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FHWA U.S. Federal Highway
Administration

FOC fiber optic cable

FPSO Floating Production, Storage, and
Offloading (vessel)

FTU Formazine Turbidity Unit
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MARAD Maritime Administration
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Acronym Definition
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MOC North Atlantic Meridional
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MOF material offloading facility

MSDS material safety data sheet
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NAAQS [U.S.] National Ambient Air
Quality Standards
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NDC Neighbourhood Democratic
Councils

NEAP National Environmental Action
Plan

NEBA Net Environmental Benefit
Analysis

NECC North Equatorial Counter Current

ng/L nanograms per liter

NGL natural gas liquids
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PEC Predicted Environmental
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pH potential of hydrogen
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PM particulate matter
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GLOSSARY

This table lists key terms used in the Gas to Energy Project Environmental Impact Assessment,
including terms defined in the Environmental Protection Act 1996 (as amended in 2005) used in
a manner consistent with the definitions provided in the Act. Any changes from the express
definitions used in the Act have been made for clarity purposes only and are indicated by

brackets.
Term Definition
activity Industrial or commercial activity or activity of any other nature whatsoever, and

for those purposes the keeping of a substance is to be regarded as an activity.

adverse effect

¢ Impairment of the quality of the natural environment or any use that can be
made of it

¢ Injury or damage to property or to plant or animal life
e Harm or material discomfort to any person

¢ An adverse effect on the health of any person

¢ Impairment of the safety of any person

¢ Rendering any property or plant or animal life unfit for use by human or unfit
for its role in its ecosystem

o Loss of enjoyment of normal use of property
¢ Interference with the normal conduct of business

agriculture

Includes horticulture, fruit growing, seed growing, dairy farming, fish farming,
the breeding and keeping of livestock (including any animal kept for the
production of foot, closing or for the purpose of farming of land), the use of land
as grazing land, meadow land, market gardens and nursery grounds, the use of
lands for woodlands where that is ancillary to the farming land for other
purposes the harvesting and utilization of forest resources, and aquaculture.

ambient air quality

Limits that define the allowable concentration of a particular contaminant in a

standards given area
anthropogenic Made by humans or attributable to human activity.
Application An Application for an Environmental Authorisation made in accordance with

regulation 4.

aqua regia digestion

Provides a strong partial digest, releasing into solution metals associated with
the fines fraction within the sediments (but does not extract all trace elements
associated with the coarse fraction).

artesian Refers to situations where the groundwater is confined under pressure below
low-permeability layers.
biogenic Made by living organisms or attributable to the activity of living organisms.

biomagnification

Increasing concentration of a persistent substance, usually a pollutant or toxin,
in the tissues of organisms at successively higher levels in a food chain.

circumtropical

Distributed throughout the world's tropical latitudes.

commerce

Of or pertaining to business, trade, or manufacture.

contaminant

Any solid, liquid, gas, odor, sound, vibration, radiation, heat, or combination of
any of them resulting directly or indirectly from human activities that may cause
an adverse effect.
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Term

Definition

colonial waterbirds

Birds that live near water and nest in colonies or groups (e.g., gulls, terns, ibis,
herons).

commensal Living in close association, such that one species benefits without harming the
other.
congregatory Tending to gather in large groups on a cyclical or otherwise regular and/or

predictable basis.

cumulative impact

An impact that results from the successive, incremental, and/or combined
effects of an action, project, or activity added to effects from other existing,
planned, and/or reasonably certain actions, projects, or activities.

cuttings Broken bits of solid material produced as the drill bit advances through the
borehole in the rock or sail.

decibel A unit, which describes the sound pressure level or intensity of sound.

developer The applicant for environmental authorization for a project or the State initiating
a project.

discharge The release of any liquid, solid or gaseous substance or a combination of them

into the environment resulting directly or indirectly from human activities that
may cause an adverse effect.

ecosystem services

The benefits that people obtain from the natural environment, including natural
resources that underpin basic human health and survival needs, support
economic activities, and provide cultural fulfilment.

effluent

Any liquid, including particles of matter and other substances in suspension in
the liquid.

environment or natural
environment

All land, area beneath the land surface, atmosphere, climate, all water, surface
water, ground water, sea, seabed, marine and coastal areas and natural
resources, or any combination or part thereof.

environmental

An environmental permit, a prescribed process license, a construction permit,

authorization or an operation permit.

environmental impact  |An assessment as provided in [Part IV, Environmental Impact Assessments, of
assessment the Environmental Protection Act].

equipment Apparatus, device, mechanism, or structure.

embedded control

Physical or procedural controls that are planned as part of the Project design
(i.e., not added solely based on a mitigation need identified by the impact
significance assignment process). These are considered from the very start of
the impact assessment process as part of the Project, and are factored in to the
pre-mitigation impact significance rating.

eutrophication

Over-enrichment of a waterbody with minerals and nutrients that can induce
excessive growth of plants (including phytoplankton) or algae.

fireball A phenomenon that occurs when an instantaneous release of flammable
material is ignited, resulting in a fire that is spherical and rises through the air
due to the buoyancy of the hot combustion products.

flare In the oil and gas industry, a system of piping and burners used to dispose (by
burning) of surplus gas or vapors.

flash fire A nonexplosive combustion of a flammable vapor cloud, which is diffused in

open air; the duration of the fire is very short and depends on the mass of
material in the cloud.

Floating Production
Storage and Offloading
(FPSO) vessel

A floating vessel that is used for offshore oil and gas operations and is
designed to process hydrocarbons and store oil until the oil can be offloaded
onto a tanker ship.
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Term Definition
free-field A modeling term used to describe a release that is into open space and not into

confined or congested areas.

freehold property

Property owned by the land user, not leased.

freshwater lenses

Vertically-separate layers of the water column that are formed near the surface
of a marine environment when fresh (non-saline) water from rivers or rainfall
enters a marine/saline waterbody. Freshwater is lighter and floats to the top of
the saline water column, creating a layer (lens) of fresh, lower salinity water.

hazardous waste

A waste or combination of waste which, because of its quality, concentration, or
physical, chemical, or infections characteristics, may pose a substantial hazard
to human health and belong to any category contained in Schedule | [List of
Hazardous Waste to be Controlled] unless they do not contain any of
characteristics contained in Schedule Il [List of Hazardous Characteristics] and
includes waste that is:

o Hazardous industrial waste

e Acute hazardous waste chemical
e Hazardous waste chemical

e Severely toxic waste

¢ Flammable waste

o Corrosive waste

¢ Reactive Waste

¢ Radioactive waste

e Clinical waste

¢ Leachate toxic waste, or polychlorinated biphenyl waste, and includes a
mixture of acute hazardous waste chemical, hazardous waste chemical,
pathological waste, radioactive waste or severely toxic wastes, and any other
waste or hazardous material

hazardous waste

The act or process of producing hazardous waste.

generation
hazardous waste The systematic control of the collection, source, separation, accumulation,
management transportation, processing, treatment, recovery, and disposal of hazardous

wastes.

high-probability

In the context of cultural resources, areas assessed as having a high likelihood

landforms of containing significant cultural resources. These areas are generally identified
by distinct landforms and deposits that have been shown in other similar
surveys to contain archaeological sites, that environmentally could have served
as optimal locations for habitation, or that have experienced limited disturbance.
holder A person or corporate entity.

horizontal directional
drilling

A trenchless method of installing underground piping along a prescribed
underground path using a surface-based drilling rig.

hydrographic

Relating to the characteristic features (such as flow or depth) of bodies of
water.

hydrostatic test

A way in which facilities such as pipelines, plumbing, gas cylinders, boilers,
pressure vessels, and fuel tanks can be tested for strength and leaks. The test
involves filling the vessel or pipe system with a liquid, usually water, which may
be dyed to aid in visual leak detection, and pressurizing the vessel or pipe
system to the specified test point. Pressure tightness can be tested by shutting
off the supply valve and observing whether there is a pressure loss.

hypoxia

The state of deficiency in dissolved oxygen concentrations.
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ichthyoplankton Fish eggs and larvae that drift with the ocean currents, usually near the surface,

prior to developing directional swimming ability.

