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1.1

LANTAU FIXED CROSSING .
ENVIRONMENTAL ASSESSMENT

FINAL REPORT

INTRODUCTION

Background

The Lantau Fixed Crossing (LFC) is one of the key components of the Airport Core
Programme (ACP) leading to the opening of the New Airport at Chek Lap Kok. The LFC

will carry the dual three lane expressway and the Airport Railway between the island of Tsing
Yi and North Lantau.

The LFC as considered in this report includes the following:-

(a) the Tsing Ma Bridge; |

®) the Ma Wan Viaduct;

© the Kap Shui Mun Bridge; and

@ the North Lantau Road connecting the Kap Shui Mun Bridge to the toll plaza.

The LFC will connect with Route 3 on Tsing Yi. This is a separate project but it is discussed
in this report where combined impacts are of importance.

An environmental impact assessment has been carried out on the LFC in two stages. The first
stage comprised an Environmental Planning Assessment (EPA) and included an Initial
Assessment Report and a series of Topic Reports covering air, water, noise and visual
impacts. A Summary Report summarised the findings of the first stage. A synopsis of the
EPA is included in this report as Section 1.2.

A number of key issues were identified during the EPA that needed further study before
completion of engineering designs. A focused environmental assessment has therefore been
carried out of these issues in paraliel with the development of the designs. Interim reports
have given conclusions of the studies as they have been developed. Comments have been
received on these interim reports and this present report comprises a collation of the interim
reports amended in response to the comments.

This report does not cover a full environmental assessment of the LFC and must be read
together with the EPA reports.

An Executive Summary has been prepared which summarises the assessment carried out and
the main findings.

The topics that have been considered in this stage of the environmental assessment and which
are covered in this report are:-

(a) impacts on air quality during construction and operation;
)] impacts on water quality from the works necessary for the bridge foundations;

-1.1-



1.2

1.2.1

1.2.2

© construction noise;
@ noise from trains crossing the LFC;
(e) visual impact.

The report comprises this main volume and a separate volume of appendices giving technical
details of the assessment.

Synopsis of the Environmental Planning Assessment
Objectives of the Environmental Planning Assessment

The Environmental Planning Assessment (EPA) of the Lantau Fixed Crossing (LFC)
comprised two stages. The first stage, Topic Report 1, "Scoping”, (TR1), was a qualitative
assessment of the project and identified the potential environmental impacts of two proposed
schemes. The second stage evaluated the environmental impacts identified in TR1 and
presented the results and conclusions in the following reports:

TR2: Air Quality Assessment;

TR3: Water Quality Assessment:

TR4: Noise Pollution Assessment: and

TRS: Visual Impact and Land Use Assessment.

The impacts of the schemes were assessed against the Hong Kong Planning Standards and
Guidelines (HKPSG) and, where appropriate, the environmental pollution control ordinances.
Suitable mitigation measures were then recommended where necessary.

The schemes considered in the EPA comprised the Basic Scheme of a bridge over the Ma
Wan Channel and the Alternative Scheme of a submerged tube tunnel crossing the Ma Wan
Channel. Each scheme included a viaduct across Ma Wan, a bridge across the Kap Shui Mun
Channel and a deep cutting on North Lantau.

The EPA was used as one of the guidelines in determining the route of the crossing and the
Basic Scheme was chosen in preference to the Alternative Scheme. The EPA had itself
concluded the Basic Scheme as the preferred concept on the basis that the environmental
impacts would be less than the Alternative Scheme. Consequently only the Basic Scheme is
discussed in this synopsis.

The final stage of the environmental assessment for the LFC is discussed later in this report
and comprises a focused assessment of the key issues requiring further consideration
following the EPA.

The objective of this synopsis is to summarise the EPA by quantifying what the impacts will
be from the LFC, how they can be minimised, and what the impact will be following
mitigation, Topic Reports 1 to 5 and the EPA summary report should be referred to for
further details.

Methodology
Computer modelling of the potential environmental impacts was used to predict the worst case

pollution levels during construction and operation at the worst affected sensitive receivers
which were identified according to the HKPSG.

