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All maps/charts in this Report are purely illustrative and are to be used solely for the purpose of
assessing the environmental impact of the proposed works, and not for any other purpose.
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Introduction

1.1

DHI)

Introduction

With reference to the Letter of Acceptance (Ref. NPBOOOECI20301770 / 1) dated
03 December 2020, DHI Water & Environment (S) Pte Ltd (“DHI”) has been engaged by
National Parks Board (henceforth termed “NParks” or “Client”) for an Environmental Impact
Assessment (EIA) (henceforth also referred to as “Study”) for a proposed jetty at Ubin
Living Lab (ULL) (henceforth termed “Project”) (Figure 1.1).
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Figure 1.1

Location of the proposed development

Background

To address the limitations of the current jetty at the main village on Pulau Ubin, a new jetty
in ULL area has been proposed to be erected at the headland area and would be partially
floating on Ketam Channel. This new jetty was designed as a complementary secondary
jetty with accessible features, allowing accessible bumboats to berth and to increase the
accessibility of Pulau Ubin to handicapped members of society. It is also capable of
berthing larger vessels with up to 60 passengers, as well as bumboats.

The new jetty would be located at the site of the former Ubin Celestial Beach Resort jetty,
where three existing underwater structural pylons remain after the former jetty was
demolished. It would be linked to an existing footpath along ULL and would serve as a
secondary entrance gateway to Pulau Ubin for:

Visitors going to Pulau Ubin;
Prearranged school trips;
Campers and other users accessing the site;
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e Special-needs, mobility limited visitors; and
e SCDF and Police Coast Guard response personnel.

1.2 EIA Objectives

The initial consultation with relevant authorities, which took place between February and
April 2021, concluded that an environmental study was required as part of planning
permission for the proposed enhancement jetty works at ULL. This environmental study,
i.e., the Study, reviews the existing environmental conditions in and around the Project
area, analyses potential changes to the physical, chemical, and biological environment,
and assesses the significance of the potential impacts on environmental and socio-
economic receptors within the study area. DHI's scope of work comprises three (3) main
components, the purposes of which are listed as follows:

e« Environmental Impact Assessment (EIA): to assess and document the
environmental impacts of the proposed development;

« EMMP Tender Specifications and Evaluation: to prepare EMMP-related
specifications for the EMMP component of construction tender and provide evaluation
and inputs for the award of tender; and

e EMMP Supervision: to supervise and evaluate EMMP implementation during
Construction and Post-Construction Phases.

The adequacy and relevance of the recommended EMMP framework and its
implementation hinge on the EIA study. The aim of the Study is, therefore, to provide
information and assessment on the nature and extent of environmental impacts arising
from the construction of the proposed development to (1) obtain environmental approval
for the Project and (2) form a basis for a robust EMMP framework for Construction and
Post-Construction Phases.

The detailed objectives are as follows:

e To identify and determine the baseline conditions of biodiversity and to formulate a
biodiversity inventory and distribution map;

e To assess the extent of potential environmental impacts caused by the construction of
the proposed Project based on the detailed development plan;

e To propose suitable mitigation measures in order to prepare a robust Environmental
Monitoring and Management Plan (EMMP) for the Construction and Post-Construction
Phases of the Project in preparation for future steps.

This report outlines the objectives and methodologies for the EIA, details the environmental
baseline results, describes the development works and discusses the potential impacts
predicted to arise from them. It also documents the recommended measures to mitigate
the predicted impacts and outlines an Environmental Management and Monitoring
Programme (EMMP) for the Project.
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2 Project Description

2.1 Project Location

The Project is located on Pulau Ubin Island, northeast of the Singapore mainland (Figure
2.1). The island of approximately 1,020 hectares has a rich cultural and natural heritage
and is home to Singapore’s last villages (also known as kampongs). Pulau Ubin also hosts
a thriving natural environment with biodiversity ranging from native mammals, birds,
reptiles, amphibians and odonates. On the island’s eastern shore is the Chek Jawa
Wetlands, one of Singapore’s richest marine ecosystems. In a major push towards
discovering the diversity of species found on this unique offshore island, the
Comprehensive Ubin Biodiversity Survey published on 25 September 2020 found 20 new
species records, including Piranthus sp., a spider species new to science (Tan, 2020a).
This highlights the sensitive nature of the environmental setting where the proposed works
will occur.

As a popular recreational destination, Pulau Ubin is frequented by many visitors to the
island engaging in activities such as cycling, fishing and camping. To support this
popularity, NParks has installed various basic amenities such as campsites, tracks, and
shelters (Figure 2.1). The proposed Project is part of these efforts to upkeep and renew
facilities for people to continue enjoying the island’s various activities.
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Figure 2.1 Pulau Ubin visitor information map (Source: NParks, 2020)
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2.2 Project Design

The works will involve the construction of a floating pontoon jetty with an arrival pavilion
(Figure 2.2). The jetty is approximately 65 m by 11 m. The proposed work area around the
jetty is around 96 m by 35 m (including the jetty within).
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Figure 2.2 Plan view of the proposed jetty and arrival pavilion, including the proposed working
space around the jetty (Source: PAL Consultancy)

Key construction works anticipated for the proposed jetty at ULL include the following:

« Removal of three existing underwater structural pylons — left over from the former jetty;

o Trimming of the seabed and shoreline to the desired bed level via excavator (Figure
2.3) (estimated total trimming volume: 400 m3);

« Demolition of existing concrete landing;

« Micro piles at gangway landing site via drilling rigs (Figure 2.3);

e Construction of new sloping stone revetment;

« Piling of marine steel pipe piles infilled with concrete via a piling rig (Figure 2.3);

o Installation of pre-fabricated pontoons and gangway; and,

o Erection of arrival pavilion.

