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EXECUTIVE SUMMARY
ES1 BACKGROUND
The Shell Petroleum Development Company of Nigeria Limited (SPDC), on behalf of the Joint
Venture partners (Nigerian National Petroleum Corporation, Nigerian Adifc@npany, and
Total), plans to embark o®tumara Associated Gas Solution Projézt meet the business
objectives of Domestic Gas supply and gas flares déwrpresent, most of the associated gas
produced at the Otumara flow station is being flaRsddiced associated gas is currently used as
fuel gas for the pumps and generators, for lift gas, and the excess flared.

The SPDC Business Plan forecast for Otumara showed that substantial Further Oil Developmen
(FOD) activities may commence in the fielddanill need disposal of AG and probably more lift

gas. In view of this, it is considered that a-preestment in AG pipeline from Otumara to

Ni gerian Gas Company (NGC) wil/ be required
Gas Company NGMtaccommodate 20 mmscf/day.

ES2: EIA OBJECTIVES
The objectives of the EIA study are to:

1 Determine the current status of the Environment and impacts of the existing SPDC
facilities and operations in the projearea;

1 Determine baseline conditions of theveonment as well as the soesmonomic and health
conditions of the host communities;

1 Evaluate the residual impacts of the existing facilities on the receiving environment;

1 Determine and evaluate the potential impacts of the proposed project activittag on
environment, using the current environmental conditions as the baseline;

1 Identify and evaluate the potential soeiconomic effects of the project on the
communities including impacts on cultural properties, social infrastructures, natural
resources rad impact on lifestyles/values as well as analysis of the opportunity cost to
chemical spills during project activities;

1 Identify health hazards that may result from the different phases of the project during
execution (including operation & decommissiaglinand evaluate local population
exposure to these hazards;

91 Develop cost effective mitigation measures and appropriate Environmental Management
Plan (EMP) for all identified impacts.

ES3: LEGAL AND ADMINISTRATIVE FRAMEWORK

The EIA was carried out in acaance with the Mineral Oil (Safety) Regulations, 1963, Qil
Pipelines Ordinances (CAP) 145, 1956 and Oil Pipelines Act, 1965, Petroleum (Drilling and
Production) Regulations (1969), Federal Environmental Protection Agency (Now FMEnv) Act No.
58, 1988, FMEnmSectoral and Procedural Guidelines for Oil and Gas (1995), S:INHsional
Environmental Protection Management of Solid and Hazardous Wastes Regulation (1991)
(FMEnv), Environmental Impact Assessment Act No. 86, 1992 (FMEnv), FEPA (Now FMEnv)
National Guidelines for Spilled Oil Fingerprinting (Act 14 of 1999), FEPA (Now FMEnv)
National Guidelines on Waste Disposal through Underground Injection (1999), FEPA (Now
FMEnv) Nigeria's National Agenda 21 (1999), FEPA (Now FMEnv) National Policy on the
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Environment (1989), National Oil Spill Detection and Response Agency (NOSDRA), 2006 and
National Environmental Standards Regulatory and Enforcement Agency (NESREA), 30th July,
2007.

Other regulations include Forestry Law CAP 51, 1994, Land Use Act of 1978, The|B&tate

Town and Country Planning Laws Cap 165 (as applicable to Delta State) of 1975, Delta State
Environmental Protection Agency Edict No 5 of 1997, Delta State Ecology 2004, Bendel

State Forestry Law Cap 59, 1976 (now applicable to Delta Sty State Revenue Edict, 1997,
Delta State Waste Management Law, 2004 and Delta State Internal Revenue Consolidation Law
2009. Other regulations are the National Inland Waterways Authority Act No 13 of 1997,
International Laws and Regulations (WorldniBaGuidelines on Environmental Assessment {EA}
(1991), International Union for Conservation of Nature and Natural Resources (IUCN) Guidelines,
Convention on the Migratory Species of Wild Animals (Bonn Convention), Convention of
Biological Diversity, Convetion Concerning the Protection of the World Cultural and National
Heritage Sites (World Heritage Convention), Basel Convention on the Control ofldodandary
Movements of Hazardous Wastes and their Disposal and United Nations Framework Convention
on Climate Change (1992)), Associated Gaslijection Act No. 99 of 1979 (CAP 26), Nigerian
Ports Authority ActNo 38 of 1999,Endangered Specig€ontrol of International Trade and
Traffic) Act 11 of 1985 and theEnvironmental Impact Assessment (EIA) ProdegsManual for

EIA Execution in SPDC, SPDC 9801, 2000. This document sets down the guidelines for an
enhanced, cost effective and improved EIA process in SPDC, which fully incorporates Social
Impact Assessment (SIA), Health Impact Assessment (HIA) dadtiee consultation with all the
Stakeholders in the EIA.

ES4 VALUE OF THE PROJECT

The project is expected to significantly improve the economic base of the country and be a catalys
to further promote forei gn p@teonmdfforts. iFprthdrmorethei n
drilling activities will lead to a creation of many businesses and employment opportunities through
direct and indirect involvement of consultantgmmunity contractors, suppliers and other
professionals at different stagyef the project.

ES5 PROJECT OBJECTIVE
The objectives of the Otumara Field AGS project are:

T Align with governmentés aspirations by c
DOMGAS contributory quota and thus deliver 100 MMscf/d gas to the Wedtanestic
gas market.

1 Implement the drive for reliability andtandardizatiorof major facilities using industry
standards.

1 Achieve Flares down and thus minimize impact on the environment and enhance the socio
economic development of the host communities the area through sustainable
development of the project over its life cycle.

1 Provide Lift Gas for Secondary Recovery

Maintain Reputation
 Maintain LTO

=
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1 Secure Developed reserves
1 Enable Maturation/booking of undeveloped researes
1 Alignment with Stakehldlers aspiration

RELATIONSHIP TO OTHER PROJECTS

SPDC's oil production is gathered in a number of flowstations for oil and gas separation before
pumping oil to the terminal for dehydration and export, and flaring the AG at thesthiions.
SPDC, in its mjor effort to usefully exploit AG, had undertaken AG production forecasts up to the
year 2014. Based on the production forecasts, five (5) main AG production areas had beer
identified for development in the aVWbesetaeer n Di
Escravos Beach Upthrown Well drilling Project;

Saghara Field Associated Gas Solution Prpject

Otumara Field Associated Gas Solution Prgject

Southern Swamp Associated Gas Solution Prajedt

Forcados Yokri Integrated Project

= =4 =4 -4

ES6 SUSTAINABILITY OF THE PROJECT

ECONOMIC SUSTAINABILITY

The Otumara Node fields, namely Otumara and Saghara have proven reserves of natural ga:
These reserves of gas can economically and commercially support the project following the high
demand for natural gas the domestic and international market. Part of this demand will be met
from some of the fields in this node. The project will therefore contribute substantially to the
revenue accruing to Nigeria.

SPDC policy on employment of indigenous contractors véllbpplied in the project. Skilled and
unskilled indigenous labour will be hired in the construction phase and possibly in the future
maintenance and running of the AG facility.

The main contractors employed in this development shall be required to awardcontracts to

local indigenous contractors for jobs in which they have the required expertise. Such jobs will
include but not limited to bush clearing, fencing, labour supply, catering, leasing, fabrication,
surveillance, etc. Efforts will be made alspupgrade the technical and managerial capacities of
such indigenous contractors.

TECHNICAL SUSTAINABILITY

The Otumara Field AG Solution Project is tec
of strict adherence to Nigerian National (and in&tional) engineering codes and standards. Only
proven technologies that are economically viable with minimal environmental, social and health
impacts shall be utilised in the execution of the Otumara AG Solution project.

ENVIRONMENTAL SUSTAINABILITY

The aim is to ensure that current use of the environment and its natural resources does not dama
prospects for use by future generations. SPDC shall comply with all statutory regulations and its
own corporate guidelines on Environmental Sustainabilityticoously striving for performance

XiX
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improvement. Elimination of routine gas flaring is a positive step in the direction of sustainable
development and will thus support transition to environmental sustainability. Adequate incentives
are therefore needed tmsure that the cost of enhancing environmental performance does not
inhibit business growth.

ES7: PROJECT ALTERNATIVES/OPTIONS
The Otumara Field Associated Gas (AG) Solution Project has addressed various project
alternatives based on the availability pfocess facilities, utilisation of existing facilities,
technology, cost effectiveness and environmental issues. The project development alternative:
considered were;

1 No Project Option

1 Build on New location

1 Build on existing location

Option 3 build on exting location was adopted over the other options. A summary of the
advantages and disadvantages of each option is contained in chapter 2. However, option 3 had tt
following advantages. It required land acquisition and therefore more money to the caesnitnit
offered employment and contract opportunities. Other advantages included no land take, no
negative impact on project schedule, minimal vegetation clearing and improved environmental
performance. The only disadvantage was increased pressure amgebaisility in view of influx

of people.

ES8: PROPOSED PROJECT SCOPE

The Otumara field Associated Gas (AG) Solution Project is mainly a facility upgrade of the
existing Otumara flowstation with addition of new facilities and laying of pipelines using the

existing SPDC Right of Way (RoW). The scope of works has been divided into a facilities and
pipeline scope. It will involve the following:

Facilities Scope
This has been further sulivided into the following:
1. Otumara Central Processing Facility (CPF)
Gas Processing Modul&ominal 30 mmscf/day
Gas Turbine Driven Compression Modul®&ominal 20 mmscf/day
Power Generation/Utility module<Circa 6.5 MW ISO
Flare Relief Systems
Blow Down Systems.
2. Otumara Flow station Brown Field works
1 Piping Modificatons and tians to integrate the new CPF.
1 Site preparation and civil works including dredging, piling, concreting and shoring
works.
3. Design and Construction of a4dom Field Logistic Base (FLB)
1 Design of the FLB
1 Additional Land Acquisition (11.5ha)
9 Site preparatory works (Dredging, Sand filling, Shoring, Piling)

= =4 4 - A
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1 Construction of various infrastructures (Staff/Security Accommodations, Offices,
Workshops, Utilities, Jetty, Bridges, Fences, Roads, Walkways, Landscaping)
4. Laying of ~30km, 11KV overhead eleicial power line to communities (Ugboegungu,
Deghelle, Ugborodo) and Saghara field
1 Clearing of RoW
1 Installation of foundations piles and electric poles
1 Laying, Puliing, Stringing of overhead cables
1 Installation of terminal points, 500KVA transformers arekder Pillars

Pipeline Scope
i.  Corrosion Inhibition Lines2 6 x 5k m (From Otumara CPF t

ii. TestLine-40 x 5km (from Saghara Manifold to
iii. Bulkline-60 x 5km (from Saghara Manifold to
iv.  Gas Export line- 1 2x012km (from Otumara CPF to NGC
v. Flowlinesi 15km (Rerouting of 7nos Otumara wells from Saghara F/S to Otumara F/S)
vi.  Manifolds and Pigging facilities (launcher and receiver)

vii.  Cathodic protection system

viii.  21km Fibre Optic cable for data transmission

River Crossing
The Gas pipelinel 206 x 12 km from Otumara CPF to NGC
River).

ES9 PROPOSED PROJECT ACTIVITIES
The activities to be carried out for the Otumara field AG Solution Project will include the following
aspects:
1 Land and Marine transportation of heavy equipment
9 Pilling of civil foundation for new facilities at the Central Processing Facility (CPF),
Flowstation and FLB sites.
Lifting of equipment and materials during construction
Excavation on the RoW for layinggalines.
Piping tieins, Welding, minor fabrication and testing at site.
River crossing of pipelines by dredging
Dredging of Otumara creek to allow passage of the barges/vessels that will convey
fabricatel modules from Warri to Otumara.
Sand filling of theproposed FLB location
9 Electrification of three host communities
1 Bulkline and flowline installations

= =4 =4 -4

=

ES10 PROJECT SITE DESCRIPTION

The Otumara flowstation is located on OML 43 Nevttest of Warri on swamp piled platform on

the Otumara river. A journeydm Warri by air to Otumara takes approximately 25 minutes while
boat transportation takes about 3hour to get to the flowstation. The flowstation is a three bank
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station of which the third bank is yet to be commissioned. The produced crude is pumped with ga
driven crude oil export pumps to Otumaraiten  mani f ol d via the 100 oI

Major part of the separated gas is compressed by the third party gaslift barge (Exterran) for
gaslifting of Otumara and Saghara wells. The remaining gas is used asargtrand fuel gas

while any excess gas is flared through two horizontal flare units located in a bunded area outside
the flowstation.

There are two overhead tanks within the facility, a major overhead tank close to the water
Treatment plant and anotherchted on top of the pump house roof inside the flowstation. The
major overhead tank receives water from the WTP and feeds the hydrant ring mains for fire
fighting and utilities. The second overhead tank on top of the pump house roof has been
decommissiong

ES11 PROJECT SCHEDULE
The current activity schedule for the Otumara AG Solutions Project is shaive Figure below.
First gas is expected from the node by last quarter of 2014.

OTUMARA PROJECT SCHEDULE

2010 2011 2012 2013 2014 2015
ACTIVITIES i 2] =] & 1] 2] =3[ &4 1] =] s3] 4 4] =] s & 1] =] =] & ] =] =] 4
aPC Tardarl'ng_.-"uv-un:'

Mabilization

Dezign Werifization *

Engineering | |
Pracurement (lang lead) “
Procurement [Bulk) w
OTUMARA FLOWSTATION

Madules Fabrication | | | | i
' ard F abrication i
Site Preperation including Piling '
Ctumara Flow station Fiping ModificationBrown |
filed works i
Site Inzrallation Bridgesiinterskid Piping i

|
Site Installation Main modules —
Site Installation - Off modules items
Tie-in Main madules
SAGHARA FLOWSTATION
Saghara Flowstation Fiping worksimothballing H
PIPELINES | | | | |
Pipeline Installation and tie-ins _

FLE
Construction and Commission of FLB

PRE-COMMISSIONINGICOMMISSIONING | |
Final Tie=inz Instruments, Electrical Fiping
etcl/Loop Checks

Site Pre-commissioning TestsMT2hrs

performance Test .
30 Day reliabilivyg run

Fig. ES.1:Project Activities and schedule

OPERATION AND MAINTENANC E

The pipelines and their associated facilities will be operated in accordance with operational
procedures developed through SPDC extensive experience. Fully trained and qualified personne
who are conversant with SPDC's HSE policy guidelines will matiegeventual facilities.

The CPF at Otumara will be fully manned and the control room shall be designed for fully
attended operation. However, the design of the CPF shall be based on unmanned philosophy witl

XXii



Environmental Impact Assessment (EIA)@iumaraAGS Project

automatic operation and minimal interventiogugements for maintenance and operations. The
maintenance and operational crew will be housed inlaeddField Logistics Base.

ES12 ENVIRONMENTAL DESCRIPTION

One of the comments by the FMEnv for the Otumara AGS project, following the FMEnv Panel
Reviewin which the Project was giving Provisional approval in 2010 was that most of the data
used were over five years old. Thus SPDC decided to embark and produce a two season EIA
instead of simply ground truthing as originally requested.

Thus the purpose ahis environmental description is to provide qualitative and quantitative
baseline information on the existing status of the project area against which future departures as :
result of the emplacement of the proposed project facilities will be weighedieldhelata were
gathered between August 15 and 20, 2012, representing the Wet Season and from Jarfiary 15
2013, for the Dry Season.

CLIMATE AND AIR QUALITY

Measured mean wind speed within the field ranged between 0.8 and 1.4 m/sec, with therhighest
the coastal areas. The prevailing wind direction was predominantly Southwesterly. Measured mear
temperatures within the field ranged from 27.8°C 5 to 31.5°C, while relative humidity ranged from
55% to 76.1%. Historical data show that the region expess rainfall throughout the year. On

the average, the region receives annual rainfall of over 2,472mm; however it is not uncommon to
record total annual rainfall of over 3,200mm, for a very wet year. The monthly variation was a
minimum of 20 mm in Januagnd a maximum of 355 mm in July.

Air quality studies indicated that concentrations ofyNS NQ exceeded Regulatory limits at 12
locations while SQ as SQ exceeded Regulatory limits at 8 sampling locations though the
averaging times for the samples weaelatively short (5§ 10 mins). It is equally probable that
these concentrations may remain at these levels over longer periods.

SOIL

The soil of the project area varied in colour ranging from brown superficial (7.5YR 5/3) to light
brown (7.5YR 6/3) athe subsurface level. The pH values obtained in the project area during the
wet season ranged from 3.3 to 6.7 at the surface soil level and from 3.7 to 6.8 atshdaseh

soil level. During the dry season, pH ranged from 3.B080 with a mean of 87, whereas at the
control it was 4.77 in the surface and 5.29 in thesuface. The exchange acidity (EA) was
lower in the dry season (0i35.0 meq/100g with a mean of 1.7 meqg/100g) than the wet season
(0.97 6.8 meqg/100g with a mean of 3.7 meq/100d)e EA of the control during the dry season
(1.0 meq/100g at the surface and 0.6 meq/100g at thsustdre) was similarly lower than that of

the wet season (4.5 meq/100g at the surface and 2.3 meq/100g at-thefascd), which are
within the values remrded in the main sampling pointSC was several order higher in the dry
season (100 12510uS/cm with a mean of 237xS/cm) than the wet season (198650uS/cm

with a mean of 1225 uS/gmrhe organic carbon (TOC) content of the soils of the Otumaea are
during the wet season ranged from 1.63 to 5.44 % at the surface and from 1.51 to 4.13 % at th
subsurface soil level. During the dry season, TOC ranged from-04115% with a mean of
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2.06%, higher values were recorded for the control, 3.89% at thaceudand 3.47% at the
subsurface. Similarly, higher TOC values were recorded during the wet season ranging friom 1.82
5.44% with a mean of 3.53%.