-1.2-
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1.2.3

Modelling of the construction phase assessed the worst case by developing a construction
programme which generally assumed that all construction activities which could be active at
any particular period in the programme would work in parailel. The calculated impacts
therefore applied equally to daytime and nighttime working. No mitigation of potential
impacts was also assumed in the initial model runs,

In modelling the impacts of the operational phase the EPA used a design horizon of 2006
when the LFC should be working close to capacity.

A design has been prepared for the Tsing Ma Bridge and therefore details of the bridge are
known. Details of the method of construction will be determined by the contractor who wins
the tender for the bridge but reasonable estimates of construction methods can be made. The
Kap Shui Mun Bridge and Ma Wan Viaducts will be contractor designs and therefore neither
the design details nor methods of construction are known at the present time. The assessment
has been based on the best estimates possible but the final form and implementation of
recommendations will depend on the contractors’ proposals, particularly if the final form of
the structures differs radically from that assumed. In this case the contractor will need to
carry out his own environmental impact assessment of his design.

Air Quality

The impacts on air quality were modelled and assessed against the Hong Kong Air Quality
Objectives (AQOs).

Construction Phase Impacts

The EPA concluded that the most significant source of particulates during construction will
be blasting with further significant contributions from vehicles using haul roads, drilling, and

concrete batching,

Dust levels during construction were predicted to be well in excess of the AQOs at all Air
Sensitive Receivers (ASRs) (assuming no mitigation of the dust at source). The highest
levels were predicted close to the works sites on Ma Wan where there will be excavation by
blasting and on North Lantau Island close to the excavation for the cutting. Mitigation of
impacts from dust have been considered in subsequent stages of the environmental assessment
(see Chapter 2 of this report).

Other pollution from vehicles using the haul roads will be mainly nitrogen dioxide (NO,). The
EPA predicted no significant increase above the ambient levels.

Operation Phase Impacts

During operation of the LFC the maximum levels at ASRs of carbon monoxide (CO), NO,,
and lead (Pb) from vehicles crossing the LFC were predicted to be well within the AQOs.

The area where vehicle emission levels are likely to be high and possibly unacceptable is at
the toll plaza on North Lantau. Modelling had assumed that traffic would be travelling at a
speed of 25 km/hr on the toll plaza with the result that air quality was within the AQOs.
However, in reality traffic is likely to be slower with idling and accelerating motors probably
resulting in much higher levels of pollution. This could affect workers at the toll booths
although motorists driving through would only be exposed to high pollution levels for a short
period of time. The impact would thus be small.

-13-



1.2.4

It should be noted that in 2006 traffic emissions are likely to change as a result of the
introduction and enforcement of legislative controls which may resuit in a lowering of the
baseline levels.

Mitigation of Impacts

A rigorous dust control programme will be required during construction to reduce the dust
levels to comply with the AQOs. Measures to minimise dust generation should include the
following:

(@) stockpiled materials should be shielded and protected from the wind during storage,
handling, and transportation;

(b) batched concrete should be transported via pipeline rather than concrete lorries.
Storage of cement should be in closed silos and sand and aggregate should be stored
in bunkers;

(c) blasting should be carefully scheduled and use the minimum practicable charge and
blasting mats;

(d) rock drilling should include dust extraction equipment;

(e) haul roads should be sprayed with water or sealed. Vehicle movements and speeds
should be restricted, Care should be taken in the loading and transportation of
materials; and

43 conveyor systems should be used to transport materials where practicable. Conveyor
belts and points need shielding from the wind.

The impact on workers at the toll plaza could be reduced by use of automatic toll collection,
positive ventilation in the toll booths or by designing the plaza to maximise dispersion of
€missions.

The recommended mitigatibn measures should reduce the particulate and emission levels
during construction and operation to comply with the AQOs.

Dust during construction has been subsequently considered in further detail (see Chapter 2
of this report). Monitoring of dust levels will be carried out through out the construction and
the contractor will have to apply strict dust control to minimise nuisance.