There were also lighting requirements for the jetty, requested by the Police Coast Guard
(PCQG) for security reasons. At the timing of writing of the EIA, the measures were yet to be
confirmed, however, there was potential need to light up the jetty, as well as the Ubin-
Ketam Channel, even during night hours (i.e., 7pm to 7am). Do note that the subsequent
assessment was conducted based on the worst case scenario for potential lighting impacts.
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Figure 2.3 Construction equipment types to be used for the development (Top: for trimming of
seabed; Middle: for micro piling; Bottom: for marine piling)
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2.3 Project Timeline (2024 onwards)

URA clearance

Public Disclosure

Address comments and final clearance
of EIA report

Publication and award of construction
Tender

Construction Period
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3 Environmental Laws, Standards and Guidelines

In addition to the EIA Process employed across various EIAs in Singapore (Section 3.1),
there is a selection of laws, regulations, guidelines, conventions, and protocols identified
and considered in the process of conducting the Study. These are presented in the sub-
sections as follows:

Section 3.2 Relevant Singaporean Acts
Section 3.3 Relevant Singapore Regulations and Guidelines
Section 3.4 Applicable International Guidelines

Section 3.5 Conventions, Treaties and Protocols

3.1 EIA Process in Singapore

At present, under the Planning Act (1998), statutory permissions and conditions can be
imposed for the conduct of environmental studies and investigations into biodiversity.
These studies are called Environmental Impact Assessments (EIAs), where potential
environmental impacts of development proposals are assessed internally or collectively by
relevant government agencies as part of the planning approval process.

The aim of an EIA is to protect the environment by ensuring that a local planning authority,
when deciding whether to grant planning permission for a project, does so in full knowledge
of the likely significant environmental effects and takes this into account in the decision-
making process. The EIA Framework in Singapore comprises a set of screening criteria to
identify projects that agencies require more in-depth assessment, and a planning process
that allows for EIA and public disclosure when needed. The process is illustrated in Figure
3.1 and summarised in Table 3.1.

Technical Agencies
MND/JRA

MEASURE & O ATION PUBLIC IMPLEMENTATION
ASSESSMENT MITIGATS DISCLOSURE OF EMMP

+Baseline Study +Environmental Management
+Medelling Study and Mitigation Plan (EMMP)

+ImpactAssessment

Deyeloper /
Consultant

Figure 3.1  An illustration of the EIA Process in Singapore. The relevance and requirement of stakeholder
engagement are project-dependent and can take place at various stages of the study
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Table 3.1 Objectives of key EIA stages in Singapore

EIA Stage Objectives

Screen To identify and recommend whether or not an Environmental Impact
Assessment is required and propose a stakeholder engagement plan
for the Project.

Scope To identify environmental pressures/changes arising from the Project
and environmental sensitive receptors (ESRs) that may be affected by
them and on that basis, determine assessment scope (spatial and
temporal boundaries, impacts to be assessed) and formulate EIA
approach and methodology.

Measure To describe the baseline conditions and the identified ESRs in potential
impact zone of the Project, either through field surveys or desktop
literature searches and data analysis.

Assess To classify significance of impacts through assessment of magnitude
and duration of environmental pressures in relation to tolerance limits of
the ESRs, taking into account the importance of the receptors and their
recoverability from the impacts.

Manage & Mitigate To outline management and engineering measures which are required
to mitigate the impacts to an as-low-as-reasonably-practicable level
(ALARP) and monitoring regime for the Construction Phase to ensure
that impacts are managed accordingly.

Engage To engage relevant stakeholders (socio-economic receptors, interest
groups, etc.) to obtain feedback on scoping, impact findings and
monitoring requirements — stakeholder engagement requirement varies
depending on scale of development, sensitivity of the Project area,
among other factors.

Public Disclosure After incorporation of relevant agencies’ views, EIA reports should be
made available for public feedback. Public feedback received should be
incorporated into the final EIA report.

Implementation of the | Relevant agencies to implement and monitor the approved EMMP.
EMMP

3.2 Relevant Singaporean Acts

Several Singaporean Acts are applicable to this Study. These include, but are not limited
to, the following:

o Environmental Protection & Management Act 1999 (revised 2002). Covers pollution
control including noise, hazardous substances, trade effluent & air quality (including
ozone depleting substances, or ODS). Implemented by NEA (Pollution Control
Department - PCD).

e Environmental Public Health Act 1987 (revised 2002). Covers general waste,
dangerous substances, and hazardous wastes. Implemented by NEA.

« Maritime and Port Authority of Singapore Act 1996 (revised 1997). Establishes the
Marine and Port Authority (MPA) of Singapore to provide for its functions and powers.
Also covers regulation and control navigation within the limits of the port and the
approaches to the port. Implemented by MPA.
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o Merchant Shipping (Civil Liability and Compensation for Oil Pollution) Act 2008 (revised
2010). Covers penalties for oil spills from any vessel. Implemented by MPA.

e Planning Act (revised 1998). An act to provide for the planning and improvement of
Singapore and for the imposition of development charges on the development of land
and for purposes connected therewith.

o Prevention of Pollution of the Sea Act 1990 (revised 1999). An act to put into effect the
International Convention for the Prevention of Pollution from Ships 1973, as modified
by the Protocol of 1978, and to other international agreements relation to the
prevention, reduction and control of pollution of the sea and pollution from ships, and
generally for the prevention reduction and control of pollution to the sea (MARPOL).
Implemented by MPA.

« Sewerage and Drainage Act 1999 (revised 2001). An Act to provide for and regulate
the construction, maintenance, improvement, operation and use of sewerage and land
drainage systems, and to regulate the discharge of sewage and trade effluent.
Implemented by PUB.

Relevant Singapore Regulations and Guidelines

Regulations and guidelines of relevance to the Project include, but are not limited to, the
following:

e MPA General Guidelines on Requirements for Application on Dredging and Dumping
Works (2014);

e JTC Guideline on Environmental Baseline Study (EBS) (2019);

e SLA Guideline on Environmental Site Assessment (ESA);

e NEA Hazardous Waste (Control of Export, Import and Transit) Regulations 1998
(revised 2000). Covers transport of hazardous waste (BASEL permits);

e NEA Environmental Public Health (Toxic Industrial Waste) Regulations 1988 (revised
2000);

« NEA Environmental Protection and Management (Hazardous Substances)
Regulations 1999 (revised 2008);

e NEA Code of Practice on Pollution Control (2013);

e NEA Guidebook on Waste Minimisation for Industries (2002);

e NEA Code of Practice on Environmental Health (2017);

« PUB Code of Practice on Surface Water Drainage (2011);

« PUB Sewerage and Drainage (Trade Effluent) Regulations 1999 (revised 2007);

« PUB Requirements for Discharge of Trade Effluent into the Public Sewers 2016;

e« NEA Environmental Protection and Management (Control of Noise at Construction
Sites) Regulations 1999 (revised 2008) that include Maximum Permissible Noise
Levels for Construction Work Commenced on or after 1st October 2007;