The Available Phosphorus content of the soils of Otumara project area during the wet seasor
ranged from 1@ i 85.2 mg/kg at the surface soil level and from 9.§8.4 mg/kg at the
subsurface soil level. For the controls, phosphorus was 33.2 mg/kg in the surface and 32.4 mg/k¢
in the subsurface. Phosphorus was lower during the dry season. The Total Nitroggt ob
Otumara area soil during the dry season ranged fromi 0% with a mean of 0.24%, whereas

at the controls, totahitrogen was 0.39% at the surface and 0.42% at the subsurface. During the
wet season, total nitrogen ranged from 0.3505% wth a mean of 0.69%, whereas at the control,

it was 0.72% at the surface and 0.64% at the subsurface. The concentration of Sulphate in the so
of the Otumara area during the wet season ranged from 80 to 2004 mg/kg at the surface soil level
and from 80 tol1628 mg/kg at the subsurface soil level. The control station had sulphate
concentration of 104 mg/kg in the surface and 80 mg/kg in the subsurface. Results obtained during
the dry season were not significantly different from that of the wet season.

The concentration of chloride in the soil of Otumara area during the wet season ranged from 71 to
2192 mg/kg at the surface soil level and from 83 to 2096 mg/kg at the sub surface soil level. The
control had chloride concentration of 86 mg/kg at the surfadé@8mg/kg at the subsurface. The
concentration of chloride was higher in the dry season than the wet season. During the wet seasol
sodium concentration ranged from 0.08 to 9.91 meq/100g at the surface soil level and from 0.06 tc
9.11 meq/100g at the subface soil level. Potassium concentration ranged from 0.11 to 5.15
meg/100g at the surface soil level and from 0.08 to 5.09 meqg/100g at the subsurface soil level
Calcium concentration ranged from 1.50 to 15.6 meq/100g at the surface soil level, andB@rom 1

to 14.8 meq/100g at the subsurface soil level. Magnesium concentration ranged from 0.76 to 9.8(
meqg/100g at the surface level and from 0.67 to 9.89 meq/100g at the subsurface soil level. The
order of hierarchy of occurrence of exchangeable catiorfseoDtumara project area was calcium

> sodium > magnesium > potassium.

Hydrocarbon related parameters studied include Total Hydrocarbon Content (THC), Total
Petroleum Hydrocarbon (TPH), Polycyclic Aromatic Hydrocarbon (PAH), Benzene, Toluene,
Ethylene, ad Xylene (BTEX), and Phenol.

During the wet season, the THC of the soil of the Otumara project area ranged from 54.5 to 183.C
mg/kg at the surface soil level and from 50.2 to 144.5 mg/kg at the subsurface soil level. The Total
Petroleum Hydrocarbon Comteof the soil of Otumara area ranged from 0.036 to 0.304 mg/kg at
the surface soil level, and from 0.038 to 0.296 mg/kg at the subsurface soil level.

The concentration of PAH in the soil of Otumara project area during the wet season ranged from

0.039 b 0.188 mg/kg at the surface soil level, and from 0.033 to 0.783 mg/kg at the subsurface soil
level.
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During the wet season, the concentration of Benzene in Otumara area soil varied from below the
detectable limit of the analytical equipment (<0.001 rgyAo 0.006 mg/kg at the surface soil
level. The subsurface soil level concentration also varied from below the detectable limit of the
analytical equipment to 0.005 mg/kg.

Toluene concentration varied from below detectable limit of the analytical egnipto 0.002
mg/kg at the surface soil level. The subsurface soil level concentration of Toluene varied from
below detectable limit of the analytical equipment to 0.003 mg/kg.

Ethyl Benzene concentration varied from below the detectable limit of tihgiealequipment to
0.008 mg/kg at the surface soil level, while the subsurface soil level concentration varied from
below detectable limit of the analytical equipment to 0.002 mg/kg.

Xylene concentration varied from below detectable limit of the aalyequipment to 0.003
mg/kg at the surface soil level, and from 0.001 to 0.003 mg/kg at the subsurface soil level. The
concentration of phenol in the soils of Otumara area ranged from 0.001 mg/kg to 0.005 mg/kg at
the surface soil level, and from 0.003/kg to 0.004 mg/kg at the subsurface soil level.

In both wet and dry seasons, iron concentration was markedly higher than the concentrations of the
other heavy metals in the soil of Otumara area. During the wet season, the concentration of iror
ranged fom 189.3 to 207.5 mg/kg at the surface soil level, and from 190.4 to 206.1 mg/kg at the
subsurface soil level. Similar values were reported during the dry season. Copper concentratior
ranged from 1.41 to 6.97 mg/kg at the surface soil level, and fromtd.39.0 mg/kg at the
subsurface solil level. Manganese concentration ranged from 3.41 to 3.67 mg/kg at the surface so
level, and from 3.27 to 3.66 mg/kg at the subsurface soil level. Zinc concentration ranged from
6.04 to 15.9 mg/kg at the surface soilde and from 6.00 to 15.6 mg/kg at the subsurface soil
level. Cadmium concentration ranged from 0.20 to 6.55 mg/kg at the surface soil level, and from
0.04 to 6.50 mg/kg at the subsurface soil level. Chromium concentration ranged from 1.39 to 1.61
mg/kg d the surface soil level, and from 1.44 to 1.58 mg/kg at the subsurface soil level. Lead
concentration ranged from 0.72 to 5.43 mg/kg at the surface soil level, and from 0.98 to 5.33
mg/kg at the subsurface soil level. Nickel concentration ranged fromt®.82l5 mg/kg at the
surface soil level, and from 0.73 to 6.47 mg/kg at the subsurface soil level. Vanadium
concentration ranged from 0.72 to 4.79 mg/kg at the surface soil level, and from 0.57 to 4.68
mg/kg at the subsurface soil level. Barium conceioinatanged from 0.001 to 0.008 mg/kg at the
surface soil level, and from 0.001 to 0.004 mg/kg at the subsurface soil level. The concentration of
Mercury was below the detectable limit of the analytical equipment (i.e <0.001).

During the wet season, thetdb heterotrophic bacteria count of the soil of Otumara area ranged
from 5.3 x 16 to 9.9 x16 cfu/g soil at the surface soil level, and from 4.9 % &09.3 x 16 cfu/g

soil at the subsurface soil level. The hydrocarbon utilizing bacteria count range®.0 x 16to

4.2 x16 cfulg soil at the surface soil level, and from 0.5 X 4.0 x 18 cfu/g soil at the
subsurface soil level. The dominant bacterial isolates mecoccus sp., Bacillus, Enterobacter
sp., Staphylococcus, Pseudomormad Nocaria. The fungi count ranged from 0.9 x°10 2.1 x

10° cfulg soil at the surface soil level, and from 0.5 X tb02.0 x 18 cfu/g soil at the subsurface
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soil level. The hydrocarbon utilizing fungi count ranged from 0.5 %td .6 x 18 cfu/g at the
surface soil level, and from 0.3 x 1 1.2 x 18 cfu/g at the subsurface soil level. The dominant
fungi isolates weréspergillus, Mucor sp., Penicillium. RhizopasdTrichoderma.

SURFACE WATER PHYSICO-CHEMISTRY

All the water samples in Otumara field emoderately acidic to moderately alkaline in nature.
The conductivity values recorded in this study ranged from 3039 uS/cm to 20860 uS/cm, with the
mean value being higher in the dry than in the wet season. These values are characteristic c
brackish wag r environment, with salinity values r
values in this study ranged from 6.3 NTU in the control to 14.5 NTU in the wet season. The high
level of TDS (10165 mg/A 10430 mg/l) recorded in this study is characteriefi brackish water
environment and followed the same trend with electrical conductivity (EC). The DO values
recorded in this study ranged from 4.3 in the dry season to 7.36 mg/l with a mean of 6.94 mg/l in
the dry season, and fell within the FMEnv regoitatlimit. Sodium ranged between 102 and 170
mg/l, potassium (26.4 143.9 mg/l), calcium (31.6 59.2 mg/l) and magnesium (31i261.2

mg/l). These values are characteristic of brackish water environment and not different from values
obtained for the contl station for both the wet and dry seasons. The order of dominance is as
follows: Na > K > Mg > Ca. Chloride values ranged between 3700 and 17900 mg/l, and the values
in the control were as high as 17900 mg/l because of its nearness to the coastkisiu fabae.

The nutrients were low, reflecting oligotrophic condition.

The levels of Total Hydrocarbon (THC), Total Petroleum Hydrocarbon (TPH), Polycyclic
Aromatic Hydrocarbon (PAH), BTEX (Benzene, Toluene, Ethylbenzene and Xylene) and Phenol
recorded in this study were low, indicating an environment not polluted by petroleum
hydrocarbons. The THC values ranged between 0.02 and 1.05 mg/l, TPH values ranged betwee
0.001 and 0.022 mg/l, while PAH values ranged from 0.001 to 0.013 pg/l. The BTEX and Pheno
values ranged from 0.00 to 0.008 pg/l and 0.001 to 0.003 pg/l respectively. These values are belov
the regulatory limits, especially for TPH.

Natural waters contain very small quantities of essential metals including zinc (Zn), copper (Cu),
Cadmium (CJ, lead (Pb), iron (Fe), Nickel (Ni), chromium (Cr), manganese (Mn), barium (Ba),
vanadium (V) and mercury (Hg). The concentrations of heavy metals in the water samples were
generally low ranging from 0.00 mg/l (Hg) to 1.69 mg/l (Fe). All heavy metalsntesth values

less than the regulatory limits, except for Fe and Pb which had values greater than the regulaton
limits of DPR (WHO) and FMEnv.

SURFACE WATER MICROBIOLOGY

During the dry season, total coliform ranged fromi 0 MPN/100ml with a mean of 14
MPN/100ml while fecal coliform ranged fromi411 MPN/100ml, whereas, at the control station,
total coliform was 11 MPN/100ml and fecal coliform was 9 MPN/100ml. The control station
values fell within the range of the main samples. Similarly, during thes@aston, total coliform
ranged from 11 20 MPN/100ml with a mean of 15 MPN/100ml while fecal coliform ranged from
61 11 MPN/100ml, whereas, at the control station, total coliform was 11 MPN/100ml| and fecal
coliform was 7 MPN/100ml.
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During the dry seasp THB in the surface water was in the range ofi5911 x 10 cfu/ml with a
mean of 6.69 x 10cfu/ml. The control had a population of 4.8 X téu/ml. Hydrocarbon utilizing
bacteria (HUB) ranged from 0i82.8 x 16 cfu/ml, with a mean of 1.51 x $@fu/ml. Hence, HUB
accounted for about 1% of the THB. In the wet season, THB ranged from9629x 1¢ cfu/ml
with a mean of 7.9 x fa&fu/ml. The control had a THB population of 5.5 X téu/ml and HUB
population of 0.8 x 10cfu/ml. Bacteria species ikted from the surface water incluBacillus
sp, Micrococcussp, Pseudomonasp, E. coli, Enterobactersp, Serratia sp, Staphylococcusp,
Alcaligenessp andNorcadiasp. Total fungi (TF) during the dry season ranged fromi QL4 x
10* cfu/ml with a mea of 1.0 x 18 cfu/ml. The THF of the control fell within the range of the
main samples.

Hydrocarbon utilizing fungi (HUF) during the dry season was scanty occurring in only few
locations with a population ofi01.0 x 16 cfu/ml having a mean of 0.3 0icfu/ml. Thus, hence

the proportion of HUF relative to the TUF was less than 1% suggesting no hydrocarbon input from
petroleum sources. In the wet season, TF population ranged froil.8.4 1d¢ cfu/ml, with a

mean of 1.1 x 1Dcfu/ml. Hydrocarbon utiliing fungi (HUF) ranged from © 1.2 x 1G cfu/ml,

with a mean of 0.2 x f&fu/ml. HUF accounted for about 1% of the TF. The control sample had a
population of THF of 0.9 x T0cfu/ml and HUB population of 0 cfu/ml. Fungi species isolated
from the study eea includeMucor sp, Rhizopussp, Aspergilus flavus Aspergilus clavatys
Penicilliumsp.

SEDIMENT PHYSICO -CHEMISTRY

The pH ranged from 4.895.54 with a mean of 5.34 in the dry season. The pH of the control point
was 5.54. The pH data during the weas@n had higher variability ranging from 4.%5.8 with a

mean of 5.34, whereas the control sample also has a pH of 6.8. The variation in the pH was within
the DPR intervention value of 565. Exchange acidity (EA) ranged from 0.2.8 meq/100g,

with a mean of 1.3 meq/100g in the dry season, whereas the control point has an EA of 1.0.
However, during the wet season, the EA was slightly lower ranging froiin 20t meq/100g with

a mean of 1.0 meqg/100g and the control point also had an EA of 1.0 meqg/100g.

Electrical conductivity (EC) during the dry season ranged from 2100680 uS/cm with a mean

of 5381 uS/cm, whereas the control site had an EC of 8940 uS/cm. The wet season EC was
comparable to that of the dry season ranging from 2080850 uS/cm, wereas the control point

had an EC of 2030 uS/cm. The control points in both seasons were within the ranges reported fo
the main samples. Exchangeable cations studies in this project include calcium, magnesium
sodium, and potassium. During the dry seasodium ranged from 8.6410.89 meq/100g with a

mean of 9.98 meq/100g, whereas 10.21 meqg/100g was recorded at the control site. Likewise
during the wet season significantly lower concentration of sodium was recorded, ranging from 4.16
T 7.07 meqg/100g h a mean concentration of 6.59 meq/100g, but the control had a concentration
of 4016. Calcium concentration was slightly higher than sodium concentration, whereas
magnesium concentration was comparable to sodium, but potassium was several orderahower th
sodium.
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Nitrogen related parameters studied include total nitrogen, ammonium, nitrite and nitrate. Total
nitrogen in the sediments during the dry season ranged fromi @@ % with a mean of 0.52,
whereas the control had 0.58%. The data obtainedeiiwet season exhibited higher variability,
ranging from 0.34 1.09%, with a mean of 0.87%, but the control was 0.34%. During the dry
season, nitrate ranged from 2.94.1 mg/kg with a mean of 8.5 mg/kg, but the control points had
higher concentration,014 mg/kg. Roughly, nitrate levels of 2 ppm are very low and 20 ppm is
considered high. The wet season values were similar to that of the dry season without significant
differences. Nitrite was slightly lower than nitrate, while ammonium is several dos\ess Other

anions determined included phosphate, chloride and sulphate. Being a brackish environment
chloride and sulphate are more dominant. During the dry season, chloride ranged frborh5624
mg/kg with a mean of 136 mg/kg, but the control washgikg.

Significantly higher concentration was recorded during the wet season ranging fram263856
mg/kg, with a mean of 1783 mg/kg, but the control was 695 mg/kg. The increased tidal flooding
might have resulted in the higher salinity during the westsen. Sulphate exhibited a similar
pattern like chloride, being significantly higher during the wet season. During, the dry season,
sulphate ranged from 1221252 mg/kg with a mean of 446 mg/kg, while the control was 320
mg/kg. During the wet season, giate ranged from 1044 6120 mg/kg with a mean of 2808
mg/kg, whereas the control was 1522 mg/kg.

Hydrocarbon related parameters studied includes THC, TPH, PAH, BTEX and phenol. THC in the
sediments during the dry season ranged from 2@9.2 mg/kg vith a mean of 60.0 mg/kg, but

the control was 71.6 mg/kg. The wet season THC values ranged from 5806 mg/kg with a

mean of 101.7 mg/kg whereas the control was 62.5 mg/kg. Notwithstanding the relatively high
THC values, TPH, was significantly loweccurring in traces generally <1.0 mg/kg. This value
was several orders lower than the DPR intervention value of 5000 ppm. Other hydrocarbon relatec
parameters including BTEX, PAH and phenol similarly occurred in traces (<1 mg/kg) during both
wet and dry sasons. Notwithstanding, the TOC was high ranging from 0.6562 % (mean =

4.36 %) in the dry season and 1168.73 % (mean = 4.51%) in the wet season. This therefore
suggests that organic matter is largely responsible for the THC and not petroleces.sour

Heavy metals were also studied. Iron was the most abundant metal in the study area. During the
dry season, iron ranged from 125.440.6 mg/kg with a mean of 131.8 mg/kg, but the control was
140.6 mg/kg. The wet season value was slightly highegimgnfrom 197.6° 211.6 mg/kg with a

mean of 207.0 mg/kg, but the control was 197.6 mg/kg. Some metals including lead, copper,
manganese, and zinc occurred in the range 6f 2D mg/kg. Next in concentration are nickel and
vanadium which occurred in thrange of 1 19 mg/kg, while some metals such as mercury and
barium occurred in traces <1 mg/kg. The texture of the sediment was determined. Sand range
from 89.51 92.4 % with a mean of 90.8%, clay ranged fromi4&4 % with a mean of 2.9 %,

while siltaccounted for the remainder.

