Contract CR2005
Provision of Services to Conduct Environmental

Impact Study

Environmental Impact Study (Clementi
Forest and Maju Forest)

Study Stage: Final

Volume 3 of 5

Submitted by: Submitted to:
AECOM Singapore Pte Ltd Land Transport Authority

06 October 2022




CR2005 AECOM

8. Hydrology and Surface Water Quality

8.1 Introduction

This section includes the assessment of hydrology and surface water quality within the Study Area, as well as the
prediction and evaluation of the impacts from the Project’s construction and operational phases on the hydrology
of the Study Area and the water quality of the impacted watercourses (refer to Figure 8-1). Results from the site
surveys were analysed and used to establish the baseline conditions to assess the subsequent changes due to
construction and operational activities associated with the Project. Sensitive receptors were identified and classified
according to the sensitivity categorisation defined in Section 6.2.2. Potential sources of impact from the Project that
could affect the identified sensitive receptors and the minimum controls put in place to reduce them were also
described to allow for impact prediction. Thereafter, an impact evaluation was carried out to assign significance to
predicted impacts and where necessary, mitigation measures were proposed. An EMMP was also developed to
specify methods and measures to be included during construction, commissioning and operation of the Project
which is necessary to reduce the environmental impacts to minimal levels (see Section 13).

The scope of work of the hydrological and surface water quality impact assessment consisted of:
* Reviewing of data provided by the Client to understand the topographic characteristics of the Study Area;

»  Conducting site reconnaissance survey for a better understanding of the Study Area’s topography, hydrology,
land cover and existing watercourses with their properties (i.e., locations, water flow conditions and bank
characteristics);

+ Identifying sampling locations for in-situ and ex-situ water quality analysis of existing watercourses located
within the Study Area;

»  Carrying out hydrological and surface water quality impact analysis to assess the potential impacts of the
Project during construction and operational phases; and

* Proposing EMMP to mitigate potential impacts of the Project during construction, commissioning and
operational phases.
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8.2 Methodology and Assumption

8.21 Baseline Hydrology and Surface Water Quality Study

The activities performed as part of the baseline assessment included the following:

e To assess the accessibility of the watercourses within the Study Area;

e To verify the information collected from the available topographic survey and satellite images;
e To identify and map out the location of existing watercourses within the Study Area;

¢ To determine the drain and stream flow conditions and bank characteristics; and

e To assess current surface water quality conditions in existing watercourses within the Study Area.

8.2.1.1 Desktop Assessment

Desktop research aided in determining the location of existing watercourses within the Study Area. The topographic
survey data provided by LTA as well as the catchment map (i.e. defines the areas which contributes water flow to
existing reservoirs) from PUB website [W-26] were used to support the findings of the hydrological survey. The
information used for the desktop assessment, comprised of publicly available data from government and technical
Agencies, existing publicly available data (e.g. online satellite images), as well as published books, relevant articles,
and other online sources.

8.2.1.2 Hydrological Baseline Assessment

The hydrological survey was conducted by casual exploration methods to identify and outline existing major
watercourses within the Study Area. The existing conditions of the watercourses such as stream bank
characteristics (e.g. natural bank or artificial bank), were identified based on visual observations and professional
experience. Using the topography survey data provided by the Client, ArcGIS was used to overlay with this Project
alignment and worksites to support the hydrological survey. Catchment analysis based on topographic data and
catchment map from PUB website [W-26] was carried out to identify the water sources and to ascertain the runoff
flow direction within the site.

A Global Positioning System (GPS) device was used to track the hydrology survey route. The GPS data were then
synchronised with the photos taken on-site to identify the exact location of identified watercourses.

8.2.1.3 Water Quality Baseline Assessment

As mentioned in the section above, major watercourses present in the Study Area were identified during site
surveys. Suitable locations were selected within the identified watercourses for collection of water samples in order
to assess the baseline in-situ and ex-situ water quality of existing watercourses within the Study Area.

The water quality sampling locations were subsequently identified based on preliminary hydrological findings during
site reconnaissance. The surface water samples were collected at twelve (12) water quality stations along the
streams or roadside drains from Clementi Forest and Maju Forest as detailed in Figure 8-2 and Table 8-1.

In Clementi Forest, water quality sampling stations of WQ1, WQ2, WQ20, WQ19, WQ18 and WQ17 were selected
to capture the water quality along the natural stream D/S1 within the Clementi Forest, which receives water from
the construction worksite CR16, as well as corresponding Project operational footprint. The midstream of D/S1 is
the natural stream which supports an ecosystem of high biodiversity conservation significance in the Clementi
Forest, as described in Section 7. Station WQ2 was selected to capture the water from stream D/S2 before flowing
to midstream of stream D/S1. Station WQ16 was selected to capture the upstream water quality of drain D/S22
running to the natural stream D/S1 in Clementi Forest. Stations WQ14 and WQ15 were selected to capture the
water quality within roadside drain D/S20 and D/S21, respectively, which receive water from southwest of the
worksite footprint. In Maju Forest, water quality sampling stations of WQ33, WQ34 and WQ35 were selected to
capture the water quality along the natural streams of D/S23, D/S24 and D/S25.

Two (2) dry weather (normal conditions) and one (1) wet weather (after a storm event) samples were collected from
each water quality station. However, some of the watercourses in the Study Area were sampled during storm event
only due to no flow or mostly dry during dry weather condition. Hence, only wet weather samples were collected at
WQ14 and WQ15. Dry weather conditions are defined as after a continuous 48-hour period of no rain, while wet
weather conditions are defined as a rainfall event having more than 10mm of rainfall, with samples to be collected
within 3 hours after the rain stops.
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In-situ water quality parameters assessed in this Study were all measured using a calibrated multi-parameter digital
sensor (YSI ProDSS) with USEPA approved testing methods for water quality parameters and included:

*  Temperature;

* pH

*  Conductivity;

»  Total Dissolved Solids (TDS); and
+ Dissolved Oxygen (DO).

The ex-situ parameters analysed by Marchwood Laboratory Services Pte Ltd (MLS) are listed as below:

»  Turbidity;

»  Total Suspended Solids (TSS);

+  Biochemical Oxygen Demand (BODs);
*  Chemical Oxygen Demand (COD);

»  Total Nitrogen (TN);

* Nitrate (NOs-N);

»  Total Phosphorus (TP); and

*  Orthophosphate (PO4-P).
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Table 8-1 Rationale for the Selection of Water Quality Sampling Locations

Justification (refer to Figure 8-2)

S/N Sampling Nearest Construction
Location’ Worksite
Area/Operational
Footprint
WQ17 | Upstream of CR16 (construction
stream D/S1 worksite area)

CR16 (operation
stage)

WQ18 = Midstream of CR16 (construction
stream D/S1 worksite area)

CR16 (operation
stage)

WQ19 Midstream of CR16 (construction
stream D/S1 worksite area)

CR16 (operation
stage)

WQ20 | Downstream CR16 (construction
of stream D/S1  worksite area)

CR16 (operation
stage)

waQ1 Downstream CR16 (construction
of stream D/S1  worksite area)

CR16 (operation
stage)

WQ2 | Midstream of CR16 (construction
natural stream = worksite area)
D/S2

To capture the baseline water quality right at the
downstream of the concrete canal before water flows into
the stream without any contribution from CR16 proposed
construction and operational footprints. The stream
discharge will ultimately flow to Pandan Reservoir, which
is a reservoir that serves as a raw water source for treated
drinking water supply. Stream D/S1 in Clementi Forest
supports an ecosystem of biodiversity conservation
significance (Section 7.5.2).

To capture the baseline water quality at midstream at the
CR16 proposed construction and operational footprints.
The stream discharge will ultimately flow to Pandan
Reservoir, which is a reservoir that serves as a raw water
source for treated drinking water supply. Stream D/S1 in
Clementi Forest supports an ecosystem of biodiversity
conservation significance (Section 7.5.2).

To capture the baseline water quality right at the
downstream of the CR16 proposed construction and
operational footprints. The stream discharge will ultimately
flow to Pandan Reservoir, which is a reservoir that serves
as a raw water source for treated drinking water supply.
Stream D/S1 in Clementi Forest supports an ecosystem of
biodiversity conservation significance (Section 7.5.2).

To capture the baseline water quality at downstream of
stream D/S1 which receives discharge from earth drain
D/S2 and the water from the CR16 proposed construction
and operational footprints. The stream discharge will
ultimately flow to Pandan Reservoir, which is a reservoir
that serves as a raw water source for treated drinking
water supply. It is not really supporting an ecosystem of
biodiversity conservation significance. But as it is located
at downstream of sites of ecological values, samples were
collected to assure quality of water flowing from
Biodiversity Study Area.

To capture the baseline water quality at downstream of
stream D/S1 which receives water from CR16 proposed
construction and operational footprints. The stream
discharge will ultimately flow to Pandan Reservoir, which
is a reservoir that serves as a raw water source for treated
drinking water supply. It is not really supporting an
ecosystem of biodiversity conservation significance
(Section 7.5.2). But as it is located at downstream of sites
of ecological values, samples were collected to reassure
the quality of water flowing from Biodiversity Study Area.

To capture the baseline water quality within stream D/S2
which receives water from forested area to north of CR16
footprints before discharge to stream D/S1. Presence of
aquatic life based on site observations and it is supporting
an ecosystem of biodiversity conservation significance

" The sampling locations are shown in Figure 8-2.
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Sampling
Location’

Nearest Construction
Worksite

Area/Operational

AECOM

Justification (refer to Figure 8-2)

WQ14 Downstream
of drain D/S20

WQ15 Downstream
of drain D/S21

WQ16 Midstream of
stream D/S22

WQ33  Downstream
of stream

D/S23

WQ34 Downstream
of stream

D/S24

Footprint
CR16 (operation
stage)

CR16 (construction
worksite area)

CR16 (operation
stage)

CR16 (construction
worksite area)

CR16 (operation
stage)

CR16 (construction
worksite area)

CR16 (operation
stage)

CR16 (construction
worksite area)

CR16 (operation
stage)

CR16 (construction
worksite area)

CR16 (operation
stage)

(Section 7.5.2). The discharge will ultimately flow to
Pandan Reservoir, which is a reservoir that serves as a
raw water source for treated drinking water supply.

To capture the baseline water quality within roadside drain
D/S20 which receives storm runoff from southwest area of
CR16 worksite. No water was observed at drain during dry
weather and it is not supporting an ecosystem of
biodiversity conservation significance. Samples were
collected during wet weather to understand existing water
quality condition of discharge from forest. The discharge
will ultimately flow to Pandan Reservoir, which is a
reservoir that serves as a raw water source for treated
drinking water supply.

To capture the baseline water quality at downstream of
earth drain D/S21 which receives water from southwest
area of CR16 worksite. No water was observed at drain
during dry weather and it is not supporting an ecosystem
of biodiversity conservation significance. Samples were
collected during wet weather to understand existing water
quality condition of discharge from forest. The discharge
will ultimately flow to Pandan Reservoir, which is a
reservoir that serves as a raw water source for treated
drinking water supply.

To capture the midstream baseline water quality of stream
D/S22 before the water flowing further downstream of its
natural stream portion in forested area. The water of
D/S22 ends up to the natural stream D/S1 in Clementi
Forest. The water is running along the upstream roadside
drain and flowing to the downstream natural stream in the
forested area. The downstream natural stream D/S22
supports an ecosystem of biodiversity conservation
significance (Section 7.5.2).

To capture the baseline water quality at downstream of
stream D/S23 which receives water within eastern
forested area of Maju Forest. The discharge will ultimately
flow to Pandan Reservoir, which is a reservoir that serves
as a raw water source for treated drinking water supply.
Presence of aquatic life based on site observations and it
is supporting an ecosystem of biodiversity conservation
significance (Section 7.5.1).

To capture the baseline water quality at downstream of
stream D/S24 which receives water within southern
forested area of Maju Forest. The discharge from the
stream is flowing to a concrete drain and ultimately drain
to the Pandan Reservoir which served as source of
drinking water. Presence of aquatic life based on site
observations and it is supporting an ecosystem of
biodiversity conservation significance (Section 7.5.1).
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S/N Sampling Nearest Construction Justification (refer to Figure 8-2)
Location’ Worksite
Area/Operational

Footprint

WQ35 @ Downstream CR16 (construction To capture the baseline water quality at downstream of

of stream worksite area) stream D/S25 receiving water within the western forested

D/S25 area of Maju Forest. The discharge from the stream is

CR16 (operation flowing to a concrete drain and ultimately drain to the

stage) Pandan Reservoir which served as source of drinking

water. Presence of aquatic life based on site observations
and it is supporting an ecosystem of biodiversity
conservation significance (Section 7.5.1).

8.2.2 Water Quality Baseline Assessment Criteria

During construction phase, the locations of the construction worksites can potentially impact the hydrology and
water quality of existing watercourses. During operational phase, increased urbanised area and human activities
may lead to increased surface runoff and improper waste management practices (such as littering). Hence, any
watercourses that are directly impacted by the proposed development were included in the impact assessment.

The baseline water quality of the watercourses located within the Study Area was analysed against the NEA Trade
Effluent Discharge limits for controlled watercourses [W-18]. This comparison could be used to determine whether
the existing baseline water quality of the watercourses within the Study Area complies with NEA limits or has already
exceeded these limits. However, the NEA Trade Effluent Discharge limits does not provide criteria for the
preservation and growth of aquatic life locally. To assess whether the water quality along the identified streams is
suitable for aquatic life, certain parameters were compared to the water quality criteria for aquatic life from other
countries including United Nations Economic Commission for Europe [R-18], United States Environmental
Protection Agency [R-19], Australian & New Zealand [R-26], Canada [R-27], Philippines [R-16], and Malaysia [R-
28], which provide guidelines for the protection of aquatic life. The relevant limits and guidelines for water quality
parameters were summarised in Table 8-2; however, where no guidelines exist, the monitored results would be
considered as the minimum criteria.