« NEA Singapore Ambient Air Quality Targets (2011)

Applicable International Guidelines

Some aspects of the Project are not covered by existing Singapore regulations. For
example, the Singapore guidelines do not specify certain water quality standards or
guidelines. In accordance with usual EIA practices, where National standards are not
available, relevant international standards such as the World Bank (which includes the
International Finance Corporation, or IFC) guidelines will be applied. DHI will also apply
other relevant international benchmarks and our own well-established port and marine
ecology related tolerance limits as appropriate. The standards and guidelines used within
the assessment process will be further detailed within the EIA Report.
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3.4.1 World Bank / IFC

In general, the EIA will reference where IFC Performance Standard 1: Assessment and
Management of Environmental and Social Risks are relevant. More specifically, the EIA
may reference IFC Performance Standards, including:

o Performance Standard 3: Pollution Prevention and Abatement;

o Performance Standard 4: Community Health, Safety and Security;

o Performance Standard 6: Biodiversity Conservation and Sustainable Natural Resource
Management; and

o Performance Standard 8: Cultural Heritage.

The IFC Performance Standards are strengthened by a set of Environmental Health and
Safety (EHS) Guidelines which provide additional supporting material to assist with
improving compliance with the standards and improving project performance. Those which
may apply for this Project include:

e Air emissions and ambient air quality;

o Wastewater and ambient water quality;
e Hazardous materials management; and
¢ Waste management.

3.4.2 Other International Guidelines

Other internationally accepted policies and guidelines may be referenced and applied as a
basis for assessing impacts. The following, amongst others, have been identified for this
Project:

e European Union Guidance on EIA (European Commission 2001);

e The European Commission’s Integrated Pollution, Prevention and Control (IPPC)
General Principles of Monitoring, 2003;

e Association of Southeast Asian Nations Marine Water Quality Criteria (ASEAN 2008)
for assessing water quality;

e Hong Kong Sediment Quality Criteria for Management of Dredged/Excavated
Sediment (ETWB 2002);

« International Panel on Climate Change (IPCC), 2013: Climate Change 2013: The
Physical Science Basis, Contribution of Working Group | to the Fifth Assessment
Report of the Intergovernmental Panel on Climate Change (IPCC AR5 WG1 2013);

« |UCN Red List of Threatened Species for assessing the vulnerability of species. Under
this classification scheme, globally threatened species have been categorised as
Extinct, Extinct in the Wild, Critically Endangered, Endangered, Vulnerable, Near
Threatened or Least Concern;

o Singapore Red Data Book (Davison et al., 2008) for assessing the vulnerability of
species in Singapore. Under this classification scheme, locally threatened species
have been categorised as Globally Extinct, Presumed Nationally Extinct, Critically
Endangered, Endangered, Vulnerable, Near Threatened or Least Concern;

o The Netherlands Ministry of Housing, Spatial Planning and Environment Target Values
and Intervention Values for Soil Remediation (VROM 2000) for assessing soil toxicity;
and

o USEPA Guidelines for Assessing Air Quality.

It should be noted that this list is not exhaustive, and specific standards and guidelines may
be referenced throughout the relevant sections of the EIA Report.
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3.5 Conventions, Treaties and Protocols

Singapore has ratified or acceded to the following key international conventions, treaties
and protocols of relevance to this EIA:

ASEAN Agreement on Transboundary Haze Pollution 2002;

BASEL Convention on the Control of Transboundary Movements of Hazardous Wastes
and Their Disposal 1989;

Convention on the Prevention of Marine Pollution by Dumping of Wastes and Other
Matter 1972, the "London Convention" in short;

International Convention on Civil Liability for Oil Pollution Damage, 1969, renewed in
1992 and often referred to as the CLC Convention;

International Regulations for Preventing Collisions at Sea 1972 (Colregs) are published
by the International Maritime Organization (IMO);

International Convention on Oil Pollution Preparedness, Response and Co-operation
(OPRC) 1990;

International Convention for the Safety of Life at Sea (SOLAS), most recent
amendment dates from May 2011;

Kyoto Protocol to the UNFCCC 1997,

MARPOL 73/78: International Convention for the Prevention of Pollution from Ships,
1973 as modified by the Protocol of 1978. ("MARPOL" is short for marine pollution and
73178 short for the years 1973 and 1978.);

Montreal Protocol on Substances that Deplete the Ozone Layer 1987 and its
Amendments;

Rotterdam Convention on the Prior Informed Consent Procedure for Certain
Hazardous Chemicals and Pesticides in International Trade 1998;

Stockholm Convention on Persistent Organic Pollutants 2001;

UN Convention on Biological Diversity 1992;

UN Framework Convention on Climate Change (UNFCCC) 1992;

United Nations Convention on the Law of the Sea (UNCLOS) 1982, also called the Law
of the Sea Convention or the Law of the Sea treaty; and

Vienna Convention for the Protection of the Ozone Layer 1988.
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4.1

4.1.1

)

EIA Scope and Approach

Study scope

DHI identified potential impacts from the Project using a Scoping Matrix. This process
requires a clear understanding of impact processes, including ecosystem processes and
linkages. An impact process describes how a specific receptor is affected by a specific type
of impact, i.e., from Pressure via Pathway to Receptor. All three elements are required for
there to be an impact. For example, if there is no pathway from the source of a pressure to
the receptor, then no impact will eventuate; and if there is a pressure source but no
receptor, there will also be no impact.

Environmental pressure is defined as a change in environmental conditions (such as
currents, waves, water quality, etc.) resulting from a development project. A sensitive
receptor is a social, economic or ecological feature that may be affected by a pressure or
a group of pressures. The following subsections discuss in detail the pressures and
receptors relevant to the Project.

It should be noted that from Form A’s findings, TAs’ feedback and the Inception Report, the
scope identified only covers impacts from construction works planned to take place in the
foreshore and marine areas for the construction of the jetty. Therefore, no impact
assessment would be carried out for land works (road construction and electrical works
etc.) in this EIA.

Spatial and Temporal Scope

The Project was anticipated to result in several changes (determined as “pressures”) on
the physical, biological, and socio-economic environments, both marine and terrestrial.
Hence, the Project has the potential to exert several impacts on sensitive environmental
receptors within the vicinity of the proposed jetty. The spatial scope for analysis was defined
based on the spatial scale of change that could result from the proposed construction and
operation of the Project.