SEDIMENT MICROBIOLOGY

The population of total heterotrophic bacteria (THB) during the dry season was in the range of 2.4
i 3.7 x 10 cfu/g with a mean of 2.9. x ¥@fu/g. Hydrocarbon utilizing bacteria HUB) ranged
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from 0.3i 1.3 x 10 cfu/g with a mean of 0.6 x ¥@fu/g. At the dry season control, THB of was
2.7 x 10 cfu/g and HUB is 0.7 x f0cfu/g. During the wet season, THB ranged fromi287 x

10° cfu/g with a mean of 2.8 x ¥@fu/g. HUB ranged from 0.1 1.2 x 16 cfu/g with a mean of

0.6 x 10 cfu/g. Thus, the HUB accounted for <1% of the heterotrophic population, suggesting
nonpollution from petroleum sources.

Predominant bacteria species isolated from the surface water ifgzedleis sp, Micrococcussp,
Pssudomonassp, E. coli, Enterobactersp, Klebsiella sp, Staphylococcusp, and Norcadia sp.
Similarly, total fungi (TF) during the dry season ranged fromi @11 x 16 cfu/g with a mean of
0.8 x 10 cfu/g. Hydrocarbon utilizing fungi (HUF) population ratyfrom 0.1i 0.8 x 16 cfu/g
with a mean of 0.3 x f&fu/g. During, the wet season, TF ranged fromi0311 x 10 cfu/g, with
a mean of 1.1 x focfu/g. HUF ranged from 0.1 1.0 x 10 cfu/g with a mean of 0.3 x f@fu/g.
The control station had a TRpulation of 0.2 x 10cfu/g and HUF population of 0.1 x 16fu/g.
Fungi species isolated from the study area incAsjgergilussp andPenicilliumsp.

GROUNDWATER QUALITY

The results of this study have revealed that the groundwater in most part oédhis &igh in
dissolved constituents and not suitable for drinking and other domestic purosespH values

in the area show slightly acidic to slightly alkaline groundwater, polyvinyl chloride (PVC) pipes
and other noitorrosive materials should besad for borehole construction in the area because
acidic waters can be very aggressiVbe effects of salt water intrusion in the coastal parts of the
Niger Delta Sedimentary Basin are felt in this study. The high Chloride (over 250mg/l) noticed at
most bcations as well as High TDS and Ca/Mg are indicative of salt water encroachment in the
area.

Total coliform in the dry season was in the range ofi 117 MPN/100ml with a mean of 14
MPN/100ml, while fecal coliform was in the range of 20 MPN/100ml. Cbform was higher
during the wet season, ranging fromi180 MPN/100ml, while fecal coliform ranged froni 41
MPN/100ml. The control borehole water had a total coliform population of MPN/100ml and fecal
coliform population of 3 MPN/100ml. During theydseason, THB ranged from 2.06.8 x 1d
cfu/ml with a mean of 4.3 x f@fu/ml. The result obtained during the wet season was similar to
that of the dry season. It ranged from #.3.8 x 1¢ cfu/ml with a mean of 5.2 x f@fu/ml. The
control is withinthe same order, 3.5 x 46fu/ml.

Hydrocarbon utilizing bacteria (HUB) during the dry season ranged fror 0.8 x 1G cfu/ml
with a mean of 0.7 x fOcfu/ml. Thus, HUB accounted for nearly 1% of the heterotrophic
population in both seasons, indicgtinon pollution from petroleum sources. Microbes isolated
from the study area include Staphylococcus spedé&saligenessp, Enterobacter aerogengs
Citrobacter freundij andMicrococcussp. The population of total fungi (TF) in the wet and dry
seasons we in the order of 10cfu/ml, whereas hydrocarbon utilizing fungi (HUF) was scanty
and virtually absent in the dry season, but it is generally in the order’affd/nl in the wet
season. Fungi species isolated from the study area inllergilus flaus Aspergilus clavatus
Penicilliumsp.
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HYDROBIOLOGY

The ecological aspect of this study includes phytoplankton, zooplankton, macroinvertebrates anc
fisheries study.The area is rich in plankton; 38 taxa of phytoplankton (distributed into five
divisions the Bacillariophyta (diatoms), Dinophyta (dinoflagellates) Chlorophyta (green algae)
and Euglenophyta); 29 taxa of zooplankton with Cladocera dominating, 25 benthic taxa,
distributed into three phyla (Annelida, Arthropoda and Mollusca). Common fin fishtbge area
include but not limited t&@arotherodon galiledgthmalosa fimbriataChrysicththyssp; while the

shell fish in this area are mainly shrimps of the geRar@aeusandMacrobrachium.

VEGETATION

The vegetation cover of the study area is infagehby the topography: Otumara is closer to the
coastline and on a much lower terrain than Escravos. A total of 56 Species belonging to 34
families were encountered. Four basic kinds of vegetation cover are preSeiit Marsh, Fresh
water, Mangrove swamand Phoenix swamp, but the Salt Marsh was most prominent in Otumara.
The marsh is a mosaic of the low and high salt marsh interspersed by bare salt flats. The thre:
kinds of red Mangrove vegetation are present, while several sub types of the freshwaater

forest were identified based on species dominance patterns. Dominant species of the Salt Mars
ecosystem includPaspalum vaginatum, Acrostichum aurewamndAvicennia germinan2hoenix
swamp hadPhoenix reclinata, Avicennia germinans, Elaeis guisegnMangrove swamp,
Rhizophora racemosa, Rhizophora harrisoaigdRhizophora manglend the Fresh water swamp

I Fleroya ledermanii, Alstonia boonei, Anthocleista djalonensis.

The vegetation cover is affected by dredging and dumping of spoils alomgitierous slots at
Otumara. There is no widespread disease condition; only pockets of infections as are expected ii
plant communities. Phytochemistry reveals that the level of heavy metal in the leaves of plants
sampled across the study area. Heavy metdutants of concern include Cadmium, Nickel,
Copper, and Zinc. Among the projects to be carried out, the propodseti4ield logistics base at
Otumara, on a 200m x 100m area of high marsimud flat mosaic, along with its associated
dredging for landifi, is of major concern having the potential to greatly disturb the ecosystem.

Generally, any dredging activity by Oil and gas companies should strongly be avoided in the
interest of the very sensitive ecosystem especially as it affects Otumara. 3&ecpref Oil and

gas exploratory activities in the area is remotely responsible for the uncontrolled lumbering of red
mangrove. While crude oil bunkering activities should be discouraged, the eradication of illegal
refineries in the Saghara/Otumara axiy, the Military, should be done with regard for the
integrity of the ecosystem. Finally, environmental management and monitoring plan should
include the eradication of the invasive Nypa palm.

WILDLIFE

Otumara field is in a protected area. The wildlifeedsity and distribution pattern observed in the
Otumara field reflects the uniqueness of this area in terms of terrain and vegetation cover. The
wildlife composition and species diversity in the Otumara area is low. This is traceable to the
predominance ofhe High and low salt marsh in the Otumara axis which does not support land
animals; hence the predominance of amphibians generally. Amongst the reptiles, the slendel
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snouted crocodile, the African dwarf Crocodile and python species were common acedge¢he
area. There are fewer snakes in Otumara. The Mona monkey was the only species reported in th
Otumara node.

GEOLOGY AND GEOMORPHOLOGY

The study area (Otumara) is part of the geologic sequence of the Quartenary and Tertiary
formations of the Nige Delta consisting of three main geological formatidnghe Benin
formation (the topmost unit), the Agbada and the basal unit, the Akata formations. Lithological
units of the study area are generally composed of sands, silty sands and clays

The land stface of the study area is characterized by low lying plains typical of the modern Niger
Delta. These plains have swamps that are commonly flooded during the peak of the rainy seasor
The area slopes imperceptibly in the south direction towards the At@o¢ian and is drained by a
network of Escravos River and the adjoining creeks, mangrove swamps, marshes and slots.

Three new boreholes were drilled. The drilled wells penetrated only a fraction of the total aquifer
thickness, the maximum depth beingrl5The deposits encountered during the drilling, consist of
clay and silty sand on the surface and silt to sand at the subsurface. The topsoil is mostly dark
averaging about 1m in thickness with highly porous sand underlain. The ground water flow
direction is southerly towards the Escravos River and the adjoining creeks.

GROUNDWATER QUALITY

The results of this study have revealed that the groundwater in most part of the area is high in
dissolved constituents and not suitable for drinking and other dichpesposes. Since pH values

in the area show slightly acidic to slightly alkaline groundwater, polyvinyl chloride (PVC) pipes
and other nostorrosive materials should be used for borehole construction in the area because
acidic waters can be very aggless

The effects of salt water intrusion in the coastal parts of the Niger Delta Sedimentary Basin are felt
in this study. The high Chloride (over 250mg/l) noticed at most locations as well as High TDS and
Ca/Mg are indicative of salt water encroachnierthe area.

SOCIAL IMPACT ASSESSMENT

Ugborodo, Ugbeogugun and Deghele are the three major host communities. With the exception
of a few migrants of Yoruba, llaje, Urhobo, Isoko and ljaw origin living along dotted settlements
in the area, the ltsekiris @the landowners and major ethnic group in the project environment.
The settlement pattern of the habitations in the area is rural nucleated cluster type, many also
characteristically nodal, established along water courses (rivers, creeks and creeklets).
Christianity is predominantly practised but the residents still have strong affinity to their
traditional customs, beliefs and culture religious beliefs. Governance system is typical of well
developed hierarchical structure that is gender and age sensitieh, have inbuilt mechanism

to provide social cohesion, security and conflict prevention and resolution.
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The population of the communities shows a skewed distribution in favour of loweohggs of
persons below 18 years old, with child dependemtip rof 31.23%, disaggregated into 16.37%
(males) and 14.86% (females) and old age dependency of 5.06%. Traigaex approximately
2:1 with a modal educational level of primary school attainment.

The modal educational attainment amongst the popalaitio the communities is primary
educational level. About 67% of the sampled population have post primary education and 10%
have some forms of tertiary educatidime local economy was consistently dominated by fishing,
farming and petty trading that gene@ daily income levels just enough to cover household daily
expenditure requirements; typical of the occupational status of rural fishing communities of Niger
Delta region. The general quality of life measured in terms of housing types, productive and
household asset ownership, and presence of functional social infrastructure in the communities wa:
noted to be very low, suggesting high level of poverty among the residents of the communities.

Perception rating concerning the proposed project showed lfavl fears with respect to impact
on health and environment; and high level of expectations of improved local economies and
provision of quality and functional social infrastructures in the communities.

HEALTH IMPACT ASSESSMENT

The determinants of hehlamong the population in Otumara AGG Project communities include
demographic, environmental and behavioural factors. Permanent residents in the communities
were mostly the elderly, fishdolks and traders while several younger members, particularly
malesin the 207 39 year age range reside in Warri. A sizable number of young girls and traders
that derive their livelihood from their proximity to the oil facility was observed. The implications

of this for commercial sex work and its consequences for dgxuahsmitted diseases (STI) and

HIV as well as other social vices such smoking, drug and alcohol abuse, and violence is obvious.

Most members of the project communities were able to meet their total daily per capita water
requirement albeit mainly frona variety of potentially contaminated surface sources. Tanker
supply by SPDCand sachet water were the main sources of drinking water. Significant health
threat is associated with the use contaminated surface water source. In addition, surface wate
bodies provide favourable breeding grounds for vectors of important diseases including Malaria,
Filariasis and Schistosomiasis. Regrettably, underground water sources in some of the
communities were salty and showed evidence of faecal contamination.

Extensivefaecal contamination of water bodies in the project communities is not surprising
considering that the jetty or ovbung toilets that discharge faeces directly to surface water is the
predominant method of faecal disposal. Access to adequate quaritpicgslde water is therefore

a challenge in the project communities. Increase in population that may arise as a consequence ¢
the project may further compromise access to potable water. The concentrations of suspende
particulate matter (SPM) in the ambieir of the study communities were significantly lower than

t he Feder al Mi ni stry o f Environment 6s stip
contribute significantly to better air quality when the flare out is achieved.
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Behaviours with significanimplications for health were prevalent in the project communities.
Alcohol and cigarette are reported to be commonly used although cases of alcoholism was said t
be rare. Sexual practices of members of the project communities also posed signifidanthisk
transmission of sexually transmitted infections including HIV/AIDS: polygamy was common
among the married adult males while single girls reported that they had multiple sexual partners.
Furthermore, fidelity in marriage is prescribed for womenlevitien could engage in extnaarital

affairs. Some of the communities were also reported to accommodate commercial sex workers.
However, good knowledge about HIV prevention demonstrated by members of these communities
IS encouraging.

Prevalence of malnution among children was lower than the national average but higher than the
average for the Soutkputh geopolitical zone. The common causes of ill health in the communities
were malaria, diarrhoeal diseases, typhoid fever, upper respiratory tractoimdeetnd skin
diseases. Incidence of noommunicable diseases like hypertension, diabetes mellitus were also
believed to be increasing in the communities. Members of the project communities had adequate
access to health facilities as most live within 5 &m30 min travel time to a health facility.
Maternal and child mortality were said to be declining in the communities due to early recognition
and referral of cases to Warri, Sapele, Oghara and Benin.

CONSULTATION PROGRAMME

The identified stakeholders fohis study were government (Federal, State and Local), regulators
(FMEnv, DPR, Delta State Ministry of Environment), communities, CBOs, NGOs, Government
agencies, Media, consultants, etc. The various stages of consultation were HSE Workshop ani
fieldwork. Special sessions were held, namely: interface meetings with the communities, and a
scoping workshop with the identified stakeholders, to obtain their issues and concerns on the
proposed project. The Communities issued Freedom to Operate (FTOs) to shyrify
consultation.

ES13 ASSOCIATED AND POTENTIAL ENVIRONMENTAL IMPACTS

The identified phases of the Otumara AGS Project were divided into
Premobilization/Mobilization, Construction, Commissioning, Operation, Maintenance and
decommissioning/ abandonmenthe Premobilization and Mobilization Phase included the
following activities land acquisition, land survey, Right of Way clearance, tree felling/destumping,
civil works, facility construction, dredging/sweeping, piling and dredge waste disposal.Astivitie
in Construction Phase included pipeline/bulkline construction, laying of optic fiber
cables,Trenching and backfilling, welding, NDT testing,Coating/Wrapping, Hydrostatic testing,
River crossing, waste/Spoil disposal, Community electrification, transioortaf Modules and
equipment, water transportation, CPF Installation and FLB construction, installatiom &ed
precommissioning of facilities and un loading and installation of CPF/Modules. Operation phase
included the following activities commissimg, maintenance and Pigging while activities during
the decommissioning and abandonment included cutting/Lifting, waste disposal and Restoration.

XXXiil



Environmental Impact Assessment (EIA)@iumaraAGS Project

Potential Impacts during Premobilization/Mobilization phase

Significant negative impacts arising frometlPremobilization/Mobilization phase include the
increase of water related diseases due to poor sanitation practices when more pressure is put ¢
already poor state of housing. Other impacts include loss of vegetation through cutting of line
traces, incresed erosion potential due to removal of vegetation canopies and road paving loss of
economic trees and ecologically important vegetation (mangroves and rain forests), loss of habitat:
for wildlife, loss of farmlands, fishponds and gin distilleries andnglsrialong the pipeline routes.
Other negative impacts in this phase will include Increase in cases of sexually transmitted diseas
and other disease strains resulting from migrant workers and accidents to workers especially for
local labour not sufficiety skilled for the type of work.

Piling during this phase may result in impairment of hearing due to noise and vibrations. Dredging
will lead to increased levels of suspended solids in water, shoreline erosion, disturbance of
riverbed topography and-seispension of fine sediments and bottom materials. Other impacts from
dredging will include disaggregation of benthic habitat, loss of benthic organisms and loss of
juvenile fishes due to gill damage from silt particles. Dredge Spoil disposal will smiferma

and impair surface drainage especially in wetland areas and cause pollution of drinking water
sources when domestic waste is discharged directly into the river. Significant positive impacts
were income to local workers that may be employed forbtngh clearing activities, improved
quality of life resulting from increased project spending which will stimulate economic activity in
the area and increased infrastructures in the communities as part of the projects' CD initiatives.

Potential Impacts during Construction phase

Significant negative impacts during the construction phase will include production of intertidal
swamps, which will increase surface water sediment loading and suspended solids. Other negativ
impacts will include irreversible soilbmpaction which may alter the topography of the Row and
salt water intrusion into ground water, through ELPS (hydraulic seepage around the circumference
of the pipe). Exposure to radioactivity and release of chemicals, impairment of vision, improper
disposl of lay barge deck drainage will contaminate surface water and sediment. Discharge of
untreated hydrotest water into the receiving environment, disaggregation of benthic habitats
resulting in loss of benthic organisms, shoreline erosion and impropesdisyf backfill residue

will alter the morphology of the area and impede drainage

Water related disease might increase due to poorer sanitation practices when more pressure is p
on already poor state of housing. Increase in cases of sexually tradsiisgtase (HIV AIDS) and

other disease strains may result through migrant workers. The size and number of barges
conveying equipment, materials & personnel and the associated waves may endanger smal
canoes/boats and curtail fishing activities. Weldingivdes will release toxic fumes,
contamination of water may result from the use of paints, corrosion inhibitor, leaks and spills of
diesel fuel and lubricants into water.