Table 8-2 Water Quality Guidelines and Criteria

Parameter NEA Trade Effluent Water Quality Criteria for Aquatic
Discharge Limits? Life from other countries®
pH 6-9 6.5-9
Temperature (°C) 45 -
Conductivity (uS/cm) - -
Total Dissolved Solids, TDS (mg/L) 1,000 1,000
Dissolved Oxygen, DO (mg/L) - >4.0
Turbidity (NTU) - 50
Total Suspended Solids, TSS (mg/L) 30 50
SDA: 50¢
Biological Oxygen Demand, BODs (mg/L)° 20 3
Chemical Oxygen Demand, COD (mg/L) 60 25
Total Phosphorous, TP (mg/L) - Eutrophic limit: 0.075 mg/L
Orthophosphate, PO4-P (mg/L) 0.65 (equivalent to 2 as 0.033 (equivalent to 0.1 as PO4)
PO.)
Total Nitrogen, TN (mg/L) - Eutrophic limit: 1.5 mg/L
Nitrate, NO3-N (mg/L) 4.52 (equivalent to 20 as 10 (equivalent to 44 as NOs3)
NO3)
Note:

a. NEA Trade Effluent Discharge Limits for discharge into a controlled watercourse [W-18].

b.  The sources of water quality criteria for aquatic life include United Nations Economic Commission for Europe [R-18],
United States Environmental Protection Agency [R-19], Australian & New Zealand [R-26], Canada [R-27], Philippines
[R-16], and Malaysia [R-28].
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Parameter NEA Trade Effluent Water Quality Criteria for Aquatic

Life from other countries®

Discharge Limits?

C. BODsis the amount of dissolved oxygen needed by aerobic biological organisms to break down organic material per
litre of sample during 5 days of incubation at 20 °C.

d. The limit value is for TSS discharge into storm water drainage system (i.e. ECM discharge) which referred from
Sewerage and Drainage (Surface Water Drainage) Regulations.

8.2.3

Qualitative and analytical methods were applied to assess hydrological and water quality impacts of the
development construction and operational phases.

Prediction and Evaluation of Impact Assessment

The hydrological impact study will provide an understanding of the impact of construction/operational activities on
hydrological conditions of the site, such as the potential land use changes of the site which can lead to an increase
in peak flow discharge, a reduction in dry weather flow or even a change in the stream alignment of the impacted
watercourse.

The water quality impact study will provide an understanding of potential impact of construction/operational
activities on the water quality of the existing watercourses within/surrounding the site using analytical methods.
8.3 Potential Sources of Hydrology and Surface Water Quality Impacts

This section discusses the potential environmental impacts arising from the construction and operational phases
of the Project.

8.3.1

Nearby watercourses can be potentially exposed to contamination due to the activities taking place during the
Project’s construction phase. The sources that could potentially impact on the nearby freshwater quality and

Construction Phase

quantity include, but are not limited to, those listed in Table 8-3.

Table 8-3 Potential Hydrology and Water Quality Impacts during the Construction Phase

Activity

Potential Source of
Impacts

Potential Associated Impacts

Site clearance,

earthworks and
general construction
activities at
launch/retrieval
shafts, the open cut
and the C&C works
(e.g. clearing and
preparation, trench
excavation, backfill,
soil mixing,
compaction, concrete
batching plant, spoil
handling and
transport, building of
permanent structures,
utilities diversion
including diversion of
water pipes and
stormwater drains
along the Project,
etc.)

Runoff from exposed soil
surface, earth work areas,
utilities  diversion, soil
stockpiles;

Stormwater/groundwater
pumped out from
excavated areas;

Release of grouting and
cement materials;

Runoff from dust
suppression sprays;
Wastewater  generated
from concrete batching
plant;

Elevated suspended
solids (e.g. silt and
sediment) in site runoff
due to heavy rain;

Spoil generation,
handling and transport;
and

Heavy rain
construction; and
Wastewater  generated
from tunnelling activities.

during

Hydrology:

e Increased stormwater peak flow contributions to
the channel can lead to increased water levels and
subsequently flood to the surrounding areas
adjacent to the stream/drain due to the land use
change from land clearance;

e Alteration of dry weather flow of the watercourse
can impact downstream aquatic habitats;

e Stormwater runoff from exposed and unstable
slopes may cause soil erosion; and

e Potential groundwater drawdown due to
dewatering process during tunnelling activities (its
impact will be assessed in Section 9 — soil and
groundwater).

Water contamination:

e \Wastewater from construction activities can
contain elevated levels of suspended solids which
can lead to increased turbidity and sedimentation
rates in the watercourses, etc;

e \Wastewater from construction activities can
contain high levels of oil, grease, and other
chemical substances (e.g. calcium hydroxide)
therefore contaminating the watercourses;
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Activity

Potential Source of

AECOM

Potential Associated Impacts

Storage and disposal
of solid wastes

Storage and disposal
of liquid wastes

Use and storage of
chemical substances,
and refuelling
activities

8.3.2

Impacts
Improper handling,
transfer, storage, and

disposal of spoil and solid
waste (e.g. TBM spoil,
excavated earth,
construction debris).

Improper management of
sewage effluents from on-
site; and

Inappropriate  discharge
of domestic sewage and
poor maintenance of the
portable chemical toilet,
storage tanks and septic
tanks (e.g. overflow or
overload).

Inappropriate  discharge
of wastewater generated
from tunnelling activities

Improper handling,
transfer, and storage of
chemical substances;

Accidental spill and leaks;
and

Fuel and lubricants
spillage from
maintenance of

construction vehicles and
mechanical equipment.

Operational Phase

Alteration of pH due to runoff generated from
concrete batching plant;

Inappropriate storage and disposal of wastewater
will generate contaminated runoff and pollute
nearby watercourses (e.g. improper discharge of
tunnelling wastewater, concrete batching plant
wastewater and domestic sewage);

Solid waste generated can lead to elevated levels
of suspended solids entering watercourses via
runoff or improper handling/disposal. It can also
block the temporary drains which can lead to
localised flooding and mosquito breeding;

Improper storage, handling, disposal or leakage of
toxic waste generated at temporary work areas
can lead to water contamination;

Contaminated stormwater due to improper
storage/disposal/transport of chemical materials
handled and stored on site leading to an increase
in the levels of oil, grease and other chemical
substances (e.g. calcium hydroxide) in the nearby
watercourses; and

Fuel and lubricants spillage from maintenance of
construction vehicles and mechanical equipment
can also lead to elevation in levels of oil and
grease in the nearby watercourses.

Watercourses can potentially be exposed to contamination due to the activities taking place during the Project’s
operational phase. The sources that could potentially impact on nearby surface water quality and quantity include
but are not limited to the ones listed in Table 8-4.

Table 8-4 Potential Hydrology and Water Quality Impacts during the Operational Phase

Activity Potential Source of Potential Associated Impacts
Impacts

Stormwgter Runoff Heavy rain and Hydrology:

Generation stormwater wash-off

pollutants built-up in the
new development area
and discharge to the
streams;

Increase of runoff peak
flow draining to the
stream or drain during
storm events due to the
increase in urbanised
area;

Accidental events (e.g.
fires); and

Reduce the baseflow
(sub-surface water
discharge) due to the
change in land use of the
new development

Increased stormwater peak flow contributions to
the channel and blockage of channel can lead to
increased water level and subsequent flooding of
surrounding areas adjacent to the stream/drain;

Alteration of dry weather flow of the watercourse

can lead to impacts on downstream aquatic
habitats; and

Stormwater runoff from exposed and unstable
slopes may cause soil erosion.

Stormwater Quality:

Elevated suspended solids (e.g. silt and sediment) and
pollutants in the watercourses (e.g. heavy metals and
nutrients from human activities including accidental
events).
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8.4 Identification of Hydrology and Surface Water Quality Sensitive

Receptors
Receptor screening for surface water was conducted within Biodiversity Study Area for both construction and
operational phases (Figure 8-1). Based on site observations, the sensitive receptors for surface water were same

for both construction and operational phases. The criteria detailed in Table 6-1 were used to determine the
sensitivity of the surface water receptors presented in Table 8-5.

Table 8-5 Classification of Hydrology and Water Quality Sensitive Receptors Identified within the Study

Area for Both Construction and Operational Phases

Sensitive

Receptor

Description

Water Use

Sensitivity
Classification

Natural The natural stream is a freshwater stream The surface watercourse is Priority 1
stream that discharges into public canal in Clementi  supporting ecosystems of
D/S1 Forest. Observations from the site walkover = biodiversity conservation
included presence of aquatic life. significance (refer to Section
7.5.2). The surface water
eventually will be discharged into
Pandan Reservoir and to be
treated for drinking supply.
Natural The natural stream is a freshwater stream = The surface watercourse is @ Priority 1
stream that discharges into stream D/S1 in supporting ecosystems of
D/S2 Clementi Forest. Observations from the site = biodiversity conservation
walkover included presence of aquatic life. | significance (refer to Section
7.5.2). The surface water
eventually will be discharged into
Pandan Reservoir and to be
treated for drinking supply.
Concrete The concrete drain is a freshwater public The runoff eventually will be @ Priority 1
drain drain in Clementi Forest. Observations from = discharged into Pandan
D/S20 the site walkover did not include presence of Reservoir and to be treated for
aquatic life due to its dry condition during dry = drinking supply.
days.
Earth drain The earth drain is the freshwater public The runoff eventually will be | Priority 1
D/S21 drain in Clementi Forest. Observations from | discharged into Pandan
the site walkover did not include presence of Reservoir and to be treated for
aquatic life due to its dry condition during dry = drinking supply.
days.
Natural Upstream of the stream is concrete channel The surface water eventually will =~ Priority 1
stream of roadside drain and its downstream is be discharged into Pandan
D/S22 natural watercourse aligned in Clementi Reservoir and to be treated for
Forest. The natural stream is a freshwater drinking supply.
stream that discharges into stream D/S1.
Observations from the site walkover
included presence of aquatic life.
Natural The natural stream is a freshwater streamin = The surface watercourse is @ Priority 1
stream Maju Forest. Observations from the site supporting  ecosystems  of
D/S23 walkover included presence of aquatic life. | biodiversity conservation
significance (refer to Section
7.5.1). The surface water

eventually will be discharged into
Pandan Reservoir and to be
treated for drinking supply.
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Sensitive Description Water Use Sensitivity
Receptor Classification
Natural The natural stream is a freshwater streamin The surface watercourse is Priority 1
stream Maju Forest. Observations from the site supporting ecosystems of
D/S24 walkover included presence of aquatic life.  biodiversity conservation

significance (refer to Section
7.5.1). The surface water
eventually will be discharged into
Pandan Reservoir and to be
treated for drinking supply.

Natural The natural stream is a freshwater streamin  The surface watercourse is @ Priority 1
steam Maju Forest. Observations from the site supporting ecosystems of
D/S25 walkover included presence of aquatic life. = biodiversity conservation

significance (refer to Section
7.5.1). The surface water
eventually will be discharged into
Pandan Reservoir and to be
treated for drinking supply.

8.5 Baseline Hydrology and Surface Water Quality

As mentioned in Table 6-2, this Report presents the hydrology and water quality findings of the field assessments
collected till April 2022.

8.5.1 Baseline Monitoring Results
8.5.1.1 Hydrological Conditions in the Study Area

During site reconnaissance, a few major streams and drains were identified in the Study Area. The baseline
hydrological conditions in the Study Area were analysed based on site observations and the topographic survey
data received from Client, and then were recorded with site photos in Table 8-6. Three (3) natural streams (D/S1,
D/S2 and D/S22), one (1) concrete drain (D/S20), one (1) earth drains (D/S21) have been identified in Clementi
Forest and three (3) natural streams (D/S23, D/S24 and D/S25) have been identified in Maju Forest accordingly.
In the southwest area of Clementi Forest (refer to Figure 8-3), drain D/S20 and drain D/S21 are aligned along the
boundary of Worksite at Nursery and receiving surface runoff from the Worksite at Nursery and southwest of the
Clementi Forest. Both drains D/S20 and D/S21 have ephemeral flows and the surface runoff from drain D/S21
flows to northwest and subsequently discharges to stream D/S22. The perennial flow of stream D/S22 will flow
towards northeast in the Clementi Forest, connecting to the upstream of stream D/S1. The surface water of stream
D/S2 also flows perennially towards south and end up to the midstream of stream D/S1. The surface water along
D/S1 flows perennially and ends up to the concrete canal at its downstream. In Maju Forest, streams D/S23 and
D/S25 are collecting water from the north of forested area while stream D/S24 receives water from south of forested
area, with water flowing towards the southwest direction as shown in Figure 8-3.

The surveyed topographic data were used to generate elevation and slope maps, and subsequently overlaid with
surface watercourses using ArcGIS software as shown in Figure 8-3 and Figure 8-4. It should be noted that the
catchment map was not generated for the Study Area due to insufficient topography data set.

CR16 worksites mostly will be located in relatively higher overall elevation and hilly terrain with uneven slopes in
the Clementi Forest based on the elevation data (Figure 8-3 and Figure 8-4).The highest point within the CR16
worksite is located at the southwest in the Clementi Forest, at 39.4 mSHD. The southwestern hill near to drain
D/S20 in the CR16 footprint decreases in elevation towards the northwest direction of the site and the deceasing
elevation leads the flow of D/S22 towards the upstream of stream D/S1. It can be observed that stream D/S1 was
formed along a valley between the areas with higher elevation (not more than 15 mSHD) and steep slopes on
either bank (Figure 8-4). The smaller CR16 worksites are located at the northeast of Maju Forest and outside of
west Clementi Forest with relatively minor undulating terrain of ranging from 15 mSHD — 27 mSHD. The Old Jurong
Railway Corridor is located at lower elevation level between the areas with higher elevation across the Maju Forest
and Clementi Forest. And significant steep slopes (more than 60%) can be observed along the Old Jurong Railway
Corridor. For the proposed based scenario CR16 worksite that will be located in the Maju Forest and the mitigated
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scenario CR16 worksite that will locate at the flat turf area near the Maju Forest, the stormwater generated from
the worksites will tend to flow towards the low-lying area near the Old Jurong Railway Corridor and proposed CRL
alignment instead of towards the identified natural streams that located in southwest of Maju Forest.
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Table 8-6 Description of Watercourses with its Water Quality Sampling Points within the Study Area

Watercourses

D/S1

Bank Characteristics

Upstream of stream D/S1
(WQ17) is a closed
culvert followed by a
concrete drain with
artificial banks.

The midstream of stream

D/S1 (WQ18, WQ19) is a
natural stream with dense
vegetation.

The downstream and
near the outlet (WQ20
and WQ1) of stream D/S1
is a wide concrete drain.

Estimated stream length
is 800 m.