The Project was expected to induce changes in hydrodynamics (e.g., due to the jetty
structures to be constructed) and water quality (e.g., due to increased suspended
sediments during construction). Despite that, the anticipated impacts to the environment
are minimal due to the relatively small scale of the demolition, trimming, piling, and final
constructed footprint. These impacts were also expected to be highly localised due to the
low current speeds in the Project area. The spatial extents for assessment of potential
impacts due to potential changes to (i) noise and physical disturbances, (ii) terrestrial flora
and fauna, and (iii) air quality, considered impact zones of 150 m radius, 250 m radius, and
350 m radius respectively from the works area (Figure 4.1).

The temporal scale at which the potential impacts were assessed was determined based
on the period at which the Project was expected to take place as well as the nature of the
post-construction/ operational phase. This Study considered that construction works would
commence in 2024 and take 24 months (up to 2026) for completion, and the jetty was
assumed to have a design life of 25 years. Given the near future and small scale of the
Project, potential impacts from construction and operation activities were assessed against
a Baseline situation based on the present-day development status and land profile of the
study area.

61802820-RPT-EIA-Draft-v6.4-final.docx / ZIYU & ALYL / 2023-12 12



EIA Scope and Approach %
DHI

4.1.2 Assessment Scope

Expert scoping for the Project was carried out between April and July 2020, including
consultation with  URA and Technical Agencies. The exercise identified relevant
environmental pressures as listed in Table 4.1, sensitive receptors in Table 4.2, and the
Scoping Matrix in Table 4.3.

4121 Environmental Pressures

Table 4.1 Identified environmental pressures arising from the construction and operation of
Project
Construction Phase Post-construction (Operation) Phase

e  Physical disturbances on land and in the o Project footprint

marine environment o Hydrodynamic changes (minimal) due to
° Hydrodynamic changes due to shoreline and seabed alteration
intermediate stages of development e Ship wakes (including
° Sediment plume due to piling and erosion/sedimentation of shoreline)
trimming works o Propeller wash-induced sediment plume
e Atmospheric admissions from demolition o Future additional vessel traffic and
works and construction works visitors

¢ Noise emissions from land (airborne) and
marine piling works (underwater)

e Water quality changes due to sediment
plumes, silty runoffs, or spills/leaks

No long-term morphological changes due to the presence of the jetty and slipways were
expected to result from such small-scale modifications of the existing shoreline. Specific
environmental pressures are elaborated upon in Table 4.3 below against the sensitive
receptors in the vicinity.

4.1.2.2  Sensitive Receptors
Based on DHI's extensive in-house receptor database and a desktop review of public
information, the known environmental receptors within the vicinity of the Project area were
identified, as shown in Figure 4.1. Descriptions for the various types of sensitive receptor
groups are provided in Table 4.2. The potential impacts on these sensitive receptors are
shown in the scoping matrix in Table 4.3.
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Figure 4.1 Overview of known environmental receptors in the study area

Table 4.2 Description of known environmental receptors within the defined study area

Receptor Groups

Sensitive Environmental Receptors

Ecology and
biodiversity

e  Terrestrial flora and fauna within and near the project footprint

e Avifauna (resident and migratory birds) of the general study area

e Intertidal habitats

e  Mangroves at Sungei Puaka

e  Marine fauna of the general study area

e  Soft-bottom seafloor macrobenthos within the project footprint
and surrounding seabed

Socio-economic
receptors (human
health and visual
impacts)

e  Villagers of Pulau Ubin

e  Staff on Pulau Ubin

e Recreational users (e.g., campers at Endut Senin Campsite, sea
sports participants, intertidal and mangrove visitors)

Marine navigation

e  Serangoon Harbour navigation channel, a major shipping lane
used by ships and boats to enter ports in Malaysia
e  Boating channel between Pulau Ubin and Pulau Ketam

Aquaculture facilities

e  Marine aquaculture facilities south of Pulau Ubin and south of
Pulau Ketam

e Land-based Aquaculture farm on Pulau Ketam, including its
water intake point to the southwest of the island
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41.2.3

Potential Impacts

One of the tasks during the EIA was to describe the pressures and receptors, including
their spatial and temporal characteristics and sensitivities. Based on this understanding, an
impact pathway between the two can be confirmed, and the significance of this impact have
been assessed. An impact can occur due to a direct interaction between the pressure and
the receptor, which could consequently impact receptors lower down the food web or on
ecosystem services that economic activities are dependent on, such as fish provision.

Table 4.3 illustrates the environmental receptors that may be impacted by environmental
pressures from the Project. This jetty development comprises several marine piles, floating
gangway and pontoon and an arrival pavilion on land. The only flow-obstruction component
is the marine piles. These piles are few in numbers and small in size hence were not
expected alter hydrodynamic conditions in the area. No alteration in flushing was therefore
anticipated that warrants the need for water quality modelling. Water quality modelling was
scoped out of this EIA at the scoping stage in consultation with Technical Agencies. It was
subsequently evident from the HD model results that the jetty causes no change to current
patterns in the study area.

All interactions in Table 4.3 were explored in the Study. However, several key
environmental issues were identified that helped to focus the efforts of the Study. Additional
details of how the anticipated short-term (Construction Phase) and long-term (post-
construction/operational phase) impacts on specific receptors were measured are found in
Section 4.2.1 below.
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Table 4.3 Scoping Matrix for the Project. Pressures = changes in environmental parameters as a result of the project. Receptors = social, economic or ecological features
that may be affected by the pressure. S = Short-term impacts, Construction Phase impacts. L = Long-term impacts, Post-Construction Phase impacts. Some
pressures are related, either causatively or by co-occurrence. Linkages between pressures are indicated®.

1 For example: Hydrodynamic Changes (S/N 3) assessed in this study are caused by Project Footprint (S/N 2), hence the two pressures are interlinked in the table.

2 Including the resulting water quality changes
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4.2 Study Approach

DHI’s overall workflow for environmental impact assessment is illustrated in Figure 4.2.
This section elaborates on the approach for the Measure, Assess and Manage stages.