Water Quality

The Study Area is located within the proposed Western Buffer Water Control Zone. Target
levels for water quality were recommended in the EPA based on existing data and the
beneficial uses and Water Quality Objectives (WQOs) for the Western Buffer Zone.

The main sensitive receivers are the fish culture zone at Kung Tsai Wan and the bathing

beach at Tung Wan. There could also be alterations to water movements and subsequent
changes in water quality in the Water Control Zone.

-1.4-
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Initial baseline water and sediment quality monitoring showed that the beach water was
generally good and improving with E colj and dissolved oxygen levels complying with the
WQOs. The E coli and dissolved oxygen levels for marine water also complied with the
WQOs but the objectives for ammonia were exceeded. Water at the Kung Tsai Wan fish
culture zone was well oxygenated although there were high suspended sediment levels from
nearby dredging.

Standards for contamination of sediments were taken as those recommended in the
Contaminated Spoil Management Study. Sediment sampling and analysis of metal
concentrations showed no exceedance of these except for one sample to the north of the
proposed works. Further testing and sampling was recommended if dredging in this area is
required.

Construction Phase Impacts

The EPA identified a number of activities which could cause impacts at the sensitive
receivers.

Excavation and Dredging

The major concern is the potential for release of sediment into the water column during
excavation and dredging resulting in a short but sharp impact and possibly a cause for
complaint.

(a) Tsing Ma Bridge

It is likely that excavation off To Kei Kung Kok for the Tsing Ma Bridge will take
place after construction of the ship protection structure and consequently there will
be only very limited release of sediment into the water column.

Alternatively excavation could be carried out underwater using a drilling platform
accompanied by dredging. Some sediment will be released into the ¢olumn during
excavation by this method but as the tidal currents in this area are weak the impact
will be localised. It should be noted that currents are strong through the Ma Wan and
Kap Shui Mun Channels but weak close to the shore in Tung Wan Bay. Movement
of sediments in this area will thus be dependent on winds and waves rather than
currents. Suspended sediment could have some impact on Tung Wan Beach depending
on the strength and direction of the local winds. The greater impact is likely to occur
on a stronger flood tide in the form of discolouration of the water but there will be
no health effects.

Excavation for the eastern anchorage of the Tsing Ma Bridge will be land based and

the only impacts will be from sediment laden run off reaching the adjacent water
bodies.

() Kap Shui Mun Bridge
Construction of the Kap Shui Mun Bridge will be based around two work sites

requiring barge mooring facilities. Dredging and possibly underwater drilling and
blasting will be necessary for their construction. :

-1.5-



If significant quantities of sediment are released from dredging operations the high
velocity currents in the Kap Shui Mun Channel will increase the potential for impacts.
On a flood tide there could be a "flash" impact at the Kung Tsai Wan fish culture
zone, 200 m to the north. Suspended solids concentrations may increase in excess
of the WQOs and reduce oxygen levels, and increased metal concentrations and
organics could be released from the marine mud. Blasting could cause an impact the
fish culture zone.

Work Sites

Five waterfront work sites have been proposed for construction of the LFC. Site construction
and associated barge mooring facilities will require reclamation but the impact on water
quality and water movements is not expected to be significant.

On site activities will generally comprise handling and stockpiling of materials and equipment.
Consequent sources of pollution will thus be limited to domestic sewage and site drainage
which may contain surficial erosion and runoff water contaminated with oils, greases, and
lubricants from vehicle maintenance.

Accidental spillages and discharges of untreated washout water from barge mounted batching
plants could impact water quality increasing the pH, turbidity, and suspended solids
concentrations.

Two possible locations for an offside works area have been identified in Penny’s Bay, neither
of which are likely to have a significant impact during construction. Any reduction in the
water quality of Penny’s Bay will be temporary.

Disposal of dredging spoil

A disposal strategy has been developed for the surplus material. Marine deposits could be
used to infill old borrow areas or be disposed of at one of the Government gazetted spoil
grounds. Rock based materials and alluvial deposits could be used for construction purposes
elsewhere in the Territory.