improved sanitation
facility

A facility that flushes or pour-flushes to a piped sewer system, a septic tank, a
pit latrine, a ventilated improved pit latrine, or a pit latrine with slab.

improved water source

Any of the following types of supply: piped water into dwelling, compound, yard,
to neighbor, or to public tap/standpipe; tube well/borehole; protected well;
protected spring; and rainwater collection. Bottled water is considered an
improved water source only if the household is using an improved water source
for handwashing and cooking.

industrial

Of or pertaining to the manufacture, processing, handling, transport,
importation, storage, or disposal of materials (including the extraction and
conversion of mineral resources, raw materials, materials in the process of
manufacture, manufactured materials, by-products, and any waste or water
materials whether hazardous or not.

inland waters

Any reservoir, pond, lake, river, stream, creek, canal, drain, spring, well, a part
of the sea that are on the landward side of the territorial baselines, and any
other body of natural or artificial surface or subsurface water.

institution

Health care establishments, medical facilities, hospitals, schools, and zoos.

intelligent pigging

An inspection technique whereby an inspection probe, often referred to as a

"smart" pig, is propelled through a pipeline while gathering data, such as the

presence and location of corrosion or other irregularities on the inner walls of
the pipeline.

isohaline Areas in an aquatic system that have the same salinity.
itinerant Moving from place to place.
jet fire A combustion of flammable material as it is being released from a pressurized

source.

judgmental shovel
testing

Shovel testing (i.e., excavation of shallow pits to assess for the presence of
archaeological resources) done in random locations outside of a systematic grid
pattern or survey design. Such tests are commonly used to target high-
probability landforms or specific site locations, or as a means of obtaining
insight into the subsurface stratigraphy of a study area. In many cases,
judgmental shovel testing may be employed to supplement pedestrian survey of
areas with high ground surface visibility and/or severely disturbed deposits (e.g.
agricultural fields), if it is deemed necessary.

labor force

The sum of employed persons and unemployed persons.

Lagrangian model

A type of model in which particles or parcels are moved under the influence of
external forcing (winds, currents, buoyancy, turbulence, etc.) based on its
individual location. The term is often used to differentiate such models from
Eulerian models, where a field is established representing properties of interest
(mass, concentration, etc.) in a discrete gridded space, and external forcing is
applied to the entire property of that grid.

laydown area

An area that has been cleared for the storage of equipment and supplies.

leptocephalus

The flat and transparent larva of the eel, marine eels, and other members of the
superorder Elopomorpha.

manifolds

Gathering points or central connections made up of valves, hubs, piping,
sensors, and control modules.

marine safety exclusion

zone

A specific area of water where persons, vessels, and other activities are
prohibited as the area has been designated for exclusive use by an activity; a
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form of safety control measure used to keep unauthorized persons and vessels
away from a higher risk activity/event.

Material offloading
facility

A facility that is used to dock vessels transporting construction bulk materials
and pre-fabricated modules.

mobile sources

Any source of air pollution other than stationary sources, including but not
limited to motor vehicles, off-road vehicles, marine vessels, and aircraft.

natural gas

A highly compressible, highly expansible mixture of hydrocarbons, which at
atmospheric conditions of temperatures and pressure are in a gaseous phase.

natural gas liquids

Components of natural gas that are separated from the gas state in the form of
liquids.

natural resources

The living plants, animals and organisms, ecosystems, forests, waterways,
soils, and other biological factors within the natural environment, and the
geologic formations, mineral deposits, renewable and non-renewable assets,
and the habitat of the living plants, animals, and organisms.

open-cut A method of pipeline installation that involves opening up the surface of the
ground to the required depth for installing a pipeline.
overpressure The pressure caused by the shockwaves of an explosion.

parameter limit

The result of the analysis of any of the chemical factors which the [Guyana
Environmental Protection Agency] may specify.

passive margin

An area where continents have drifted apart to become separated by an ocean.
Passive margins are found at every ocean and continent boundary that is not
marked by a strike-slip fault or a subduction zone.

person responsible

In relation to any project, enterprise, construction, or development, includes any
person who owns, operates, or exercises economic power or control over at
whose order or on whose behalf the project, enterprise, construction, or
development will be or, as the case may be, is being undertaken.

photo-oxidation

The process of chemical breakdown caused by exposure to sunlight.

pig

A specially designed device that is placed in the flowline at a launcher at one
end and pushed by pressure until it reaches a receiving trap or catcher at the
other end. Pigging is performed to aid in the maintenance, operations, cleaning,
and/or inspection of flowlines and pipelines.

pollution of the
environment or

environmental pollution

Pollution of the environment by the release into the natural environment of any
contaminant.

Project Footprint

Includes areas used for the Project on a long-term basis (i.e., for the life of the
Project) as well as areas used on a temporary basis such as onshore
construction laydown areas and marine and aerial routes transited by support
vessels and aircraft during drilling, installation, and hook-up/commissioning
stages.

reservoir In the oil and gas industry, a porous and permeable sedimentary rock
containing oil and gas.

shorebase A land-based facility that provides logistical and material support.

shorebirds Found mainly on beaches and mudflats between the low and high water marks

and are typically migratory, using Guyana’s coastline during the course of their
biannual migrations.

social cohesion

Refers to the strengths of relationships in communities and the sense of
solidarity among families and communities.

sludge

Any viscous, semisolid, or residue generated from a process
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sound-making device

Any mechanism that is intended to, or which actually produces noise when
operated or handled [Note: the remainder of the definition in the Act, which
relates to musical sound, is omitted from this definition for the purposes of this
EIA].

stationary source

Any source of air pollution that is produced by a fixed or stationary location,
including but [not] limited to electrical installations.

transporter Any person engaged in the transportation of hazardous waste.
trophic Relating to a specific rank or position in the food chain.
waterfowl Species of birds that are ecologically dependent upon wetlands or waterbodies

for their survival (e.g., ducks, geese).

worker camp

A building or group of buildings erected for shelter and/or temporary residence
of workers and laborers, typically during the execution of a construction project
or similar activity.

WYE connection

Used to combine two different branch lines into a single line. One of the branch
lines typically enters at a 45-degree angle.
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ENVIRONMENTAL IMPACT STATEMENT

EXECUTIVE SUMMARY

Esso Exploration and Production Guyana Limited (EEPGL), on behalf of itself and its co-
venturers (Hess Guyana Exploration Limited and CNOOC Petroleum Guyana Limited), and in
accordance with the Guyana Environmental Protection Act, is seeking an environmental
authorization from the Guyana Environmental Protection Agency (EPA) for the Gas to Energy
Project (GTE or Project). The Project will use an offshore resource (associated natural gas)
produced from the Liza field in the Stabroek Block.

The Government of Guyana is pursuing a separate project to construct a power plant (the
Power Plant) that would use a portion of this associated natural gas as a fuel source.
Accordingly, EEPGL, at the request of the Government of Guyana, is proposing the Project to
provide fuel for the Power Plant.

Accordingly, the Project will involve capturing associated gas produced from crude oil
production operations on the Liza Phase 1 (Destiny) and Liza Phase 2 (Unity) Floating,
Production, Storage, and Offloading (FPSO) vessels, transporting approximately 50 million
standard cubic feet per day (MMscfd; 1.4 million standard cubic meters per day [MMsm?3/d]) of
rich gas via a subsea pipeline and then an onshore pipeline to a natural gas liquids (NGL)
processing plant (NGL Plant), treating the gas to remove NGLs for sale to third parties, and
ultimately delivering dry gas meeting government specifications for use at the Power Plant.

The purpose of the Environmental Impact Assessment (EIA) is to provide the factual and
technical basis required by the EPA to make an informed decision on EEPGL’s Application for
Environmental Authorisation for the Project. EEPGL conducted a robust public consultation
program to both inform the public about the Project and to understand community and
stakeholder concerns so this feedback could be incorporated and addressed in the EIA, as
applicable.