SCOPE
Environmentally Environmental
Sensitive Receptor Pressure
MEASURE L +
AND MAP
Importance Magnitude
Spatial patterns flatira Spatial extent
Temporal variability 4——> Duration & frequency P
Sensitivity/Tolerance g Proportional change
Value/Rarity Severity
Pathways? Environmental Impact Pathways?
ASSESS l’
Permanence
Recoverability
Cumulative
Rapid Impact Assessment Matrix
Impact Significance
MANAGE

Mitigation peeemmg Project Design

EMMP

Thresholds
Monitoring

Figure 4.2  DHI’s approach to environmental scoping, impact assessments and environmental
management

42.1 Measurement

4.2.1.1 Baseline Conditions
The baseline conditions will be established through a combination of physical surveys and
a thorough desktop review of other data and information available or to be made available
to DHI. Such information can be in-house data held by DHI from internally funded research
projects (e.g., AIS data) or from other projects or agencies associated with other
environmental studies (e.g., the previous shoreline study for Pulau Ubin and Pulau Ketam
(SJ, 2016)).
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with the latest details of:

e Agquaculture farms;

DHI)

DHI will also undertake an extensive review of available satellite imagery, which in
combination with the collated secondary data, will allow DHI to update our GIS database

« Ecological receptors (protected and key species, mangroves, seagrass, etc.);

e Marine infrastructure (ports/jetties, navigation areas, anchorages, etc.);

o Coastal features (breakwaters, revetments, sandy shorelines, mudflats, etc.); and
o Land use (cleared land, residential land, industrial areas, natural vegetation, etc.).

Table 4.4

Field surveys conducted in this Study, in order of mention from Section 5 onwards

Environmental Aspects

No. of Stations/

Transects

Survey Dates

Bathymetry

Within the study

extent

15 — 16 February 2021

Current and Waves

1 ADCP station

23 November — 06 December 2022 (ADCP)

3 current 22 November 2022 (current transect)
transects
Shoreline Survey 4 16 November 2022
Terrestrial Sediment 1 16 November 2022
Quiality
Seabed Sediment Quality 1 15 November 2022
Marine Water Quality 3 15 November 2022 (neap-tide)
22 November 2022 (spring-tide)
Intertidal surveys 10 points 24 November 2022
Mangrove Habitats 3 24 November 2022
Macrobenthos and Cyst 1 16 November 2022
Fish and Corals 3 11 January 2023
Terrestrial Flora 1 transect 22 November 2022 (transect)
3 plots 22 November 2022 (plot)
Terrestrial Fauna Transect | 1 16 — 17 November 2022
13 — 14 December 2022
Camera Trap 2 11 - 18 November 2022
Air Quality 1 16 — 22 November 2022
Noise Quality 1 continuous 23 — 30 November 2022 (continuous
2 spots measurement)
22 November 2022 (spot measurements)
Underwater Noise 1 22 November — 06 December 2022
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Findings from the above surveys and secondary data research are discussed in Sections
5 and 6 of this report and integrated into the relevant impact assessments for Construction
Phase. Flora and fauna surveys were conducted in compliance with the local Biodiversity
Impact Assessment (BIA) Guidelines (NParks, 2020).

Biological Classifications: Flora and Fauna

Habitat Type Classifications

Table 4.5

Habitat types found within Singapore and general description of each habitat, modified

from the Biodiversity Impact Assessment (BIA) Guidelines (National Parks Board
2020) and Yee et al. (2016)

Habitat

Description

Source(s)

Primary forest

Contains an emergent layer that has dipterocarp trees
such as Shorea and Dipterocarpus. Has a continuous
layer of tall native trees, a sub-canopy consisting of
smaller trees, and an understorey dominated by
saplings of big tree species interspersed with other
shrubs and treelets.

Tan et al.
(2007)

Native-dominated
young secondary
forest

Naturally-regenerated vegetation on land cleared not
long before the 1960s, or on degraded soils and not
near other native-dominated forests. Dominated by
native pioneer trees such as Adinandra, Macaranga,
Mallotus and Trema.

Yee et al.
(2016)

Native-dominated
old secondary
forest

Naturally-regenerated vegetation on land cleared much
earlier than the 1950s, often on less degraded soil and
with higher species richness than early successional
native dominated secondary forest. Common species
found in the canopy layer include Alstonia spp.,
Calophyllum spp., Campnosperma spp., Elaeocarpus
spp., Garcinia spp., Litsea spp., Rhodamnia spp. and
Syzygium spp. Common understorey plants include
Anisophyllea disticha and Agrostistachys borneensis.

Yee et al.
(2016)

Exotic-dominated
secondary forest

Regrown on land that was recently cleared, usually
after the 1960s. Typically dominated by Acacia
auriculiformis and Falcataria moluccana, and in recent
years, Cecropia pachystachya and Leucaena
leucocephala, depending on the seed sources available
from the surroundings during the time of clearance and
succession.

National
Parks Board
(2020)

Abandoned
kampong

Naturally-regenerated vegetation on an abandoned
kampong or orchard, usually dominated by fruit trees
such as Durian (Durio zibethinus) or Rambutan
(Nephelium lappaceum), or ornamental plants such as
Spathodea campanulata, Aglaonema commutatum,
Dieffenbachia seguine and Heliconia spp..

Yee et al.
(2016)

Abandoned
plantation

Naturally-regenerated vegetation on an abandoned
plantation, usually dominated by Para Rubber (Hevea
brasiliensis).

Yee et al.
(2016)
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Habitat Description Source(s)

Scrubland / Exposed areas with very little tree cover, typically Yee et al.

grassland dominated by grasses, shrubs and herbs. (2011); Lee
Kong Chian
Natural
History
Museum
(2017a)

Freshwater swamp Formed where slow-flowing streams drain into shallow Tan et al.

forest valleys. The swamp is flooded periodically or semi- (2007)
permanently, resulting in waterlogged soils that are
anaerobic and unstable. Dominated by plants with
special adaptations such as stilt roots, plank-like
buttresses and pneumatophores. Examples include
Xylopia fusca and Paloquium xanthochymum.

Freshwater marsh A wetland which is covered by water and typically Lee Kong

or pond dominated by grasses, sedges and other herbaceous Chian
plants or hydrophytes that are able to tolerate flooding. Natural

History
Museum
(2017b)

Natural stream A well-shaded stream which is shallow, cool, and Yeo et al.
typically has mildly acidic waters (pH 6-7). Typically (2010)
flows along natural topographical gradients over sand,
clay or mud substrate with accumulations of leaf litter
and woody debris.