Water Courses

Some local streams and water courses will have to be diverted during construction but no
areas of special ecological significance are likely to be destroyed. :

Operational Phase Impacts
Drainage

Spiliages of oil based or other harmful substances into the water below the bridge during
operation could have an impact on the water quality. However the frequency of spillages is
likely to be low and dangerous hazardous goods are likely to be banned from the bridge,
except perhaps under strict supervision. Surface runoff from the road is likely to contain
contaminants and the EPA recommended that consideration be given to incorporating sump
facilities, oil interceptors, and sediment traps into the design of the LFC. This
recommendation was not adopted in view of the low frequency of serious spills and the
established practice in Hong Kong of draining roads into the sea.

-1.6-
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Extension of the Tung Wan embayment

The bridge suppbrt structures in the Tsing Ma and Kap Shui Mun Channels are likely to have
local impacts particularly in Tung Wan Bay.

Extension of the Tung Wan embayment out into the channel will be required and this could
further reduce the flushing capacity of the bay where exchange of water between the channel
and the bay is already slow. It was concluded that there could be a reduction in water quality
but it was not anticipated that the WQOs will be breached. This was given further
consideration in the subsequent more detailed assessment and it was concluded that the
changes in water movements could be beneficial (see Chapter 3 of this report).

Mitigation of Impacts

The EPA identified that the main impacts will be from excavation and dredging and are likely
to be in the form of increased suspended solids and turbidity. This could be considered a
nuisance at Tung Wan Beach and significant at the Kung Tsai Wan fish culture zone with loss
of livestock in extreme cases. The risks to these environmentally sensitive receivers is not
considered great but the following options are still recommended for minimising the impacts:

(a) Silt curtains could be used to prevent the migration of suspended particulates from
one area to another and could be used to protect Tung Wan Beach during the bathing
season.

() Silt curtains would also protect the Kung Tsai Wan fish culture zone. If dissolved
oxygen levels drop rapidly a supply of oxygen to the cages may be necessary and less
expensive than compensating for loss of stock.

(c) Sediment traps could be used to prevent run off water laden with sediment entering
adjacent water bodies during land based excavation of the western anchorage for the
Tsing Ma Bridge.

@ Appropriate scheduling of excavation and dredging activities could minimise impacts
for example by avoiding the busy bathing season at Tung Wan Beach.

(e Appropriate dredging techniques could minimise turbidity generation.
D Scheduling of blasting activities should consider the sensitive receivers.

At the work sites pollution should be minimised by adequate drainage and sewage treatment
facilities. The latter should be connected to existing foul sewers wherever possible.
Discharge consents will need to be obtained from EPD once the area is declared a Water
Control Zone, Drainage facilities should incorporate oil and sediment traps to prevent the
discharge of pollutants to the receiving water body.

Any liquid used to reduce dust levels of stockpiled materials on and off site should be kept
to a minimum and not discharged directly to adjacent water bodies. Chemicals used near
crops or potable water sources should also be contained.

Accidental discharges from work sites and washout water from batching plants will be of
concern during construction. Usually: these will be collected using surface drainage
collectors, grit traps, and oil interceptors. Silt curtains will protect sensitive receivers from
silt laden waters. Any oil based discharges should be quickly contained using floating booms.
In any case strict control of discharges at works sites will be required to avoid local pollution.

-1.7 -
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There is a risk of spillages from vehicles crossing the bridges during operation and a spill
action plan may be necessary. Qil based spills should be contained with a containment boom
and collected from the surface or broken down.

A spill action plan is required for construction and operation of the LFC to minimise potential
impacts on water quality.

These mitigation methods have been taken into consideration in developing the contract
conditions. The conditions have specified that water quality impacts will not be permissible
and monitoring will be carried out throughout construction to identify any impacts. If these
show that water quality is deteriorating the contractor will have to implement mitigation
measures as appropriate.