The primary components of the Project include new connections to the existing Destiny and
Unity FPSOs, an offshore pipeline, an onshore pipeline, an NGL Plant, and various ancillary
facilities. These ancillary facilities include a temporary worker camp, a temporary material
offloading facility (MOF), and a heavy haul road. The Project will use existing third-party support
facilities such as shorebases, fabrication facilities, fuel supply facilities, and waste management
facilities. The Project will also use ground-based vehicles, marine and riverine vessels, and
helicopters to provide logistics support throughout all Project stages. EEPGL will use proven
and good international industry practices and has incorporated many embedded controls into
the overall Project design to reduce environmental and socioeconomic impacts.

Subiject to receipt of environmental authorization. Construction will begin as soon as possible
after receiving all necessary authorizations (with a target date of August 2022 for start of NGL
Plant site preparation) and will take approximately 3 years. The combined offshore and onshore

EIS-1



EEPGL Environmental Impact Assessment
Gas to Energy Project Environmental Impact Statement

pipeline system is targeted to be ready to deliver rich gas by end of 2024, and the NGL Plant is
targeted to be operational by mid-2025. The Project has a planned life cycle of at least
25 years).

The Project is expected to employ up to 800 workers at peak during the Construction stage,
approximately 40 full-time equivalents workers during the Operations stage, and approximately
50 workers during the Decommissioning stage.

The planned Project activities are predicted to have Negligible to Moderate impacts on
physical resources, Negligible to Moderate impacts on biological resources, and Negligible to
Moderate impacts on socioeconomic resources—with a number of positive impacts on
socioeconomic conditions.

In the case of physical resources, the higher significance ratings stem from potential
Construction-stage impacts related to potential noise and dust impacts on residential properties
in the portions of the onshore pipeline construction corridor that will be in close proximity to
existing communities or isolated residences (approximately 3.5 kilometers of the approximately
25-kilometer onshore pipeline corridor).

In the case of biological resources, the higher significance ratings stem from potential
Construction-stage impacts related to mortality and injury of marine benthic organisms from
offshore pipeline installation.

In the case of socioeconomic resources, the higher significance ratings stem from potential
impacts from infrequent and short-term periods of noise during Construction and Operations
stages, potentially leading to increased stress-related mental health impacts for nearby
residents. For cultural heritage resources, the higher significance rating will only apply if the
Project is unable to avoid removal of the silk cotton tree identified in the temporary pipeline
right-of-way (RoW) at Kilometer Point 4.1.

The significance ratings of these potential impacts are reduced through the suite of embedded
controls that will be incorporated into the Project design and execution. These same embedded
controls contribute to the lower significance ratings for the other potential impacts assessed for
planned Project activities. Additionally, the Consultants have recommended a suite of mitigation
measures to reduce potential impact significance to as low as reasonably practicable.

Unplanned events, such as a vessel fuel spill or a loss of integrity of Project infrastructure
resulting in a fire or explosion, are considered unlikely to occur due to the extensive preventive
measures employed by EEPGL; nevertheless, events such as these are considered in this
assessment. The types of resources that would potentially be impacted and the extent of the
impacts on those resources would depend on the nature and location of an unplanned event, as
well as the ambient conditions (e.g., wind speed/direction, river flow conditions). The EIA
describes (1) modeling of fuel spill scenarios to evaluate a range of possible spill trajectories
and rates of travel, and (2) modeling of loss of process infrastructure integrity scenarios to
evaluate a range of potential consequences from such an event.

Based on the limited volume of fuel that would likely be released to the environment in the
unlikely event of a marine fuel spill from one of the offshore pipeline installation vessels or a
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support vessel, and the fact that marine diesel would weather (i.e., evaporate, degrade, and
partition to the water column) very rapidly once in the ambient environment, the impacts from
this type of an event would be expected to be short-term and limited in extent. Socioeconomic
resources (e.g., to fisheries or shorelines) would only be expected if the spill occurred in the
nearshore/shore crossing segments of the offshore pipeline.

In the case of a riverine spill, the same limited spill volume and rapid weathering would reduce
the level and extent of potential impact. However, the constrained geography within the
Demerara River would lead to a high likelihood of shoreline impact, with the length of shoreline
oiled being a function of spill location and ambient river conditions (i.e., flow volume and tidal
stage) at the time of the spill. This event, assuming a spill of the nature reflected in the modeled
scenario, would therefore have a high likelihood of affecting biological and socioeconomic
resources in the Demerara River and potentially along the shoreline adjacent to the river.

The magnitude of impact for either a marine or riverine fuel spill would depend on the volume
and duration of the release as well as the time of year at which the release were to occur (e.g.,
whether a spill would coincide with the time of year when biological resources are more
abundant in the area affected by the spill). Effective implementation of EEPGL’s Qil Spill
Response Plan (OSRP; Volume Ill, Management Plans, of the EIA) would reduce the risk to
resources primarily by efforts to protect shorelines from oiling.

With respect to a potential loss of integrity of Project infrastructure leading to a release of
hydrocarbons—and potentially a fire or explosion—the EIA included a preliminary analysis of
the potential consequences of such an event, including evaluation of multiple scenarios that
could lead to an accidental release of hydrocarbons. The highest risk associated with this type
of event would be associated with the portions of the onshore pipeline segment located in close
proximity to communities (i.e., where human receptors would have the highest likelihood of
being affected by the event). As with a potential fuel spill, EEPGL’s primary focus is on
prevention of such an event through the rigorous design, construction, and operations
procedures that will be put in place. However, in the unlikely situation that such an event occurs,
EEPGL will have an Emergency Response Plan (see the Environmental and Socioeconomic
Management and Monitoring Plan [ESMMP] in Volume 1ll, Management Plans, of the EIA) in
place prior to introduction of natural gas into Project infrastructure, and EEPGL will conduct
regular training and drills to facilitate Project readiness to address an emergency event of this
nature.

Additional unplanned events, the likelihood of which are reduced due to the preventive
measures that will be employed, could include a loss of integrity of the offshore pipeline;
collisions between Project vessels and non-Project vessels; Project vessel strikes of marine
mammals, marine turtles, riverine mammals, or rafting marine birds; collisions between Project
vehicles and non-Project vehicles; and a release of untreated wastewater from the NGL Plant.
The impact extent from these types of events would depend on the exact nature of the event.
However, in addition to reducing the likelihood of occurrence, the embedded controls that
EEPGL will put in place if such an event were to occur (e.g., training of vessel operators to
recognize and avoid marine mammals, riverine mammals, and marine turtles; adherence to
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international and local marine navigation procedures; adherence to Road Safety Management
Procedure) would also serve to reduce the likely extent of impact.

It is recommended that all of EEPGL’s planned embedded controls, as well as the mitigation
measures described herein, and appropriate ESMMP components, including an OSRP (Volume
Il of the EIA), be adopted. With the adoption of such controls, mitigation measures, and
management plans, and requirements for emergency response preparedness, the Project is
expected to pose only manageable risks to the environmental and socioeconomic resources of
Guyana, while potentially offering significant economic benefits to the residents of Guyana.

1. INTRODUCTION

This Environmental Impact Statement has been prepared for the GTE Project in accordance
with the Guyana Environmental Protection Act (as amended in 2005), the Environmental
Protection (Authorisation) Regulations (2000), the Environmental Impact Assessment
Guidelines—Volume 1, Version 5 (EPA 2004), the Environmental Impact Assessment
Guidelines—Volume 2, Version 4 (EPA/EAB 2000), good international oilfield practice, EEPGL’s
standards, and the Project’s Final Terms and Scope (21 September 2021) for the Project EIA.

The EIA was conducted by a team of consultants including Environmental Resources
Management (ERM), an international environmental and social consulting firm with a local
registration in Guyana and extensive experience in the preparation of ElAs for offshore oil and
gas development projects; SLR Consulting; and the Guyanese consultancies Caribbean
Engineering and Management Consultants (CEMCO), Leon Moore Nature Experience (LMNE),
and the University of Guyana Centre for the Study of Biological Diversity (CSBD). ERM, SLR
Consulting, CEMCO, LMNE, and CSBD are collectively referred to herein as “the Consultants.”

