provide for an open and fair system of guaranteed and
adequate compensation for all employees or their dependants for any deathdis@ase or
disability arising out of or in the course of employment ; (b) provide rehabilitation to employees
with work-related disabilities as provided in this Act ; (c) establish and maintain a solvent
compensation fund managed in the interest of eygas and employers ; (d) provide for fair

and adequate assessments for employers ; (e) provide an appeal procedure that is simple, fair
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and accessible, with minimal delays ; and (f)combine efforts and resources of relevant
stakeholders for the preventiosf workplace disabilities, including the enforcement of
occupational safety and health standards.

1.4.3: Legislations guiding Environmental management in Bayelsa State
The Bayelsa state regulations guiding Environmental management includes but nottéimited
the following:

1 Bayelsa State Environmental and Development Planning Authaviy1998;

1 Bayelsa State Pollution Compensation Taw 1998;

1 BayelsaState Forestrizaw 1998.

1.4.4: Legislations guiding Environmental management in Rivers State
1 Rivers Sate Environmental Protection Agency Law No. 2 of 1994
1 Rivers State Private Health and Allied Establishments Authority Law, 2001
1 Rivers State Public Health Law, 1999
1 Rivers State Noise Pollution Control Law of 1984

1.42: International Laws and Regulations
Nigeria is signatory to several laws, treaties and regulations that govern the environment.
Among these are:
(i) World Bank Guidelines on Environmental Assessment {EA} (1991)
(i) International Union for Conservation of Nature and Natural Resoho€xN)
Guidelines
(iii) Convention on the Migratory Species of Wild Animals (Bonn Convention)
(iv) Convention of Biological Diversity
(v) Convention Concerning the Protection of the World Cultural and National Heritage
Sites (World Heritage Convention)
(vi) Basel Convention on th€ontrol of TransBoundaryMovements of Hazardous
Wastes and their Disposal and.
(viy  United Nations Framework Convention on Climate Change (1992)

World Bank Guidelines on Environmental Assessment {EA} (1991)
The World Bank requires the execution of an EIA opraposed industrial activity by a
borrower as a preequisite for granting any financial assistance in form of loans. Details of

Worl d Bankdés EI A procedures and guidelines
vols. |- 11l of 1991. Potential issuesonsidered for EA in the upstream oil and gas industry

include the following:

1 Biological Diversity
Coastal and Marine Resources Management
Cultural Properties
Hazardous and Toxic Materials and
International waterways.
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International Union for Conservation of Nature and Natural Resources (IUCN)
Guidelines, 2001

The IUCN in conjunction with the Oil Industry International Exploration and production
Forum presented a set of guidelines for oil and gas exploration and production in mangrove
areas. These guideés are aimed at conservation of mangroves and enhancing the protection
of marine ecosystems during E & P activities. The document also discusses the policy and
principles for environmental management in mangrove areas as well as EIA procedures,
Environmenal Audit and Monitoring.

Convention on the Conservation of Migratory Species of Wild Animals (Bonn
Convention), 1979

The Bonn Convention concerns the promotion of measures for the conservation and
management of migratory species.

Convention on Biologicd Diversity, 1992

The objectives of the Convention include the conservation of biological diversity, the
sustainable use of its components, and the fair and equitable sharing of benefits arising out of
the utilization of genetic resources.

Convention Concerning the Protection of the World Cultural and Natural Heritage Sites

(or World Heritage Convention), 1972

The convention sets aside areas of cultural and natural heritage for protection. The latter is
defined as areas with outstanding universal viaira the aesthetic, scientific and conservation
points of view.

Basel Convention on the Control of TransBoundary Movements ofHazardous Wastes
and their Disposal, 1989

The convention focuses attention on the hazards of the generation and disposatdifusaz
wastes. The convention defines the wastes to be regulated and control thédotnachary
movement to protect human and environmental health against their adverse effects.