Naturalised stream A stream which is warm and typically has less acidic Yeo et al.
water than natural streams (slightly less than pH 7). (2010)
Typically modified from pre-existing natural streams and
is often linear. Flows through natural earth or open
grassy banks, lacking leaf litter and woody debris.

Mangrove forest A tidal habitat consisting of flora that normally grows Ng et al.
above mean sea level in the intertidal zone of marine (2011)
environments and estuarine margins. Common species
include Rhizophore, Bruguiera spp., Avicennia spp.,
and Sonneratia spp. trees which have roots that provide
structural and respiratory support in the soft anaerobic
sediments of the habitat.

Coastal vegetation Found along un-reclaimed coasts where the forestis on | Tan et al.
sandy or rocky substrate. Dominated by hardy plants (2007)
which can withstand higher temperatures, strong winds
and salt sprays. Common species include Casuarina
equisetifolia, Cerbera spp., and Barringtonia spp..

Reclaimed land Developed on reclaimed land. Can be similar to exotic- | Yee et al.

vegetation dominated secondary forests (waste-woodlands) or (2016)
dominated by Casuarina equisetifolia.
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Habitat Description Source(s)

Urban vegetation Consists of turf, shrubs or trees (often mostly non- National
native) which are planted by humans. This type of Parks Board
vegetation is typically managed for aesthetic purposes. | (2020)

Species Status

The species status for flora and fauna is categorised as native, non-native or cryptogenic
(Table 4.6). In addition, non-native flora species are further classified into casual,
naturalised, and cultivated species (Table 4.7).

Table 4.6 List and definitions of native status terms for flora and fauna used in this report
Native Status Definition (adapted from Lindsay et al., 2022)
Native Originated or arrived in Singapore without intentional or unintentional

involvement of human activities

Non-native Presence in Singapore is because of intentional or unintentional
involvement of human activities

Cryptogenic Uncertain whether presence in Singapore is from natural dispersal or
as a result of human activities

Table 4.7 List and definitions of non-native status terms for flora used in this report
Non-native Species Categories for Flora (adapted from Chong et al., 2009 and Lindsay et
al., 2022)

Casual Non-native species that do not maintain self-sustaining populations

Naturalised Non-native species that maintain self-sustaining populations

Cultivated-Only Species not naturally found in the wild that is produced and
maintained by horticultural techniques

Species of Conservation Significance
The classification of species of conservation significance is presented in Table 4.8, based
on the Singapore Red Data Book version 2 and version 3 (Davison et al., 2008).

Table 4.8 List of global and local conservation statuses used to regard a species as ‘conservation
significant (CSY
Conservation Status Definition

Local - Singapore Red Data Book 3

Vulnerable (VU) Species with <1,000 mature individuals and >250 total individuals
Endangered (EN) Species with <250 mature individuals

Critically Endangered Species with <50 mature individuals or <250 total individuals
(CR)
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Conservation Status

Definition

Presumed Nationally
Extinct (NEx)

Flora and fauna not recorded within the last 30 and 50 years,
respectively

Globally Extinct (EX)

Globally extinct, including in captivity or through cultivation

Local (Flora) — Lindsay et al

., 2022

Vulnerable (VU)

Between 250 to 1000 mature individuals estimated in Singapore

Endangered (EN)

Between 50 and 250 mature individuals estimated to be in
Singapore, with no evidence of decline or fragmentation of
populations

Critically Endangered
(CR)

Fewer than 50 mature individuals estimated to be in Singapore;
or if more than 50 but fewer than 250 mature individuals, with
evidence of rapid decline or decline and fragmentation of
populations

Presumed Nationally
Extinct (NEx)

Not recorded in Singapore within the last 30 years. Endemic
species that are presumed nationally extinct will consequently
also be presumed to be globally extinct

Globally Extinct (EX)

Globally extinct

Data Deficient (DD)

Not enough information available to assess the risk of extinction

Global - IUCN Red List

Vulnerable (VU)

Species facing a high risk of extinction in the wild

Endangered (EN)

Species facing a very high risk of extinction in the wild

Critically Endangered
(CR)

Species facing an extremely high risk of extinction in the wild

Extinct in the Wild (NW)

Species that only survives through cultivation, captivity or as a
naturalised population(s) outside its natural range

Extinct (EX)

Globally extinct, including in captivity or through cultivation
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4.2.1.2 Impact Prediction
Prioritisation of key impacts and applicable assessment methodologies have been agreed
upon at the scoping stage and presented in the Inception Report (ref. 61802820-RPT-
Inception-2.3). In this Study, DHI adopts a selection of qualitative (e.g., review of existing
survey data/ consultation data), semi-quantitative and modelling analyses to predict
changes arising from the Project, as presented in Table 4.9.

Table 4.9 Summary of potential impacts and corresponding assessment methods

Receptor Potential Short-term Impacts Potential Long-term Impacts
Terrestrial N/A Loss of vegetation due to clearance
Flora and excavation to make way for

project footprint.

Tool: GIS-supported assessment of
the extent of direct vegetation loss
Potential contamination due to N/A

spills/leaks from the construction site if
wastes and inventories are not
properly managed.

Tool: Qualitative assessment on
spills/leaks impacts

Terrestrial Physical disturbance, including N/A
Fauna airborne noise and vibration, and dust
emission within the project site cause
avoidance behaviour of terrestrial
fauna.

Tool: Qualitative assessment of
physical disturbances on site
Potential contamination due to N/A
spills/leaks from construction site if
wastes and inventories are not
properly managed.

Tool: Qualitative assessment on
spills/leaks impacts

Avifauna Physical disturbance, including N/A
airborne noise and vibration, dust
emission, loss of access, etc. within
the project site causing avoidance
behaviour of fauna in the
shoreline/intertidal habitats.

Tool: Qualitative assessment of
physical disturbances on site
Potential contamination due to N/A
spills/leaks from the construction site if
wastes and inventories are not
properly managed.

Tool: Qualitative assessment on
spills/leaks impacts
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Receptor Potential Short-term Impacts Potential Long-term Impacts
Intertidal Physical disturbances in the intertidal N/A
Habitats area for both benthic and mobile

fauna (causing site avoidance, loss of
access etc.).