Noise Pollution
Construction Phase Tmpacts

Noise impacts during construction are likely to result from a number of construction activities
either working alone or in combination with others. The impacts of these will be influenced
by the duration of the activities, sound power levels of items of mechanical equipment, their
locations, time of day and the prevailing background noise. The main sources of noise will
be from stationary activities such as excavation and vehicle movements on haul roads.

The method of calculating the impacts from powered mechanical equipment followed the
procedure described in the Technical Memorandum on Noise from Construction Work Other
Than Percussive Piling. The noise parameter calculated for the EPA was L, g0 mn. The
potential noise levels from haul roads was calculated following the procedure in BS 5228.
The noise parameter calculated was L, 41,,- Noise impacts were then assessed against the
Acceptable Noise Levels (ANLs) from the NCO.,

Current legislation does not specify limits for noise from construction activities from 0700
to 1900 hours (non-restricted hours) hence the normal practice adopted for the contract
documents to include noise constraints setting a limit of 10 dB(A) above the ambient
background. However this was not adopted for these contracts as this could constrain
construction and lead to late completion. Between 1900 and 0700 hours and at any time on
a general holiday general construction work using powered mechanical equipment is
prohibited unless covered by a Construction Noise Permit.

Only a few activities were expected to be in progress at the same time at night time and so
night time noise levels were taken as being similar to those predicted for the single activity
scenario in the daytime.

The assessment predicted that major noise impacts will arise in almost all areas. The duration
and timing of the exceedance of the noise limit criteria will depend on the detailed
construction programme. The construction noise has subsequently been considered in more
detail and this is discussed in Chapter 4 of this report.

Operational Phase Impacts

Road Traffic Noise

Traffic noise levels were calculated in Ly, using the UK Department of Transport
procedure "Calculation of Road Traffic Noise".

-1.8-
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The recommended maximum traffic noise levels at the external facade in the HKPSG is 70
dB(A) for new dwellings and 65 dB{A) for new schools. The guideline for hospitals varies
from 50 to 60 dB(A) depending on the use.

The assessment showed that the noise levels defined in the HKPSG will not be exceeded at
the NSRs. This is due to the distance of the NSRs from the road and -also partly due to the
screening from the bridge decks as the traffic will be above the receivers.

Train Noise

The recommended standard in the HKPSG for rail noise is 65 dB(A) L4, at the external
facade of any receiver. The HKPSG states that this guideline is currently under review and
the revised guideline will probably require that the L., should not exceed 85 dB(A) from
2300 to 0700 hours.

Impacts from rail noise were assessed in terms of L, and L o4, following the methods
described in the "Transportation Noise Reference Book" and the UK Noise Advisory
Council’s publication "A Guide to the Measurement and Prediction of the Equivalent
Continuous Sound Level L,.".

Assessment of the impacts due to rail noise was complicated by a lack of information on the
rolling stock requirements and detailed engineering design. Data on the effects of the passage
of trains across steel bridge structures was limited and impacts could not be precisely
determined as much of the noise emitted will depend on the amount of vibration transmitted
to the bridge and viaduct structures during a train passage and the inherent damping of the
bridge and viaduct structure. The conditions of the rail and wheel will also have a significant
effect on the noise radiated from the structure.

The peak noise level generated by trains passing over the Tsing Ma Bridge was predicted to
be amplified by 10 dB(A) based on noise measurements from other structures. In predicting
the train noise a peak noise level of 83 dB(A) at 25 m from the track has been used. This was
based on measurements using a four car unit of the BREL Class 321 EMU type operating at
160 km/hr. This is typical of the type of train that could be used on the airport railway.

Preliminary calculations indicated that Lo, levels in excess of the current HKPSG
standards of 65 dB(A) could arise within 250 m of the Ma Wan Viaduct. This would include
a significant number of properties on Ma Wan. In other areas noise levels were not predicted
to exceed the criteria although they could be close to the limits at San Po Tsui and Tai Chuen.