1.1. PROJECT SPONSOR

EEPGL is the designated Operator of the Stabroek Block and is seeking authorization for the
Project on behalf of itself and Hess Guyana Exploration Limited and CNOOC Petroleum
Guyana Limited (EEPGL’s “co-venturers”). EEPGL will be the operator of the Project and is
used in this EIA to represent the joint venture. EEPGL is an indirectly owned affiliate of Exxon
Mobil Corporation.

1.2. PROJECT CONTEXT

The Project will use an offshore resource (associated natural gas) produced from the Liza field
in the Stabroek Block. The plan for each of EEPGL’s EPA-approved FPSO facilities in Guyana
has been to re-inject this gas into the underground oil formation to maintain reservoir pressures
and promote oil recovery.

The Government of Guyana is pursuing a separate project to construct a power plant (the
Power Plant) that would use a portion of this associated natural gas as a fuel source.
Accordingly, EEPGL, at the request of the Government of Guyana, is proposing the Project to
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provide fuel for the Power Plant. The Power Plant will not be owned and operated by EEPGL
and is being proposed by a separate proponent under a separate Environmental Authorisation
process. The Power Plant thus is not included in the Project within the EIA (with the exception
that the Power Plant is considered as part of the cumulative impact assessment).

1.3. PURPOSE OF THE PROJECT

The purpose of the Project is to utilize a portion of the associated gas produced as part of the
Liza Phase 1 and Liza Phase 2 development operations to produce NGLs and dry natural gas to
for use by third parties, including the Government of Guyana, who plans to use the dry natural
gas to generate electricity for the benefit of Guyana, reducing the country’s dependence on
foreign imports of diesel fuel (heavy fuel oil) for power production.

1.4. REGULATORY FRAMEWORK AND PURPOSE OF THIS EIA

To develop the Project, EEPGL has applied for a Project environmental authorization from the
EPA in accordance with the Guyana Environmental Protection Act (as amended in 2005). To
that end, EEPGL filed its application with the EPA on 24 June 2021 (Application). As part of its
regulatory role, the EPA, taking into consideration recommendations from the Environmental
Advisory Board and other government entities, is responsible for deciding whether and under
what conditions to approve EEPGL’s Application. Based on an initial assessment of the Project,
the EPA determined that an EIA is required. The purpose of the EIA is to provide the factual and
technical basis required by EPA to make an informed decision on EEPGL’s Application.

2. PROJECT DESCRIPTION

The Project includes the construction and operation of a natural gas pipeline from the Liza
Phase 1 (Destiny) and Liza Phase 2 (Unity) FPSO vessels via a subsea and then onshore
natural gas pipeline to an onshore NGL Plant. The pipeline will transport up to approximately

50 MMscfd of dry gas to the NGL Plant. The NGL Plant will drop the pressure of the gas;
dehydrate the gas; separate out the NGLs (i.e., propane, butane, and pentanes+) for sale to
third parties; and treat the remaining “dry” gas to the specifications appropriate for use as fuel or
raw materials by third parties.

The Government of Guyana’s planned Power Plant will use at least some of the dry gas from
the NGL Plant to generate electricity. The Power Plant will likely be owned and operated by the
Government of Guyana, although the government may also consider alternative options for
ownership and/or operation. For these reasons, the Power Plant, and any associated electric
substations and transmission lines, are not included in the scope of this EIA, except for its
consideration when addressing cumulative impacts.

Figure EIS-1 provides a schematic of the proposed Project facilities in relation to the
Government of Guyana’s planned Power Plant and electricity transmission components for
context.
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Figure EIS-1: Schematic of the GTE Project and Planned Government of Guyana
Facilities

Also separate from the Project’s Environmental Authorisation process, the EPA has issued a
no-objection letter authorizing selected early works activities that will support the proposed
construction activities for the Project. The approved early works relate primarily to the
upgrading, rehabilitation, and repair of approximately six bridges and approximately

11 kilometers of roads along the West Bank of Demerara (WBD) Public Road from the village of
Patentia south toward the NGL Plant site to provide improved access to the site. The early
works activities will also include the establishment of an approximately 5-hectare laydown area
to stockpile aggregate, which is needed for the early works road improvements. All road and
bridge improvements are expected to generally remain within the existing road RoW. These
early works activities are essentially maintenance of existing facilities and are described here
simply to present a full description of other activities that will be conducted to support the
proposed Project-related activities. In addition to supporting the needs of the Project, these
improvements are expected to result in improved vehicular access and enhanced safety for
residents in this area, who currently only have dry-season vehicular access in some areas
because of poor existing road conditions. Since these early works activities are subject to a
separate EPA approval—and will not result in any significant adverse environmental or social
impacts, they are not discussed in the EIA.
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The proposed Project facilities will be comprised of the following primary components, located
as follows (Figure EIS-2):

o Offshore pipeline—an offshore component that involves approximately 220 kilometers of a
subsea pipeline extending from new subsea tie-ins at the Destiny and Unity FPSOs in the
Stabroek Block to a proposed shore landing, located approximately 3.5 kilometers west of
the mouth of the Demerara River.

e Onshore pipeline—an onshore pipeline, which is a continuation of the offshore pipeline, that
extends linearly approximately 25 kilometers from the shore landing to a proposed NGL
Plant.

o NGL Plant—the NGL Plant and associated infrastructure (e.g., heavy haul road, temporary
MOF, and worker camp) located approximately 23 kilometers upstream from the mouth of
the Demerara River on the west bank.

All of these facilities are located within Region 3 of Guyana. Some existing facilities within
Region 4 (e.g., shorebases, heliport, roads) will also be used to support Project activities,
principally related to transporting equipment, supplies, products, and workers to and from the
Georgetown area to the above locations of the Project components.

The Project life cycle will consist of three main stages: (1) Construction, (2) Operations, and
(3) Decommissioning.
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2.1. PROJECT LAND REQUIREMENTS

Table EIS-1 shows the Project’s estimated onshore land area required for the Construction and
Operations stages. The onshore pipeline will require an approximately 23-meter-wide temporary
construction RoW, which will be expanded in certain designated areas—primarily to
accommodate the additional area needed for horizontal directional drilling (HDD) of the onshore
pipeline beneath some features such as roads and canals. Typically, HDD entry and exit
locations each require an area of 50 meters by 100 meters. The onshore pipeline permanent
operational RoW will be approximately 12 meters wide.

There is no designated RoW for the offshore pipeline. The area of disturbance for the offshore
pipeline installation will be a function of the equipment selected to install the offshore pipeline in
the portions of the offshore pipeline where the pipeline will be buried. For the purpose of the
EIA, it is envisioned that the width of the offshore pipeline trench will be on the order of 3 to

4 meters at the top of the trench.

As Table EIS-1 indicates, several of the Project features that will involve land use / disturbance
are temporary and will only be occur during the Construction stage, including the portion of the
onshore pipeline temporary construction RoW outside of the permanent RoW, as well as
temporary laydown areas and HDD work areas along the onshore pipeline corridor, the worker
camp, and the temporary MOF.

Table EIS-1: Estimated Project Onshore Land Requirements

Project Component Temporary Permanent
(Construction Stage) | (Operations Stage)

(hectares) (hectares)

NGL Plant 75.0 75.0

Onshore Pipeline 2 57.9 24.3

Heavy Haul Road 1.6 1.3

Temporary MOF 0.2 —

Worker Camp 1.9 —

Onshore Pipeline Temporary Laydown Area 1.0

Total ® 137.5 100.6

@ Temporary area includes construction RoW (22.9 meters) and HDD areas in the RoW.
b Totals may not match sum of components due to rounding for each component.

Approximately half of the Project land disturbance, including the majority of the NGL Plant site,
is currently shrubland/swamp. The NGL Plant site, as well as most of the onshore pipeline RoW,
is land that was formerly used for sugarcane cultivation by the Guyana Sugar Corporation
(GuySuCo), a state-owned corporation. GuySuCo has stopped its sugarcane operation within
the area, and much of the land now supports various pioneer plant species, which are generally

1 to 4 meters in height.