Significant positive impacts in this phase will include increased income tioNoders increased
project spend which will stimulate economic activity in the area construction of more

XXXIV



Environmental Impact Assessment (EIA)@iumaraAGS Project

infrastructures in the communities as part of the projects' CD initiatives giving rise to improved
sociceconomic activities.

Potential Impacts during Operation and Maintenance phase

Significant negative impacts from operation and maintenance phase will include the discharge of
untreated effluents from flow stations /CPF into water, leaks and spills of TEG during storage
handling and decanting. Othesl include disposal of domestic wastewater and sewage from the
logistic centre and domestic and industrial solids from the logistic centre.

Potential Impacts during decommissioning/abandonmenphase

Significant impacts from the decommissioning/abandorimghase includes accidents from
demolition activities- explosions, falling objects etc, especially when unskilled personnel are
employed for the works, poor aesthetic features from abandoned structures on site and alteration ¢
vegetation pattern and tisbance of aesthetic beauty of the original environment

ES14 MITIGATION MEASURES

Mi tigation measures are often I mpl emedycled or
Specific mitigation measures are aimed at reducing negative impactsliowAds Reasonable
Practicable (ALARP) and where possible enhance positive ones. In concert with SPDC HSE
Policy, all impacts identified as being of Medium or High significance, require appropriate
mitigation measures.

Mitigation Measures for Premobilization/mobilization Phase

Mitigation measures adopted during the Premobilization/Mobilization phase for significant
negative impacts can be summarised as follows; minimisation of bush clearing to what is required
for construction activities, avoidance of-stemping as much as possible within the RoW,
minimisation oflandtake as much as practicable, payment of adequatgensation for loss
economictrees/plants, avoidance of cutting down timbee trees greater than 60 cm girth, as
they are protected byw. Others include the use of lewise equipment, the reduction of land for

site preparation to as much as possible to limit habitat loss, steppihgalth education and
sensitisation activities prior commencing construction activities and the suppddr donation
initiatives by augmenting the supply and issue of condoms to workers on the project and extending
it to commercial sex workers in the vicinity if identified.

Other actions include organising awareness session on communicable diseaskt® nefatier and

sexual behaviour such as HIV/AIDS awareness sessions, ensure the provision and enforcement ¢
the use of appropriate PPEs on site provision of adequate First Aid and functional medevac systen
on site, ensure that approved detailed Job Hakaadlysis (JHA) is provided by the contractor and

that all the controls and barriers are adhered to and ensuring that daily tool box meetings are helc
Others include the use of silt curtains to prevent migration of plant matter, debris treatment of all
waste water to DPR standards prior disposal, provision of mobile toilets for its-fargek
regularly monitoring of the quality of effluent to ensure that it meets regulatory standards, the
adherence to its waste management procedure-gatrghore proteatn in areas susceptible t
shoreline erosionuse sheet pilling of the area affected use the suction dredging to minimize
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disturbance to riverbed topography, deploy the most appropriate silt curtains, to minimize loss of
benthic organisms adherence to joey management guidelines and sensitization of boat captains,
use suction dredging and silt curtain to reduce turbidity, limit widening of Otumara creek or any
other creek to be used for Barge movement,, to a width that will cause minimal shoreline erosio

Other activities include ensuring that dredge spoil is deposited at least 10 metres into the buffer
zone or Cap spoil with clean sand, ensure no hydraulic connection between the sea and the coast
forest by using cofferdams and sheet pilling forghereline approach ensure proper scheduling of
supply boat movements so as not to interfere significantly with artisanal fishing and commercial
boat activities, ensure proper scheduling of supply boat movements so as not to interfere
significantly with atisanal fishing and commercial boat activities, consult with the relevant Local
Government and give adequate notice to the communities, of impending work and route plan,
Institute good marine journey management systetméwith SPDC policy, enforce thaese of
appropriate PPE, dispose dredge spoils in an environmefriatigly manner.

Mitigation Measures for Construction Phase

Mitigative actions for the activities during construction phase include some of the actions
mentioned during the premobilizati/mobilization phase. Others for this phase include the use
low pressure tracked equipment for construction, provision of radiation counter to workers for
monitoring individual radiation levels, ensure that the activities are carried out in accorddnce wit
standard procedures ensure waste management specifications and guidelines (especially wit
regards to the discharges into the environment) shall be complied with, ensure minimal disturbance
to the river bed during pipeline crossing, ensure that appteprontainment (drip pans) and clean

up procedures are adopted, incorporate into the design and install in TEG plant, an auto transfe
device for charging and topping of the glycol and install glycol plant without the initial charge,
and thereatfter filln glycol charge and ensure best engineering of pipeline design, construction and
installation. Automatic leak detection facilities shall be installed for pipelines.

Mitigation Measures for Operation Phase

Mitigative actions for this phase may include somof the actions discussed during the
premobilization/mobilization and construction phases. Other actions shall include the provision of
effluent and waste water treatment facilities of adequate capacity, treatment of effluent to DPR
standards prior dischge at the Otumara logistics Base, establishment of effective gas leak
monitoring programme for the pipelines and regular audit of waste management practices of the
contractor, recovery of dumped wastes as much as possible, and vigorously adhering to SPDC
waste management practices.

Mitigation Measures for Decommissioning/ Abandonment Phase

Mitigation actions for this phase may include some of the actions discussed during the
premobilization/mobilization, construction phases and operation phases. Otbes autlude the
provision of adequate and relevant training of all staff especially local hands, adoption of safe
operating procedures consistent with good statutory and SPDC HSE requirements, and ensure thi
indigenous species are employed in restoradaiivities.
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ES15 ENVIRONMENTAL MANAGEMENT PLAN

The Environmental Management Plan (EMP) provides a delivery mechanism to address significant
negative impacts, enhance project benefits, deliver on commitments made publicly in the EIA and
introduce standds of good practice to be adopted for all project works. The EMP also addressed
the conditions for which the EIA was approved. The plan is a document covering all aspects of the
Otumara AGS Project. The EMP lists actions to ensure effective mitigationotehtjal
environmental, social and health impacts (identified in the EIA), action parties, parameters to be
monitored and frequency. In sections 5 of the ES potential impacts resulting from all the activities
of the various phases have been enumeratesedtion 6 mitigation actions have been proposed.
Thus what are left are parameters/methods for monitoring, monitoring frequencies and responsible
parties. These are included in Table 7.1.

Parameters/methods for monitoring include, site inspection reportsmthly and quarterly
compliance monitoring reports, security plans/reports, community engagement records/ reports,
compensation records/reports, employment records, contractor records, Project Memorandum o
Understanding (PMoU) records, Sessions ontheaklareness, with records, records of daily tool
box meetings, Job Hazard Analyses Records, evidence of functional MEDEVAC procedures,
Safety plans/records and Impact Mitigation Exercises both conducted internally(by SPDC) and
externally by the regulatarsMonitoring frequency may range from daily such as tool box
meetings/pep talks to yearly IMM. The responsible parties are SPDC personnel (Project Manager
Project Engineer, Environmental Adviser and HSE adviser) and the regulators.

ES16 CONCLUSIONS AND RECOMMENDATION

The results of the study showed that the air quality of Otumara field will substantially improve as a
result of Mothballing of the Flowstation. Thus, the project will enhance air quality and reduce
Ni geriads contri butentabn t o gl obal warming po

All construction activities will take place on the existing RoW, hence no additional land will be
required. Since no dredging is involved, the ecology of the project area will not be significantly
compromised. The project will provide employmergportunities for young people during all
phases of the development. The extension of electric power to the communities will enhance
socioeconomic activities in the project area.

Based on the foregoing, we pray that this EIA Report be approved for imybgios.
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CHAPTER ONE

INTRODUCTION
1.1 Background
The Shell Petroleum Development Company of Nigeria Limited (SPDC), on behalf of the Joint
Venture partners (Nigerian National Petroleum Corporation, Nigerian Agip Oil Company, and
Total), plans@ embark on th®©tumara Node (Otumara & Saghara flow stations) Associated
Gas Solution (AGS) Projetd meet the business objectives of Domestic Gas supply and gas
flares down by 2014At present, ppduced AG is currently used as fuel gas for the pumps and
generators, for lift gas, and the excess flaiidwk proposed project is mainly a facility upgrade
of the existing Otumara flowstation through the installation of new facilities in order to harvest
AG from the Otumara field in Delta State of Nigeria (Figd and 1.2).

The SPDC Business Plan 2005 (BPO05) forecast for Otumara showed that substantial Further
Oil Development (FOD) activities may commence in the field as early as a20@9%ill need
disposal of AG and probably more lift gas. In view of thisis considered that a pre
investment in AG pipeline from Otumara to Escravos beach will be required, by installing a
12060«x 12 km pipeline to the Ni geri an Gas
accommodate 30 mmscf/day. Futuredevelopment will als require the retention of the
existing 15 mmscf/d gas lift compressor.

The new facilities/activities at the Otumara flowstation are;

Otumara Central Processing Facility (CPF) of 20 mmscf/d nominal capacity;
Gas processing Modul®ominal 30 mmscf/day;

Gas CompressionNominal 20 mmscf/day;

Power generation/utility moduleCirca 6.5 MW ISO;

Flare systems relief;

Blow down systems;

Modifications and tieéns to integrate the new facilities;

Site preparation and civil works including all dredgingdingi and shoring works;
Design, construction and commissioning of abédl FLB;

Decommission, preserve and mothball Saghara flow station, and convert te a free
flow manifold; and

1 Community electrification

=

= =4 =4 4 -4 48 -5 -9 -9

As part of the flowstation upgrade, gas pipelimagh pigging facilities will be constructed
using existing SPDC pipeline Right of Way (RoWhis Environmental Impact Assessment
(EIA) report has been prepared by SPDC in line with National and International environmental
guidelines to evaluate this despment proposed for the Otumara field. This EIA has
identified the key potential impacts of the project activities on environmental -sc@immmic

and health resources within the project area and proffered mitigation measures for
Environmental Management.
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1.2 Objectives of the EIA

The objectives of the EIA are to:
1 Acquire baseline data of the environment as well as the -segoisomic 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 appropriate ngétion measures; and

1 Develop an Environmental Management Plan (EMP).
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Fig. 1.2:Map of Delta State showing Otumara AG Solution Project Area

1.3 The Project

The new facilities for installation at the Otumara flowstation in order to handle the associated
gas currently being flared and convert it to economic use are: High Pressure Associated Gas
compressor, Low temperature separation vessel, TEG dehydratiemsyst electric power
generator. The estimated land coverage for the new facility is about 100 square meters within
the existing Otumara flow station area on a swquilgd foundation. As part of the Otumara

fl owstati on upgr ade, a th pigging fadililes womd ajsa e pi p €
constructed using existing SPDC pipeline Right of Way (RoW).

Project also involves the design, supply, construction and commissioning efoam4-ield
Logistics Base (for staff accommodation) at Otumara. The estineid coverage for the new
FLB is about 150 m x 250 m. The land shall be sdietl, and a community electrification
project will be embarked upon.

Project Premises

The project is within the Otumara field on OML 43, which has been in operation singe 197
(34 years). The area is thus a brown field with existing facilities such as the Otumara
flowstation, flare site, flowlines, pipelines, helipad, pathways, oil well heads and a gas lift
barge.
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1.4 Legal and Administrative Framework

There are legislains, guidelines and standards that govern 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 Nigéat

The Mineral Oil (Safety) Regulations, 1963

Sections 37 and 40 of the mineral oil (safety) regulations, 1963, require provision of personal
protective equipment (PPE) and the safety measures for workers in drilling and production
operation in accordanaeith international standards.

Oil Pipelines Ordinances (CAP) 145, 1956 and Oil Pipelines Act, 1965

The oil pipelines ordinance (CAP 145), 1956, as amended by the Oil Pipelines Act 1965,
provides, under Section 4(2), for a permit to survey (PTS) a pgetiute to be issued to the
applicant by the Minister of Petroleum Resources, for the purpose of transporting mineral oil,
natural gas, or any product of oil or gas to any point of destination to which such a person
requires such oil, gas or product, #af; for any purpose connected with petroleum trade or
operations.

Petroleum (Drilling and Production) Regulations (1969)

The Petroleum (Drilling and Production) Regulations (1969), empowers the holder of an OPL
to do practically anything in the areaveoed by the license {Section 15 (1)}, but Section 15(2)
holds such a holder responsible for all the actions of his agents and contractors.

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

This Act, which was issued in 1988 and anmeghtdy Act No. 59 of 1992, provides the setting

up of the Federal Environmental Protection Agency, as the apex organization for the overall
protection of the Environment and Conservation of Natural Resources. The act also makes
environmental impact assessm (EIA) mandatory for all new major projects. In compliance
with its mandate, FEPA issued the procedure, guidelines and standards for the execution of
EIA with emphasis on the significance associated with current and potential impacts of such
projects. The procedure also indicates 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.

FMEnv Sectoral and Procedural Guidelinedor Oil and Gas (1995)

In compliance with its mandate, FEPA issued the EIA Procedural Guidelines and Sectoral
Guidelines for Oil and Gas Projects in 1995. Contained in the Procedural Guidelines (pg. 8)
are Category | projects (mandatory study activiteas) listed under item 15, sutem (a) on

page 10) (Petroleum) is Oil and Gas Fields Development, making an EIA mandatory for the
proposed project. The Procedural Guidelines also indicate the steps to be followed (in the EIA
process) from project concemt to commissioning in order to ensure that the project is
executed with adequate consideration for the environment. Annex C contains the EIA writing
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format as required by FMEnv. The guidelines are intended to assist in the proper and detailed
executionof EIA studies of projects in consonance with the EIA Act.

S.1. 15- National Environmental Protection Management of Solid and Hazardous Wastes
Regulation (1991) (FMEnNv)
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 extremely hazardous wastes
and substances until they are detoxified and safely disposed,
1 Provide gui@lines necessary to establish a system of proper record keeping, sampling
and labelling of dangerous and extremely hazardous wastes,
1 Establish suitable and provide necessary requirements to facilitate the disposal of
hazardous wastes;
1 Research into possibreuse and recycling of hazardous wastes.

Environmental Impact Assessment Act No. 86, 1992 (FMEnv)

This Act provides guidelines for activities of development projects for which EIA is mandatory
in Nigeria. The Act also stipulates the minimum contenafEIA as well as a schedule of
projects, which require mandatory EIAs.

FEPA (Now FMEnNv) National Guidelines for Spilled Oil Fingerprinting (Act 14 of 1999)

This provides guidelines for spilled oil fingerprinting applicable throughout Nigeria, in arder t
improve the quality of the environment and to free it from pollutants and other environmental
and health hazards.

FEPA (Now FMEnv) National Guidelines on Waste Disposal throughinderground
Injection (1999)

These Guidelines and Standards on waste disgfmsaugh underground injection provide the
'modus operandifor the most viable options for disposal of these wastes in a tropical
environment as Nigeria.

FEPA (Now FMEnv) Nigeria's National Agenda 21 (1999)
Nigeria's National Agenda 21 was developed to:

1 Integrate environment into development planning at all levels of government and the
private sector,

1 Intensify the transition to sustainable development,

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.
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Forestry Law CAP 51, 1994

The Forestry Act 1958 whichag amended as the Forestry Law CAP 51, (1994) prohibits 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, iization and protection of forestry resources in Nigeria, which is applicable to
the mangrove, and other forests of the Niger Delta.

Land Use Act of 1978

Thelandu s e Act of 1978 states that Aé it i's al
Nigerians to use and enjoy land in Nigeria in sufficient quality to enable them to provide for
the sustenance of themselves and their famil

National Inland Waterways Authority Act No 13 of 1997

This Act estabkhed the National Inland Waterways Authority 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 concern inland 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 theofgliay or diversion of

water from a declared waterway.

Nigerian Ports Authority Act No 38 of 1999
Nigerian ports Authority (NPA) was established in 1954 by ports Act (Cap 155 of the law of
the Federation of Nigeriaamended 1999) as an operating porthwthe responsibilityf
providing all port services.

1 Ownership and administration of land and water within port limits.

1 Planning and development of port operational infrastructure.

1 Leasing and concession of port infrastructure and setting bench maakiffostructure
Responsible for nautical/Harbour operations and hydrographic survey.
Marine incidents and pollution
Maintenance of safety and security at the common user areas.
Enacting port regulations and bisvs as well as monitor and enforcerthe
Day to day monitoring of operations and enforcement of relevant sections of respective
agreements.
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National Oil Spill Detection and Response Agency (NOSDRA), 2006

The National Oil Spill Detection and Response Agency (NOSDRA) was established in 2006 as
the lead Agency in ensuring timely, effective and appropriate response to oil spills, through
clean up and remediation of all impacted sites to all best practical extent.

National Environmental Standards Regulatory and Enforcement Agency (NESREA),
2007

The National Environmental Standards and Regulations Enforcement Agency (NESREA) was
established as a parastatal of the Federal Ministry of Environment. NESREA is charged with
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the responsibility of enforcing all environmental laws, guidelines, policiesdatds and
regulations in Nigeria.

Associated Gas Rénjection Act No. 99 of 1979 (CAP 26)

An Act to compel every company producing oil and gas in 1979 No Ni@g@ria to submit
preliminary programmes for gas reinjectiand detailed plans for implemetitan of gasre-
injection.