Mitigation of Impacts

During the construction phase noise levels should be minimised by undertaking the following
general measures:

(@) noisy equipment and activities should be sited as far as possible away from noise
sensitive receivers;

() all equipment should be maintained in good condition with noise levels reduced by
silencers, mufflers, acoustic linings, enclosures, and screens;

© the potential for disturbance at nearby NSRs should be considered when pianning
work areas, positioning equipment, and scheduling operations;

@) where possible percussive piling should be replaced by non percussive techniques;

-~
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(e) the use of rock drills should be minimised; and
D haul road traffic should be minimized at night time.

A more detailed assessment of construction noise has been carried out and is reported in
Chapter 4 of this report. An exemption to the NCO has been granted so that the contractor
will be able to work in the restricted periods. This exemption is subject to a number of
conditions that are discussed in Chapter 4.

The preliminary assessment of the operational phase has predicted that dwellings within 250
m of the Kap Shui Mun Bridge and Ma Wan Viaducts will be adversely impacted by noise
levels in excess of the HKPSG. It is important that careful consideration is given to the
design of the bridges and viaducts since previous experience suggests that there is little scope
for mitigation once lightweight steel elevated structures become operational. The EPA
recommended that options to be considered should include the following:

(@) damping treatment with the application of a layer of viscoelastic material to the steel
plates of the structure will help to reduce the amplitude of vibration;

() vibrational isolation can be achieved with the use of resilient rail fasteners, resilient
supported ties, ballast and floating slabs;

(c) acoustic absorption using internal absorptive material on the Ma Wan Viaduct will
help to reduce the transmission of train noise to the structure;

{d) reduction of the radiating area can be achieved by minimising large plate girders,
using a narrow deck or by building two physically isolated structures instead of one
double track structure;

(e) increasing the mass of the structure will reduce the vibration amplitude;

® treatment of bogie assembly by reducing the stiffness of primary suspension which
supports the bogie on the axles and increasing the structural damping of the bogie
assembly will serve to reduce the wheel-rail interaction and hence the amplitude of
rail vibration; and

§3)] minimisation of wheel and rail surface irregularities by truing and rail grinding will
reduce wheel-rail interaction and associated vibration.

The most significant impact from the project will be train noise and although mitigation will
reduce the noise levels it may still not comply with the HKPSG noise levels.

The EPA concluded that a detailed noise and vibration analysis should be conducted to
demonstrate that trains can be operated at 150 km/hr and at the frequency specified by the
Airport Railway Link Study on the suspension bridges and the Ma Wan Viaducts without
causing excessive noise to noise sensitive receivers on Ma Wan and North Lantau.

The design of the Tsing Ma Bridge was reviewed following the environmental assessment and
measures to reduce the noise have been incorporated. Measures have also been incorporated
into the tender documents for the Kap Shui Mun Bridge and the Ma Wan Viaducts to
minimise noise. These are discussed in further detail in Chapter 5 of this repoxt.

-1.10 -
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1.2.6 Visual Impacts

1.2.7

It is considered that much of the area is highly sensitive to modifications in the landscape.
North Lantau is relatively undeveloped and comprises hilltops and ridgelines with exposed
steep slopes and a sea/land coastal interface. Ma Wan has a relatively low profile
characterised by dense woodland and vegetation. Its visual significance diminishes with
distance.

Visual impacts will include steep and extensive cut slopes, major bridge structures and
foundations, viaducts, associated works and temporary works areas, and roadways and road
surfaces.

Mitigation of Impacts

Temporary screening of works areas adjacent to residential areas shouid be considered for the
construction phase.

Slopes could be designed to merge into their surroundings and should be planted with
indigenous species which are ecologically appropriate and require minimum maintenance.
Planting will also provide screening and diversity for the road users. Existing vegetation
should be protected and maintained wherever possible.

Roadway structures, buildings and auxiliary features should be unobtrusive and screened
wherever possible.

Good design of the bridges and viaducts is important and it was recommended that the
detailed proposals are reviewed by ABACAS.

Land Use Impacts

The majority of the land required for the LFC on Ma Wan and North Lantau is located within
Crown Land. However several footpaths will be severed.