United Nations Framework Convention on Climate Change (1992)

In order to ahieve sustainable social and economic development, energy consumption for
developing countries needs to grow taking into account the possibilities for achieving greater
energy efficiency and for controlling greenhouse gas emissions in general. Thichidesn

the application of new technologies on terms which make such an application economically
and socially beneficial, determined to protect the climate system for present and future
generations.

1.4.5: SPDC Policies and Principles

Shell PetroleumDevelopment Company (SPDC) operates under the guidelines of Shell
International and complies strictly with them. Where national standards and regulations are
more stringent than Shell gui del i nes, SPDC6
legidation.
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@) Business Principles

Shell companies have a systematic approach to health, safety, security and environmental
management in other to achieve continuous performance improvement. To this end, Shell
companies manage these matters as critical éssiactivities, set standards and targets for
improvement, and measure, appraise and report performance externally.

(b) Governing Policies

The SPDC 1998 Corporate Policies emerged with five Business Governing policies. Of interest

to this documentistreect i on on HSE referred to as OHeal
This policy addresses the health, safety, and environmental risks to the business and the
potential impacts on staff, personnel, and the host communities. The policy reflects good
practce and is mandatory.

(c) HSE Policy
It is SPDC6és Policy that all activities shal
1 Preserves the health, safety and security of all Company and contractor personnel and
members of the public;
1 Preserves thmtegrity and security of Company assets;
Minimizes the impact of operations on the environment; and
1 Is sensitive to the needs and concerns of the Host Communities.

=

The implications of implementing this policy are that,

1 All activities shall be analyzed tsystematically identify related hazards, risks and
sensitivities;

1 Arrangements shall be put in place to control the hazards, risks and sensitivities and to
deal with consequences should they arise;

1 Any activity which is unhealthy, unsafe, environmentalhsound or may adversely
impact relations with the community, shall be suspended until an acceptable solution is
found,;

1 All personnel, including those of contractors, shall be trained and made fully aware of
the hazards, risks, sensitivities and contimolglace; and

1 Plans and procedures shall be in place to respond to any emergency or loss of control.

Every employee and contractor employee must plan and perform his work in accordance with
this policy. Each employee is required to report, and where segesuspend any activity
considered to be in contravention of this policy.

(e) SCiN Biodiversity Policy

66l n Shell, we recognize the i mportance of b
1 Work with others to maintain Ecosystems
1 Respect the basmoncept of Protected Areas

10
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1 Partner with others to make positive contributions towards the conservation of
biodiversity in our areas of operations

1 Conduct Environmental Assessments with increased facuspacts on biodiversity

1 Engage and collaborate Wwibther stakeholders to manage biodiversity responsibly
especiallyinsensitve nvi r obment s 0

() Waste Management Policy
It is the policy of SPDC to:
1 Take all practical and reasonable measures to minimize the generation of solid and
liquid wastes, awell as emissions from construction equipment and otherwise;
1 Manage and dispose off wastes in an environmentally responsible manner;
1 Track and maintain records of waste streams and provide an auditable trail as to their
management and disposal.

(9) Emergency Response Policy
This states that the response to any emergency within SPDC will be directed towards
1 Saving life
Care for the injured
Protection of the environment
Limitation of damage to assets
Defence of SPDCO6s good corporate i mage
SPDC shall providappropriate organization, facilities, procedures and training so that
immediate coordinated action can be taken to manage the situation in line with the
above
1 Maintenance of emergency equipment shall receive high priority. Close liaison will be
maintainedwith appropriate Government and industry organization and communities
1 Regular exercises will be carried out to confirm effectiveness, and any necessary
improvements made promptly so as to maintain our readiness at all times.
(h)  Community Relations Policy
In order to pursue mutually beneficial relations with host communities, SPDC shall:
1 Establish and maintain close relationships with all segments of the local population to
better understand their concerns, needs and aspirations
1 Continuously assess and &baocial and economic impact of all business activities and
take needed preventive or mitigating measures
1 Respond to formal community request in an appropriate and timely manner
9 Bring relevant issues affecting host communities to the attention of apmieopri
authorities and other bodies that can be of assistance
1 Manage settlement of compensation for land acquired for company operations and for
damages in a demonstrably fair, accountable and transparent manner and in accordance
with statutory provisions amabproved procedures.