Water Flow Conditions

. Originates from stream D/S2,
stream D/S22, upstream urban area
and Study Area

. Perennial flow

During dry weather condition:
Upstream (WQ17): slow water flow
velocity (estimated at 0.25 m/s)

e  Willow water with approximate water
depth of 3 -4 cm and an
approximate water width of 95 cm,
at time of survey

Midstream (WQ18, WQ19): almost

stagnant flow observed in the natural

stream

e At WQ18, approximate water depth
of 10 - 20 cm and water width of 100
- 200 cm, at time of survey

o At WQ19, approximate water depth
of 50-60 cm and water width of 100
- 200 cm, at time of survey

Downstream (WQ20 and WQ1): slow

water flow velocity (estimated at 0.26

m/s)

. At WQ20, the water depth was
approximately 2 - 3 cm with an
approximate water width of 140 -
150 cm, at time of survey

. At WQ1: slow water flow observed
of approximately 0.25 m/s

During Dry Weather

During Dry Weather

Photos

WQ17 (Upstream)

WQ18 (Midstream)

WQ19 (Midstream)

During Wet Weather

During Wet Weather

AECOM

289



CR2005

Watercourses

Bank Characteristics

Water Flow Conditions

Approximately 1 - 2 cm in water
depth with water width of 300 cm, at
time of survey

Water was clear and had no odour

During wet weather condition:

Upstream (WQ17): fast water flow

velocity (estimated at 1 m/s)

Willow water with approximate
depth of 6 - 7 cm and an
approximate width of 760 cm at the
mouth of the drain, at time of survey

Midstream (WQ18, WQ19): slow water
flow velocity (estimated at 0.17 m/s) for
both points

At WQ18, approximate water depth
of 25 - 30 cm and water width of 300
- 400 cm, at time of survey

At WQ19, approximate water depth
of 50 - 60 cm and water width of 300
- 400 cm, at time of survey

Downstream (WQ20, WQL1): fast water
flow velocity (estimated 1.42 m/s at
WQ20 and 1.23 m/s at WQ1)

At WQ20, the water depth was
approximately 15 cm with an
approximate water width of 200 -
400 cm, at time of survey

At WQ1, approximately 19 cm in
water depth with water width of 160
cm, at time of survey

Water was clear and had no odour

AECOM

WQ1 (Downstream)

During Dry Weather During Wet Weather
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Watercourses

D/S2

D/S20

Bank Characteristics

Natural stream covered
by dense vegetation.

Estimated stream length
is 550 m.

Concrete drain with
artificial banks.

Estimated length of the
drain is about 130 m.

During dry weather condition:

During wet weather condition

Water Flow Conditions

Tl
[[1{!_

Originates from forested area in the

north of Clementi Forest, located to

the west of Old Bukit Timah Railway
Station

Perennial flow

Stagnant flow was observed
Approximate water depth of 10 cm
and an approximate water width of
100 - 150 cm, at time of survey
Water had low turbid but no odour

Slow water flow velocity was
observed (estimated 0.05 m/s)

Approximate water depth of 13 -14
cm and an approximate water width
of 100 - 200 cm, at time of survey

Water was clear and had no odour
Originates from runoff from
surrounding forested and residential
area, and
Ephemeral flow towards west during
wet weather condition only

AECOM

| \‘I'H

i

WQ2

WwQ14

During Dry Weather During Wet Weather
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Watercourses Bank Characteristics Water Flow Conditions

During dry weather condition:
. Almost no flow

During wet weather condition:
. Slow water flow velocity (estimated
at 0.20 m/s)

e Approximate water depth of 2 - 3 cm
and an approximate water width of
10 - 15 cm, at time of survey

e Water was clear and had no odour

D/S21 Earth drain D/S21 is likely =~ ®  Originates from runoff from forested
to be old drains with area and the nearby plant nursery

Oy —— . Ephemeral flow during wet weather

condition onl
and slabs observed. It is Y

covered by dense During dry weather condition:

vegetations. e  Almost no flow

During wet weather condition:

e  Slow water flow velocity (estimated
at 0.29 m/s)

e  Approximate water depth of 2 - 3 cm
and an approximate water width of
80 cm, at time of survey

. Water was clear and had no odour

D/S22 . Originates from runoff from Clementi
Forest and surrounding urban area

WQ16 (Upstream)

During Dry Weather During Wet Weather
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Watercourses

D/S23

Bank Characteristics

Upstream of D/S22 is a
close culvert followed by
open concrete drain.
Downstream is natural
stream covered by dense
vegetations.

Estimated drain length is
700 m.

Natural stream with earth
banks, covered by dense
vegetation.

Estimated stream length
is 150 m.

Water Flow Conditions

Perennial flow towards the natural
stream D/S1 of Clementi Forest in
the north-eastern direction

During dry weather condition at the
concrete drain:

Slow water flow velocity (estimated
at 0.27 m/s)

Approximate water depth of 2 - 3 cm
and an approximate water width of
25 cm, at time of survey

Water was clear and had no odour

During wet weather condition:

Fast water flow velocity (estimated at
0.34 m/s)

Approximate water depth of 14 cm
and an approximate water width of
25 cm, at time of survey

Water was clear and had no odour

Originates from forest area of Maju
Forest

Ephemeral flow

Water flow towards a concrete drain
at southwest direction during dry
and wet weather at time of survey
The stream could be partially dried
at some sections of it (with many
sections having no or low water
levels) occasionally based on

AECOM

e

During Dry Weather During Wet Weather
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Watercourses

D/s24

Bank Characteristics

Natural stream with earth
banks, covered by dense
vegetation.

Estimated stream length
is 90 m.

Water Flow Conditions

biodiversity findings (section
7.3.2.2.6)

During dry weather condition:

Slow water flow velocity (estimated
at 0.05 — 0.08 m/s)

Approximate water depth of 5 - 20
cm and an approximate water width
of 110 - 130 cm, at time of survey

Water was clear and had no odour

During wet weather condition:

Fast water flow velocity (estimated at
0.5-1 m/s)

Approximate water depth of 13 - 25
cm and an approximate water width
of 120 - 190 cm, at time of survey

Water was less turbid and had no
odour
Originates from forest area of Maju
Forest
Ephemeral flow
Water flow towards a concrete drain
at southwest direction during dry
and wet weather at time of survey
The stream could be partially dried
at some sections of it (with many
sections having no or low water
levels) occasionally based on
biodiversity findings (section
7.3.2.2.6)

During dry weather condition:

Stagnant to slow water flow velocity
(estimated at 0.01 m/s)

Approximate water depth of 6 - 10
cm and an approximate water width
of 40 - 50 cm, at time of survey

WQ34

AECOM
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Watercourses

D/S25

Bank Characteristics

Natural stream with earth
banks, covered by dense
vegetation.

Estimated stream length
is 130 m.

Water Flow Conditions

. Observed stagnant water had a
layer of oil and no odour

. Observed slow water flow was clear
and had no odour

During wet weather condition:
e Slow water flow velocity (estimated at
0.05 m/s)
e Approximate water depth of 8 - 10
cm and an approximate water width
of 50 - 100 cm, at time of survey
e Water was less turbid and had no
odour
e  Originates from forest area of Maju
Forest

e  Ephemeral flow

e  Water flow towards a concrete drain
at southwest direction during dry
and wet weather at time of survey

e  The stream could be partially dried

at some sections of it (with many
sections having no or low water
levels) occasionally based on
biodiversity findings (section
7.3.2.2.6)

During dry weather condition:

e  Stagnant to slow water flow velocity
(estimated at 0.1 m/s)

e  Approximate water depth of 20 - 25
cm and an approximate water width
of 20 - 230 cm, at time of survey

e  Observed water had a layer of oil
and had no odour

During wet weather condition:

e Slow water flow velocity (estimated at
0.2 m/s)

During Dry Weather

Photos

WQ35

During Wet Weather

AECOM
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Watercourses Bank Characteristics Water Flow Conditions Photos

e Approximate water depth of 20 - 30
cm and an approximate water width
of 140 - 350 cm, at time of survey

. Water was less turbid and had no
odour
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8.5.1.2  Water Quality Conditions in the Study Area

From February 2020 to April 2022, the water quality sampling was conducted in the Study Area during dry and wet
weather conditions as shown in Table 8-7. Only stations located at perennial streams/drains (i.e. WQ1, WQ2,
waQ16, wWQ17, WQ18, WQ19 and WQ20) were sampled during dry and wet weather conditions, while stations
located at ephemeral streams/drains (i.e. WQ14 and WQ15) were sampled during rainy days. Due to water flow
observed at the stations of ephemeral streams such as WQ33, WQ34 and WQ35 at the time of survey during both
dry and wet weather, so these streams were sampled for both dry and wet weather conditions. A total of thirty-two
(32) samples has been collected for the Study. A total of thirty-two (32) samples has been collected for the Study.

The water quality results are presented in Table 8-8 with photos shown in Table 8-9, and were assessed against
guidelines listed in Table 8-2. The laboratory results for surface water quality parameters were also included in
Appendix L. This comparison supports the impact assessment as the streams/drains within the Study Area were
found to flow into area of ecological conservation values and public watercourses, and it allows for an assessment
of whether the existing water quality is in compliance with the identified limits. If there are no guidelines defined for
any of the water quality parameters, the monitored results were considered as the minimum criteria. It should be
noted that the water quality of any water generated from the Project’s activities during both construction and
operational phases should be treated to comply with the NEA allowable limits for discharge into a controlled
watercourse prior to discharge.

Table 8-7 Water Quality Monitoring Schedule

Dry Weather Wet Weather

Sampling S
Event 4or5 17 March 28 March 6 April 22 June 13 August 11 April
February 2020 2022 2022 2020 2020 2022
2020

Sampling
Location

WQ1 (D/S1) Sampled Sampled - - - Sampled -
WQ2 (D/S2) Sampled Sampled - - - Sampled -
(\g/g;g) ) ) ) i Sampled i i
(\gg;?) ) ) ) i Sampled i i
(\IIDVE;S) Sampled Sampled - - Sampled - -
2/5/08117) Sampled Sampled - - Sl - -

wQ18 Sampled Sampled - - - -
(D/S1) Sampled

zlg/QS119) Sampled Sampled Sl
WQ20 Sampled Sampled - - Sampled -
(D/S1)
WQ33 - - Sampled Sampled - - Sampled
(D/S23)
WQ34 - - Sampled Sampled - - Sampled
(D/S24)
WQ35 - - Sampled Sampled - - Sampled
(D/S25)

Note: “-* indicates the sampling was not conducted on the corresponding date.
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Table 8-8 Surface Water Quality Results

ST wQ1 wWQ17 wWQ18 WQ19 WQ20 wWQ2 WQ14 WQ15 WQ16 WQ33 WQ34 WQ35 FYP— NEA Trade Effluent Criteria for
\
(D/S1) (D/S1) (D/S1) (D/S1) (D/S1) (D/S2) (D/S20) (D/S21) (D/S22) (DIS23) (DIS24) (D/S25) ¢ Discharge Limits? Aquatic Life®
Site Clementi Forest Maju Forest
Watercourse type Perennial, Perennial, natural Perennial, Ephemeral, Ephemeral, Perennial, Ephemeral, natural
concrete earth drain concrete earth drain natural
pH Dry Average 7.6 6.8 6.8 6.8 7.1 6.7 - - 7.2 6.6 5.4 5.0 6.6 6-9 6.5-9
Wet 7.1 6.8 6.7 6.7 6.6 6.7 6.7 6.6 6.8 6.6 5.4 55 6.5
Temperature ('C) = Dry Average 28.4 27.4 26.7 26.8 27.1 26.3 - - 27.0 26.6 26.4 27.1 27.0 45 -
Wet 26.7 27.2 26.9 26.8 26.7 25.9 27.1 26.4 27.0 25.4 25.4 25.4 26.4
Conductivity Dry Average 246 227 231 228 233 288 - - 223 193 51 66 165.5 - -
(uS/em) Wet 71 286 278 271 70 214 341 234 257 111 49 53 186.3
Total Dissolved Dry Average 151 141 145 144 145 183 - - 140 121 33 41 103.7 1,000 1,000
Solids, TDS
Wet 44 179 174 170 44 137 213 148 160 72 32 34 117.3
(mg/L)
Dissolved Dry Average 94 8.0 2.0 1.1 4.4 1.1 - - 7.4 5.1 0.4 3.0 4.2 - >4.0
Oxygen, DO
Wet 5.6 7.0 5.2 3.7 5.2 34 8.7 6.8 8.2 7.7 35 7.2 6.0
(mg/L)
Turbidity (NTU) Dry Average 5 3 11 7 6 45 - - 4 5 97 4 18.7 - 50
Wet 7 4 8 7 7 24 3 14 9 70 60 40 21.1
Total Suspended Dry Average 3.7 2.7 5.5 15.5 8.3 36.8 - - 2.8 3.0 84.5 5.7 16.9 30 50
Solids, TSS
Wet 34 2.3 3.7 6.0 3.6 20.0 11.0 4.0 14.7 25.9 16.2 6.7 9.8
(mg/L)
Biochemical Dry Average 1.7 1.8 25 2.0 1.7 2.9 - - 1.3 18 <1 <1 1.6 20 3
Oxygen Demand,
Wet <1 15 18 2.3 <1 2.4 2.7 23 2.6 <1 <1 <1 13
BODs (mg/L)
Chemical Dry Average 7.0 4.0 9.5 9.0 7.0 15.5 - - 3.0 5.0 41.5 <5 10.2 60 25
Oxygen Demand,
Wet 7.9 7.0 7.0 8.0 13.0 19.0 14.0 23.0 12.0 83.0 48.0 35.0 23.1
COD (mg/L)
Total Dry Average 0.084 0.105 0.110 0.122 0.105 0.115 - - 0.074 0.065 0.193 0.111 0.108 - Eutrophic Limit:
Phosphorus, TP 0.075
(mg/L) Wet 0.024 0.100 0.078 0.092 0.031 0.051 0.120 0.083 0.053 0.039 0.040 0.034 0.062
Orthophosphate, Dry Average 0.065 0.072 0.071 0.069 0.067 0.065 - - 0.048 0.046 0.039 0.047 0.049 0.65 0.033
PO4-P (mg/L) Wet 0.012 0.057 0.051 0.049 0.012 0.032 0.040 0.055 0.044 0.037 0.034 0.033 0.038
Total Nitrogen, Dry Average 0.6 11 1.0 0.8 0.7 1.0 - - 11 0.4 0.8 0.4 0.8 - Eutrophic Limit:
TN (mg/L) Wet 0.5 11 0.8 0.8 0.6 1.4 0.7 2.6 0.7 1.6 13 1.6 11 15
Nitrate, NO3-N Dry Average 0.1 0.4 0.4 0.09 0.07 0.003 - - 0.5 0.2 0.3 0.3 0.2 4.52 10
(mg/L) Wet 0.4 0.8 0.6 0.5 0.4 08 0.1 1.0 0.6 15 13 15 0.8
Note:
a. NEA Trade Effluent Discharge Limits are for controlled watercourses.
b.  The sources of water quality criteria for aguatic life include United Nations Economic Commission for Europe [R-18], United States Environmental Protection Agency [R-19], Australian & New Zealand [R-26], Canada [R-27], Philippines [R-16], and Malaysia [R-28].
c. Red values mean data exceeding the NEA limits; Purple values mean data exceeding the aquatic life criteria; Blue values mean data exceeding both NEA limits and aquatic life criteria.
d. “”indicates samples were only collected for wet weather conditions, thus dry weather data were not available.
e. <1 means lower than 1 mg/L of level of detection limit, etc.
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Table 8-9 Water Quality Photos at Each Sampling Station
Water

Sampling During Dry weather During Wet weather
Station

Clementi Forest

waQ1

wQ2

waQ14

WQ15
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Water
Sampling
Station

waQ17

waQ18

wQ19

During Dry weather

During Wet weather

AECOM
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Water
Sampling During Dry weather During Wet weather
Station

WQ35

As described in Section 8.5.1.1, some drains/streams in the Study Area had ephemeral flow and it is unlikely that
such ephemeral drains/streams (i.e. WQ14 and WQ15) will have any aquatic life. Hence, water quality of all stations
was compared with NEA guidelines, while those stations located along perennial watercourses (i.e. WQ1, WQ2,
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wQ16, wQ17, WQ18, WQ19, WQ20 and WQ33, WQ34 and WQ35) were compared against the criteria for aquatic
life.