The onshore pipeline corridor traverses primarily active and inactive agricultural lands and
herbaceous/grass swamp. Although the onshore pipeline route selection process was
conducted to reduce routing through existing communities, the onshore pipeline route is in
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proximity to several communities, as identified on Figure EIS-2. There are no known residences
within the NGL Plant site, but there is some subsistence sugarcane farming and cattle rearing
occurring on and/or near the NGL Plant site. There are several residents in the immediate
vicinity of the temporary MOF site.

2.2. NEw CONNECTIONS TO FPSOs

The Project will use the existing Destiny and Unity FPSOs which have pre-installed facilities to
allow for gas export. These export facilities include the required piping, equipment (e.g., drains,
pig launcher, associated instrumentation), and flow control elements (e.g., orifice flowmeter,
flow control valves, associated control instrumentation) to support the Project. Given that the
original design for each FPSO included provisions for gas export, the minor equipment
upgrades in gas export equipment required on the two FPSOs to support the Project are limited.

Each FPSO will have the capability of exporting the full 50 MMscfd (1.4 MMsm3/d) design gas
flow for the Project, and will be able to control export rates to as low as 10 MMscfd

(0.28 MMsm?3/d). The current plan is for the Destiny FPSO to typically provide approximately

30 MMscfd (0.85 MMsm?/d) and the Unity FPSO to typically provide approximately 20 MMscfd
(0.57 MMsm?3/d) of natural gas.

2.3. OFFSHORE PIPELINE

The offshore pipeline will extend from the Destiny pipeline end termination (PLET) to a shore
landing point. An infield pipeline from the Unity FPSO, approximately 18 kilometers in length,
will tie into the Destiny PLET. The offshore pipeline from the Destiny PLET to the shore landing
will have a total length of approximately 195 kilometers (Figure EIS-3). A description of the
proposed offshore pipeline segments (including the infield pipelines) at different water depths is
provided in Table EIS-2.

Table EIS-2: Overview of Offshore Pipeline Segments

Segment Approximate Water Depth Approximate Length
(meters) (kilometers)

Infield Pipelines (Deep) 1,400-1,700 23

Offshore Pipeline (Deep) 600-1,400 18

Offshore Pipeline (Intermediate) 20-600 130
Offshore Pipeline (Shallow) 1.6-20 34

Offshore Pipeline (Nearshore) 0-1.6 12

Shore Crossing 0 0.5

Total — 217.5
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350000

EIS-11



EEPGL Environmental Impact Assessment
Gas to Energy Project Environmental Impact Statement

In water depths greater than 600 meters (i.e., deep segments), the offshore pipeline will be laid
directly on the seabed. At water depths between 20 and 600 meters (i.e., intermediate
segment), the offshore pipeline may be laid on the bottom or buried, depending on local
conditions. In water depths less than 20 meters up to the approximately 1.6-meter depth

(i.e., the shallow segment), the pipeline will be laid in a trench for protection purposes

(e.g., damage from vessels, potential for net fouling), at a depth sufficient to achieve a minimum
cover of 1.2 meters. For the nearshore segment, the offshore pipeline will be installed by pulling
in on the seabed or through a drilled bore. For the shore crossing segment, the pipeline may be
installed using either HDD or open-cut trenching techniques.

2.4. ONSHORE PIPELINE

The onshore pipeline, with a design capacity of 120 MMscfd (3.4 MMsm?/d), will transport the
natural gas approximately 25 kilometers from the offshore pipeline shore landing to the NGL
Plant site (Figure EIS-2). An aboveground shore landing beach valve will be located within the
onshore pipeline RoW near the shore landing; this will demarcate the boundary between the
offshore and onshore pipelines. It will be used to control the flow of gas within the pipeline and
can be used to shut down the pipeline for inspection and maintenance. The aboveground valve
compound will be equipped with anti-cut / anti-climb perimeter fencing around the valve, with
fiber optic intrusion detection, 24-hour-per-day closed-circuit television monitoring of the
compound, and security lighting.

The onshore pipeline will be installed below ground with a minimum cover depth of 1.22 meters.
A fiber optic cable system will be installed in the same trench for communication and to detect
leaks and/or third-party intrusion.

The only aboveground facilities associated with the onshore pipeline other than the
aboveground valve will include a cathodic protection system; no compressor stations will be
required. The cathodic protection system will help prevent corrosion of the underground pipeline
facilities. These systems typically include a small, aboveground transformer-rectifier unit and
an associated anode ground bed located underground. The ground bed will be installed at the
NGL Plant. Rectifiers and test stations will be installed along the onshore pipeline corridor at
distances ranging from 160 to 320 meters from the pipeline.

A receiving facility just upstream of the NGL Plant will include the following:

A below-ground to aboveground transition with an associated monolithic isolation joint;
An emergency shutdown valve;

A pig receiver with associated valves and instrumentation; and

A slug catcher designed to accommodate the maximum anticipated slug size.

Another short segment of piping will extend from the NGL Plant to the planned third-party Power
Plant site, to deliver dry gas to the Power Plant. Since the location of the Power Plant has not
been finalized, the route for and length of this length of piping is not yet known; however, it is
assumed for the purpose of this EIA that the Power Plant will be located within less than

1 kilometer of the NGL Plant.
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2.5. NGL PLANT

The purpose of the NGL Plant is to process the natural gas from the FPSOs into “dry gas”
(methane [C1] and ethane [C2]) to be sent to the Power Plant, by removing impurities and
extracting the heavier NGLs (i.e., butane [C3], propane [C4], and pentanes+ [C5+]) for sale to
third parties.

2.5.1. NGL Plant Facilities
The NGL Plant will include the following key facilities

e Metering skid, located at an inlet receiving section, to measure the volume of gas delivered
to the NGL Plant, a slug catcher / liquid separation, and a heated pressure letdown station
to reduce the incoming pressure of the gas to plant operating pressure;

e Mercury and H>S removal facilities;

¢ An NGL Recovery Unit to extract NGLs and dehydrate the gas to the specifications required
for use as fuel for the Power Plant;

e Various utility systems necessary to support plant operation;
o A flare system to accommodate safety, operational, and non-routine flaring, as needed;
¢ NGL storage and truck loading facilities; and

¢ An additional metering skid on the Power Plant delivery pipeline, which will serve as the
point of custody for transfer of natural gas to the Power Plant.

The NGL Plant will include the following buildings:

e Control Room, including meeting and office space
e Warehouse/Maintenance Shop

e Motor Control Center

¢ Loading Control Room

e Guard Shack

e Residue Compressor Shed

e Essential Generator Shed

e Emergency Generator Shed

The exact locations of the above facilities and buildings within the NGL Plant will be finalized
during detailed design. Figure EIS-4 provides a generalized block plot plan pending this future
detailed design.
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Figure EIS-4: Preliminary NGL Plant Site Layout

2.5.2. Ancillary Facilities

The Project will require a variety of temporary and permanent ancillary facilities to provide
access to, or to support, construction activities, including a worker camp, infrastructure
upgrades, a temporary MOF, and various support facilities and logistics support. Some of
these facilities will be temporary (i.e., only needed during construction), and some—such as
infrastructure upgrades—uwill remain in place after Project construction is complete .

The Project is considering alternatives for accommodating non-local workers during
construction. One alternative is to house the workers in existing lodging (likely in the
Georgetown area) and another alternative is to establish a worker camp near the proposed
temporary MOF (Figure EIS-2). If this alternative is selected, the worker camp would have the
capacity to accommodate 150 workers. In addition to providing housing, the worker camp would
also provide a cafeteria, medical clinic, recreation center, and office facilities. These structures
would be prefabricated and placed on a concrete pad.

A temporary MOF will be constructed on the west bank of the Demerara River near the NGL
Plant site for offloading of heavy modules and imported material or equipment from barges and
vessels (Figure EIS-2). The temporary MOF is expected to consist of the following:

¢ Unloading area (approximately 48 meters by 30 meters);

o Trestle (approximately 11 meters by 60 meters) extending from the unloading area to a
heavy haul road;

e Two winch platforms (approximately 10 meters by 8.5 meters each); and

e Four mooring dolphins (two extending from each side of the rear of the unloading area).
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The temporary MOF will be designed with the intention to allow docking of a range of vessels
(e.g., cargo barges, ferries, etc.), with maximum delivery loads of up to 200 tonnes.
Approximately 1,500,000 m? of dredging will be required for the construction and operation of
the temporary MOF. This quantity accounts for temporary MOF construction, connecting the
existing ship channel to the temporary MOF, and providing a turning basin for the range of
vessels anticipated for the Project. It is expected that dredging will be performed with locally
available equipment, using locally approved methods (e.g., trailing suction hopper barge, with
spoils to be disposed upstream of the Project location).