= =4 4 4
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1.5: Declaration

Shell Petroleum Development Company (SPDC) in its capacity as the operator of the Enwhe
field hereby declares her intention to abide by the existing international and national laws and
regulations regarding environmi@l protection during th@roject phases Shell Petroleum
Development Company (SPDC) is committed to the implementation of the Environmental
Management Plan (EMP) covering the Enwhe field. Shell Petroleum Development Company
(SPDC) avows that it hagrepared this EIA report using the best available expertise in
personnel, equipment and internationally acceptable methods.

1.6: Structureof the EIA
The structure of the Environmental Impact Assessment Rppsented below

l
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Chapter One - Introduction pesents the background information, EIA objectives,
Legal and administrativedmework.

Chapter Two - Project Justification, discusses the project background, project
objectives, rationale for the project, envisaged sustainability, and development options
considered;

Chapter Three - Project Description, describes the type of project, scope, location,
material input/output and bproducts, waste generation, technical layout and process,
operation and maintenance, project schedule;

Chapter Four - Description of Existing Environmentprovides information on the
baseline environmental conditions of the pobjarea describing the physical, chemical,
biological social, and healthspects of thenvironment

Chapter Five - Associated and Potential Environmental Impactsighlights the
Associated and Potential Environmental Impacts of the proposed project;

Chapter Six1 Mitigation Measures/Alternativeis describes the mitigation options of
impacts;

Chapter Seven- EnvironmentalManagement Plan provides the proposed plans for
environmental management;

Chapter Eight -Remediation plans after decommissiorahgsure

Chapter Nine - Conclusion and Recommendations

Appendices

References
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CHAPTER TWO
PROJECT JUSTIFICATION
2.1: Introduction
The Enwhe field is part of the Gbaran Ph@sgevelopments in continuation of the planned
phased development of the Gbaran node to supply gas and grow oil prodUictsochapter
highlights the need for the projects in the Enwhe field, Value of the prdproject
sustainability, Project options and alternatives.

2.2: Need for the Project
The Enwhe field development is expected to develop 767 Bscf of gas and 7 MMstb of
condensate of the total field recoverable volume of 834 Bscf of gas and 15 MMstlawid
condensate), within the expected production life of the Gbaran CPF. The value drivers
identified for the Enwhe FDP include but not limited to the following:
1 Meet NLNG Gas Supply obligatiorsustaining the planned DCQ as long as
possible.
1 Toimprove the recovery factor in the node towards the Top Quartile bracket.
1 Reduced CAPEX achieving low unit development cost to align with Partners
aspiration
1 and facilitate funding.
1 Reduced OPEXachieving low unit operating cost by utilizing remote rap@ens
capability to cut down on operator intervention and exposure considering remoteness
of Enwhe field from Gbaran CPF.

2.3: Value of the Project

The revenue that will accrue from the sales of gas to be produced from these wells will
substantially mcrease the foreign exchange earnings of the Federal Government and help to
improve the social and health standards of the inhabitants of the area covered by the project.
The 100% JV P50 cost estimate for Enwhe Trariclievelopment approximately 450 min

USD (Wells =200 min and Facilities = 250min).

2.4: Envisaged Sustainability

The proposed Enwhe FDP consists of gas development (Trahchred oil & gas development
(Tranche2). The Enwhe field development project is an opportunity to sustain gas supply to
NLNG and maximize utilization of Gbaran CPF by developing gas and condansthe
Enwhe field. The Enwhe FDP is envisaged to be sustainable (Environmental, Technical,
Economic and Social) the and details presented in this subsection.