8.5.1.2.1 Clementi Forest

At Clementi Forest, a total of nine (9) water quality stations were sampled. These stations are located along the
stream D/S2 (WQZ2), drain D/S20 (WQ14), drain D/S21 (WQ15), drain D/S22 (WQ16) and natural stream D/S1
(wQ1, WQ17, wQ18, WQ19 and WQ20). Generally, the surface water quality parameters such as pH, temperature,
total dissolved solids (TDS), turbidity, chemical oxygen demand (COD), biochemical oxygen demand (BODs), total
nitrogen (TN) and nitrate (NOs-N) met the NEA guideline and aquatic life criteria at all water quality stations as
shown in Table 8-8.

Dissolved Oxygen (DO) levels at stream D/S2 and midstream of stream D/S1 during both dry and/or wet weather
conditions did not meet the limit of 4 mg/L for aquatic life. Decomposition of organic matter from forest vegetation
in low flowing natural streams surrounded by vegetation, can usually result in depletion of DO in the natural
streams. These reasons seem valid for lower DO levels observed at stream D/S2 and midstream of D/S1 (i.e. near
stagnant natural stream conditions during dry weather and covered by dense vegetation). However, previous study
[P-5] has shown that DO lower than 4 mg/L was normal in natural streams of Singapore, which is consistent with
the Study.

The total suspended solids (TSS) level at the stream D/S2 exceeded the NEA guideline of 30 mg/L during dry
weather. This indicated the high concentration of sediments existing in the stagnant water as observed during time
of survey (refer to Table 8-9).

Compared with water quality criteria for aquatic life, during dry weather, (TP) concentration at the stations within
perennial stream of D/S1 and stream D/S2 exceeded the eutrophication limit (i.e. 0.075 mg/L), while the
orthophosphate (PO4-P) concentration at all the perennial watercourses had exceeded the aquatic life criteria limit
(i.e. 0.033 mg/L). The PO4-P at all the watercourses were within NEA guideline limit (i.e. 0.65 mg/L). Phosphorus
data show high eutrophication potential in natural streams which had slow flow velocity, which is consistent with
the site observation of greenish watercourses with algae and dense vegetations (refer to photos of all the sampling
stations in Table 8-9). In Clementi Forest, stream D/S1 have high phosphorus from its upstream with increasing
concentration till its downstream. This has indicated the source of phosphorus might come from both upstream
residential area (e.g. fertiliser from tree plantation, food wastes, etc.) as well as organic decomposition from dead
plants within the Study Area. During wet weather, the phosphorus concentrations within all the perennial natural
streams slightly reduced due to dilution effect from storm.

The overall baseline water quality of the perennial watercourses was likely to be suitable for aquatic life. This
supports the biodiversity findings in Section 7.4.2.1, especially the natural stream D/S1 of high ecological value.

8.5.1.2.2 Maju Forest

At Maju Forest, a total of three (3) water quality stations were sampled along three (3) natural streams D/S23,
D/S24, and D/S25 in the forested area. The water quality parameters such as temperature, biochemical oxygen
demand (BODs) and nitrate (NO3-N) met the NEA guideline and aquatic life criteria at all water quality stations as
shown in Table 8-8.

The pH found at stream D/S24 and stream D/S25 during dry and wet weather conditions were not within than the
range of NEA guideline (i.e. pH 6 — pH 9) and aquatic life criteria (i.e. pH 6.5 — pH 9). This might be due to the
higher concentration of humic acid from decomposing forest debris from the surrounding vegetation during dry
weather.

DO levels were found to be depleted at stream D/S24 and stream D/S25 during both dry and/or wet weather
conditions. Decomposition of organic matter from forest vegetation in natural streams with slow flow velocity and
surrounded by vegetation, can usually result in depletion of DO in the natural streams.

The turbidity at stream D/S23 and stream D/S24 (i.e. 70 NTU and 60 NTU, respectively) during wet weather and
turbidity at drain D/S23 (i.e. 97 NTU) during dry weather have exceeded the aquatic life criteria (i.e. 50 NTU). The
TSS levels at the water quality stations were within the NEA guideline of 30 mg/L and aquatic life criteria of 50
mg/L, except at stream D/S24 during dry weather conditions. The elevated TSS at stream D/S24 could be attributed
to the relatively very low velocity flow and low turbid observed at the time of survey.

For chemical oxygen demand (COD), the streams in the Maju Forest (i.e. D/S23, D/S24 and D/S25) exceeded the
NEA guideline (i.e. 60 mg/L) and/or aquatic life criteria limits (i.e. 25 mg/L) during wet weather and it might be due
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to the flushing of stormwater from upstream consisted of high concentration of COD. Elevated COD at stream
D/S24 during dry weather has also exceeded the aquatic life criteria and this indicated a large proportion of non-
biodegradable organics (given the low BODs observed) in the water of stream D/S24 during dry and wet weather
conditions.

During wet weather, total phosphorus (TP) concentration among all three (3) water samples ranged from 0.034
mg/L to 0.040 mg/L, which was below the eutrophication limit (i.e. 0.075 mg/L) of the aquatic life criteria. During
dry weather, TP concentration at streams D/S24 and D/S25 (i.e. WQ34 and WQ35) exceeded the eutrophication
limit, while the orthophosphate (PO4-P) concentration at all the sampled stations exceeded the aquatic life criteria
limit (i.e. 0.033 mg/L). The PO4-P levels at streams D/S23 and D/S24 (i.e. 0.037 mg/L and 0.034 mg/L) during wet
weather also exceeded the aquatic life criteria (i.e. 0.033 mg/L). Hence, phosphorus data show high eutrophication
potential in natural streams which had slow flow velocity, which is consistent with the site observation of greenish
watercourses with algae and dense vegetations (refer to photos of all the sampling stations in Table 8-9).

TN levels at streams D/S23 and D/S25 slightly exceeded the eutrophic limit during wet weather. The elevated TN
could be due to water flushing from surroundings dense vegetation contained of high nitrogen level during storm
event.

As such, it can be concluded that the baseline water quality of the natural streams in Maju Forest suggesting
possible unfavourable conditions for aquatic life. However, the aquatic life could have adapted to such existing
conditions based on biodiversity findings in Section 7.4.1.1, which consider the natural streams to be of high
ecological value.
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8.6

This section proposes minimum controls, or standard practices, commonly implemented in Singapore for similar
construction and operational activities, that have been assumed to be implemented for the purposes of impact
assessment.

Minimum Control for Potential Impacts

8.6.1

Table 8-10 has a non-exhaustive list of minimum controls for each potential impact identified in Section 8.3.1 for
construction phase.

Construction Phase

Table 8-10 Minimum Controls during the Construction Phase Applicable to Hydrology and Water Quality
Impact Assessment

Environmental
Parameter

Solid & Toxic

Activity

Site clearance,

Minimum Control

Development of a Standard Operation Procedure (SOP) for safe

Waste _ earthworks and handling, transfer, storage and disposal of solid waste;
Generation general Effective ECM and monitoring implemented as recommended in
construction the Code of Practice on Surface Water Drainage to ensure that
activities at discharge into the stormwater drainage system does not contain
launch/retrieval TSS in concentrations greater than the prescribed limits under the
shafts, the open Sewerage and Drainage (Surface Water Drainage) Regulations;
cut and the C&C . . L
works (e.g. ECM measures |ncluqe but are not limited to m_|n|m|sat|on of
- formation of bare soil, coverage of all bare/erodible surfaces,
clearing and e . .
preparation, slope stability, concrgte cut-qff drains, .Sl|t fences/traps glong the
trench excavation, pert|meter cut-o‘r;f ('1ra|n, turbidity curtains for works adjacent to
backfill, soil watercourses, etc.;
mixing, Implementation of CCTV including SIDS at the public drain to
compaction, spoil monitor the surface runoff discharges from the sites as per the
handling and Public Utilities Board of Singapore’s (PUB) circular on Preventing
transport, building Muddy Waters from the Construction Sites (October 2015);
of permanent Provision of enclosed bins and waste disposal facilities cleared up
structures, utilities as often as necessary to prevent build-up. Housekeeping checks
diversion will be carried out once a day to ensure all litter is cleared from
including site;
diversion of water Hazardous substances and toxic wastes should be stored on hard
pipes and ; stand, under shelter with a kerb around the storage area;
stormwater drains . . . . .
; All wastes will be disposed only in the designated waste disposal
along the Project, fer . ! .
etc.) facilities and appropriately geparated, i.e. by trained workers to
properly sort and label the different types of waste (reusable and
recyclable waste, toxic and non-toxic waste, etc.); and
Appropriate disposal of any waste listed in the Environmental
Public Health (General Waste Collection) Regulations by licensed
waste operator/collector.
Liquid Effluent = Construction Afull inventory of all anticipated wastewater streams and volumes
Generation and wastgwater . should be finalised before the onset of the construction works;
Stormwater resulting from site No unmanaged discharge of wastewater stream permitted;
Runoff clearance, . . .
excavation, Reduce, reuse, and recycle hierarchy principle to be applied to

tunnelling, etc.

wastewater on-site;

Regular audits on environmental management procedures will be
carried out on-site;

No hazardous liquids to be sent to the detention pond/tank;

Hazardous wastewater, such as oily water, thinners, solvents, or
paints, should be stored on hard stand, under shelter with a kerb
around the storage area. The wastewater should be removed for
treatment and disposal off-site by an approved Waste
Management Contractor. Hazardous liquids to be handled as
Hazardous Waste;

Containment pond/kerbs will be of impervious material and be
designed with sufficient capacity to hold volumes of wastewater
produced on-site and potential fire-fighting wastewater;
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Environmental Activity Minimum Control

Parameter

e ECM tanks/ponds will be designed in sufficient capacity to hold the
turbid stormwater prior to treatment at the ECM facility;

e Temporary storage volumes should be provided for overflow
situations of untreated wastewater. Temporary storage with
sufficient capacity will capture any expected additional volumes
ensure untreated wastewater is not released to watercourses
unless it complies with Singapore NEA Guidelines on trade
effluent discharge concentrations;

e A responsible person (e.g. ECO) to be assigned to oversee the
efficient operation of the containment pond/kerbs where ‘Good
Housekeeping' practices would be adhered to. Also, the area
would be carefully managed to avoid spills, leaks, and odour
issues, with the containment pond/kerbs checked at least daily to
ensure proper functionality;

o Daily record volume of wastewater, as well as volumes of sludge
and other produced wastes;

Contractor will need to seek approval from relevant authorities (i.e.
PUB & NEA) as per PUB Sewerage and Drainage (Trade Effluent)
Regulations if the wastewater will be disposed to public sewer or
NEA'’s Trade Effluent Discharge Limits to controlled watercourse if
the treated trade effluent will be disposed to surface watercourses.
If such discharges are not approved, the trade effluent will be
stored, treated or recycled on site and finally disposed off-site;

e Contractor will seek for comment and approval from relevant
authorities (e.g. SCDF and NEA) on the treated wastewater to be
used for firefighting purposes.

e The discharge of pumped dewatered groundwater or other
wastewaters to sensitive aquatic habitats will be prohibited (e.g.
natural streams within Clementi Forest and Maju Forest);

e Tunnel washing effluent should be discharged to containment
pond/kerbs that are manually collected by operator assigned
private wastewater collector to be transferred to wastewater
treatment plant;

e The containment pond/kerbs, as well as wastewater generating
areas on-site, to be equipped with spill clean-up Kkits;

e Adequate drainage, cut-off drains sump pit, road kerb, piping and
toe wall will be designed for channelling of construction process
wastewater streams (e.g. concrete batching, wash water, etc.) and
stormwater runoff separately through detailed design for capture
and treatment in the containment pond/kerbs. Where applicable
(e.g. in the vicinity of liquid storage or refuelling areas), this
infrastructure will include oil-water separators to capture
inadvertent spills or leaked oils or greases;

e Implement a construction EMMP and ensure full preparation of
associated plans and procedures including the following:

e EMMP to include SOPs, an Emergency Response Plan (ERP), an
inventory of wastewater streams, training of staff as well as an
inspection, maintenance and audit schedule; and

e Full development of EMMP Wastewater Management Procedures to
include dedicated management and monitoring procedures that
covers all eventualities related to the proper operation of containment
pond/kerbs, or any other wastewater discharge location/equipment.

e Regular and dedicated procedures for the inspection and
maintenance of wastewater (i.e. trade effluent) collection, storage,
and treatment infrastructure, such as pipes, oil water separators,
silt screens, etc.;

e Regular and dedicated procedures for the management of
stormwater collection, settling, testing and eventual discharge of
‘clean’ water to watercourse; and

e A training programme for all on-site workers, including sub-
contractors, in relation to their obligations for ensuring proper
water quality management.
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Environmental
Parameter

Activity

AECOM

Minimum Control

Storage and
disposal of
domestic liquid
wastes

Storage and
disposal of
construction solid
wastes

Stormwater
Runoff
Generation

Provision of portable toilets and on-site septic tank;

Regular cleaning of the portable toilets and clearing of sanitary
waste;

Appropriate location of toilet facilities away from any nearby
watercourse;

Inspections and audits to ascertain the hygienic conditions on-site;

The toilet facilities will be placed at least 30 m away from any
nearby watercourse;

Training of workers on the best practices to contribute to
environmental protection; and

Appropriate disposal of any waste listed in the Environmental
Public Health (General Waste Collection) Regulations by licensed
waste operator/collector regardless the wastes to be disposed off-
site or discharged to public sewer.