Tool: Qualitative assessment of
physical disturbances on site

N/A

Direct loss of intertidal habitats in the
project footprint.

Tool: Qualitative assessment & GIS-
supported assessment of the extent
of lost intertidal habitat.

N/A

Long-term morphological changes at
the intertidal areas due to ship
wakes from future additional vessels.

Tool: DHI's MIKE 21 Spectral Wave
(SW) model and ship wake
calculation

Contamination of the intertidal area
due to silty runoffs, sediment plume,
spills and leaks from construction site.

Tool: Qualitative assessment & DHI’s
MIKE 21 Mud Transport (MT) model

Increased Suspended Sediment
Concentration (SSC) at intertidal
areas due to propeller wash-induced
suspended sediment by future
additional vessels.

Tool: DHI's MIKE 21 MT model

Mangroves at
Sungei Puaka

Physical disturbances onto mangrove
area, for both benthic and mobile
fauna (causing site avoidance, loss of
access etc.).

Tool: Qualitative assessment on
physical disturbances on site

N/A

N/A

Long-term morphological changes at
the mangrove areas due to ship
wakes from future additional vessels.

Tool: DHI's MIKE 21 SW model and
ship wake calculation

Contamination of the mangrove area
due to silty runoffs, sediment plume,

spills and leaks from construction site.

Tool: Qualitative assessment & DHI’s
MIKE 21 MT model

Increased SSC at intertidal areas
due to propeller wash-induced
suspended sediment by future
additional vessels.

Tool: DHI's MIKE 21 MT model

Marine fauna
(including
fish)

Physical disturbance, including
underwater noise and vibration within
the project site causing avoidance
behaviour of fauna in the area.

Tool: Qualitative assessment on
physical disturbances on site

N/A
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Receptor Potential Short-term Impacts Potential Long-term Impacts
Increased SSC and resultant altered Increased SSC block gills and/or
water quality block gills and adversely | adversely affect fish from potential
affect fish nearby the construction site. | long-term propeller wash-induced

SSC from future additional vessels.
Tool: DHI's MIKE 21 MT model
Tool: DHI's MIKE 21 MT model
Altered water quality (spills/leaks) N/A
affecting the fish community.
Tool: Qualitative assessment on
spills/leaks impacts
Impact from underwater noise N/A
generated from marine piling works
potentially affecting fish nearby the
construction site.
Tool: Underwater noise calculation

Macrobenthos | Physical disturbances in subtidal area, | N/A
for benthic fauna (causing site
avoidance, loss of access etc.).

Tool: Qualitative assessment of

physical disturbances on site

N/A Direct loss of macrobenthic
community in the project footprint.
Tool: GIS-supported assessment of
the extent of smothered or lost
macrobenthos

N/A Propeller wash-induced sediment
plume may cause smothering of
macrobenthos, altering sediment
quality and reducing dissolved
oxygen levels, potentially affecting
the macrobenthos community.
Tool: DHI's MIKE 21 MT model

Spills or leaks during construction N/A

might smother or intoxicate subtidal

benthic communities around the

Project site.

Tool: Qualitative assessment

Marine Changes in hydrodynamic conditions Changes in hydrodynamic conditions

Navigation (current speed and direction) due to (current speed and direction) due to
construction of jetty affecting the operating jetty affecting
navigation activities in the area. navigation activities in the area.
Tool: DHI’'s MIKE 21 Hydrodynamic Tool: DHI's MIKE 21 HD model
(HD) model
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Receptor

Potential Short-term Impacts

Potential Long-term Impacts

N/A

Potential shoreline morphological
impact on navigation of vessels,
from ship wakes of future additional
vessel traffic.

Tool: DHI's MIKE 21 MT model

N/A Potential navigational risk due to
increase in future additional vessel
traffic at marine navigation channel.
Tool: Qualitative assessment

Aquaculture N/A Disruption of fish farming operations

due to ship wakes from future
additional vessels.

Tool: DHI's MIKE 21 SW model

Sediment plumes from construction
works increasing SSC, causing a wide
range of physiological effects on the
caged fishes.

Tool: DHI's MIKE 21 MT model

Sediment plumes from vessels’
propeller movement increasing SSC,
causing a wide range of
physiological effects on the caged
fishes.

Tool: DHI's MIKE 21 MT model

Altered water quality (spills/leaks)
affects the aquaculture fishes.

Tool: Qualitative assessment

N/A

Impact of underwater noise generated
from marine piling works could affect
the caged fishes.

Tool: Underwater noise calculation

N/A

N/A

Potential for collision risk of future
additional vessel traffic with fish
farmers.

Tool: Qualitative assessment

Socio-
economic

Physical disturbances, including
spills/leak impacts, airborne noise and
dust emission during construction,
could potentially affect villagers, office
workers, or recreational users utilising
nearby areas.

Tool: Qualitative assessment of
physical disturbances on site

N/A

Visual impact of the construction
equipment and activities, sediment
plumes, silty runoffs, and spills/leaks.

Tool: DHI's MIKE 21 MT model

Visual impact due to potential
increase in propeller wash-induced
SSC from future additional vessels.

Tool: DHI's MIKE 21 MT model

N/A

Potential impact on accessibility, and
businesses on the island.

Tool: Qualitative assessment

61802820-RPT-EIA-Draft-v6.4-final.docx / ZIYU & ALYL / 2023-12

26



EIA Scope and Approach

4.2.2

4221

Assessment

Methodology

The well-recognised Rapid Impact Assessment Matrix (RIAM) developed by Pastakia &
Jensen (1998) is applied in this EIA. RIAM allows for a holistic and rapid comparable
presentation and summary of the overall project impacts. The method provides for a
transparent presentation and summary of overall Project impacts within a common
framework and ultimately aids in pinpointing which impacts are most significant. RIAM also
accounts for the presence of impacts that may be cumulative in nature. The RIAM method
is also consistent with the Biodiversity Impact Assessment (BIA) Guidelines of Singapore
(National Parks Board, 2020) recommendation as being one of three approved methods
for assessing and summarising the overall significance of impacts. The definitions applied
in the ranking of impacts are provided in Table 4.10 below.

Table 4.10 Broad definitions for each level of predicted impact significance. Impacts can be either
negative or positive

Impact Significance Broad Definition

Changes are significantly below physical detection level and below
No Impact the reliability of numerical models, so that no change to the quality
or functionality of the receptor will occur.