2.4.1: Economic Sustainability

A long term gas sale agreement (GSA) is in place that ¢n8RDC to supply an average

Daily Contractual Quantity of 1,941 MMscf/d to the six NLNG train. It is an opportunity to
sustain gas supply to NLNG and maximize utilization of Gbaran CPF by maturing 0.83Tcf of
recoverable gas and 15MMbls of oil and cond¢émsThe Enwhe field has proven reserves of
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gas that can economically and commercially support the project thereby contributing to the
revenue accruing to Nigeria and SPDC.

2.4.2: Technical Sustainability

This project is technically sustainable because &DC6s proven oi l and g
strict adherence to internationally and nationally acceptable engineering design and
construction standards. Innovative technologies that are economically viable and having
minimal environmental, social and healthpacts shall be utilised in the execution of the
proposed project. New gas wells will be drilled and flowlines constructed to transport the gas

to a gathering manifold, from which the gas will be transported via a bulk line to the Central
Processing Fadtly (CPF). The CPF has gas dehydration facilities for high pressure AG and
NAG treatment prior to export to NLNG.

fal)

2.4.3: Environmental Sustainability

National and international regulatory and engineering design standards, innovative
technologies that wa minimal environmental, social and health impacts shall be utilized in
the execution of the proposed project. The incorporation of the findings and recommendations
of this report at the various stages of the project development and strict adhereree to th
Environmental Management Plan (EMP) will ensure environmental sustainability.

2.4.4: Social Sustainability

The integration of appropriate social impact assessment and community interface management
mechanisms in the Project are critical success factors to the realization of overall business
objectives and SPDC corporate reputation in the area. A stakeholdgeemant plan has been
developed and all stakeholders, especially communities, partners, regulators and other
government agencies will be engaged in a proactive and respectful manner to engender
participation and secure enabling environment for the Prdjeetdeployment of GMoU and

allied processes for interface management and delivery of basic community development
intervention projects and programs is critical to the success of this project. Its scope will ensure
that we do not create legacy issues, éihance community participation in the business
through active collaboration with SPDC Community Content Team. Skills will also be
developed and business supported to enable community participation in the project execution
phase and beyond. ApproximateR/5% of project cost (CAPEX) shall be provided for the
implementation of Social Performance intervention programs and projects in the impacted
communities. The fund assigned for community development through the GMoU shall be paid
into a joint account matained with the communities in tranches and spread over the duration
of the agreement, which will also align with the duration of that project.

2.5: Relationship with other field

There will be two well locations, namely Enwhe East and Enwhe West waé ARG wells

per | ocation with 60 flowlines. The three NA
in the East | ocation and then bulk fl owed to
circa 5.5km. The three NAG wells in the West locatiath e hooked up to the Enwhe West

manifold which will be installed near the Enwhe West cluster well location. The combined

14
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flow from the six wells will be bulk flowed from Enwhe West manifold via a 36 km long, 12
inch bulkline to the Gbaran CPF (Gbarasid).

2.6: Project Options

This section presents the various development concepts for the Enwhe field opportunity. The
concept that holds the most value for the opportunity was selected. The project options are
presented in Table 2.1.

Table 2.1:Project options for the Enwhe FDP

Project Options Advantages Disadvantages Remarks

No Project Option: 1 Noimpacton 1 Stakeholders will not be able to Not

This option entails not Environment increase their oil productidiarget. recommended
implementing the 1 No new risks 1 The Economic opportunities

project. (commerce, employment, etc.) for th

communities will be lost.

1 Huge investments that have already
been committed into preliminary
activities would be lost.

Delayed Project Option | 9§  More time to plan 9 This will lead to a delay in achieving Not

and assess risks FID; recommended

1 Loss of expected revenue for the
period of delay;

1 Low capacity utilization of Gbaran

CPF.
Develop the Enwhe field 9§ Increase the foreigry {1 Increase SPDC environment Recommended
exchange earnings footprint.
of SPDC/Nigerian 1 High Unit Technical Cas(UTC).

government.