Surface Water Drainage, to be endorsed by a QECP and
submitted to PUB;

Implementation of the ECM plan before the start of any
construction work;

Effective ECM and monitoring implemented as recommended in
the Code of Practice on Surface Water Drainage to ensure that
discharge into stormwater drainage system does not contain TSS
in concentrations greater than the prescribed limits under the
Sewerage and Drainage (Surface Water Drainage) Regulations;

ECM measures include but are not limited to minimisation of
formation of bare soil, coverage of all bare/erodible surfaces,
concrete cut-off drains, silt fences/traps along the perimeter cut-
off drain, turbidity curtains for works adjacent to water bodies
(canals, drains, streams), etc.

Implementation of CCTV including a SIDS at the public drain to
monitor the surface runoff discharges from the sites as per the
PUB circular on Preventing Muddy Waters from the Construction
Sites (October 2015);

Runoff within, upstream of, and adjacent to the work site will be
effectively drained away without causing flooding in the vicinity;

Manholes should always be adequately covered and temporarily
sealed;

Protection of stockpiles with erosion blanket coverage and proper
scheduling of the demolition and earthworks to reduce the quantity
of stockpiles to be stored on-site;

Coverage of temporary/open storage of excavated materials;

All vehicles should run via wheel washing process before leaving
the site to ensure no earth, mud, debris, etc., is deposited on
roads; and the wastewater hence generated should be stored and
removed for treatment and disposal off-site by an approved Waste
Management Contractor; and

Appropriate permits for discharge to be obtained from relevant
authority prior to discharge. No trade effluent other than that of a
nature or type approved by NEA Director-General will be
discharged into any watercourse or land.

Stormwater Quality:

ECM measures include but are not limited to minimisation of
formation of bare soil, coverage of all bare/erodible surfaces,
concrete cut-off drains, silt fences/traps along the perimeter cut-
off drain, turbidity curtains for works adjacent to watercourses
(canals, drains, streams), etc.;

Adequate drainage, piping and/or channelling of stormwater runoff
to be assured through detailed design for capture and treatment
at ECM tanks/ponds before discharge into watercourses;

Regular and dedicated procedures for the inspection and
maintenance of stormwater collection, storage, and treatment
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Environmental Activity Minimum Control

Parameter

infrastructure, such as pipes, oil water separation, silt screens,
etc.; and

e Regular and dedicated procedures for the management of
stormwater collection, settling, testing and eventual discharge of
‘clean’ water to watercourses. This should also include associated
measures required to prevent high sediment concentration
stormwater drainage to watercourses.

Hydrology:
¢ Runoff within, upstream of, and adjacent to the work site will be
effectively drained away without causing flooding in the vicinity;

e Potential increase of peak-flow due to the change in the land use
at the worksite can be mitigated by providing detention tanks or
ponds within the Study Area. Detention tanks or ponds can
capture stormwater during heavy storm events to reduce the peak
runoff;

e Geotechnical aspect of site’s slope stability (such as Earth
Retaining and Stabilising structures (ERSS) to be included in
detailed design engineering for the construction stage; and

e The design engineers for detailed design may need to ensure that
Earth Retaining Stabilisation structures (ERSS) are proposed
when the site is cleared and excavated. Concurrently the ECO
must ensure that these measures are implemented in the
construction phase, as cutting of slopes may result in slope

instability.
Improper Use, storageand | e Development of SOP for safe handling, transfer and storage of
Management of disposal of toxic waste; housekeeping checks once a day to ensure all toxic
Chemical chemical waste is cleared from site;
Substances substances e Appropriate tests to ascertain the presence/absence of
Refuelling contamination of the excavated earth and sand;

activities o Appropriate fully sheltered storage area with storage volume to be

110% of the largest volume of chemical substances to be stored
(kerb up and enclosed on at least 3 sides, covered and with
adequate ventilation);

e Appropriate construction material for toxic waste storage
containers with leak detection tests conducted periodically;

e Provision of secondary containment for all toxic waste stored in
bulk as per the requirements in the COPPC/SS593;

e Preparation of an emergency response plan, training of the
emergency response team (ERT) to be competent in the response
mechanism and provision of response kits for any spillages;

e Consignment notification/tracking system and transport
emergency response plan for transport of toxic waste; and

e Appropriate disposal of toxic waste as per required in the
Environmental Public Health (Toxic Industrial Waste) Regulations
by licensed waste operator/collector.

8.6.2 Operational Phase

Table 8-11 has a non-exhaustive list of minimum controls for each potential impact identified in Section 8.3.2 for
operational phase.
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Table 8-11 Minimum Controls during the Operational Phase Applicable for Hydrology and Water Quality
Impact Assessment

Environmental Activity Minimum Control
Parameter
Stormwater Stormwater Stormwater Quality:
Runoff Runoff e Adequate drainage, piping and/or channelling of stormwater runoff
Generation to be assured through detailed design [such as Active, Beautiful,

Clean Water (ABC) Water Design approach] for capture and
treatment before discharge into watercourses;

e Regular and dedicated procedures for the inspection and
maintenance of stormwater collection, storage, and treatment
infrastructure, such as pipes, oil water separation, silt screens,
etc.; and

e Regular and dedicated procedures for the management of
stormwater collection, settling, testing and eventual discharge of
‘clean’ water to watercourses.

Hydrology:

e Potential increase of peak-flow due to the change in the land use
at the new developments can be mitigated by providing detention
tanks within the Study Area. Detention tanks can capture
stormwater during heavy storm events to reduce the peak runoff.
Stored water can then be discharged back to the system after the
storm event. As required by PUB, the storage system needs to be
in place to reduce the peak flow at the operational phase to be the
same or less than that of the existing condition;

o Active, Beautiful, Clean Water (ABC) Water Design approach can
be considered to reduce the peak-flow as well; and

e Geotechnical aspect of site’s slope stability (such as ERSS) to be
included in detailed design engineering for the operational stage.

8.7 Prediction and Evaluation of Hydrology and Surface Water Quality
Impacts

8.7.1 Construction Phase

As described in Sections 8.3 and 8.6, three (3) major sources of hydrology and surface water quality impacts were
identified, including solid & toxic waste generation, liquid effluent and stormwater runoff, as well as management
of chemical substances. Among them, liquid effluent and stormwater runoff may have impact on both hydrology
and surface water quality in the vicinity of Study Area, while the other two (2) sources tend to have more impact on
surface water quality. Following sections present the prediction and evaluation of hydrology and surface water
quality impacts during construction phase.

8.7.1.1 Solid & Toxic Waste Generation (Water Quality)

In Clementi Forest, five (5) sensitive receptors were identified as Priority 1 (i.e. stream D/S1, drain D/S2, drain
D/S20, drain D/S21 and stream D/S22). The quantity of solid and toxic waste stored on-site (e.g. chemical waste,
construction debris, etc.) was expected to be limited and will be periodically disposed of by licensed waste
management contractors as provided for in the minimum controls. However, during the construction phase, stream
D/S1, drain D/S21 and stream D/S22 are located within the construction worksites. Hence, the impact intensity of
water quality impact on stream D/S1, drain D/S21 and stream D/S22 would be High due to potential contamination
could be significant at the watercourses and some of watercourses has supported high ecological value (refer to
Section 7.4.2.1). As the watercourses are Priority 1 sensitive receptors, the water quality impact consequence on
the watercourses would be High based on the Impact Consequence Matrix as in Table 6-6. Water soluble
parameters such as TDS, nutrients, heavy metals, etc. will be monitored and treatment for these parameters will
be put in place before the stormwater runoff releases into the stream D/S1, drain D/S21 and stream D/S22. As
some portions of watercourses of stream D/S1, drain D/S21 and stream D/S22 will be within the worksite areas,
so even all minimum control measures detailed in Table 8-10 are provided, the likelihood of occurrence would be
Regular for stream D/S1, drain D/S21 and stream D/S22. According to Table 6-8, the impact significance on stream
D/S1, drain D/S21 and stream D/S22 would be Major. For drain D/S20 in Clementi forest, it is located near to the
Worksite at Nursery so the impact intensity on drain D/S20 would be Medium and the consequence on drain D/S20
would be Medium also based on the Impact Consequence Matrix as in Table 6-6. The impact significance on drain
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D/S20 was assessed to be Minor with Rare likelihood of occurrence by providing the minimum controls as
mentioned in Table 8-10. For drain D/S2, the construction worksites are not located within the catchment areas of
drain D/S2 and the existing land use of drain D/S2 will not be changed, so the impact intensity of solid and toxic
waste contamination on drain D/S2 would be Negligible and the consequence would be Very Low as the
watercourse is Priority 1 sensitive receptors based on the Impact Consequence Matrix as in Table 6-6. Once
effective ECM and monitoring are implemented as required in the Code of Practice on Surface Water Drainage,
the impact likelihood on drain D/S2 would be Rare and the impact significance would be Negligible according to
Table 6-8.

In Maju Forest, the construction worksites are not located within the catchment areas of the natural streams. It is
unlikely that spills or runoff from the waste stored on site will reach the watercourses and the impact intensity on
the natural streams in Maju Forest would be Negligible. The impact consequence would be Very Low as the
watercourses are Priority 1 sensitive receptors based on the Impact Consequence Matrix as in Table 6-6. In
addition, the suspended solids discharge from the construction worksite to the nearby watercourse is kept to
minimum with the ECM tanks/ponds. Therefore, the likelihood of occurrence was expected to be Rare for the
natural streams. Hence, the impact significance would be Negligible for the natural streams in Maju Forest
according to Table 6-8.

8.7.1.2 Liquid Effluent and Stormwater Runoff Generation (Hydrology and Water Quality)
8.7.1.2.1 Hydrology

Land use modification due to land clearing during construction phase may affect existing hydrology condition of
Study Area. Due to the land use changes with less vegetation and exposed earth, it may lead to increased surface
runoff volume and water level in existing channel, and subsequent flooding of surrounding areas adjacent to the
streams and drains. With minimum controls as mentioned in Table 8-10, installation of temporary storage can
prevent overflow situations at site. Temporary storage with sufficient capacity will capture any additional volumes
that may be expected due to proposed construction site. Flooding can be minimised at streams and drains if they
will not be occupied as CCTV will be implemented at existing drain to monitor the surface runoff discharges from
the sites.

At Clementi Forest, the existing forest and natural streams could be impacted by construction activities of CR16
worksite. The drain D/S21, stream D/S22 and upstream-midstream of stream D/S1 will be occupied by the
proposed construction worksite. The catchment area could be changed due to land use change of construction
worksite. Less vegetation on the land due to forest clearing in the worksite will also lead to potentially increased
amount of surface runoff during storm event. Dry weather flow might be altered as well, which in turn might have
adverse impact on the sensitive aquatic habitat of the natural stream D/S1 and downstream of D/S22 (refer to
biodiversity findings in Section 7.4.2.1. Hence, drain D/S21, stream D/S22 and stream D/S1 would have High
impact intensity. As the watercourses are Priority 1 sensitive receptors, the impact consequence on drain D/S21,
stream D/S22 and stream D/S1 would be High based on Table 6-6. The likelihood of occurrence would be Regular
for the drains and stream with a Major impact significance based on Table 6-8. The hydrology of drain D/S20 which
near the Worksite at Nursery will be potentially altered due to the land use change of construction worksite so drain
D/S20 could have Medium impact intensity. Drain D/S20 is Priority 1 sensitive receptor and the impact consequence
would be Medium based on Table 6-6. With minimum controls as provided in Table 8-10, the occurrence likelihood
would be Rare for drain D/S20 and the impact significance was assessed to be Minor based on the Table 6-8. For
drain D/S2, the construction worksites are not located within the catchment areas of drain D/S2 and the existing
land use of drain D/S2 will not be changed, the hydrology impact intensity on drain D/S2 would be Negligible and
the consequence would be Very Low as the watercourse is Priority 1 sensitive receptors based on the Impact
Consequence Matrix as in Table 6-6. The impact likelihood of occurrence on drain D/S2 would be Rare and the
impact significance was assessed to be Negligible according to Table 6-8.

In Maju Forest, the construction worksites are not located within the catchment areas of the natural streams, so
flooding was not expected to occur at the natural streams. Thus, the impact intensity on the natural streams in Maju
Forest would be Negligible. The impact consequence would be Very Low as the watercourses are Priority 1
sensitive receptors based on the Impact Consequence Matrix as in Table 6-6. The likelihood of occurrence would
be Rare for the natural streams. Hence, the impact significance would be Negligible for the natural streams in Maju
Forest according to Table 6-8.

8.7.1.2.2 Water Quality

Liquid effluents generated from the construction activities commonly include extracted groundwater, sanitary
discharges, and stormwater runoff from exposed and unstable slopes. For sanitary discharges, portable toilets will
be installed as part of the minimum control provided by the Project and sanitary effluents from portable toilets will
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be collected regularly by the appointed contractor for disposal. Management controls are also expected to be
implemented, such as regular inspection and housekeeping. To avoid additional stormwater runoff flowing from
site’s unstable slope to adjacent forested slopes during construction phase, it is also recommended that soil nailing
should be done along the cut slope and geotextile should be used for fill slope along the worksite boundary before
construction.