2.5.3. Existing Support Facilities

Existing shorebases, storage and pipe yards, fabrication facilities, warehouses, fuel supply
facilities, and waste management facilities are planned to support the Construction, Operations
and Decommissioning stages. EEPGL plans to use existing Guyana shorebases to support the
Project; new onshore facilities in Guyana may also be used by the Project (these would be
developed by third parties as separate projects). All onshore support facilities will be
owned/operated by others and will not be dedicated to the Project.

A variety of aggregate materials (sand, loam, and various sizes of crushed stone) will be
required for onshore construction activities. Large quantities of sand and loam are readily
available in Guyana, and therefore, the Project will attempt to maximize the use of local sand
and/or loam for bulk backfill material. The remaining quantities of required aggregate that may
not be readily available in Guyana (e.g., crushed stone) are expected to be brought in via barge
from other countries in the Caribbean Community (CARICOM) region.

The Project will use helicopters and marine and riverine vessels to provide logistics support
throughout all Project stages. Logistical support will be optimized and shared among other
EEPGL operating facilities (e.g., Liza Phase 1, Liza Phase 2, Payara, and [pending
authorization] Yellowtail), as well as exploration drilling operations. The number of Project-
related vessel trips between an overseas port and a Guyana shorebase is estimated at
approximately 50 trips during the Construction stage to support importation of line pipe,
equipment modules, and materials for construction. The frequency of Project-related vessel trips
between a Guyana shorebase and an offshore pipelay vessel is estimated at approximately
twice per week during the offshore portion of the Construction stage. The frequency of Project-
related vessel trips between a Guyana shorebase and the temporary MOF is estimated at
approximately eight to ten per week during the onshore portion of the Construction stage for site
preparation, civil, and infrastructure (2023). During the equipment installation and hookup
portions of the onshore Construction stage (2024), Project-related vessel trips between a
Guyana shorebase and the temporary MOF are estimated to decrease to two to three per week.
Use of support vessels during the Operations stage will be rare, as the only offshore facility will
be the offshore pipeline, which requires little vessel support other than periodic inspection and
maintenance, and the temporary MOF will ultimately be removed.
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2.6. PROJECT WORKFORCE

EEPGL estimates it will require a workforce of approximately 800 persons at the peak of the
Construction stage, approximately 40 persons during the Operations stage, and approximately
50 persons during the Decommissioning stage. Of these estimates, the offshore pipeline
construction will require approximately 300 workers at peak; onshore pipeline construction will
require approximately 100 workers at peak; and NGL Plant construction approximately

400 workers at peak.

2.7. PROJECT SCHEDULE

Construction will begin as soon as possible after receiving all necessary authorizations (with a
target date of August 2022 for start of NGL Plant site preparation) and will take approximately
3 years. The combined offshore and onshore pipeline system is targeted to be ready to deliver
rich gas by end of 2024, and the NGL Plant is targeted to be operational by mid-2025. The
Project has a planned life cycle of at least 25 years. A preliminary Project schedule is provided
in Figure EIS-5.
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Figure EIS-5: Preliminary Project Schedule

2.8. PuBLIC CONSULTATION

EEPGL and the Consultants have conducted a robust public consultation program to both
inform the public about the Project, gather information to inform the preparation of the EIA, and
understand stakeholder concerns so they could be incorporated into the EIA, as appropriate.
The different stages of the Project each require stakeholder engagement that is tailored in terms
of its objectives and intensity, as well as the forms of engagement used. The various
engagements completed to date in support of the EIA are summarized below.

o EEPGL has held a number of engagements and workshops on specific topics with the
government and agencies related to offshore oil and gas exploration and development in
general and the Project specifically.

o As part of the 2021 baseline data collection efforts supporting the EIA, the Consultants
conducted a quantitative socioeconomic survey of businesses and households within and
around the Direct Area of Influence (AOI), complemented by a series of key informant
interviews and focus groups.
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During scoping and the EIA development, EEPGL and/or the Consultants:

- Held 11 in-person public scoping consultation meetings in Regions 1 to 6, and two virtual
public scoping consultation meetings;

- Engaged with 36 representatives from the Neighbourhood Democratic Councils in
Region 3 during focus groups;

- Surveyed 150 businesses in Regions 3 and 4 during the 2021 socioeconomic business
surveys;

- Surveyed 370 individuals in Region 3 during the 2021 socioeconomic household
surveys, including 122 individuals categorized as members of vulnerable groups.

These meetings are documented in the Stakeholder Engagement Plan and information received
from these engagements was incorporated into the existing conditions and impact assessment
components of the EIA, as appropriate.

2.9. ALTERNATIVES

The EIA considered a range of potential Project alternatives, as summarized below.

2.9.1. System Alternatives

The system alternatives considered included different ways of meeting the purpose of the
Project, including alternative energy sources, alternative methods for transporting natural gas,
and alternative means of accessing Project locations.

EEPGL and the Government of Guyana have considered alternative sources of energy,
including alternative fuel sources for supplying the government’s planned power plant. A
thermoelectric power plant could be fueled by natural gas, biomass (e.g., wood residuals),
or bagasse (sugar cane residuals). Power could also be generated by solar, wind, or
hydropower generation facilities. Studies have shown that the capacity to meet Guyana’s
peak demand differs among these energy source alternatives, with gas and hydropower
constituting readily available firm capacity, as opposed to intermittent sources such as solar
and wind, or sources constrained by seasonal availability of fuel such as biomass or
bagasse. While hydropower is an opportunity in the long-term, and other renewable energy
sources are available in the interim, natural gas presents a transition fuel opportunity that
could reduce electricity costs and promote economic growth. The flexibility of gas generation
can also buffer seasonal variations in hydropower availability. Natural gas also has the
advantage of being feasibly used for power generation near existing transmission lines
along the Guyana’s coast, where most of the electricity demand is based. In contrast,
existing transmission infrastructure is limited or absent near potential sources of
hydropower, requiring significant transmission line construction from the potential points of
generation in the interior to the coast. Therefore, natural gas was selected as the preferred
energy source for the Project.
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Natural gas could be transported from the Liza Phase 1 and Liza Phase 2 FPSOs to shore
either via pipeline or via an LNG vessel. Transport via a pipeline was selected for a number
of technical, environmental, and economic reasons. Transporting natural gas in the form of
LNG would require the construction of additional infrastructure offshore and onshore,
including an offshore liquefaction vessel and a coastal regasification plant, in addition to one
or more specialized LNG vessels. The LNG vessel(s) may be limited in size and capacity by
the limited draft (water depths) near shore and in Guyana’s major rivers. Further, the
potential greenhouse gas (GHG) emissions from a pipeline approach are expected to be
less than those of an LNG liquefaction, transport, and regasification system. Therefore, the
selected alternative for gas transportation was a pipeline to shore.

With respect to accessing the Project footprint for construction, some degree of construction
access road development and/or improvement will be required for the Project, specifically for
the transport of oversize loads related to the construction of the NGL Plant. The two
alternatives considered were; (1) improve existing roads and/or construct new roads, both of
which create congestion for existing road users, especially across the Demerara Harbour
Bridge; and (2) construct a temporary MOF affording the ability to deliver materials via water
to suitable locations near the onshore construction areas. The selected alternative was to
use a temporary MOF, which will enable the transport of oversize loads, minimize the effects
of existing traffic congestion on the Project, minimize the environmental impacts associated
with the construction of new roads and bridges and the improvement of existing roads and
bridges, and reduce the impact of the Project on other road users in the community.

2.9.2. Location Alternatives

The primary elements of the Project for which location alternatives are available and
meaningfully different are the NGL Plant, the pipeline corridor, and the temporary MOF.