Endangered Specie¢Control of International Trade and Traffic) Act 11 of 1985

This Act prohibits hunting, capture and trade of soemelangered specidge crocodile,
alligator, turtles, Parrot, etcThe Endangered (Control ohternational Trade and Traffic)
Decree (No. 11 of 1985) has been enacted by the Federal Republic of Nigeria specifically to
implement CITES. It is broader than CITES in that it also covers domestic taking of listed
species. Two schedules are included: Sakel (Endangered SpeciesAnimals in relation to

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

1.42: Legislations guiding Environmental management irDelta State

The Bendel State Town and Country Planning Laws Cap 165 (as applicable to Delta
State) of 1975

This law grants the Government and its operating agencies the authority to require lands and
undertake layouts and boundary adjustments of plots, if necessary, authority to grant leases and
sell plots as necessary as well as preservatiorees,tlandmarks for amenities, authority to
approve building designs and external appearance of structures; prohibition of unsuitable
buildings.

Delta State Environmental Protection Agency Edict No 5 of 1997

The DSEPA is an agency under the Delta Stateidtty of Environment. Although the EIA
decree No 86 of 1992 is the substantive law that regulates the sitting of industrial projects that
impinge on environmental elements in Nigeria, with part of the project in Delta State, this edict
has a role to plain the overall EIA process as a matter of law. The Edict setting up the Delta
State Environmental Protection Agency (DELSEPA) captioned as Edict No 5 of 1997 outlines
the primary responsibilities of the agency, which is to protect and develop the general
environment of Delta State.

Delta State Ecology Law, 2006

The law empowers the Delta State Ministry of Environment with the responsibility of
protecting the environment in order to achieve sustainable environmental development in the
State .It empowers ¢hMinistry with the statutory responsibility of handling environmental
pollution cases. It liaises with oil companies on pollution matters. It enables, the Ministry to
participate in the management of oil spills in the State .It empowers the Ministey am b
integral part of the Joint Investigation team (JIV) that investigates the causes of oil spills;
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carrying out assessment of damage to the environment, property, health and assessment of the
ecological damage to the marine and terrestrial habitat dsaselegetation and ecosystem.
The law also empowers the Ministry to handle flood and erosion cases.

Bendel State Forestry Law Cap 59, 1976 (now applicable to Delta State)

This law is all about the sustainable use of Delta State forests and-divdxigty which is a
renewable source of wealth in the area especially for tourism, food supply, fuel and timber as
well as the protection of the environment.

Delta State Revenue Edict, 1997

This edict appropriates sources of revenue in Delta State to inahiemdlly Generated
Revenue, Statutory Allocation from the Federal Government, Value Added Tax and Other
Capital Receipts. It also appropriates expenditure sources to include Recurrent Expenditure and
Capital Expenditure

Delta State Waste Management Law2004

This law establishes the Delta State Waste Management Board charged with evacuation and
management of wastes. The issue of waste evacuation is the statutory responsibility of the
Local Government Councils. However, due financial constraints thesy hawvbeen able to
exercise this function effectively. As a result, the State Government has intervened in waste
evacuation and management in the Stateuliin the Waste management Board.

Delta State Internal Revenue Consolidation Law, 2009

The law is aired at improving tax administration, tax revenues and enhancing the ability of
government to fruitfully pursue the diversi
wealth and generate employment for the teeming youth population of the State.

1.4 3: International Laws and Regulation S
Nigeria is signatory to several laws, treaties and regulations that govern the environment.
Among these are:
(i) World Bank Guidelines on Environmentaésessment {EA} (1991)
(i) International Union for Conservation of Nature and Natural Resources(lUCN)
Guidelines
(i) Convention on the Migratory Species of Wild Animals (Bonn Convention)
(iv) Convention of Biological Diversity
(v) Convention Concerning the Protection oé tivorld Cultural and National Heritage
Sites (World Heritage Convention)
(viy Basel Convention on the Control of Tramsundary Movements of Hazardous Wastes
and their Disposal and.
(vii) 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 on a proposed industrial activity by a
borrower as a presquisite for granting any financial assistance in form of loans. Details of
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Worl d Bankos &ndA guioteldiumes are published i
vols. |- 11l of 1991. Potential issues considered for EA in the upstream oil and gas industry
include the following:

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

The IUCN in conjunction with the Oil Industry International Exploration and production
Forum presented atsof guidelines for oil and gas exploration and production in mangrove
areas. These guidelines 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,
Environmental Audit and Monitoring.

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

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

Convention on Biological Diversity

The objectives of the Convention include the conservation of biological diversity, the
sustainable use of its components, and the fair and equitable sbiabegefits arising out of

the utilization of genetic resources.

Convention Concerning the Protection othe World Cultural and Natural Heritage Sites

(or World Heritage Convention)

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

Basel Convention on the Control of Transboundary Movements of Hazardous Wastes

and Their Disposal

The convention focuseattention on the hazards of the generation and disposal of hazardous
wastes. The convention defines the wastes to be regulated and control thedotnadigry
movement to protect human and environmental health against their adverse effects.

United Nations Framework Convention on Climate Change (1992)

In order to achieve sustainable social and economic development, energy consumption for
developing countries needs to grow taking into account the possibilities for achieving greater
energy efficiency andof controlling greenhouse gas emissions in general. This also includes
the application of new technologies on terms which make such an application economically
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and socially beneficial, determined to protect the climate system for present and future
generabns.

1.44: SPDC Policies and Principles

SPDC operates under the guidelines of Shell International and complies strictly with them.
Where national standards and regulations ar
policy is to comply with the agting national legislation.

(@) 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 raegtas critical business activities, 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
tot his document is the section on HSE referre
This policy addresses the health, safety, and environmental risks to the business and the
potential impacts on staff, personnel, and the host communities. Thg pefiects good

practice and is mandatory.

(c) HSE Policy
It is SPDCé6és 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 the integrity and security of Company assets;
Minimises 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 shdl be analysed to systematically identify related hazards, risks and
sensitivities;

i 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, unsafegnvironmentally unsound 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, sensitieis and controls in place; and

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

10
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Every employee and contractor employee must plan and perform his work in accordance with
this policy. Each employee is required to reparid where necessary, suspend any activity
considered to be in contravention of this policy.

(d) Environmental Assessment Policy (1998)
It i s SPDCb6bs policy that al/l activities shal
minimize the impact oits operations on the environment i.e.:

1 Carry out Environmental Impact Assessments and Evaluation in relation to all
aspects of the natural and social environment that may affect or be affected by its
activities;

1 Identify any such interface for the commdife cycle of both new and existing
facilities and operations;

1 Enhance positive effects, prevent intolerable impacts from occurring;

1 Limit the nature and extent of any residual negative impacts, however caused, such
that they are as low as practicable;

1 Consult relevant stakeholders;

1 Leave the environment at the end of the useful life of any operation in a condition
suitable for future use;

1 Routinely monitor the environmental status of each operation and take corrective
action as necessary.

The implications of implementing the policy are:

1  The environmental impact of all new activities or developments shall be thoroughly
evaluated and the necessary preventive measures implemented,

1  An Environmental Impact Assessment (EIA) shall be carried out for each new
project or activity,

1 Seismic Acquisition Field Development and Operations Reference Plans, shall
include the recommendations of the EIA,

1  The environmental impact of each operation shall be routinely monitored and
corrective actions taken as necessary.

i All practical and reasonable measures shall be taken to minimize the generation of
waste and to manage and dispose of unavoidable wastes in an environmentally
acceptable manner,

i Waste Management plans shall catalogue waste identifications, quantification and
appopriate disposal methods,

i Waste streams shall be monitored and recorded and efforts taken to progressively
reduce emission or discharge of waste known to have negative impact on the
environment with the eventual aim of eliminating them,

i Waste records sHatover the full lifecycle of each stream and shall provide an
auditable trail as to its management and disposal,

1 Past polluted sites shall be investigated and practical and efficient measures put in
place to rehabilitate them,

1 Chemicals shall only be usevhere operationally necessary only after justification
with a balanced management decision. In selecting chemicals for use, the HSE

11
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aspects shall be considered together with commercial and process performance
attributes with the aim of choosing the lelagtmful,

1  All chemicals shall be transported, stored, used and disposed of in accordance with
statutory requirements and in a safe and environmentally acceptable manner.

1 No new chemical shall be accepted from a supplier without the appropriate
Material Sagty Data Sheet (MSDS),

1  All chemicals shall be covered with Safe Handling of Chemicals (SHOC) cards,
and shall be acquired, transported, used and disposed of in compliance with the
Department of Petroleum Resources (DPR), Federal Ministry of Environment
(FMEnv) and SPDC regulations,

1  All chemical handlers shall be specifically trained in the safe handling of
chemicals.

T Al hydrocarbon and chemical spill s i
shall be cleaned up in a timely and efficient manner,

1 Resource shall be provided and contingency plans drawn up to respond to spills in
a timely manner,

1  Where the cause of the spill is unknown then the Company shall still effect the
clean up and recoup costs at a later date.

(e) SCiN Biodiversity Policy
0 6 1 n,wB reegdnise the importance of biodiversity.
Therefore, we are committed to:
i Work with others to maintain Ecosystems
1 Respect the basic concept of Protected Areas
1 Partner with others to make positive contributions towards the conservation of
biodiversityin our areas of operations
1 Conduct Environmental Assessments with increased focus
on impacts on biodiversity
1 Engage and collaborate with other stakeholders to manage biodiversity responsibly
especially in sensitive environmentsodb

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

Other considerations, including:
1 Societal Expectations;
1 Government Relations;
i Joint Venture Partner Relations;

12
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il
1
1

The development of an effective HSE Management Strategy is intended to ensure that

Sustainable Commitly Development;
Land Acquisition and Compensation;
Media Relations; et@are based on SPDC Corporate Poli¢i@900.

throughout the life of the project, from conceptuatiian through construction, operation and
abandonment , SPDCG6s HSE ©policy S constant
implementation of the policy rests on both SPDC staff and Contractor(s).

1.5 Declaration
SPDC in its capacity as the operatortled NNPC/Shell/Total/NAOC Joint Venture, and on

behalf of her partners, hereby declares her intention to abide by the existing international and
national laws and regulations regarding environmental protection during the facility upgrade of

the Otumaraflwst at i on and construction of 120 x

ELPS at Escravos for the Otumara Field Associated Gas (AG) Solutions project. SPDC
management is committed to the implementation of the Environmental Management Plan

(EMP) proposedni this EIA report. SPDC hereby declares that it has prepared this EIA report

using the best available expertise in personnel, equipment, and internationally acceptable

methods.

1.6. Structure of this EIA Report

T

Chapter One - Introduction presents the bapund information, administrative

and legal framework, terms of reference;

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 bgroducts, waste generation, technical layout and
process, operation and maintenance, schedule;

Chapter Four- Description of Existing Envonment- provides information on

the baseline environmental conditions of the project area describing the physical,
chemical, biological social, and health environment

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

Chapter Sixi Mitigation Measures/Alternativeis describes the mitigation options

of impacts;

Chapter Seven Environmental Management Plarprovides the proposed plans

for environmental management; and

Chapter Eight- Conclusion and Recommendationgrovides remediation plans
after decommissioning/abandonment.

1.7: Terms of Reference
SPDC commissioned this EIA of the proposed Otumara Field Associated GAS (AG) Solution
project in order to comply with tatutory requirements. The EIA will establish the

13
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environmental issues associated with the project, predict their impacts and magnitudes; suggest
and evaluate project alternatives with regard to cost effectiveness and environmental
friendliness, and recomend mitigation measure¥he Terms of Reference (ToR) for this EIA

were prepared after a scoping workshop held off PEtober, 2005 with identified
stakeholders (Community representatives, NGOs, CBOs, Governments representatives
{FMEnv, DPR, DSMEnv, Minitry of Health, and Representatives of the affected Local
Government Area}. The summary of the scope of the EIA as contained in the ToR is as
follows:

EIA Scope
1 Literature review
Detailed description of the project
Baseline data collection
Field work andaboratory analysis
Impact identification, prediction and assessment
Determination of appropriate Mitigation and Monitoring Measures
Development of an Environmental Management Plan (EMP)
Decommissioning/Abandonment Plan
Report Production

= =4 4 -4 48 8 -8 2

For the purposeof this study, the environmental resources have been classified into the
following:

1 Natural/Biophysical Environment

1 Social Environment

1 Health Environment
The detailed scope of the baseline data acquisition was

Biophysical
Because of the close proximity the Saghara and Otumara Fields, sampling nomenclature and
coordinates began with Saghara and ended with Otumara. The following parameters were
studied under Biophysical.
i Topography and land use pattern
Climate and meteorology
Air quality, noise and vibt&on
Soll
Land use/cover
Surface water and sediment quality
Biodiversity
Vegetation
Wildlife
Hydrobiology and fisheries
Geology and hydrogeology
Groundwater quality

=4 =4 4 -4 48 8 -5 2 -5 -2 -9
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Social

=4 =4 4 -4 -8 8 5 -9 -2

Health

Population distribution and communities
Demographic composition

Social characterists

Economy

Land use and resource harvesting
Education and social services

Physical infrastructure and utilities
Cultural and historical resources
Political and institutional arrangement

The fieldwork will involve in situ determination and study dfealth determinants and
conditions/outcomes in the communities. The fieldwork data gathering approach will be:

1
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Oral Interviews

Physical observation

Focus group discussion (FGD)

Administration of questionnaires

Environmental sample collection (potable watair qualityindoor/outdoor, soil
with emphasis on bichemical contaminants like parasites, heavy metals etc)

In situ testing and assessment of clinical status of the population (e.g. nutritional
status assessment in children, etc)

Environmental healthwith emphasis on quality and/or quantity of housing,
hygiene, sanitation, water and waste management practices in the communities
Plant use with reference to traditional curative care, as food.

15
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Table 1.1Data Requirements and Environmental IndicatorsgBysical Aspect)

Environmental Environmental Aspect Data Acquisition Potential Environmental Impact
Component Indicator
Climate/ Microclimate/Regional Climati¢ In situ measurement, secondg Temperature, Rainfall, Relativeuhnidity,

Meteorology

features

data

Wind direction and speed, visibility, cloy
cover and their local effects.

Air Quality

Local and Regional

In situ/ laboratory analysis

Particulate, N@ SQ,, CO,, CO, VOCs,
H.S
Heavy metals (Fe, Cd, Cr, Pb, Ni, V, Zn)

Noise

Local

In situmeasurement

Ambient noise level dB(A)
communication interference.

Surface
/Sediment
Characteristics

Wate

Hydrology/
Hydrodynamics

In situ/secondary data

River depth, width, flow direction, flov
rate, current/tidal information, draina
characteristic, sediment transport, rive
bank erosion

Physicochemical Features

In situ measurements, Compos
samples for laboratory analysis

Colour, alkalinity, TDS, TSS, Turbidity
EC, THC, pH, DO, Redox potential, BQD
COD, Oil & Grease, Anions/Cation
NH,, NOs, NO,, PQ*, SQ7, Si0,, Na',
K*, c&*, Mn**, Mg .

Heavy metals (Fe, Cd, Cr, Ni, V, Pb, Z
HQ).

Hydrobiology

Composite samples for laboratg
analysis

Species composition, distribution, divers
and abundance and seasonality
Phytoplankbn, Zooplankton, Benthos
Aquatic macrophytes, Macrophyt
associated macrofauna

Surface
/Sediment
Characteristics

Wate

Fisheries

Direct observations/interviewsin
situ  measurements, compos
samples for laboratory analysis

Species composition, catcdomposition,
Fisheries activities (including aquacultu
catchperunit of effort and price, fishing
gears/methods, population in fisheri
spawning grounds, migration routes g
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Environmental
Component

Environmental Aspect

Data Acquisition

Potential Environmental

Indicator

Impact

patterns, productivity and patholog
Population of FisherFolks Proporton of
male/female, Adult/Children etc

Microbiology
(surface water)

Composite samples for laborato
analysis

Total heterotrophic bacteria, fungi, Tof
hydrocarbon utilizing bacteria and fun
total and faecal coliforms.

Sediments

Composite grab
laboratory analysis

sgoies  for

Colour, Texture, Temperature, pH, Red
potential, THC, Oil & Grease , Sedime
geochemistry (Fe, Ni, V, Cd, Cr, Hg etc
Sediment microbiology

Water Use

Direct observation/
interviews

Traditional use of rivers and wateodies
(navigation, sand mining, food processil
aguaculture, domestic etc)

Ground
Characteristics

Watel

Physicochemical Features

In situ/ laboratory analysis

Colour, odour, alkalinity, TDS, TS¢§
Turbidity, EC, THC, DO, pH, Redo
potential, BOR, COD, Oil & Grease,
Anions/Cations, Nki+, NOs;, NO,, PQ,
SO, SiO;, Na, K, Ca, Mn, Mg,

Heavy metals (Fe, Cd, Cr, Ni, V, Pb, Z
HQ).

Microbiology

Composite samples for laboratg
analysis

Total heterotrophic bacteria, fungi, Tof
hydrocarbon utilising bacter and fungi,
total and faecal coliforms.

Groundwater dynamics

In situ

Static Water Level (SWL), Flow directiot
Flow Rate.