In Clementi Forest, five (5) sensitive receptors were identified as Priority 1 (i.e., stream D/S1, drain D/S2, drain
D/S20, drain D/S21 and stream D/S22). During the construction phase, stream D/S1, drain D/S21 and stream
D/S22 are located within the construction worksite. Hence, the impact intensity of impact water quality on stream
D/S1, drain D/S21 and stream D/S22 would be High due to potential contamination could be significant at the
watercourses and some of watercourses has supported high ecological value (refer to Section 7.4.2.1). With proper
application of the minimum controls described in Table 8-10, such as the implementation of containment pond/kerbs
to hold wastewater produced during construction, impacts to the surface water quality from the construction site
surface runoff can be reduced. Stormwater runoff generated from construction activities will be channelled to
containment ponds/kerbs and treated before treatment. For the extracted groundwater as part of tunnelling
wastewater, contractor will need to seek approval from both relevant authorities (i.e., PUB & NEA) prior to any
discharge of treated trade effluent generated as per PUB Sewerage and Drainage (Trade Effluent) Regulations if
the wastewater will be disposed to public sewer or NEA's Trade Effluent Discharge Limits to controlled watercourse
if the treated trade effluent will be disposed to surface watercourses. If extracted groundwater is approved to be
discharged into surface watercourses, in the event that exceedance of the Trade Effluent Discharge Limits of
Controlled Watercourse was detected during monthly monitoring, NEA and PUB should be immediately notified. If
such discharges are not approved, the trade effluent will be stored, treated or recycled on site and finally disposed
off-site. The turbid stormwater runoff generated from construction site will be channelled to ECM tanks/ponds. As
the watercourses are Priority 1 sensitive receptors, the water quality impact consequence on the watercourses
would be High based on the Impact Consequence Matrix as in Table 6-6. Even other controls such as regular and
dedicated procedures for inspection and the maintenance of wastewater collection and storage are provided
accordingly, the occurrence likelihood would be Regular for stream D/S1, drain D/S21 and stream D/S22. According
to Table 6-8, the impact significance on stream D/S1, drain D/S21 and stream D/S22 would be Major. For drain
D/S20, it is located near to the Worksite at Nursery so the impact intensity on drain D/S20 would be Medium and
the consequence would be Medium also based on based on the Impact Consequence Matrix as in Table 6-6. The
impact significance on drain D/S20 was assessed to be Minor with Rare likelihood of occurrence by providing the
minimum controls as mentioned in Table 8-10. For drain D/S2, since the construction worksites are not located
within the catchment areas of drain D/S2 and the existing land use of drain D/S2 will not be changed, the impact
intensity of liquid effluent contamination on drain D/S2 would be Negligible. The impact consequence would be
Very Low as the watercourse is Priority 1 sensitive receptors based on the Impact Consequence Matrix as in Table
6-6. The impact likelihood of occurrence on drain D/S2 would be Rare and the impact significance would be
Negligible according to Table 6-8.

In Maju Forest, the construction worksites are not located within the catchment areas of the natural streams. It is
unlikely that liquid effluent and stormwater generated from the construction worksite will reach the watercourses.
Thus, the impact intensity on the natural streams in Maju Forest would be Negligible. The impact consequence
would be Very Low as the watercourses are Priority 1 sensitive receptors based on the Impact Consequence Matrix
as in Table 6-6. By given the likelihood of occurrence is expected to be Rare for the natural streams, the impact
significance would be Negligible for the natural streams in Maju Forest according to Table 6-8.

8.7.1.3 Improper Management of Chemical Substances (Water Quality)

Chemical substances will be stored on concrete surfaces with containment bunds or on spill control palettes.
Moreover, SOP is expected to be developed to ensure the proper handling, transfer and storage of these
substances, which will also contribute to reduce the frequency and impact of chemical spillage.

In the vicinity of Clementi Forest, five (5) sensitive receptors were identified as Priority 1 (i.e., stream D/S1, drain
D/S2, drain D/S20, drain D/S21 and stream D/S22). During the construction phase, stream D/S1, drain D/S21 and
drain D/S22 are located within the construction worksite. The impact intensity of impact water quality on stream
D/S1, drain D/S20, drain D/S21 and stream D/S22 would be High due to potential contamination could be significant
at the watercourses and some of watercourses has supported high ecological value (refer to Section 7.4.2.1). As
the watercourses are Priority 1 sensitive receptors, the water quality impact consequence on the watercourses
would also be High based on the Impact Consequence Matrix as in Table 6-6. Even provided that all minimum
control measures detailed in Table 8-10 are in place such as periodically conducting leak detection tests, the
likelihood of occurrence would be Regular for stream D/S1, drain D/S21 and stream D/S22. According to Table 6-8,
the impact significance on stream D/S1, drain D/S21 and stream D/S22 would be Major. For drain D/S20, it is

311



CR2005 AECOM

located near to the Worksite of Nursery so the impact intensity on drain D/S20 would be Medium and the
consequence on drain D/S20 would be Medium also based on based on the Impact Consequence Matrix as in
Table 6-6. The impact significance on drain D/S20 was assessed to be Minor with Rare likelihood of occurrence by
providing the minimum controls as mentioned in Table 8-10. For drain D/S2, since the construction worksites are
not located within the catchment areas of drain D/S2 and the existing land use of drain D/S2 will not be changed,
the impact intensity due to improper management of chemical substances on drain D/S2 would be Negligible. The
consequence would be Very Low as the watercourse is Priority 1 sensitive receptors based on the Impact
Consequence Matrix as in Table 6-6. The impact likelihood on drain D/S2 would be Rare and the impact significance
would be Negligible according to Table 6-8.

In Maju Forest, the construction worksites are not located within the catchment areas of the natural streams. It is
unlikely that liquid effluent and stormwater generated from the construction worksite will reach the watercourses.
Thus, the impact intensity on the natural streams in Maju Forest would be Negligible. The impact consequence
would be Very Low as the watercourses are Priority 1 sensitive receptors based on the Impact Consequence Matrix
as in Table 6-6. Given the likelihood of occurrence was expected to be Rare for the natural streams, the impact
significance would be Negligible for the natural streams in Maju Forest according to Table 6-8

Table 8-12 Summary of Impact Evaluation during Construction Phase

Potential Receptor Biodiversity Impact Consequence Likelihood Significance
Source of Sensitivity’ Study Area Intensity

Impact

Solid & Priority 1 (D/S1) Clementi High © High " Regular | Major
Toxic Priority 1 (D/S2) Forest Negligible Very Low Rare Negligible
Waste Priority 1 (D/S20) Medium Rare
Generation | Priority 1 (D/S21) High Regular
(Water Priority 1 (D/S22) High Regular
Quality) Priority 1 (Natural
streams in Maju | Maju Forest | Negligible Rare Negligible
Forest)
Liquid Priority 1 (D/S1) Clementi High [ High' " Regular [Majer
Effluent Priority 1 (D/S2) Forest Negligible Very Low Rare Negligible
Generation  Priority 1 (D/S20) Medium Rare Minor
and Priority 1 (D/S21) High Regular [ Major
Stormwater  Priority 1 (D/S22) High Regular [ Major |
Runoff Priority 1 (Natural
(Hydrology) = streams in Maju  Maju Forest = Negligible Very Low Rare Negligible
Forest)
Liquid Priority 1 (D/S1) Clementi High HIGRT N Regular I MaEer
Effluent Priority 1 (D/S2) Forest Negligible Very Low Rare Negligible
Generation  Priority 1 (D/S20) Medium Rare Minor
and Priority 1 (D/S21) High Regular [ Major
Stormwater  Priority 1 (D/S22) High Regular [ Major
Runoff Priority 1 (Natural
(Water streams in Maju = Maju Forest = Negligible Rare Negligible
Quality) Forest)
Improper Priority 1 (D/S1) Clementi High _ Regular _
Manageme  Priority 1 (D/S2) Forest Negligible Very Low Rare Negligible
nt of Priority 1 (D/S20) Medium Rare Minor
Chemical  Priority 1 (D/S21) High B High™ " Regular [ MEer
Substances  Priority 1 (D/S22) High © Higho | Regular | Major
(Water Priority 1 (Natural
Quality) streams in Maju  Maju Forest = Negligible Rare Negligible
Forest)
Note:

1. Receptor locations are shown in Figure 8-2.
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8.7.2 Operational Phase

As described in Sections 8.3 and 8.6, the major source of hydrology and surface water quality impact from the
operational footprint is stormwater runoff generation. Following sections present the prediction and evaluation of
hydrology and surface water quality impact during operational phase. Drain D/S21 is not applicable to be assessed
for impact assessment of operational phase due to there being no permanent structures proposed for Worksite at
Nursery during the operational phase.

8.7.2.1 Stormwater Runoff Generation (Hydrology and Water Quality)
8.7.2.1.1 Hydrology

The stormwater runoff peak flow will be increased, and soil erosion may occur due to land use change of Study
Area during operation stage. Due to the land use changes with less vegetation and low pervious area, it may lead
to increased surface runoff volume and water level in existing channel, and subsequent flooding of surrounding
areas adjacent to the streams and drains.

In Clementi Forest, proposed CR16 station will encroach the upstream of D/S22 as shown in Figure 8-7. This will
lead to potential hydrology change on streams D/S1 and D/S22 which support high ecological value based on
biodiversity findings (refer to Section 7.4.2.1). Even with proper implementation of the minimum controls as
described in Table 8-11 such as the drainage installation to direct stormwater runoff and potential spillages,
providing detention tanks, etc., the impact intensity on streams D/S1 and D/S22 would be Medium as the hydrology
of the watercourses will be permanently changed. As both streams D/S1 and D/S22 are Priority 1 sensitive
receptors, the impact consequence on both streams D/S1 and D/S22 would be Medium according to Table 6-6.
Given the likelihood of such hydrological impact on streams D/S1 and D/S22 would be Regular, the impact
significance of the hydrological modification on streams D/S1 and D/S22 was assessed to be Moderate based on
Table 6-8. For other watercourses in Clementi Forest such as drains D/S2 and D/S20, it is expected the no land
use change on the watercourses due to the proposed CR16 station during operational phase. Thus, the impact
intensity on drains D/S2 and D/S20 would be Negligible and the impact consequence on the watercourses would
be Very Low since the watercourses are Priority 1 sensitive receptors based on the Impact Consequence Matrix
as in Table 6-6. The impact significance on drains D/S2 and D/S20 would be Negligible according to Table 6-8.

In Maju Forest, the CR16 station will not locate within the catchment areas of the natural streams. It is unlikely that
the existing land use of natural streams would be modified, and stormwater generated from the CR16 station will
flow into the watercourses during operational phase. Thus, the impact intensity on the natural streams in Maju
Forest would be Negligible. The impact consequence would be Very Low as the watercourses are Priority 1
sensitive receptors based on the Impact Consequence Matrix as in Table 6-6. Given the likelihood of occurrence
was expected to be Rare for the natural streams, the impact significance would be Negligible for the natural streams
in Maju Forest according to Table 6-8.

8.7.2.1.2 Water Quality

In Clementi Forest, the proposed above-ground CR16 station will encroach the upstream of D/S22 as shown in
Figure 8-7. This will lead to potential water quality on streams D/S1 and D/S22 which support high ecological value
based on biodiversity findings (refer to Section 7.4.2.1). Even with proper application of the minimum controls
described in Table 8-11, such as the ABC water design approach for capture and treatment before discharge into
watercourses and regular dedicated procedures for the inspection and maintenance of stormwater drainage
systems, the impact intensity on stream D/S1 and drain D/S22 would be Medium. As streams D/S1 and D/S22 are
Priority 1 sensitive receptors, the impact consequence on both streams D/S1 and D/S22 would be Medium
according to Table 6-6. Given the likelihood of such water quality impact on streams D/S1 and D/S22 would be
Regular, the impact significance of the potential water quality contamination on streams D/S1 and D/S22 was
assessed to be Moderate based on Table 6-8. For drains D/S2 and D/S20, the proposed CR16 station will not
locate within the catchment areas of drains D/S2 and D/S20. Thus, the impact intensity on drains D/S2 and D/S20
would be Negligible and the impact consequence on the watercourses would be Very Low since the watercourses
are Priority 1 sensitive receptors based on the Impact Consequence Matrix as in Table 6-6. The impact significance
on drains D/S2 and D/S20 would be Negligible according to Table 6 8.

In Maju Forest, CR16 station will not locate within the catchment areas of the natural streams. It is unlikely that the
water quality of natural streams would be potentially affected by CR16 station during operational phase. Thus, the
impact intensity on the natural streams in Maju Forest would be Negligible. The impact consequence would be
Very Low as the watercourses are Priority 1 sensitive receptors based on the Impact Consequence Matrix as in
Table 6-6. Given the likelihood of occurrence was expected to be Rare for the natural streams, the impact
significance would be Negligible for the natural streams in Maju Forest according to Table 6-8.
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Table 8-13 Summary of Impact Evaluation during Operational Phase

Potential Receptor Biodiversity Impact Consequence Likelihood Significance
Source of Sensitivity’ Study Area Intensity

Impact

Stormwater = Priority 1 (D/S1) Clementi Medium - e Moderate
Runoff Forest
Hvdrol o .
(Hydrology)  Priority 1 (D/S2) Clementi —\giigible ~ Very Low Rare Negligible
Forest
Priority 1 (D/S20) Clementi . -
Forest Negligible Very Low Rare Negligible
Priority 1 (D/S21) Clementi

Forest

N.A.
Priority 1 (D/S22) Clementi Medium - R Moderate
Forest

Priority 1 (Natural

streams in Maju = Maju Forest Negligible Very Low Rare Negligible
Forest)
Stormwater = Priority 1 (D/S1) Clementi Medium - Regular Moderate
Runoff Forest
(Water Priority 1 (D/S2) Clementi - -
Quality) Forest Negligible Very Low Rare Negligible
Priority 1 (D/S20) Clementi Negligible Very Low Rare Negligible
Forest
Priority 1 (D/S21) Clementi
Forest
Priority 1 (D/S22) Clementi Medium Regular Moderate
Forest

Priority 1 (Natural
streams in Maju  Maju Forest Negligible
Forest)

Note:

N.A.
- Rare Negligible
1. Receptor locations are shown in Figure 8-2.

2. N.A. — Not applicable as in base scenario, during construction phase, the Worksite at Nursery (base
scenario) will occupy D/S21. Due to such occupancy, DS21 will no longer exist during operational phase,
and D/S21 was not assessed for operational phase.
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8.8 Recommended Mitigation Measures

In this section, mitigation measures are proposed to further minimise the adverse impacts on the environment
where impact significance were assessed to be Moderate or Major.