1 Optimal utilization
of the Gbaran CPF.

T Meet NLNG Gas
Supply obligation.

1 Boost local
economy of
communities within
the Enwhe field.

1 Provide
Technology transfe
to locals.

2.6.1: Development Alternatives of the Enwhe FDP

The development alternatives/concepts for the Enwhe FDP were as follows: Low Capex, Smart
Field and Optimized development of the field. The differences between the concepts are the
Well counts, gas rate, sand control, degree of smartness and pipeline construction. The
alternatives are presented in Table 2.2.
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Table 2.2: Enwhe Development Concepts

Development decisions

Development Concepts

Low Capex

Smart Field

Optimized Development

This is focused on a low development cost concept,
fewer wells etc. In severely funding constrained
environment, this concept is the most attractive

This is focused on
minimizing impact

on community during
production by minimal
operational
interventions. This
concept is best

on SD consideration.

This involves development
with

optimized philosophy (i.e. righ
amount of wells, complexity,
etc).

Subsurface

Well count

4

4 (2-3 reservoirs
completed in one well)

6

Maximum Gas 507 90 MMscf/d >100MMscf/d 50 - 90MMscf/d
rate/Well
Well clustering 2 well clusters 2 well clusters 2 well clusters
Wells Well Type Deviated Deviated Deviated
Sand control As needed Yes As needed
Completion None Maximum Minimum
smartness
Surface Gas metering Mobile test meter Multi-phase flow meter | Multi-phase flow meter
Well fluid gathering | Individual flowline to RM Individual flowline to a | Individual flowline to a RM
system RM
Manifold location Enwhe E &W Enwhe E &W Enwhe E &W
Flowline/Bulkline CS+Sl CS+SlI CS+SlI
material
Flowline protection | IPSHIPPS Fully Rated Fully Rated
Smartness Current practice AL0S AL0S
Processing Gbaran CPF Gbaran CPF Gbaran CPF
Export Gas (EGGS); Cond. (TNP) Gas (EGGS); Cond. | Gas(EGGS2); Cond. (TNP)
(TNP)
Remarks Not recommended Not recommended Recommended
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The selected concept is Optimized Development which involves gas development with
optimized philosophy (i.e. right number of wells), use of one mariidolation at Enwhe West,
acceptable level of Smartness (AL0S), use of fully rated lines and Multiphase flowmeters for
metering and allocation. The Optimized Development concept is selected for the following
reasons:

1 Operability and standardization: The L&apex concept utilizes mobile test meter for
well testing, which significantly increases the complexity of operating the wells
requiring operations staff to visit the remote locations each time a well test is carried
out. On the other hand, the Optimizedv@lopment simplifies the well operation via
the use of multiphase flow meters operable and controlled from the Gbaran CPF control
room (this is in line with the existing Operating Philosophy for remote testing of wells
and remote operations infrastructfure

9 Safety: Low Capex concept will require frequent well site visits leading to increased
personnel exposure. On the other hand, the Optimized development reduces personnel
exposure due to utilization of remote capabilities and monitoring from the cardrol r
requiring infrequent visit to the well site by operations personnel.

1 Life Cycle Cost: The use of a mobile test unit in the Low Capex concept entails
mobilization of well test vendor each time well test is to be carried out with attendant
high mobilizaton, rental, logistic and operating expenses. It is more likely that the life
cycle cost of the low Capex concept will be higher than that of the optimized
development concept which utilizes an installed multiphase meter.
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2.6.2: Drilling Location alternatives
The drilling location alternatives for the Enwhe FDP is presented in Table 2.3.