Soil

Physical characteristics

In situ/ composite auger sampl
for lab analysis, Soil profile pits

Permeability, porosity,
texture (grain size), colour,

bk  density,

Chemical characteristics

Composite samples for laboratg
analysis

pH, anion, cation and cation excharn
capacity (CEC), THC, heavy metals, S

17



Environmental Impact Assessment (EIA)@umaraAGS Project

Environmental Environmental Aspect Data Acquisition Potential Environmental Impact
Component Indicator
capability
Soil microbiology Composite samples for laboratg Total heterotrophic bacteria, fungi, Tol
analysis hydrocarbon bacteria and fungi, total 3
faecal coliforms
Biodiversity Wildlife Transect, direct  observatio| Species comosition/distribution,
Status & issues releva interviews, secondary data source Information of level of hunting
to biodiversity seasonality, exploitation methods/level (k
rates/month/year, estimates of wildl
population etc). IUCN categorisation
Vegetation Transect, herbarium studies, tis§ Vegetation map oflocality, Land use
analysis Quantification of different vegetatio
types, area cover, Habitat status, flg
composition, density and distributio
vegetation structure, plant pathology
Conservation In situ observation, interviewg Conservation tatus (rare, threatened a

secondary data

endangered species), conservation a
(forest reserves etc), environmentg
sensitive areag wetlands and swamps
local conservation practices.
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Table 1.2: Sampling Specifications and Parameters for Laboratory AnalyBi®fdrysical Samples

Environmental Evironmental Aspect Data Acquisition Potential Environmental Impact
Component Indicator
Climate/ Microclimate/Regional Climati¢ In situ measurement, secondg Temperature, Rainfall, Relativumidity,

Meteorology

features

data

Wind direction and speed, visibility, cloy
cover, sun shine duration and their lo
effects.

Air Quality Local and Regional In situ/ laboratory analysis Particulate, N@ SQ,, CGO,, CO, VOC, HS,
BTEX
Heavy metals (As, Fe, Cd, Cr, Pb, Ni,
Zn)

Noise Local In situmeasurement Ambient noise level dB(A), communicatig
interférence.

Surface Wate| Hydrology/ In situ/secondary data River depth, width, flow direction, flow rate

Characteristics Hydrodynamics current/tidal information, Cainage

characteristic, sediment transport, river bg
erosion

Physicochemical Features

In situ measurements, Compos
samples for laboratory analysis

Colour, Total alkalinity, carbonat
alkalinity, Total hardness, TDS, TS
Turbidity, EC, pH, salinity DO, , BOL,
COD, Oil & Grease, TOC, THC, TPH
Phenol, HS, NH; A SiO, Anions/Cations
(NOs, NO,, PQ*, SQ?, CN C&*, Mg*,
Mn?),

Heavy metals (Fe, Ba, Cd, Cr, Cu, Ni, V, R
Zn, Hg).

Hydrobiology

Composite samples for laboratg
analysis

Species composition, distribution, divers
and abundance of  Phytoplanktc
Zooplankton, Aquatic macrophyte
Macrophyteassociated macrofauna
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Environmental Evironmental Aspect Data Acquisition Potential Environmental Impact
Component Indicator
Surface Wate| Fisheries Direct observations/interviewsln | Species composition, catcdomposition,
Characteristics situ measurements, ogosite| Fisheries activities (including aquacultu
samples for laboratory analysis | catchperunit of effort and price, fishing
gears/methods, population in fisheri
spawning grounds, migration routes g
pattens, productivity and pathology.
Microbiology Composite samples for laboratg Total heterotrophic bacteria & fungi, Tot
(surface water) analysis hydrocarbon utilizing bacteria & fungi, tot
bacterial count, total and faecal coliforms.
Sediments Composite grab samples f( Colour, Texture, pH, Redox potential, TO|
laboratory analysis Available PQ-P, TotaiN, Oil & grease,
THC, TPH, heavy metals (Fe, Ni, V, Ba, C
Cr, Mn, Cu, Pb, Zn, Hg, etc.),
Sediment Biology/Microbiology | Composite grab sartgs for| Species composition, distribution, divers
laboratory analysis and abundance of Benthos,
Total heterotrophic bacteria & fungi, Tot
hydrocarbon utilizing bacteria & fungi.
Water Use Direct observation/ Traditional use of rivers andiater bodies
interviews (navigation, sand mining, food processit
aguaculture, domestic, potable etc)
Groundwater Physicochemical Features In situ/ laboratory analysis Temperature, colour, total alkalinit
Characteristics carbonate, Hardness , TDS, TSS, Tuitljd

EC, DO, pH, , BOB COD, HS, Oil &
Grease, THC, TPH, PAHs, TOC, Phen
NHs Anions/Cations, (C] NOs NO,, PQ*
, SQ7, CN, c&*, Mg?"),

Heavy metals (As, Fe, Ba, Cd, Cr, Cu,
Mn, V, Pb, Zn, Hg).

Microbiology

Composite samples for daratory
analysis

Total heterotrophic bacteria, fungi, Tol
hydrocarbon utilising bacteria and fun
total bacterial count, total and faeq
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Environmental Evironmental Aspect Data Acquisition Potential Environmental Impact
Component Indicator
coliforms.
Groundwater dynamics In situ Static Water Level (SWL), Flow directiof
Flow Rate.
Hydrogeology Laboratory analysis, secondary di Stratigraphy, Aquifer characteristics
sources
Geology Local and Regional Secondary data, laboratory analyy Regional geology, Stratigraphic / Litholog
properties, etc.
Soll Physical characteristics In situ/ composite auger sampl( Permeability, porosity, bulk density, textu

for lab analysis, Soil profile pits

(grain size), colour, temperature

Chemical characteristics

Composite samples for laboratg
analysis

pH, TOC, exchangeable Catior
exchangeable cadity and cation exchang
capacity (CEC), available R®, TotaiN,,
Oil and grease, heavy metals (As, Fe,
Cd, Cr, CU, Ni, Mn, V, Co, Pb, Zn, Hg
THC, TPH

Soil microbiology

Composite samples for laboratg
analysis

Total heterotrophic bacterand fungi, Tota
hydrocarbon utilizing bacteria and fungi

Land Use/Cover Land cover Secondary data sources Land Use types: Recreational, agricultu
forestry, industrial, residential, institutiong
commercial. Trends and time lap
mapping.

Biodiversity Wildlife Transect, direct  observatio| Species composition/distributia

Status & issues releval
to biodiversity

interviews, secondary data source

(vegetational map of locality), seasonali
exploitation methods/level (ki
rates/month/year, estimates of wildlife
population etc). IUCN categorisation
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Environmental
Component

Evironmental Aspect

Data Acquisition

Potential Environmental Impact
Indicator

Vegetation

Transect, herbarium studies, tiss

analysis

Type, diversity, Habitat status, flor
composition, density and distributio
vegetation structure, plant pathology, pl
tissue chemial analysis.

Conservation

In situ observation,
secondary data

interviews

Conservation status (rare, threatened
endangered species), conservation @
(forest reserves etc), environmentg
sensitive aread wetlands and swamps
local conservatiopractices.
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Table 1.3: List of Study Communities and Local Governments

S/N | Community Fishing Camps Local Government Area
1 Ugborodu/Aruton| Udeaja, Ogiehgben, Madagho, Ajudayil Warri Souh West
ljaghala, Costain, Aruton, Otumar
Okitimekpo, Saghara, Ubaoke
2 Ugbeogungun Ugbeogungun Warri South West
3 Deghele Deghele Warri South West

Necessary data and information on the communities as detailed in Table 1.4 will be collected

Table 1.4:Socioeconomic Data Needs

S/N | Social Variables
Features

1 Demography | Population size and distribution (age, gender, ethnic groupings, popu
density, dependency and sex ratio), marital status, educational attai
primary and secondary school drop out rates, history and trend of migt
net enrolment ratis for primary and secondary schools, etc.

2 Livelihood Income distribution and consumption patterns, employment si
occupation, occupational mobility and adjustment, poverty profile, lang
and tenure system, and other economic activities.

3 Socid Major means of transportation; educational institutions, water su

Infrastructure | electricity, communication, recreational facilities, waste manage
facilities, housing (type, pattern and quality) etc,

4 Cultural Value system, sociahorms, location and spatial distribution of histori
Properties sites, archaeological artefacts, shrines, sacred forests/scenic areas; I

plants/animal species of cultural value, festivals, marriage practices, c
calendar etc.

5 Natural Values and use of natural resources including rights over private, I
Resources an{ common ownership and access to resouiicesspecially with respect t
Land Use women; local conservation practices (closed seasons/closed locations)

6 Perception ol Perception of associated project risks and impacts on quality of life, rat
the projet relationship with SPDC, pleasure/displeasure with proposed pr

expectations etc.

7 The role of| Rights and privileges, contribution to so@oonome development; activity
women and systems and political organisation, women trafficking, child labour etc.
children

8 Physically Rights and privileges, contribution to so@oonomic development; activi
Challenged systems, social exclusion etc.
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S/N | Social Variables
Features

9 Social Settlement history, ethnic groups, social organisation and tradit
Structure ang governance’ power and authority structure; history of conflicts and t
Organisation | resolution including the role of women

10 | Vehicular Vehicular volume count, agin and destination survey
Traffic
Analysis

11 | Sex Trade Population, Frequency, Nature, types, origin, and secamomic aspects et

Table 1.5: Health Data Needs

S/N | Health Parameters Data Requirements
1 Demographic profile of th¢ Population, agsex disribution, migration pattern, occupatio
Communities religion, marital status, educational attainment, fertility r
crude birth rate (CBR), life expectancy.

2 Morbidity/Mortality Pattern of morbidity and mortality in the area; computatiol

Patterns crude deathate (CDR); agespecific death rate (infant mortali
rate, under 5 years mortality rate, maternal mortality ratio),

3 Healthcare facilities Inventory of existing healthcare facilities and the types/ qu
of services rendered; health programs labdée and their
providers etc. Qualifications, experience and competeng
local health professionals; availability of Medical Emerge
Response Facilities (MEDEVAC)

4 Nutritional Status of <§j Feeding habits, weight, tght, mid arm circumference (MAC

years and the gener| clinical examinations for signs of malnutrition.
population.

5 Maternal and Child Health | Maternal mortality ratio; <5 mortality rate; Immunizati
Status; number, distribution and patronage of traditional
attendants

6 Knowledge, Attitude| Knowledge of causes of common diseases and metho

Practice and Behavioy preventing them. Behaviour/Lifestyle that could influel

(KAPB) Health (e.g. Substance abuse, reproductive health beha
health care seeking behaviour gditional medicine utilisation
spiritual healing, etc) Key household practices e g pers
hygiene, intake of proteinous food like fish, egg, meat, et
children.

7 Environmental health Domestic and Portable water supply, sanitation, housvagte

factors

management practices (disposal of human and dom
wastes), noise levels, air quality (indoor and outdoor) and ¢
of radioactivity, pest/vector control
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1.8 Statistical Analysis

The biophysical, health and so@conomic information cadicted during the fieldwork and
laboratory analysis will be analysed statistically where necessary to bring out the inherent trends
and patterns. Specifically the health and s@donomic studies will focus on the different
parameters listed in table4 and 1.5.

1.9 Quality Assurance and Quality Control
Quality assurance and quality control (QA/QC) shall be an integral part of the entire process of
field data gathering, laboratory analysis and reporting exercise.

Field Procedures

All field proceduressall be in accordance with general QA/QC requirements.
1 Contamination of samples shall be avoided by using clean and sterile sampling containers
1 Separate samples shall be used in analysing for parameters requiring different treatment

or preservation befor@nalysis

Composite sampling technique shall be adopted for soil.

Control samples shall be collected at appropriate points remote from focus areas

Samples shall be appropriately preserved and labelled

Proper chain of custody shall be applied

= =4 4 4

Laboratory Procedures
1  Analyses shall be carried out within the holding time of respective parameters
1 Only functional and calibrated equipment shall be used for sample analysis.
1 Only competent and experiencstaff shall be involved in analytical work

Reporting Exercise

The data obtained from the study shall be analyzed using appropriate statistical tools to ensure
appropriate level of confidence in conclusions made on trends on the facility. Relevant
relationships between the present and past studies on the envirshalebt established.

1.10 Quantification and Evaluation of Impacts

Actual impacts on soil, sediments, vegetation, surface water, ground waterecsmoegnics and

health of the communities will be quantified and evaluated scientifically using dataeatcqui
from control points and the baseline data gathered in the same environment during previous
environmental studies in the area. Furthermore, the evaluation will determine the likely receptors
in the environment and establish the sousmeptor pathwaydn addition, it should determine

the current and likely future risks posed by the logistics operations on the environment.

1.11 Determination of Appropriate RemedialMeasures

After quantification and evaluation of impacts, appropriate remedial measutesbe
recommended. These measures will help to restore the impacted site to its original form, as much
as possible, in accordance with the Nigerian regulatory requirements.
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1.12 Monitoring Plan

The monitoring plan shall provide detailed environmentatiad and health variables to be
monitored so as to ensure that the recommended remedial measures are implemented correctly
and ascertain its effectiveness over a defined period. The plan should also provide guidelines on
the review of measures when adjedgnecessary. Additionally, the plan shall indicate the
responsible parties and timelines for the implementation of the remedial measures.

1.13 Report Writing

It is expected that all findings relating to this EIA will be documented in a report, after
maragement challenge and review.
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CHAPTER TWO

PROJECT JUSTIFICATIO N
2.1 Project Background
There are 74 producing flowstations currently in SPDC covering several fields. Twenty three
(23) of these flowstations have Associated Gas Gathering (AGG) faciltiedst 25 have
ongoing projects, which are aimed at providing AGS facilities before the flares down date set by
the Federal Government. A flares review that was initiated in 2004 identified Twenty six (26)
flowstations which had no AGG plans in placedanwer e consi dered fAstrani
commercial opportunities that could exist for achieving flares out in the fields, a number of
feasible engineering solutions were proposed. These included use of multiphase pumping
technology, HP gas injectiontb existing plants, gas shotfs and sharing of SPDC/JV facilities
in fields with close proximity. A ranking of the commercial opportunities was carried out on the
basis of 2008 ANo Further Activityo (NFRA) oil
and Saghara flowstations were considered as one of the high ranking opportunities, with possible
economic solutions for Associated Gas Gathering.

Consequently, the Shell Petroleum Development Company of Nigeria Limited (SPDC), on
behalf of the Joint iure partners (Nigerian National Petroleum Corporation, Nigerian Agip

Oil Company, and Total), plans to embark on @mara Field (Otumara & Saghara flow
stations) Associated Gas Solution Projextmeet the business objectives of Domestic Gas
supply am bringing gas flares down to the barest minimémpresent, some of the associated

gas produced at the Otumara flow station is being flahedremainder is used as fuel gas for the

crude oil export pumps and gas engilteven power generators and fdt bas for oil wells that

need secondary recovery to boost their produciibe.Otumara AG Solution Project was kicked

of f in order to achieve SPDC6s commitment and
flaring of associated gas for the Otumv&@aghara Flowstations.

SPDC Business Plan forecast for Otumara Field shows that substantial Further Oil Development
(FOD) activities would be executed in the field, and will require disposal of the produced
Associated Gas (AG). In view of this, it isrtsidered that a prievestment in AG pipeline from
Otumara fl owstation to the Escravos Pipeline
12km pipeline to the Nigera Gas Company Manifold at Escravos

The overall poject scope also involves thesign and construction of a-ddom Field Logistics

Base FLB (for staff accommodation) at Otumara and an electricity supply project for the
transmission of electricity the three host communitiggborodo, Ugboegungun and Deghete)

the area.The electc i t vy project i s being embarked uport
community development effort$he estimated land coverage for tiew FLB is about 150m x

250m and the selected locatisimall be sandilled. The Otumara Field has existing oil producing

facilities and the proposed Otumara field AGS project is mainly a facility upgrade involving the
installation of new facilities.
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2.2 Need for the Project

The Federal Government of Nigeria through its joint venture participation is determined to
harness g gas resources and grow the gas availability to both the domestic market and for export
purposes. Towards this end, there is a planned expansion of gas gathering facilities within the
SPDC operational areas of which the Otumara AGS project is one. Thesives together

with other similar initiatives will make the country to become also a major player in the global
LNG market.

Locally it would create skilled and unskilled job opportunities and provide some esom@mic
infrastructure (such as elecity) to improve the living standards of the rural communities. Thus
the Otumara field Associated Gas Solution project is being undertaken to:
1 Create additional opportunities for crude oil and gas production in Nigeria for domestic
consumption and export.
1 Enhance the efficiency of critical National Industries through the supply of more gas for
power generation.
1 Increase the revenue base of Nigeria through increased sales of crude oil and gas.
T Contribute to Nigeriabs akbdsl ity to sustain

Thi s IS a major effort I n SPDCOs drive to
environmentally desirable for the country.

2.3 Value of the Project
The value of the project may be judged by its positive impact on economy, social infrastructure
improved quality of life and quality of atmospheric environment, as follows:

(a) Economy: Purposeful utilisation of associated gas and foreign exchange earnings from its
sale are positive signs of real development. Income from employment of local hands will
enhance the economic condition of the host
CPF modules are to be fabricated in Delta State, Nigeria.

(b) Social Infrastructure: Extension of electric power supply to the host communities,
coupled with the communitgevelopment activities associated with the project will boost
the overall infrastructural status of the host communities.