EEPGL commissioned a desktop and field survey to evaluate environmental,
socioeconomic, and engineering/project development conditions for multiple sites identified
by the Government of Guyana for potentially siting the shoreward portion of the Project,
which includes the onshore pipeline and NGL Plant. Potential road transit routes from
shorebases to each site were also assessed. An initial desktop-based screening evaluated
several sites identified by the Government of Guyana as potential locations for supporting
the shoreward components of the Project. This screening included screening criteria related
to environmental, socioeconomic, constructability, and feasibility issues. Out of 20 sites
considered initially, nine sites were short-listed for further assessment. A site in the Wales
Estate was identified as the preferred location for the NGL Plant among the sites evaluated.
The selected site is located in an area of abandoned cane fields with low biodiversity.
Compared to another alternative considered in the Wales Estate, the proposed location is
farther from established neighborhoods. Although this requires a longer pipeline, the
proposed location is preferred for social and health and safety reasons. Areas farther south,
east, or west of the proposed location have more biodiversity value than the proposed
location.
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e The location of the offshore starting point for Project infrastructure is dictated by the location
of the existing Liza Phase 1 and Liza Phase 2 FPSO vessels. Accordingly, there are no
feasible alternative starting points. However, there was some flexibility in routing the pipeline
corridor. A series of environmental and technical parameters were considered for the
offshore pipeline route. The selected route minimizes geotechnical and constructability
challenges, and does not conflict with existing subsea infrastructure, including cables
belonging to Guyana Telephone and Telegraph and fiber optic cables belonging to EEPGL.
In addition, the offshore pipeline follows the same general corridor of the EEPGL Fiber Optic
Cable for approximately half of the route to minimize overall footprint and optimize use of the
seafloor.

e For the onshore portion of the pipeline, EEPGL commissioned studies on
engineering/constructability, soils and geotechnical, biodiversity, socioeconomic, land use,
and other factors. Field teams assessed the pipeline route options from potential shore
landing locations to Vreed-en-Hoop, Wales, and Ogle, and potential road transport routes
from GYSBI to Vreed-en-Hoop, Wales, and Ogle. In addition, specialists acquired and
reviewed high-resolution satellite imagery of the sites and pipeline routes to supplement the
field survey efforts and support desktop analysis of inaccessible portions of the pipeline
routes. After considering the findings of these studies, including the selection of the Wales
Estate for the NGL Plant location, two onshore pipeline routes were considered: a Western
Option and an Eastern Option. The preferred route is the Western Option because it allows
the predominant use of open-cut construction, reduces impacts on private land, and uses
available easements under the government’s control along canals and associated access
roads.

e Four temporary MOF location alternatives were considered: three closely situated sites on
the west bank of the Demerara River at the Wales Estate, and a separate site downstream
of the Wales Estate, but upstream of the Demerara Harbour Bridge. The criteria used to
evaluate the temporary MOF location alternatives included: (1) proximity to the NGL Plant
location; (2) minimization of impacts on mangroves; (3) minimization of physical
displacement of persons/homes; and (4) minimization of the length of new roads and
improvement of existing roads. The preferred site was the one closest to the NGL site, which
would require the least existing road improvements, and would require the least
environmental impact, although it will require some physical resettlement.

2.9.3. Construction Alternatives
Construction alternatives considered in the development of the Project included the following:

o Offshore pipeline construction alternatives (laying on the seabed, trenching and burying, and
HDD methods) — for which a combination of all three alternatives was selected based on the
depth of water for each pipeline segment;
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e Onshore pipeline construction alternatives (open-cut trenching and HDD) — for which a
combination of both alternatives was selected based on the features to be crossed along the
onshore pipeline corridor (i.e., with HDD being used for larger canal and road crossings);

¢ MOF construction alternatives (temporary or permanent; with dredge disposal onshore or in-
water) — for which a temporary MOF concept was selected based on the primary intended
use of the MOF being during Construction; in-water dredge disposal was selected based on
direction from the Maritime Administration Department (MARAD).

¢ NGL Plant construction alternatives (modular or “stick build”) — for which a combination of
both alternatives was selected using modular where possible, but with some stick-build
where modular is not feasible for a given component.

2.9.4. Technology Alternatives
Technology alternatives considered in the development of the Project included the following:

o Potable and utility water systems (connect to public water system, truck water to NGL Plant,
develop groundwater wells) — for which a ground water well was selected, based on this
option providing a reliable source of water for Project demands.

e Flaring technology (elevated flare, enclosed ground flare) — for which a decision has not yet
been made pending further detailed design.

o Water discharge (trucking out wastewater, septic system, modular sewage treatment plant)
— for which a modular sewage treatment plant was selected based on challenges with
reliable truck transport and limitations on a leach field for a septic system.

2.9.5. No Project Alternative

The “no Project” alternative means that the Project would not be executed. In this scenario,
Guyana would continue to obtain electric power in the manner it currently does (i.e., mostly from
thermoelectric generation fueled by imported heavy fuel oil / diesel fuel). A range of factors were
considered comparing the potential impacts with the Project and the impacts of not developing
the Project.

The Project would provide a reliable source of fuel for the Government of Guyana’s planned
gas-fired power plant. This fuel also results in less air emissions per unit of electric power and is
less carbon-intensive than fuel sources currently in use. Thus, the Project would support
Guyana’s Low Carbon Development Strategy. The Project would have a positive impact on the
economy of Guyana by contributing to the provision of more affordable and reliable electricity,
as well as increased local employment and procurement opportunities. However, there would
also be temporary and permanent impacts in the immediate vicinity of the offshore and onshore
pipelines, the NGL Plant, and the temporary MOF. Under the No Project alternative, neither the
positive nor negative impacts of the Project would occur.
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3. ASSESSMENT OF POTENTIAL PROJECT IMPACTS

This section summarizes the potential environmental and socioeconomic impacts of the Project
resulting from planned activities and the potential risk to resources associated with unplanned
events, as well the Project’s anticipated contributions to potential cumulative impacts on
resources. The resources considered in this analysis are listed in Table EIS-3. The potential
impacts of the Project were evaluated against the conditions of the existing environment, as
described in Chapters 7, 8, and 9 of the EIA.

Table EIS-3: Resources and Receptors Considered in this EIA

Physical Resources Biological Resources Socioeconomic Resources
Geology and Groundwater Protected Areas Socioeconomic Conditions
Soils Marine and Coastal Biodiversity |Community Health and Wellbeing
Sediments Terrestrial Biodiversity Social Infrastructure and Services
Water Quality Freshwater Biodiversity Transportation
Sound and Vibration Ecological Balance and Cultural Heritage
Ecosystems

Air Quality, Climate, and Climate [Special Species Status Land Use and Ownership
Change
Waste Management Infrastructure Landscape and Visual Resources
Capacity

Ecosystem Services

Indigenous Peoples

3.1. PLANNED ACTIVITIES

The Project has both offshore and onshore components that will have a range of potential
impacts on the physical, biological (marine, freshwater, and terrestrial), and socioeconomic
environment. The Project will generate benefits for the citizens of Guyana through increases in
employment, select Project purchasing from Guyanese businesses, and facilitation of improved
energy independence and reliability through its support of the Government of Guyana’s
proposed Power Plant. The resources with the potential to incur meaningful impacts (impacts
with a significance rating of Minor or higher) from planned Project activities include physical
resources (sound and vibration, air quality, and climate / climate change), biological resources
(marine and coastal, terrestrial, and freshwater biodiversity; and ecological balance and
ecosystems), and a number of socioeconomic resources. These resources and their residual
significance ratings (after mitigation measures are considered) are discussed briefly below.
Resources that are not expected to incur impacts with significance ratings higher than Negligible
from planned Project activities are not discussed in this section.

3.1.1. Sound and Vibration

The impacts of planned Project activities on sound and vibration will derive from both
Construction stage and Operations stage activities. Construction stage impacts will derive from
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operation of the onshore pipeline construction spread, in particular along segments of the
onshore pipeline corridor that pass close to communities. Operations stage impacts derive form
the normal continuous operations of NGL Plant process equipment, with the potential for
intermittent of higher-noise operations such as the flare and high-pressure drop valve.