8.8.1 Construction Phase
8.8.1.1 Elimination/Substitution

As shown in Table 8-12, the proposed construction activities were assessed to have Major impacts on the water
quality and hydrology in watercourses D/S1, D/S21 and D/S22, although with implemented minimum controls. In
addition, the biodiversity findings from Section 7 shows that the natural stream (i.e. whole stream of D/S1) has high
ecological value to support aquatic life. Hence, it was recommended to divert the flow in D/S21 and downstream
of D/S22 during construction period, while the natural stream D/S1 should be conserved. To conserve the natural
stream D/S1, no construction activities will be allowed in the vicinity of D/S1 (i.e. 30m buffer from both embankments
of the stream). In addition, no disturbance from construction activities of the CR16 worksite on existing hydrological
and water quality conditions of D/S1 during construction stage as any diversion may create further adverse major
impact on the surrounding ecological system. In order to conserve stream D/S1 and no encroachment on drain
D/S21, LTA minimised the CR16 worksite, which is the optimised “CR16 Mitigated Scenario” as shown in Figure
8-8.

The stream D/S22 were proposed to be diverted. It is understood that LTA would propose ground levelling at CR16
worksite, thus the final alignment and design of diverted D/S22 will be subject to detailed design. To minimise
diversion impact of unstable soil and land sliding, it was recommended that the proposed diverted drains will be
designed properly to have adequate flow capacity to cater changes in land uses from the existing conditions and
will avoid any negative impact to any slope foundations of existing road structures. Slope stability analysis should
be included in detailed design for the drain diversion at a later stage. The proposed diverted drain will also remain
existing hydrology capacity to ensure no flooding occurrence. The flow diversion should obtain PUB’s approval and
the drains design will follow PUB’s Code of Practice on Surface Water Drainage [R-21] to ensure the proposed
diversion caters for sufficient flow capacity during construction phase. Any storm discharge from the worksites to
the diverted drain requires to meet the guideline of NEA Trade Effluent Discharge Limits if applicable. In addition,
diverted stream D/S22 should provide continuous flow as in the existing condition of it downstream (especially
during dry days) to maintain any ecological water habitats at downstream (i.e. the natural stream D/S1).

With the above-mentioned mitigation measures, both hydrology and water quality can be reduced to Minor impacts.

The hydrology and water quality impacts on the rest of the watercourses were assessed as Minor with minimum
controls. Hence, no additional management or mitigation measures other than the minimum controls identified and
those incorporated in the construction plans are required.
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8.8.2 Operational Phase
8.8.2.1  Elimination/Substitution

As shown in Table 8-13, the proposed operational activities would have Major impacts on the hydrology in
watercourses D/S1 and D/S22 although with implemented minimum controls. The proposed CR16 above-ground
structure areas have been redesigned and reduced as shown in mitigated scenario of Figure 8-9 and it could help
to reduce the potential impacts on hydrology and water quality of the watercourses. The biodiversity findings from
Section 7.4.2.1 shows that the streams D/S1 and D/S22 have high ecological value. However, stream D/S1 habitat
appears to be better at supporting a diversity of species compared to stream D/S22 based on biodiversity findings
(Section 7.9.1.2.1). Hence, it is recommended to divert the affected sections of stream D/S22 permanently during
operational phase and to conserve the natural stream D/S1 as any diversion on stream D/S1 may create further
adverse major impact on the surrounding ecological system. To minimise diversion impact of unstable soil and land
sliding, it was recommended that the proposed diverted watercourses will be designed properly to have adequate
flow capacity to cater changes in land uses from the existing conditions and will avoid any negative impact to any
slope foundations of existing road structures. Slope stability analysis will be included in detailed design for the drain
diversion at a later stage. The flow diversion design should comply with PUB Code of Practice on Surface Water
Drainage to ensure minimal scouring effect on its downstream. Diverted D/S22 will also remain existing hydrology
capacity to ensure no flooding occurrence. The water from diverted D/S22 will be monitored during first three (3)
months period of operational phase. In addition, diverted D/S22 should provide continuous flow as in the existing
condition to downstream (especially during dry days) to maintain any ecological water habitats at its downstream
(i.e. the natural stream D/S1).

Besides the recommendation of permanent drain diversion, the proposed footprint areas will be reinstated in
accordance with agencies’ requirements with greenery provisions to reduce the runoff coefficient, would help to
reduce the peak-flow and flood risk at downstream area. With the above-mentioned mitigation measures, the Major
hydrology impact can be reduced to Minor.

The hydrology and water quality impacts on the rest of the watercourses were assessed Minor with minimum
controls. Hence, no additional management or mitigation measures other than the minimum controls identified and
those incorporated in the operational plans are required.
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8.9 Residual Impacts

A residual impact assessment has been undertaken assuming the mitigation measures recommended in the
previous section are implemented.

The diverted stream D/S22 and the conserved stream D/S1 could continue providing freshwater supply to the
aquatic life and forest. With the implementation of the recommended mitigation measures in conjunction with the
identified minimum controls, the intensity of the hydrological and water quality residual impact on the drains/streams
can be reduced to Low for both construction and operational phases. Thereafter, the impact significance is hence
reduced to Minor with Occasional likelihood of occurrence.
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Table 8-14 Summary of Residual Impacts and its Mitigation Measures during Construction Phase

Activity Receptor Biodiversity Impacts Impact
Sensitivity Study Area

Mitigation Measures Significance
Significance of Residual

(without Impact (with
Mitigation Mitigation
Measures) Measures)

Land clearing,
earthworks and
excavation
activities;
Storage and
disposal of
solid, liquid and
toxic  wastes;
and

Use and
storage of
chemical
substances,

and refuelling
activities

Stream D/S1 i

Stream D/S22

Increased stormwater peak flow, increased water
level and subsequent flooding of surrounding as
D/S1 will be blocked by the construction worksite.
Reduction of baseflow due to land use change.
Contaminants from the worksite will direct deteriorate
the water quality.

Habitat disruption of flora and fauna along the
stream.

Increased stormwater peak flow, increased water
level and subsequent flooding of surrounding as
D/S21 will be occupied by the construction worksite.

Contaminants from the worksite will direct deteriorate
the water quality.

Increased stormwater peak flow, increased water
level and subsequent flooding of surrounding as
D/S22 will be occupied by the construction worksite.

Reduction of baseflow due to land use change.

Contaminants from the worksite will direct deteriorate
the water quality.

Habitat disruption of flora and fauna along the
stream.
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Major on both
hydrology and
water quality

Major on both
hydrology and
water quality

Major on both
hydrology and
water quality

Conserve D/SA1, no Minor

construction/blockage on top of
it or in its vicinity, and with no
disturbance on its water quality
and hydrology (i.e. 30m buffer
from both embankments of the
stream)

Minimise the CR16 worksite to = Minor

avoid worksite encroachment
on D/S21.

Flow diversion of D/S22 and Minor

discharge water to the main
natural stream D/S1. The flow
diversion of drains will require
PUB'’s approval and the drain
design will follow PUB’s Code
of Practice on Surface Water
Drainage. Any storm discharge
from the worksites to the
diverted drain requires to meet
the guideline of NEA Trade
Effluent Discharge Limits if
applicable.
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Table 8-15 Summary of Residual Impacts and its Mitigation Measures during Operational Phase

Activity Receptor

Sensitivity

Stormwater = Stream .
generation (Priority 1)
Stream Clementi
D/S22 Forest
(Priority 1)

Biodiversity
Study Area

Impacts

Slightly increased stormwater peak
flow, increased water level and
subsequent flooding of surrounding
due to flooding from D/S22.

Reduction of baseflow due to land use
change.

Habitat disruption of flora and fauna
along the stream

Slightly increased stormwater peak
flow, increased water level and
subsequent flooding of surrounding as
D/S22 will be occupied by the
operational footprint.

Reduction of baseflow due to land use
change.

Habitat disruption of flora and fauna
along the stream

Impact Significance
(without Mitigation

Measures)

Moderate on hydrology
and water quality

Moderate on hydrology
and water quality
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Mitigation Measures

Redesign and reduce proposed footprint
areas.

Divert D/S22 permanently and discharge
water to the main natural stream D/S1.

Area reinstatement with greenery
provisions to reduce the runoff
coefficient which will help to reduce the
peak-flow and reduce flood risk at
downstream area.

Redesign and reduce proposed footprint
areas.

Divert D/S22 permanently and discharge
water to the natural stream D/S1.

Area reinstatement with greenery
provisions to reduce the runoff
coefficient which will help to reduce the
peak-flow and reduce flood risk at
downstream area.

Significance of

Residual Impact

(with Mitigation
Measures)

Minor

Minor
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8.10 Cumulative Impacts from Other Major Concurrent Developments

This section focuses on assessing cumulative impacts of the construction and operational activities from identified
concurrent developments on the watercourses. It should be noted that as the details of construction and operational
activities were not available at the time of writing this Report, only qualitative cumulative impact assessment was
carried out.

8.10.1 Construction Phase

There are five (5) nearby concurrent developments such as PUB Deep Tunnel Sewerage System Phase 2 (DTSS2)
link sewer with manholes along Clementi Road, proposed Brookvale Drive development, Clementi Nature Trail,
Old Jurong Line Nature Trail and CR15 footprints (i.e., worksite and station).

The concurrent development of PUB DTSS2 will be constructed along Clementi Road with manholes and pipelines
located in the vicinity of the existing Old Jurong Railway Corridor. For the PUB DTSS2 development, it was
envisaged that its construction worksite will be located at the proposed manhole locations as the underground
DTSS alignment will be constructed through pipe jacking method, which will start before the construction of CR16
worksite at Maju Forest (Q1 2023) as described in Project schedule (Section 3.4.1). Similar as CR16 worksite, the
terrain at the Old Jurong Railway Corridor has relatively lower elevation in the Maju Forest, thus stormwater
generated at the DTSS worksite during construction phase tends to flow into the low-lying area near the Old Jurong
Railway Corridor (only if there is no water control measure to be taken place) instead of the main watercourses in
the southwest of Maju Forest. Hence, the DTSS development is unlikely to increase the impact extent of hydrology
and water quality on the watercourses within Maju Forest or Clementi Forest as long as best management practices
and minimum controls are in place during its construction.

The concurrent development of proposed road construction along the Brookvale Drive at north of Maju Forest. The
existing vegetation of Maju Forest will be cleared prior to construction and will cause some use change at north of
Maju Forest. However, if the proposed road construction activities have best management practices and minimum
controls in place to minimise both hydrology and water quality impacts, it is unlikely to increase the hydrology and
water quality impact extent on Maju Forest. And the proposed road construction will also be completed before the
construction of CR16 worksites based on Project schedule (Section 3.4.1).

The concurrent developments of proposed Clementi Nature Trail and Old Jurong Nature Trail will align across the
Clementi Forest and Maju Forest. The construction of the trails will commence during construction of CR16
worksites. Since only minor construction activities such as levelling to be involved, the concurrent developments
are unlikely to increase the hydrology and water quality impact extent on Clementi Forest and Maju Forest as long
as the best management practices and minimum controls are in place during their construction.

Proposed CR15 construction worksite will be constructed near the north of Clementi Forest and its construction
will commence before CR16 worksite construction. The proposed construction worksite will occupy large area and
cause major change for existing land use near the Clementi Forest. However, since the concurrent development
of CR15 construction worksite will not locate within the catchment area of the watercourses, it is unlikely to increase
the hydrology and water quality impact extent on the watercourses of Clement Forest if the best management
practices and minimum controls are in place during its construction. The CR15 operational footprint will be located
at Old Holland Road and near the north of Clementi Forest after the completion of the CR16 construction (estimated
year 2023). The CR15 operational footprint is unlikely to increase the hydrology and water quality impact extent on
the watercourses of Clementi Forest if the best management practices and minimum controls are in place during
construction phase.

8.10.2 Operational Phase

There are five (5) nearby concurrent developments such as PUB Deep Tunnel Sewerage System Phase 2 (DTSS2)
manholes and pipeline along Clementi Road, proposed Brookvale Drive Project, Clementi Nature Trail, Old Jurong
Line Nature Trail and CR15 footprints (i.e., worksite and station).

For the PUB DTSS2 concurrent development, only manholes will be the project footprint, which will occupy
relatively small area along the roadside. Besides, it was envisaged that maintenance works will be restricted at the
manhole area, and any contamination (e.g., chemical spills, leaking, etc.) will be minimised given best management
practices and minimum controls are in place. Hence, the PUB DTSS2 development is not likely to increase the
impact extent on hydrology and water quality of watercourses within Clementi Forest and Maju Forest.
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The concurrent development of proposed road along the Brookvale Drive at the north of Maju Forest will be
operated before operational phase of CR16 footprint based on Project Schedule (Section 3.4.1). The permanent
clearance of existing vegetation of Maju Forest will cause minor use change at the north of Maju Forest but no
catchment changes for the identified watercourses. Hence, it is unlikely to increase the hydrology and water quality
impact extent on Maju Forest as long as the best management practices and minimum controls are in place during
its construction.

The concurrent developments of proposed Clementi Nature Trail and Old Jurong Nature Trail will align across the
Clementi Forest and Maju Forest. The proposed trails will be operated before operational phase of CR16 footprint.
Since the catchment area of watercourses will not change permanently due to the concurrent development, the
concurrent development is unlikely to increase the hydrology and water quality impact extent on Clementi Forest
and Maiju Forest as long as the best management practices and minimum controls are in place.