Table 2.3: Dirilling location alternatives for the Enwhe FDP

Drilling alternatives Advantages Disadvantages Remarks
Drill a total of 6NAG wells with 1 Prompt development of the regeirs f Higher overall costs| Recommended
11 reservoir targets as part of identified as readyo-go-gas which 1 Additional land take
tranchel development. includes NAG reservoirs and oil rim
1 Three (3) wells will be drilleg reservoirs with less than 20ft oil column
from the existing Enwhé&4 fluid uncertainty.
location. 1 High gas volume in the reservoirs.
1 Three (3) wells will be drilleg 9 Drilling from new location is less
from a new surface location complicated.
to the west of the field. 1 Risk of delay and not delivery on
promises to stakeholders is low.
Drilling from existing Enwhe No new landtake 1 The location of the Not recommended
Wells in the Orashi forest reserve current wells is in and

around government
protected forestry
reserves (Orashi Fore{
reserve).

1 Due to the age of the
wells (49 years), they
did not pass the
minimum requirement
for gas well
completions.
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2.6.3: PipelineRote Options
The criteria used for selecting the pipeline routes includes but not limited to the following:
1. Environmental and Safety Considerations
1 Impact on sensitive environment
1 Impact on settlements
1 Impact on natural environment
1 Impact on agricultural spread

2. Engineering and Operational Considerations
1 Overall route length
1 Use of existing corridor/land takes
1 Operational & maintenance concerns
1 Interference with existing or proposed facilities

3. Pipeline Constructability
1 River crossings
1 Construction terrain
9 Construction logistics
1 Road crossings

The location map for the pipeline route is presented in Hig 2.
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Table 2.4: Pipeline route alternatives

Pipeline Descriptions Remarks
Route Options
Pipeline The selected route takes off from the Remote Enwhe Manifold in aNorth | Recommended
Route 1 Easterly direction, avoiding the forestry reserve. The route then runsina N
Westerly direction to Gbaran CPF. The rottesses a river at between and
Road Crossings. The communities in proximity to the proposed route inclug
Okarki, Odua, Egbema, Ikodi
Pipeline Runs from Enwhe fl owstation. | t r | Not recommended:
Route 2 Kolocreek trunkihe RoW, then across the Upper Orashi Forest reserve and| (Sustainable Development/Biodiversity,
terminates at the Kolocreek flowstation requirement not to transverse forest
reserves)
Pipeline Runs Enwhe flowstation towards theush Eastern flange of the area of interg Not recommended:Steer from DRB to
Route 3 It runs parallel to the pipeline to Oloibiri flowstation then runs southwards a| Process NAG at Gbaran CPF/Long
the EGGS pipeline to Soku GasPlant distance to Soku
Pipeline Runs from Enwhe Flowstation to Kolocreek flowstation running parallel to | Not recommended:Unavailable ullage
Route 4 Option 1 Pipeline. It runs southwards then west parallel to Option 2 before | at Kolocreek NAG/Qimanifold
terminating at the Kolocreek flowstation.
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Legend
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CHAPTER THREE
PROJECT/PROCESS DESCRIPTION
3.1: Introduction
The Enwhe field development project is an opportunity to sustain gas supply to NLNG and
maximize utilization of Gbaran CPF by developing gas and condensate in the Enwhe field. The
details of the scope of work, proposed project activities and Waste Managerne Enwhe field
are presented in this chapter.

3.2: Project objectives

The objective of this development is to develop some 0.83 TCF of gas and 15 MMstb Condensate
and Oil in Enwhe field aimed at sustaining NLNG gas supply obligation at 2 Bscf/ddainess
potential demand gap beyond off plateau date of 2021.

3.3: Project location

The Enwhe Field was discovered in 1965 and is located in the-sestiern corner of SPDC
licence OML:-22 extending into OM{23 to the east. The field is part of the Gbalidne Node

which is a multfield oil and gas asset. Enwhe is a greenfield for NAGbigment located East

of the Nun River and East of the Forestry reserve. The terrain is mostly seasonal swamp, typical
of the Niger Delta region. The Map showing the Enwhe field is presented in Fig 3.1.

Legend

Fig 3.1: Map of the Gbaran fieldin relation to the Enwhe field

3.4: Proposed Project scope/Overview
The selected concept for Enwhe Opportunity
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