(c) Quality of life: The development projects in (b) above will have multiplier effect on the
quality of life in the host communities.

(d) The key objective of the project is to eliminate routine gas flaring and by implication
reduce emissions into the atmosphere, thereby improving local atmospheric quality as
well as reducing global warming potential.

The project is expected to significantijmprove the economic base of the country and be a

catal yst to further promot e foreign parti ci |
Furthermore, the AGS activities will lead to a creation of many businesses and employment
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opportunities througtdirect and indirect involvement of consultant®mmunity contractors,
suppliers and other professionals at different stages of the project.

2.4 Project Schematics

Base Case:

Free flow S aghava, install 30namscfd gas
treatment/ conpression, 12" Expertto ELES.

Process

o,

gy S N
:HP Compressor ! ek

SAGHARA- BULK FLOW OTUMARA CPF

Sk, Dia 4" &6" Multiphase

— (548

NGC
Manifold

Saghara F/S

Cl Line (4” x 5 km)
Testline (47 x 5 km)

Bulkline (6” x 5 km)
Gas export pipeline (127 x 17km) |

I o = o o 20 s Poohnaxiting) _ _ _ i o o L e e
o':
&

Fig: 2.2: Schematic for Otuma AGS Project Pipelines

8| Delivery Line(Existing)

2.5 Project Screening

A Concept selection Workshop for the Otumara AGS Project was held in 2008 to ensure an
optimized and robust concept. Other workshops to address constructability and installation
issues were also done whigtsulted in choosing the current concept and location for new CPF
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facility next to the existing Otumara flow station. In the workshop, the position of the existing
gas lift barge was selected and the float over option was selected for the installatimth meth

Table 2.1: Constructability Workshop Result

SUMMARY OF RESULTS
f oy |
o o =
s E =
> ° =
g B & 5
Pl [TH E @
< @ s =]
k: z £ e
o 2 @ g
@ o o =
Scores L 8 & 5
Constructability & Operability 129 225 177 237
Community & Govemment 206 204 148 204
TOTAL 335 430 324 442
| = [ o
o o =
: g =
(/2]
= > =
P 5 o G
< o 3 3
B B = 2
2 g P @
s ®© o © =
Positions £ & & 5
Constructability & Operability 1 3 2 4
Community & Govemment 3 2 1 2
TOTAL 4 5 3 6
Table 2.2 Installation Selection Workshop Result
Results Table
Installation Criteria Total
Method Minimum Ease of Access on |Equipment |Project Anticipated |Score
Site Installations |Waterways |Availability |Schedule Additional
Exposure Cost
Float Over 3 3 2 3 3 2 16
Roll Over 2 2 2 2 3 2 13
Lifting 3 1 1 1 1 1 8
On-Site 1 1 3 3 1 1 10
Construction

2.6. Relationship to Other Projects

SPDC's oil production is gathered in Otumara and Saghara flowstation for oil and gat@epar
before pumping oil to the Forcados crude oil terminal for dehydration and export. Flaring of the
AG produced with the oil takes place locally at the flowstations.
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Fig 2.3 Otumara Saghara Location Map

2.7: Project Alternatives/Options

The OtumaraField Associated Gas (AG) Solution Project has addressed various project
alternatives based on the availability of process facilities, utilisation of existing facilities,
technology, cost effectiveness and environmental issues.

The project developmenttarnatives considered were;
1 No Project Option
9 Build on New location
1 Build on existing location

The advantages and disadvantages of each alternative/options are summarized in Table 2.3
Table 2.3.: Project Options Considered

S/N | Options | Advantages Disadvantages
1. No 1 No Capital Expenditure 1 No Gas to sustain supply to the Gas Plan
Project 1 No negative impact of project g f Government aspirations to improve pow
option the environment supply by year 2014 will not be met.
9 Environmental degradation from gdare
will persist.
9 Gas supply to domestic market will not
met.
1 Loss of revenue.
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S/N | Options | Advantages Disadvantages

2. Build on| T Requires land acquisition ar {1 Increased pressure on exigfi social
New therefore more money to th economic infrastructures in view of influx
location community. people.

9 Employment opportunities Increased footprint and land take.

9 Contract opportunities Negative environmental impact

—a (= =4

3. Build on | TEmployment opportunities Increased pressure on existing facility

existing | Contract opportunities view of influx of people.

location (N0 negative impact on proje
schedule

' Minimal vegetation clearing

fImproved environmenta
performance

The option for installation of the new facilities for the Otumara Field Associate Gas (AG)
Solution Project on existing locatio@ption 3) was selected because it would generate the least
environmental impacts. Other options for the installation of the CPF were considered, thereby
allowing a degree of flexibility in the choice selected. The new facilities locations therefore offer
advantage of no new land acquisition and hence it is envisaged that community and
environmentally related problems would be minimal.

2.8 Sustainability

Oil and gas are nerenewable natural resources, so, in this context, we are talking about
sustainabity within the limits of availability. Sustainability is anchored on sound economic,
social and environmental health. It is based not only on compliance with regulatory and
corporate standards and guidelines, but also largely on performance improvemeenn

times, environmental managers have discovered that sustainable development means that they
have to take into account | abour conditions,
and othessoftsocial and cultural factors, as well as ungarémvironmental factors in relation to
ecosystems (Krut and Gleckman, 1998). The thrust of the Otumara AGS sustainable
devel opment programme is derived from the SF
framework.

2.8.1:Economic Sustainability

The Otunara Node fields, namely Otumara and Saghara have proven reserves of natural gas.
These reserves of gas can economically and commercially support the project following the high
demand for natural gas in the domestic and international market. Part aérthasid will be met

from some of the fields in this node. The project will therefore contribute substantially to the
revenue accruing to Nigeria.
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SPDC policy on employment of indigenous contractors will be applied in the project. Skilled and
unskilled indiggnous labour will be hired in the construction phase and possibly in the future
maintenance and running of the AG facility.

The main contractors employed in this development shall be required to award minor contracts to
local indigenous contractors forle in which they have the required expertise. Such jobs will
include but not limited to bush clearing, fencing, labour supply, catering, leasing, fabrication,
surveillance, etc. Efforts will be made also to upgrade the technical and managerial cagacities o
such indigenous contractors.

2.8.2 Technical Sustainability

The Otumara Field AG Solution Project I's tec
record of strict adherence to Nigerian National (and International) engineering codes and
standards. Ay proven technologies that are economically viable with minimal environmental,

social and health impacts shall be utilised in the execution of the Otumara AG Solution project.

2.8.3 Environmental Sustainability

The aim is to ensure that current usetltd environment and its natural resources does not
damage prospects for use by future generations. SPDC shall comply with all statutory regulations
and its own corporate guidelines on Environmental Sustainability, continuously striving for
performance immvement. Elimination of routine gas flaring is a positive step in the direction of
sustainable development and will thus support transition to environmental sustainability.
Adequate incentives are therefore needed to ensure that the cost of enhancomgmemial
performance does not inhibit business growth.
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CHAPTER THREE

PROJECT DESCRIPTION
3.1: Introduction
In order to handle the associated gas currently being flared and convert it to economic use new
facilities will be installed at Otumara flowstatioifthese are: High Pressure Associated Gas
compressor, Low temperature separation vessel, TEG dehydration system and electric power
generator. The estimated land coverage for the new facility is about 100 square meters within the
existing Otumara flow stain area on a swanjled foundation. Saghara flowstation shall be
decommissioned, preserved and mothballed and converted tefl¥vewanifold. As part of the
Otumara fl owstation wupgrade, a 120606x12 km gasc
constructed using existing SPDC pipeline Right of Way (RoW).

The overall poject scope also involves the design and construction ofragi Field Logistics

Base FLB (for staff accommodation) at Otumara. The estimated land coveragerfewtlé.B

is abou 150m x 250m and the selected locatsbrall be sandilled. There is also an electricity

supply project for the transmission of electricity to the three host communities in theTaeea..

three host communities that would receive the transmitted elgctrame: Ugborodo,
Ugboegungun and Deghel e. The electricity proj
sustainable community development efforts.

The field was discovered in 1969 and put on production in 1972. Up to end 2001, 51 wells have
been driled, 3 of which were abandoned. Mixtures of stabilised crude and produced water are
pumped from the flowstations via a delivery line into the T+assravos trunkline and thence to

the Forcados Terminal some 45km away. Produced associated gas is cusetiths fuel gas

for the pumps and generators, for lift gas and the excess flared. The Otumara flowstation
capacity is being increased from 60 Mbpd to 104 Mbpd. There is a 15mmscf/d leased gaslift
compressor station installed on a barge opposite to thestdtion. The Central Processing
Facility (CPF) receives the AG from the gathering stations, compresses to export pressure and
dehydrates the gas prior to transfer to the NGC.

3.2: Project Objectives
The strategic objectives of the Otumara Node AGS prejec
i Achieve Flares down and thus minimize impact on the environment and enhance the
sociceconomic development of the host communities in the area through sustainable
development of the project over its life cycle.
T Align with governeemt disb uvatsipng att o o8PDOFs
assigned DOMGAS contributory quota and thus deliver 100 MMscf/d gas to the
Western domestic gas market.
i Implement the drive for reliability and standardisation of major facilities using
industry standards.
i Provide Llift Gas for Secondary Recovery
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Maintain Reputation

Maintain License To Operate (LTO)

Secure Developed Reserves

Enable maturation/booking of undeveloped reserves
Alignment with Stakeholders aspiration

= =4 4 -4 A

3.3: Project Location

The Otumara Field is situated OML-43, 65 km NW of Warria swamp field, geographically
transversing the Warri South West Local Government Area of Delta $tadezegetation cover

of the field falls within the sensitive tropical wetland vegetation ecosystem including four basic
categries: the Salt Marsh, Mangrove Swamp, Phoenix swamp, and Fresh water swamp forest.
The terrain, which lies between -B0m above sea level, is monotonous, consisting only of
consolidated sands, silt and clay.

Access to Otumara is possible via water andtrainsportation. Transportation from Warri to

Otumara via helicopter takes about 20mins while by water transportation a boat journey would
take abouf¥2 hourghrough the WartEscravos river that passes through to Otumara creeks.

Map of Nigeria

VA
Otumara Node*,
Project Area T >

™

Nineria

Fig 3.1: Map of Nigeria Showing Otumara Project Area
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DELTA STATE, NIGERIA

NIGERIA

ATLANTIC OCEAN

Fig 3.2: Map of Delta State showing project location

3.4: Proposed Project Scope

The Otumara field Associated Gas (AG) Solution Project is mainly a facility upgrade of the
existing Otunara flowstation with addition of new facilities and laying of pipelines using the
existing SPDC Right of Way (RoW). The scope of works has been divided into a facilities and
pipeline scope. It will involve the following:

Facilities Scope
This has been ftiier subdivided into the following:
1. Otumara Central Processing Facility (CPF)
1 Gas Processing Moduldlominal 30 mmscf/day
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Gas Turbine Driven Compression Modul®&ominal 20 mmscf/day
Power Generation/Utility moduleCirca 6.5 MW ISO

Flare Relief Sylems

Blow Down Systems.

= =4 4 A

Otumara Flow station Brown Field works
1 Piping Modifications and tins to integrate the new CPF.

1 Site preparation and civil works including dredging, piling, concreting and shoring
works.

Design and Construction of a4domField Logistic Base (FLB)
Design of the FLB
Additional Land Acquisition (11 ha)
Site preparatory works (Dredging, Sand filling, Shoring, Piling)
Construction of various infrastructures (Staff/Security Accommodations, Offices,
Workshops, Utilities, Jetty, i8iges, Fences, Roads, Walkways, Landscaping)

= 4 4 =

Laying of ~30km, 11KV overhead electrical power line to communities (Ugboegungun,
Deghelle, Ugborodo) and Saghara field

Clearing of RoW

Installation of foundations piles and electric poles

Laying, Pulling, $ringing of overhead cables

Installation of terminal points, 500KVA transformers and Feeder Pillars

= =4 =4 A

Pipeline Scope

V.
V.
Vi.
Vii.

viii.

Corrosion Inhibition Lines2 6 x 5k m (From Otumara CPF
TestLine-4 0 x 5km (from Saghara Manifold to
Bulkline-6 6 x 5km (from Saghara Manifold to
Gas Exportline-1 20 x 12km (from Otumara CPF to
Flowlinesi 15km (Rerouting of 7nos Otumara wells from Saghara F/S to Otumara F/S)
Manifolds and Pigging facilities (launcher and rige€)

Cathodic protection system

21km Fibre Optic cable for data transmission

River Crossing
The Gaspipelinel 20 x 12 km from Otumara CPF to NGC wi
River).

37

t o
Ot
Ot
N G



Environmental Impact Assessment (EIA)@fumaraAGS Project

3.5: Project Activities Description
Proposed Project Activties
The activities to be carried out for the Otumara field AG Solution Project will include the following
aspects:
1 Land and Marine transportation of heavy equipment
i Pilling of civil foundation for new facilities at the Central Processing Facility (CPF),
Flowstation and FLB sites.
Lifting of equipment and materials during construction
Excavation on the RoW for laying pipelines.
Piping tieins, Welding, minor fabrication and testing at site.
River crossing of pipelines by dredging
Dredging of Otumara creeto allow passage of the barges/vessels that will convey
fabricated modules from Warri to Otumara .
Sand filling of the proposed FLB location
1 Electrification of three host communities
i Bulkline and Flowline installations
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3.6: Details of Main Project Activities:
A summary of the main project activities shall be covered under the following heading:

3.6.1: Design Considerations:

The facilities and pipelineyhich shall have a design life of 25 yeasball be constructed in
accordance with @ Rdgrdcion specRcations arid aehedaat rgovernment
and other regulatory standards. Innovative technology that will reduce negative impact of
facilities construction on the environment shall be utilized during the construction phase. All
wastes generateatliring construction shall be disposed off in accordance with approved industry
regulations (DPR and FMEnv). Emission to the atmosphere and noise pollution shall be
minimized to acceptable regulatory limits. All the facilities shall havebuift special
containment facilities for hydrocarbon spills, if any.

Bulk/flowlines in marshy/swampy areas and at water crossings shall have a yard applied tape
wrapping over the antiorrosion priming. The wrapping shall be done in a pipe yard before
transportation tahe site. The handling, loading and stacking of wrapped pipes shall be carried
out strictly in accordance with the SPDC standard specifications

3.6.2: Conceptual and Detailed Design

The conceptual design for the new facilities involves pipeline sizirageps simulation, slug
catcher, material selection and requisition. Others include preliminary sizing of the separators,
compressors and dehydration facilities, which is part-bionse design responsibility.
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The detailed design is part of the EnginegrProcurement and Commission (EPC) contract,
which covers plant layout, survey, soil investigation, foundation, andskigrpiping system.

Also included in the detailed design contract are slug catcher, separators, corrosion inhibition
plant, instrunentation, electrical, detailed process and pipeline design including interface to the
existing facilities, material requisition, starp/commissioning procedures and production of
operators and maintenance manuals. The design contractor is to enstoe @ufipose design.

3.6.3: Central Processing Facility (CPF)

Quiality Assurance of Design

In a design of a complex system such as this project, it is imperative that certain basic parameters
must be defined in the overall project specification to ensatette full objectives of the project
are realised. SPDC has, therefore, specified the following quality objectives for the design:
Compliance with statutory requirements;

System must meé@erformance requirements;

Production availability;

Environment and safety;

Operationability and maintainability;

Life expectancy;

Extendibility;

Compatibility with existing facilities
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Applicable Standards and Codes

The engineering design, procurement and installation will be in accordance with the latest
revisions of the following Stataty Codes and Standards: Federal Republic of Nigeria National
Standards, SHELL Design and Engineering Practices (DEPs), SPDC Standard Facility Design
Manuals, and applicable International standards and Manuals.

3.64: Planned Facilities
Facilities to beprovided include:
1  Main gas turbine drive compressors.

1  TEG dehydration facilities.

1  Slugcatcher(s) and pig receiving facilities

1  Power generation units

1  Gas export metering

1  Export pipeline pig launcher

1  Utilittes (Process liquid disposal, power distributiongcontrol system,
telecommunications including telemetry, instrument/utility air, glycol regeneration,
fuel gas system, flare, drains and service).

i Tie-ins to the existing HP, LP & vent gas headers

1 Booster compressor packages.

i Installation of HP pig launcher
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Emergency Shut Down (ESD) systems

Corrosion inhibition system for the pipeline system
Extension of existing piled flow station

Power distribution system
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Availability and Residual Flaring Target
The initial availability targets for the optimised AG wgdtion scheme are:

Overall residual flaring : Less than 10% of production
LP booster compression : not less than 85%
Central compression : not less than 95%

Flaring "quota" of maximum of 10% of assomated gas production per annum should be
achievable by015 with continuous improvements thereafter. "

Flaring at CPF
The following situations would give rise to flaring at the CPF:
1  Gas will be flared when main compressors trip due to process upsets.
1 Gas will also be flared when facility is in blowdown moute response to an
emergency shutdown.

Fire Protection

The principle means of fire protection on the AG compression plants will be by shutdown of the
process and venting the inventory to flare. The distance between the flowstations and the AG
plants shdlbe sufficient for the two to be classed as separate fire areas.

Equipment spacing will provide for adequate passive fire protection between trains and process
modules. The relative higher fire risk gas turbine drivers are to be fully enclosed wittalinteg
CQO; fire fighting equipment.