Proposed CR15 station is located at Old Holland Road and near the north of Clementi Forest and the operation of
CR15 station will commence during the operational phase of CR16 footprint (after year 2023). The proposed CR15
station will occupy large area and cause permanent change for existing land use near the north of Clementi Forest.
Since the concurrent development of CR15 station are located outside of catchment areas of identified
watercourses in Clementi Forest, it is unlikely to increase the hydrology and water quality impact extent on the
watercourses of Clement Forest if the best management practices and minimum controls are put in place during
operational phase.
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8.11 Summary of Key Findings

The hydrological baseline study aimed to identify watercourses present in the Study Area including their locations,
water flow conditions and bank characteristics. Based on topographic survey data, site survey as well as PUB
water catchment map, eight (8) major watercourses were identified in Clementi Forest and Maju Forest. In Clementi
Forest, the identified watercourses are three (3) streams (D/S1, D/S2 and D/S22), one (1) earth drain (D/S21) and
one (1) concrete drain (D/S20). Three (3) natural streams (D/S23, D/S24 and D/S25) have been identified in Maju
Forest. In the southwest area of Clementi Forest, drain (D/S20) and drain D/S21 are aligned along the boundary
of Worksite at Nursery and receiving surface runoff from the Worksite at Nursery and southwest of Clementi Forest.
Both drains D/S20 and D/S21 have ephemeral flows and the surface runoff from drain D/S21 flows to northwest
and subsequently discharges to stream D/S22. The perennial flow of stream D/S22 will flow towards northeast in
the Clementi Forest, connecting to the upstream of stream D/S1. The surface water of stream D/S2 also flows
perennially towards south and end up at the midstream of stream D/S1. In Maju Forest, streams D/S23, D/S24 and
D/S25 are collecting water from the forested area, with water flowing towards the southwest direction. Water from
the identified drains/streams will eventually flow into Sungei Pandan. Water from Sungei Pandan is pumped into
Pandan Reservoir for drinking water purpose. Besides, some of the watercourses in Clementi Forest (i.e., D/S1,
D/S2 and D/S22) and Maju Forest (i.e. D/S23, D/S24 and D/S25) are located within the areas of high ecological
values and supporting biodiversity life. Hence, it is very important to understand potential environmental impacts
those drains/streams.

To study the water quality within the identified drains/streams, two (2) dry and one (1) wet weather samples were
collected from twelve (12) water quality stations at the watercourses in Clementi Forest and Maju Forest. Water
samples were tested for both physical and chemical parameters relevant or sustenance of aquatic life including
temperature, pH, conductivity, total dissolved solids (TDS), dissolved oxygen (DO), turbidity, total suspended solids
(TSS), biochemical oxygen demand (BODs), chemical oxygen demand (COD), total phosphorus (TP),
orthophosphate (POs-P), total nitrogen (TN), and nitrate (NO3-N). Analysis of the water quality results have shown
that the water quality of the watercourses is relatively consistent with its ecological significance.

In Clementi Forest, the water quality was good for aquatic life in terms of temperature, pH, TDS, turbidity, TSS,
BODs, COD, TN, and NOs-N in perennial watercourses. DO level at most of the stations met aquatic life criteria,
except for stream D/S2 and midstream of stream D/S1 (lower than 4 mg/L) during dry and/or wet weather, due to
their stagnant conditions. However, previous study also showed that at DO below 4 mg/L in Singapore natural
streams, freshwater aquatic life may have adapted and therefore found to thrive in these conditions in Singapore.
Elevated TSS found at stream D/S2 indicated high sediments existing in the stagnant water. Relatively high
phosphorus concentrations (i.e., TP and PO4-P) were detected from all the tested water samples. This suggests
that existing watercourses have high eutrophication potential, which is consistent with the site observation of
greenish watercourses with algae. The overall baseline water quality of the perennial watercourses was likely to
be suitable for aquatic life. This supports the biodiversity findings in Section 7.4.2.1, especially the natural stream
D/S1 of high ecological value. In Maju Forest, temperature, BODs, and NOs-N at the natural streams met the limits
of NEA guideline and aquatic life criteria. Lower pH and DO were found at streams D/S24 and D/S25 during dry
and/or wet weather conditions. High TSS level was observed at stream D/S24 during dry weather and elevated
turbidity was found at streams D/S23 and D/S24 during dry and/or wet weather conditions. COD levels at the
natural streams during wet weather exceeded the limits of NEA guideline and aquatic life criteria. High phosphorus
nutrient was found in the natural streams in Maju Forest, and this indicated high eutrophication potential all the
time. It can be concluded that the overall baseline water quality of the natural streams in Maju Forest is poor and
suggests possible unfavourable conditions for aquatic life. However, the aquatic life could have adapted to such
existing conditions based on biodiversity findings in Section 7.4.1.1, which considers the natural streams to be of
high ecological value.

Based on the assessment of the hydrology and water quality related impacts on the various sensitive receptors,
the assessment findings have been summarised in Table 8-12 and Table 8-13. The proposed construction footprint
(base scenario) was assessed to cause Major impact on stream D/S1 and stream D/S22 while the operational
footprint was assessed to cause Moderate impact on streams D/S1 and D/S22 in term of hydrology and water
quality, even with implemented minimum controls. Hence, proposed mitigation measures included temporary
diversion of the affected sections of stream D/S22, and absolute conservation of stream D/S1 with no disturbance
on its hydrology and water quality within 30m buffer from both embankments of the stream, during construction
phase in order to reduce impact from the worksites. Flow diversion of drains will require PUB’s approval and the
drain design will follow PUB'’s Code of Practice on Surface Water Drainage. Any storm discharge from worksites to
the diverted drain requires to meet NEA Trade Effluent Discharge Limits if applicable. For operational footprint, the
mitigation measures included redesign and reduce proposed footprint areas, permanent diversion of the affected
section of stream D/S22, and area reinstatement by providing greenery provisions to reduce the peak runoff
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resulting in reduction of flood risk at downstream area. Should these recommendations be successfully
implemented during both construction and operational phases, the impact significance would be reduced to Minor.

For other watercourses in these forested areas which the construction or operational footprint are not within their
catchment areas, they were assessed to have only Minor to Negligible impacts on hydrology and water quality
during both construction and operational phases. Thus, apart from the minimum controls identified and those
incorporated in the construction and operational plans, no additional management or mitigation measures are
required.

Therefore, given that the minimum controls and mitigation measures for the CRL 2 construction and operational
activities will be implemented, the significance of residual impacts from the potential hydrology and water quality
impacts on the sensitive water receptors was assessed to be Minor to Negligible as shown in Table 8-16.

The cumulative impacts from concurrent developments identified in the vicinity of the CRL2 were assessed. It was
concluded that the concurrent developments including PUB Deep Tunnel Sewerage System Phase 2 (DTSS2)
manholes and pipeline along Clementi Road, proposed Brookvale Drive development, Clementi Nature Trail, Old
Jurong Line Nature Trail and CR15 footprints (i.e. worksite and station) are unlikely to increase the impact extent
on hydrology and water quality of identified watercourses in Clementi Forest and Maju Forest, given best
management practices and minimum controls provided by its developer are in place during both construction and
operational phases.

Table 8-16 Summary of Hydrology and Water Quality Impact Assessment

Residual Impact

Impact Significance with Significance with Mitigation

Minimum Controls

Sensitive Receptor

Measures (if required)

Construction Phase

Natural Steam Minor
D/S1

Earth Drain D/S2 Negligible Negligible
. Concrete Drain . .
Clementi Forest D/S20 Minor Minor

Earth Drain D/S21 I Viajor Minor

Natural Stream

D/S22 Minor
Natural Streams
Maju Forest (i.e. D/IS23, D/S24 Negligible Negligible
and D/S25)
Operational Phase
Natural Steam .
D/S1 Moderate Minor
Earth Drain D/S2 Negligible Negligible
. Concrete Drain - ..
Clementi Forest D/S20 Negligible Negligible
Earth Drain D/S21 N.A. Negligible
Natural Stream .
D/S22 Moderate Minor
Natural Streams
Maju Forest (i.e. D/IS23, D/S24 Negligible Negligible
and D/S25)

Note:
1. N.A. - Not applicable as in base scenario, during construction phase, the Worksite at Nursery (base
scenario) will occupy D/S21. Due to such occupancy, DS21 will no longer exist during operational
phase, and D/S21 was not assessed for operational phase.
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0. Soil and Groundwater

9.1 Introduction

Construction and operational activities, if not managed properly, can lead to potential contamination of soil and
groundwater. Furthermore, during the land preparation and excavations for construction works there is also a
potential to encounter historically contaminated soils. This section presents the assessment undertaken to define
the nature and scale of the potential impacts on soil and groundwater associated with the construction and
operational phase of the Project. The section will also outline appropriate control and mitigation measures.

9.2 Methodology and Assumption

This section outlines the methodology adopted for the soil and groundwater baseline analysis as well as for impact
assessment for both construction and operational phases. The purpose of soil and groundwater baseline study
was to determine the soil profile of the Study Area, hydrogeological conditions of the aquifer, soil and groundwater
chemistry which may potentially have adverse impacts on the identified sensitive receptors. Furthermore, the
baseline study should ascertain the presence of possible historical pollutants in the underlying soil that may also
cause adverse impacts during construction and operational phases. Baseline conditions were established based
on available secondary data, primarily Historical Land Use Survey (HLUS) report and previous soil and/ or
groundwater investigation studies as detailed in Section 9.2.1 and Section 9.2.2, respectively.

9.2.1 Historical Land Use

Historical land use information of the Study was extracted from the LTA's Historical Land Use Survey (HLUS) report
[R-4] for the purpose of this Report. The HLUS identifies potentially counterinitiative land uses and areas where
deep excavation would occur due to the Project works. This information is analysed to produce an environmental
borehole and monitoring well location plan.

9.2.2 Soil and Groundwater Baseline

Besides the HLUS and publicly available secondary data, as a part of soil and groundwater baseline study, AECOM
also reviewed previous soil and/ or groundwater investigation studies carried out within the Study Area. These
included both Soil Investigation (SI) reports (focusing on geotechnical characteristics of soil) [R-69] [R-70] and soil
and groundwater baseline studies (focusing on physicochemical parameters of soil and groundwater) [R-71] [R-
75] (refer to Figure 9-1).

9.2.2.1 Soil and Groundwater Baseline Assessment Criteria

The Dutch Intervention Values (DIV) in the Dutch Environmental Guidelines Soil Remediation Circular [R-42] were
adopted in this Study for screening of the 12 priority pollutant metals, inorganic compounds, aromatic compounds,
polycyclic aromatic hydrocarbons (PAHSs), chlorinated hydrocarbons, pesticides and other pollutants in soil and
groundwater. The DIV is referenced in the latest Code of Practice for Pollution Control [R-7] (COPPC) by the
National Environmental Agency (NEA).

The DIVs are related to spatial parameters and define soil as being seriously contaminated if the mean soil/
sediment concentration of at least one substance in at least 25 cubic metres (m?) of soil-volume, or groundwater
concentration in at least 100 m® of pore-saturated soil-volume, exceeds the DIV. It is noted that the intervention
values for groundwater are not based on a separate risk assessment with regards to the contaminants present in
the groundwater but are calculated based on partitioning of chemicals at concentrations equivalent to the
intervention values in soil/sediment.

It is recognised that the Dutch Guidelines were developed to assess the acceptability of impacted soil and
groundwater at housing estates in the Netherlands and is based on local Dutch ecotoxicology and soil condition
(that is, soil made of 10% organic clay or 25% clay), without reference to commercial or industrial general, or similar
land uses in Singapore. On that basis, exceedances of the DIVs should not necessarily be interpreted as conclusive
regarding the need for remediation. Conversely, if the concentrations of COPCs were below these criteria, it would
be reasonable to conclude that the concentrations are not of concern.
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9.2.3 Prediction and Evaluation of Impact Assessment

The Study Area adopted for the assessment followed the HLUS Study Area of 250 m from both sides of the
alignment/ station and other construction sites footprint. Furthermore, where applicable, impact assessment was
also based on the soil and groundwater baseline data collected as part of previous soil and/ or groundwater
investigations.

9.3 Identification of Soil and Groundwater Sensitive Receptors

The receptor screening for groundwater was conducted within the 250 m Study Area and classified based on
methodology defined in Table 6-1.

It is understood that presently groundwater in Singapore is not directly extracted for beneficial use (i.e. as a source
for potable water, industrial water or irrigation purposes), and hence should be considered as Priority 3, as shown
in Table 9-1 below. Streams with biodiversity conservation significance where groundwater flow partially supporting
the stream ingress from the Project is also shown in Table 9-1 as a Priority 2 receptor for the purpose of this Report.

Table 9-1 Classification of Receptor Sensitivity

Sensitive Receptor Description Receptor Sensitivity Sensitivity
Classification

Soil and Groundwater The soil and groundwater = Not sensitive Priority 3
within the Project Site within the Project site groundwater (i.e. not

were expected not to directly extracted for any

pose unacceptable risks purposes such as

to future workers and drinking or

human receptors. commercial/industrial

use).

Watercourses with Groundwater baseflow to = Groundwater partially Priority 2
biodiversity conservation | the stream near supporting the stream
significance where construction worksite and | with biodiversity
groundwater flow partially =~ operational footprint to conservation significance
supporting the stream the streams was (refer to Figure 8-1).
ingress from the expected to be affected.

construction worksite and
operational footprint

9.4 History of Land Contamination

The historical land use within the Study Area (250 m from both sides of the alignment) was reviewed in detail in the
HLUS report.

According to HLUS, the potential site with contaminating historical land uses which differs from the current land
uses, were identified and summarised in Table 9-2.

Table 9-2 Historical Land Use within the Study Area

Current Land Historical Land Description/Remark
Uses/Venue Uses/Venue
Old Jurong Railway Jurong Railway e Accidental spills and leaks of fuel from stopping and/or
Corridor (as biodiversity, (1960s — 1990s) passing trains.
recreatlonal and (as” transport ,  contamination severity level from HLUS: Low
heritage venues by facility)
NParks, namely Rail
Corridor)
Note:

The contamination severity level was extracted from the HLUS reports where it categorises using a
Contamination Severity Matrix, which considers the degree of toxicity of contaminants present on site (with
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Current Land Historical Land Description/Remark

Uses/Venue Uses/Venue

respect to dermal contact and inhalation) and the spatial extent of potential contamination within HLUS’s Study
Area whether it is localised (1-5%), medium (6-40%) or pervasive (>40%).

Potentially contaminating activities can be deduced to have occurred based on the land use at a site, noting
possible contamination at some point during the history of the land usage. Based on the HLUS reports, the hotspots
and contamination severity are shown in Table 9-3 below with the respective Project worksites where HLU denotes
historical land use.

Table 9-3 Land Use Hotspots

No. Hotspot Severity of
Contamination
1 Clementi Road Existing Road Low
2 Ngee Ann Polytechnic Substation | Utility Facilities Low
3 Clementi Crescent Substation Utility Facilities Low
4 Blk 114A Substation Utility Facilities Low
5 Blk 113A Substation Utility Facilities Low
6 Aquatic Science Research Utility Facilities Low
Centre Substation
7 Blk 379 Substation Utility Facilities Low
8 Corona Florist & Nursery 