The assessment of potential sound impacts was completed based on the estimation of noise
levels at potential residential structures during both daytime and nighttime Project activity
periods. Based on the assessment of pre-mitigation significance levels for potential impacts, a
suite of mitigation measures are recommended. Considering implementation of the mitigation
measures, a summary of the residual impact significance ratings is as follows:

3.1.1.1. Construction Stage

e For NGL Plant construction activities, there will be no potential residential structures
predicted to be exposed to noise levels above a Negligible significance.

o For onshore pipeline segments completed using open-cut techniques, there will be potential
residential structures that could be exposed to as much as a Moderate level of noise
exposure. These potential residential structures are located along a total of approximately
3.5 kilometers of the onshore pipeline corridor. Based on the estimated rate of progress for
open-cut trenching, a given structure would be exposed to elevated noise levels for a limited
amount of time (on the order of a few days) as the pipeline construction crew drew closer,
passed, and then drew further from the structure. This operation will occur only during
daytime hours.

o For HDD activities completed during daytime hours, there will be potential residential
structures distributed across four HDD segments that could be exposed to as much as a
Minor level of noise exposure, depending on the side of the HDD segment on which the
HDD rig is positioned. Based on the length of the HDD segments and the estimated rate of
progress for HDD activities, the duration of exposure for a given residential structure will be
between 2 and 4 days.

e For HDD activities completed during nighttime hours (an infrequent instance, which will be
avoided to the extent practicable), there will be potential residential structures that could be
exposed to as much as a Moderate level of noise exposure, depending on the side of the
HDD segment on which the HDD rig is positioned. The duration of exposure for a residential
structure during nighttime HDD activities would be expected to be less than one night (and
likely no more than a few hours).

3.1.1.2. Operations Stage

e For normal operations stage, there will be no potential residential structures predicted to be
exposed to noise levels above a Negligible significance for both daytime and nighttime
hours.

e For intermittent operations (involving the intermittently operating flare and high-pressure
drop valve), there will be no potential residential structures predicted to be exposed to noise
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levels above a Negligible significance for daytime hours, but there will be potential
residential structures that could be exposed to noise levels of up to a Moderate level of
noise exposure during nighttime hours.

3.1.2. Air Quality, Climate, and Climate Change

Potential air quality impacts from the Project will derive from Construction and Decommissioning
(principally related to short-term dust emissions) and Operations (principally related to long-term
criteria pollutant emissions from NGL Plant operations). A suite of embedded controls will
reduce emissions to air. Additionally, based on the assessment of pre-mitigation significance
levels for potential impacts on air quality, a suite of mitigation measures are recommended to
address potential Construction stage air quality (dust) emissions. Considering implementation of
the mitigation measures, a summary of the residual impact significance ratings for the
Construction and Decommissioning stages is as follows:

e For open-trenching segments of the onshore pipeline, potential residential structures could
be exposed to dust levels up to a Moderate significance level. These potential residential
structures are located along a total of approximately 3.5 kilometers of the onshore pipeline
corridor. Based on the estimated rate of progress for open-cut trenching, a given structure
would be exposed to elevated dust levels for a limited amount of time (on the order of a few
days) as the pipeline construction crew drew closer, passed, and then drew further from the
structure.

e For HDD activities, there will be no potential residential structures predicted to be exposed
to dust levels above a Negligible significance level.

e For the NGL Plant construction earthworks phase and Decommissioning stage, there will be
a small number of residential structures (near the heavy haul road and temporary MOF) that
could be exposed to dust levels up to a Moderate significance level.

o For the NGL Plant construction post-earthworks phase, there will be no potential residential
structures predicted to be exposed to dust levels above a Negligible significance level.

Air quality dispersion modeling was conducted for the NGL Plant operations, and concluded that
predicted maximum ground-level concentrations of criteria pollutants will be no more than

5.4 percent of the associated World Health Organization (WHO) and U.S. Environmental
Protection Agency (USEPA) ambient air quality guideline concentrations. Accordingly, a
Negligible significance rating is assigned for potential impacts on air quality from the Project.

The NGL Plant operations will result in an increase in GHG emissions, but the percentage
increase relative to national GHG emissions is less than 1 percent, and the percentage
increases relative to regional and global emissions are all several orders of magnitude below

1 percent. However, recognizing that climate change has a high importance as a global concern
and that the Project will contribute to an increase in global GHG emissions, a pre-mitigation
significance rating of Minor is assigned for the Operations stage.
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3.1.3. Marine and Coastal Biodiversity

The potential impacts of planned Project activities on marine and coastal biodiversity will be
mostly habitat-driven rather than mortality- or injury-driven. Potential impacts on coastal
biological resources will be limited to temporary disturbance of the shore at the proposed
shoreline crossing, which is located approximately 3.5 kilometers west of the mouth of the
Demerara River. The location is armored with rip-rap and the shallow marine zone is a sand and
mud flat which is expected to recover quickly from disturbance associated with installing the
pipeline.

Most impacts on the habitat will occur during the Construction stage. The offshore pipeline will
be installed using a combination of direct lay, jetting, and trenching. Conservatively assuming
that all 205 kilometers of pipeline in the shallow, intermediate, and deep sections are laid
directly on the seafloor, the maximum amount of benthic habitat lost within the footprint of the
pipeline will be 6.62 hectares. Jetting and trenching will produce temporary turbidity plumes at
the installation site, hydrodynamic modelling indicates that an additional 623 hectares of benthic
habitat will be temporarily disturbed by elevated turbidity during construction of the offshore
pipeline.

Black and grey wastewater from pipeline installation vessels will be treated with a combination
of digesters, biological treatment, and/or chemical treatment according to regulatory
requirements and the specific treatment facilities available onboard the installation and support
vessels. These effluents will be discharged to the sea according to applicable standard
international practices (i.e., International Convention for the Prevention of Pollution by Ships,
1973, as modified by the Protocol of 1978 [MARPOL 73/78]). The potential discharge of pipeline
hydrostatic test water may also create toxicological impacts due to the presence of one or more
test chemicals in the hydrostatic test water within 100 to 500 meters from the discharge location
depending on which hydrostatic testing chemicals are used and flow conditions at the time of
the discharge.

Several management measures have been incorporated into the Project design as embedded
controls to minimize the significance of the Project-related impacts on marine and coastal
biodiversity. With these measures in place, residual impacts on marine and coastal biodiversity
are expected to range from Negligible to Moderate.

3.1.4. Terrestrial Biodiversity

The primary potential impacts of the Project on terrestrial biodiversity involve habitat loss and
conversion, injury/mortality of biota, degradation of habitat, and disturbance/displacement of
wildlife, but these impacts are minor and are not expected to have population-level impacts on
any species or permanently alter the ecological condition or value of the Project AOI. The direct
impacts to vegetation and habitat from the Project are small and exclusively limited to previously
disturbed areas that have been modified by anthropogenic disturbance, particularly agriculture
and related water management features (canal and dam systems). As such, potential impacts
from the loss of these habitats on terrestrial biodiversity are expected to be correspondingly
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small. The majority of terrestrial wildlife species in the area are common, generalist species with
moderate to high tolerance for human disturbance. Localized wildlife disturbance and
displacement will occur as a result of human activity, light, sound, and vibration, particularly
during vegetation clearance and facility construction. Working hours during the Construction
stage will be limited to daytime hours, but use of artificial lighting for nighttime security along the
construction work fronts and at Project facilities during operation will be necessary.
Displacement could cause affected wildlife to lose access to foraging habitat, mates, or
dependent young. It could also increase intra- and inter-species competition in the new areas
where displaced wildlife relocate. However, once human activities and related sound largely
subside after the Construction stage, wildlife, particularly species that are tolerant of human
activity, is expected to quickly repopulate the area.

Colonial waterbird breeding colonies and communal roost sites are particularly vulnerable to
disturbance, and human activity can cause desertion of the nesting and roosting sites. Several
waterbird nesting and roosting areas occur in the lower Demerara River, including Inver Island,
which is a forested island located in the mid