Changes can be resolved by numerical models and are unlikely to
Slight Negative or Positive | be detectable in the field, which may cause slight and localised
nuisance or disruption of daily activities.

Changes can be resolved by numerical models and are likely to be
detected in the field, which may cause stress to a portion of the
population at endurable levels, but at a spatial scale that is unlikely
to have any secondary consequences.

Minor Negative or Positive

Changes can be resolved by numerical models and are obviously
Moderate Negative or detectable in the field, which may cause significant stress to a
Positive large portion of population and would likely disrupt the quality and
functionality of the receptor.

Changes are highly detectable in the field and are likely to be
Major Negative or Positive | related to significant habitat loss. Major impacts are likely to have
secondary influences beyond the area of assessment.

RIAM translates qualitative standard definitions of evaluation criteria into semi-quantitative
ordinal scores, which are then used to calculate the Environmental Score (ES) via the
formula:

Environmental Score (ES)=1 XM X (P+R+C)
The five evaluation criteria (variables) used in the formula are defined:

() Importance — This defines the importance of the sensitive receptor identified, assessed
against spatial or political boundaries, socio-economic value, intrinsic quality, or the degree
of rarity.

(M) Magnitude — Impact Magnitude or Magnitude of Change is based on the relationship
between the analysed physical-chemical, biological, or socio-economic deviation from
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baseline conditions and the relevant environmental standards, benchmarks, guidelines, or
tolerance limits. Notably, the Magnitude value should reflect the Magnitude of Change
experienced at a particular sensitive receptor. In this way, the impact pathway is
considered, i.e., whether there is a spatial and temporal overlap between the environmental
change and receptor. Positive or negative impacts are represented through positive or
negative ordinal scores for Magnitude, respectively.

(P) Permanence — This defines whether an impact is temporary or permanent, i.e., a
measure of the temporal status of the loss/change. For example, slope stabilisation with
gabion walls will be a permanent impact, while slope stabilisation with sheet piles will be a
temporary impact, given their eventual removal.

(R) Reversibility — The score expresses whether the receptor can recover from the impact,
either unassisted or via mitigation measures. Reversibility is also a measure of control over
the effect of the condition. It is not equated with permanence. For example, the loss of
streetscape trees is recoverable with replacement plantings, while the loss of an endemic
species is irrecoverable.

(C) Cumulative Impact — This is a measure of whether the effect will have a single direct
impact, a cumulative effect over time or a synergistic effect with other conditions. For
example, the loss of flora and fauna species is cumulative, as it is also associated with
other impacts, such as the loss of ecosystem functioning and ecological connectivity.

The approach of RIAM is, therefore, to couple the potential impact Magnitude experienced
at the sensitive receptor(s) of interest with a concurrent assessment of receptor
Importance, impact Permanence, Reversibility, and Cumulative potential.

The multiplication of Magnitude and Importance in the formula ensures that each evaluation
criterion’s weight is expressed and can significantly influence the resultant ES. The
summation of Permanence, Importance, and Cumulative ensures that these criteria are
represented collectively but do not have a large influence on the resultant ES individually.

The standard (generic) definitions of each evaluation criterion and the associated ordinal
scores used to calculate ES are shown in Table 4.11. To account for the wide variability
and context-specificity of sensitive receptors and predicted environmental impacts
(pressures), the generic definitions of Importance and Magnitude in Table 4.11 will be
customised and made specific for sensitive receptors and predicted environmental impacts,
respectively, with justifications elaborated in each assessment in Sections 5 and 6.

Table 4.11  Evaluation criteria and the associated standard definitions and ordinal scores used in
the calculation of Environmental Scores

Evaluation Standard Definitions Ordinal

Criteria Score

Importance* Important to national/international interests 5
Important to regional/national interests 4
Important to areas immediately outside the local condition 3
Important to the local conditions (within a large direct impact area) 2
Important only to the local condition (within a small direct impact 1
area)
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Evaluation Standard Definitions Ordinal

Criteria Score

Magnitude* Major positive benefit or change +4
Moderate positive benefit or change +3
Minor positive benefit or change +2
Slight positive benefit or change +1
No change/status quo 0
Slight negative disadvantage or change -1
Minor negative disadvantage or change -2
Moderate negative disadvantage or change -3
Major negative disadvantage or change -4

Permanence Temporary or short-term change. 2
Permanent change or long-term; value and/or function unlikely to 3
return.

Recoverability Recoverable or controllable through EMMP 2
Irrecoverable 3

Cumulatively Impact can be defined as non-cumulative/single (not interaction 5
with other impacts).
Presence of obvious cumulative/cascading effect that will affect 3
other projects or activities or trigger secondary impacts.

* Definitions and scorings of Importance and Magnitude will be customised for all identified
sensitive receptors and environmental impacts respectively in Sections 5 and 6

For each identified environmental impact affecting a sensitive receptor, an ES will be
calculated. The ES is then banded together and ranked in range bands as presented in
Table 4.12, which are then translated to Impact Significance — the reported output of the
impact assessment process.
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Table 4.12 Range bands of ES and the associated Impact Significance used in RIAM

Environmental Scores Impact Significance Translated from Environmental Scores
(Range Bands)
116 to 180 Major positive change/impact
81to 115
371080
7 to 36 Slight positive impact
-6 to +6 No impact/Status quote/Not applicable
-7 t0 -36 Slight negative change/impact
-37 to -80 Minor negative change/impact
-81t0 -115
-116 to -180

4.2.2.2 Assessment Criteria
Ranking Magnitude of Change requires knowledge of relevant environmental standards,
benchmarks, guidelines, or tolerance limits of the sensitive receptors — the assessment
criteria, also found within the evaluation framework sections within this report. This EIA
adopts various assessment criteria from the above-mentioned laws, standards, and
guidelines.

For other environmental aspects which do not have a definite limit of impact (e.g.,
ecological and biodiversity receptors), DHI will assess qualitatively based on knowledge
from international literature, standards, guidelines, expert opinion, and past project
experiences such as standards which have been adopted for previous EIA studies in
Singapore and validated against long-term environmental monitoring and management
projects undertaken for multiple Singapore government agencies. The identified tolerance
limits allow for a level of detail that will enable the results of the short- and long-term impact
assessments to be quantified in terms