Process Design

Process configuration

The CPF is to receive Associated Gas from the booster stations and shall process them to
produce export quality gas for delivery to the Offshore Gas Gathering System (OGGS) facilities.

1 Associated gas from the surge vessel will be compressed and commingled with the LP
gas from the LP vessel. This gas is then compressed to the same pressure as the gas off
the HP vessel and flows to the CPF.

1 No gas treatment of fluids is required upstreafmthe CPF other than compression.
Requirement for chemicals injection for corrosion control to be determined during
conceptual design.

1 The fluids from the gathering stations are to be compressed at the gathering stations to
ensure arrival pressure of amali7 bar at the CPF.
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1 Liquid slugs in the feed pipelines from the Gathering stations to the CPF shall be
accommodated by a slug catcher at the CPF

1 The compression configuration shall consist of at least two identical parallel trains.

Each train shall bertven by a single gas turbine.

1 The gas will be dehydrated before export. The dehydration system will be based on either
TEG units or Twister. The TEG units will be installed betwe&hseage and "8 stage
within each train or downstream of the compressans (to be determined in the
conceptual design)

1 Water and condensate recovered in interstage separators will be spiked into the Otumara
crude pipeline. Before being spiked, the water condensate mix will be partly stablised by
flashing the liquid in aessel at atmospheric pressure. Consideration shall betgivese
the surge vessel at Otumara Flowstation, hazardous open drain system or atmosheric vent
knowck-out pot for this purpose. In any case, provisions shall be made to allow liquid
spiking in @se Otumara Flowstation is unavailable.

1 For the CPF, recycle loops shall be applied around each stage of compression for control
purposes and around each train or complete station (to be determined) for maximum
throughput flexibility.

=

Mechanical Design

General

The following design basis highlights the overall criteria to be applied for the development of the
project specifications for the Otumara AG facilities. The criteria takes into consideration SPDC
requirements to promote a modular approach fomptiogect in line with industry standards, as
well as the need to install safe, low idgcle cost facilities. All Otumara AG Solution project
facilities are to be specified for a design life of 25 years.

Aircoolers

Constant speed Air coolers will be sped to APl 661, using DEP 31.21.70-8EN as
guidance and designed for maximum duty, plus an additional 10% excess area for fouling,
coincident with operation at the maximum ambient air temperature & .3Bir cooler design
approach temperature will baken as 10°C.

Heat Exchangers

Heat exchangers should be of SHialbe type (to be confirmed during conceptual design) and be
to DEP 31.21.01.30Gen and DEP 31.21.01.8%en specifications. Heat exchangers shall be
specified for the maximum duty plus ¥ excess area for fouling.

Vessels and Gas Processing Equipment

All vessels shall be of butt welded construction. All welding shall be in accordance with the
latest edition of the relevant design codes. Welding procedures shall fulfil the requirements o
ASME IX or equivalent.
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Suction scrubbers shall be designed to efficiently remove solids andovaimryiquids from the
flowstation to an acceptable level compatible with the requirements of the type of compressor.
The design shall pay close attentiom é€nsuring sustained performance under turndown
conditions associated with minimum flow conditions, and ensure the scrubbers do not impose a
significant additional system pressure drdpe design, construction, inspection and testing of
the vessels will & in accordance with DEP's 31.22.10@3&n, 31.22.10.3%en and
31.22.20.31Gen. Additional design requirements shall be met when designing pressure vessels
using austentic steel clad plates to DEP.30.10.6G4rl

The design shall incorporate extermadding such as wind loads, loads from testing, lifting and
transport, etc. Stress analysis shall also be included in the d&wgseels including their
supports shall be capable of supporting a full load of water, at atmospheric pressure, in the
erected psition. To ensure structural safety, vessels shall be checked for vibration due to wind.
All piping and equipment shall be adequately supported to prevent excessive vibration and stress.
All packagemounted instruments shall be supported in such a maonensure the proper
operation of instrumentation, without subjecting it to the possibility of vibration damage.

Compressors

The design shall be based on proven, simple and robust technology with minimum equipment
count. The system shall be designed toimise shutdowns by maintaining continuous operation

on full recycle when required.

Pumps

Process pumps will be designed in accordance with APl 610 specification and DEP 31.29.03.30
GEN. Reciprocating pumps will be used for the glycol circulation atCtReé Pumps will be
designed for the maximum liquid flow plus 10% control margin as per APl 610 specification

3.6.5: Field Logistics Base

Design will be in accordance with the requirements for design and engineering of bull&iRgs
34.17.00.32Gen and otér relevant DEPs including international and industry standditos
design for the FLB will be founded mainly on piles because of the swampy nature of the
location. The design approach will also follow a modular approach by utilising already pre
fabricatel modular buildings for the infrastructure. This will limit extent of construction work to
be carried out in the field. The FLB safe guarding facilities will be linked to that of the new
facilities (CPF). The design will entail utilising minimal land irdaland allow for proper
landscaping and horticulture.

The FLB shall be constructed on a piled foundation based on results of the geotechnical surveys
that will be carried out.. It shall be constructed in accordance with the functional requirements to
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provide operations personnel the capability to achieve 24hrs manning for the Otumara Central
Processing Facility (CPF) and the existing facilities.

3.6.6: Pipelines

Design will be in accordance with the requirements of SPDC's Pipeline and Flowlines Design
Manual and Shell DEP 31.40.00-Gkn., Pipeline Engineering and other relevant DEP's.
Pipelines routing shall be as per the completed route survey. Pipelines shall be designed
according to the Design case.

Design parameters

Pipe design is determined basead tbe maximum fluid flowrate without an additional design

margin. Pipe size selection is to be in accordance with DEP 31.380G%®11 . APi ping Ge
Requirementso. Al designs shall be based on
stray currents and other possible interactions with neighbouring pipelines’ cathodic protection
systems.

All inter-field gas gathering pipelines shall be buried. Due to the swampy environment, heat loss
calculations shall be based on as if pipes are lyingruwdter and heat transfer data of water (at
20 °C) shall be used.
1 Pipelines shall be trenched and back filled such that there is 1.5 meter of fill above
the pipe.
1  Threelayer polyethylene coating will be used as external@oriosion coating for
the pigelines.
There shall be no intermediate block valves on the Gas gathering or export pipelines
Concrete coating shall be applied to swamp sections and river/estuary crossings.
Intelligent pigging facilities shall be provided for all pipelines
Pipeline betwee flowstations and adjacent or nearby (less than 200 meter) booster
stations are considered plant piping and designed accordingly.
1 Slugcatcher surge volumes shall be sized to accommodate sphere generated slugs
during controlled pigging under reduced flopenations.
i Selection of pipe grade will be made on the basis of the following criteria:
- Pressure containment and stresses
- Construction lay stresses
- Pipe standardization
- Corrosion allowance and mitigation
- Design life of pipeline
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Pigging and Inspection

Piggng facilities will be installed on each pipeline for removal of liquids. Pipelines shall be
designed for intelligent pigging. The design of the Pig Trap systems shall be guided by DEP
31.40.10.14Gen., Design of Pig Trap Systems for Transmission Pipelines
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Corrosion Protection

Pipelines shall be provided with suitable corrosion protection and monitoring systems, using
impressed current system (Cathodic Protection). In addition, corrosion inhibition chemicals may
be injected at the Booster Stations. Cownsinhibition chemicals approved by DPR shall be
used.

Design Pressure, Temperature and Material Selection

The determination of design pressures temperatures and the material selection of equipment the
rules from the Shell DEP standards will be follow&de materials selection will be based on the
process conditions as indicated in the heat and mass balance and on the process flow diagrams.

3.7: Pre-construction Activities and Land take
Pre-Construction Activities
Preconstruction activities include@t necessarily in sequential order), but are not limited to:
1 Permission to survey (PTS) and OPL applications;
1 Conceptual and detailed desigithe Otumara field AG Solution Project designs/plans and
options;
1 Topographical survey of pipeline route/righftway (ROW) and facilities installation
areas;
1 EIA;
1 Land acquisition

Land Take

The option of using existing RoW and already acquired land for the pipelines and new facilities
was given a high priority to refrdmunbrnanee 061 ea
land take, which is currently favoured by SPDC. The majority of the surface locations in the
Otumara field can accommodate the proposed new facilities for installation (High Pressure
associated gas compressor, Low temperature separatieel,v8€G dehydration system,
1266x12 km gas pipeline and Pigging facilitie

To minimise the attendant environmental impact of new acquisitions and costs, the project
activities are being planned within existing facilities. However dué&eoniature of the project

with the requirement for a Field logistic base that will cater for the manning of the new and

existing facility (currently accommodation is with houseboats), additional land acquisition (circa

11 hectares) will be required to acamwdate the 44 room FLB.

3.8: Construction Phase

Pre-Mobilization/Mobilization

Estimated population of workers for the project during mobilization and construction will be
about 150, with a maximum of 250 at peak periods. Logistics and accommodatiomeshall
provided for personnel using houseboats. The houseboats shall also serve as a field logistic base
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for storage of essential supplies as appropriate and shall be movable (barge mounted) to provide
effective support as the pipeline works transiting althiegRoW.

As much as it is reasonably practicable, mobilization for pipeline installation activities shall be
sequenced to maintain minimum site presence as well as exposure to personnel, equipment and
resources. The houseboats can be moved as the aresit the Right of Way to minimize intra

field movement, security exposure and construction foot print.

The selected SPDC Contractor shall mobilise all equipment and materials to the site, ready to
start work after necessary medical certification foref#s The site can be accessed through
water. Mobilisation to site shall include the following:

Houseboats of 100 bed capacity (either in single or multiple units)

Personnel boats

Standby boat for use in case of emergencies.

Shuttle boat

Tugboats, Worlbarges, Cranes

Swamp buggies and dry plant as applicable

Small equipment and tools
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Site Preparation Activities
Otumara is on swampy terrain. Prior to the commencement of site construction and installation
activities for the CPF, FLB and pipeline worksites preparation activities will include but not
limited to the following activities:

1 Site clearings

1  Topographical surveys of pipeline route/rigtitway (RoW) and facilities

installation areas

1 Subsoil Investigations

i Levelling and sand filling works

i Piling works and construction of concrete platform in Otumara

Site Surveys and Clearing

The boundaries of all sites shall be indicated by means of coloured survey pillars. The SPDC
Contractor shall r@pen the site boundaries and stay within the boundsey &nd avoid causing

any damage to, or placing any obstruction upon the survey pillars and third party property
outside the boundaries. A benchmark shall be provided by SPDC at each site, which shall be
referenced to Lowest Low Water Level (LLWL) datui.tide, flood, or river gauge shall be
established on site and tied to SPDC lease pillars (benchmarks) thatsére In tidal areas,

gauge reading shall be made at least every half hour during soundings or depth measurement

Site clearing, bush cleag and destumping shall be limited to the area, which is absolutely
necessary. Bush clearing will involve the felling of all trees within the identified areas for the
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new facilities and the removal of all stumps. Debris shall be piled next to, but witlein,
boundaries of the area of each site cleared. Appropriate construction equipment, namely
bulldozer, crawler/swamp buggxcavator, payoader, excavator, and or any other SPDC
approved equipment shall be used for bush cutting arstutieping. Areaswt hi n SPDCO s
will be cleared prior to excavation and laying of pipeline. Top soil stripping and segregation shall
be performed prior to trenching on the Right of Way center line to facilitate effective
reinstatement. Bush clearing shall be maintainethinv the project boundaries. The felled
timbers shall be stacked and given to the communities.

Dredging/Location Preparation

Dredging of the access river to Otumara shall be carried out for the waterways within the
Otumara/Saghara Creeks (circa 12kmallow the passage of a hopper dredger that will bring
sand offshore for location preparation (sand filling) of the FLB as well as the vessel that will
transport the CPF modules from Warri fabrication yard to Otumara. The dredging technique to
be used anddndling of dredge spoil shall be designed to minimize impact to the environment.

Piling

A significant part of the work requires that steel piles of various diameters be driven down to
about 45m depths to carry the new facilities for the CPF and the RidBsttucture. These piles

will be filled with concrete and pile caps welded on.

Pipeline Construction

Pipeline Laying and Tieiin Process

Prior to ditching on any site, Contractor will use metal detectors to probe for the existence of
facilities such asléwlines, pipelines etc along the flowline RoW. Positions of such facilities
shall be plotted on paper and submitted to SPDC as part of tHulitgirang investigations. The
Contractor shall peg out the actual positions of the identified, using refleetiesvybuoys (on
water) or pegs (on land

During excavation and pipe laying activities in the field, the following would be observed:

i The pipe trench shall follow the pipeline route surveyed/opened,;

i The trench shall be excavated to minimum widths inigglab pipe sizes;

1 Mechanical equipment shall be used for the excavation;

i The finished trench shall be free of roots, stones or other hard objects, which may
damage the pipe or pipe coating;
Provision shall be made for dewatering, as may be required,;
The ppe shall be lowered into the trench such that it lies naturally, and is continually
supported along its entire length in the bottom of the trench. Where the floatation
method is used, the pipe shall be floated into position and lowered into place with
adauate floats or pontoons as necessary;,
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1  After the pipe is in position, the floats shall be carefully removed to prevent
damaging to the coating, and
1  The pipe shall be filled with filtered, clean water for flushing and pressure testing.

After successful loering of the pipe, the trench shall be backfilled in layers not exceeding 15
cm at each layer, and uniformly compacted. The backfill material (free of stones, sticks, roots,
debris and any other material which might possibly damage the pipe wrapping iartdte
corrosion) shall be crowned (heaped up) along the trench line to a height of between 20 and 30
cm above the adjacent ground surface. During the course of backfilling -aedetion, the
following precautions shall also be taken:
1  Where tracke@quipment is used for backfilling operations, such equipment shall not
be allowed to traverse along, across or over the installed pipe;
1 Revegetation shall be carried out as soon as practicable after completion of
backfilling in areas outside the RoW;
i All possible measures shall be taken to enhance the reinforcement of mangrove forest
and other vulnerable areas to prevent any undesirable successional changes;
1  Soil stabilization measures may be undertaken to encourage -thewth of
vegetation and
1  The topsil (surface material that would have been stripped and set aside prior to
excavation) shall be reinstated. Where necessary, the cleared areas around the
pipeline route shall be reegetated with indigenous species.

River and Creek crossings shall be daed in accordance to ASME B31.4/8, SPDC DEP and
DPR guidelines for design and construction. The pipelines/flowlines and bulklines where ever
they cross any river, creek, canal or other waterway shall comply with any and all regulations
imposed by the Nigria Inland Waterways Authority.

The pipelines and flowlines/bulklines shall be buried in the natural bed of the waterway and
constructed in accordance with typical AFC drawings in such a way that it takes into
consideration the requirement of publicetgf Prior to construction, detailed work procedure

and programme shall be supplied by the Contractor and approved. Care shall be taken to ensure
that minimum clearances between new and existing trunklines, delivery lines and other pipelines/
flowlines areachieved. Minimum depth cover shall not be less than 1m below natural bottom
level of river or creek bed.

Welding and Radiography

This activity shall involve welding of the bulklines using the floatation method where the
pipeline is laid from a single y@arge moving through a channel (burial trench) cut along the
right of way. The line pipes shall be procured with capped bevel ends, A Pipe storage barge shall
be moored next to the laybarge. The Pipelines shall be coated witHayeeegolyethylene
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coaing to provide external corrosion protection. Field joints shall be coated with shrinkable
sleeves.

Visual inspection and100% radiography (raestructive testing) of the welds shall be done as

the welding progresses. Weld repairs shall be carried outewtecessary, prior to Pipeline
pressure testing. Waste generated from welding and NDT activities shall be contained and safely
disposed. Successful welds shall be laid on already prepared trenches and thiel asirvey
documented.

3.9: Operation and Maintenance

Operation Philosophy

The pipelines and their associated facilities will be operated in accordance with operational
procedures developed through SPDC extensive experience. The project will be managed by
fully trained and qualified personnel whoe conversant with SPDC's HSE policy guidelines.

The central processing facility at Otumara will be fully manned and the control room shall be
designed for fully attended operation. The field logistics base will provide the requirements for
manning the ne and existing facilities. However, the design philosophy shall be based on an
automated operation and minimal intervention requirements for maintenance and operations.
Shutdown will be initiated either automatically or manually in a-dafe mode and wilbe
restarted only manually.

Facility Availability and Criticality

Associated gas is produced from the flowstation separators. The majority of the gas is available
from the HP and LP separators at 12 and 4 bars respectively. LP gas is to be boosteobfiom

to 12 bars in one stage compression andffoeeed together with HP gas, via a low pressure
gathering pipeline, to the CPF where the gas is compressed to 135 bars in three stages. The
booster compressors will be driven by electric motors whdedhat the CPF will be gas turbine
driven.

Gas treatment at the CPF is required to process the raw AG in order to meet hydrocarbon
dehydration acceptable for gas entering the OGGS pipeline. In the overall process optimisation
and integration, handling d&ifjuid and offgas streams are critical issues. The compressor suction
and interstage knoetwut drums produce liquid streams containing liquid hydrocarbons which
will be spiked into the oil export line to Forcados Terminal.

The system shall be designattl that a failure of one of the gas export compression train will

not affect the other trains. The same applies for other parallel units such as the power generation
units. The number of common mode failures should be kept to a minimum.
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