On north Lantau the pier at Tai Chuen will be resumed and properties at Tai Chuen and Ng
Kwe will be affected, with the latter becoming severed from the rest of Lantau.

On Ma Wan two graveyards, a beach at Sha Lau Tong Wan, a Sea Activity Centre, a Site
of Special Archaeological Interest and several short term tenancy areas will be affected by the
LEC. The beaches at Sha Lau Tong Wan and Tung Wan will be affected by pier
construction.

Mitigation of Impacts

The potential for recreational utilisation should be considered as an after use for lands severed
or isolated by the project.

Issues relating to land ownership and gravelFung Shui areas should be dealt with through the
District Lands Office. Lead times required to shift graves etc should be taken into account.

The potential for noise and air pollution due to the LFC should be incorpofated into any
future development plans for the area.

To avoid creating completely artificial coastlines road alignments could be slightly adjusted.
Wherever possible pedestrian access to coastal areas should be maintained.
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1.2.8 Recommendations in the EPA

By defining target limits and sensitive receivers the EPA has defined how the quality of the
environment should be maintained. However compliance with these target limits can only be
determined through regular monitoring to avoid deterioration in environmental quality.
Initially baseline monitoring will be required to establish the ambient levels before any
impacts occur and an action plan will be required in case of non-compliance with target
Ievels, together with mitigation. An Environmental Audit will then be required after
compietion of the project to ensure that the LFC operates within the predefined environmental
limits. This should be followed up with periodic post-development auditing to monitor
compliance with objectives and legislative requirements and therefore assess the environmental
impact of the project.

-1.12 -




2. Air Quality



e A

2.1

2.2

AIR QUALITY
Introduction

The EPA predicted significant impacts from dust during construction but concluded that air
quality impacts during operation would be acceptable. However neither construction or
operation stage assessments included the combined impacts from Route 3 as details were not
then available. In addition the preliminary assumptions of construction methods which were
made for the LFC may be refined now as more details of the construction methods are
known.

The operation stage assessment of the LFC in the EPA used estimated traffic figures which
have now been updated as a result of work for the North Lantau Development.

The objective of this study therefore has been to review the previous construction assessment
using the latest data on construction methods and the results of the Route 3 studies. The
operation stage assessment has been reviewed taking the latest traffic data into account and
taking the Route 3 operation stage assessment into account. The Route 3 studies have been
reported on in Route 3 Technical Report No. 19 "Environmental Impact Assessment”.

The Study Area for the construction assessment covers about 17 km?® and is shown on Figure
2.1. The earlier assessment did not include the section of road works on North Lantau
between the Kap Shui Mun Bridge and the North Lantau Expressway at Yam O (the North
Lantau Road) as details of its construction, including the timing were not known. However
concerns have been expressed over the impact from dust during the construction of the North
Lantau Road (NLR) on the operation of the dockyards north of Tsing Chau Tsai. This
section of road has therefore now been included in the assessment. However the timing of
its construction, in relation to the remainder of the LFC, is still uncertain so the impacts from
the North Lantau Road have been assessed both separately and in combination with impacts
from the remainder of the project.

Background Levels

Background levels of air pollution (Table 2.1) were developed for the EPA and these have
now been reviewed taking account of recent survey data at Tung Chung collected by the
North Lantau Development Consultants during the period of 14/1/91 to 22/1/91, (Table 2.2).
The background levels used in the EPA were derived from the mean results of air quality
monitoring carried out at two sites on East Tsing Yi during 1988. The air pollutants
monitored in Tung Chung were relatively low when compared with the levels in East Tsing
Yi, but this is expected as the Tsing Yi stations are much closer to the more polluted urban
areas. The survey data therefore confirm the validity of the background data used for the
EPA as East Tsing Yi is closer to the Study Area. The background data used for the present
assessment are therefore the maximum 1-hour, 8-hour and 24-hour figures collected at East
Tsing Yi.
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2.3

Table 2.1 Background Levels of Air Pollution at East Tsing Yi

Concentration in pg/m’
(ppm in bracket)
Pollutant Mean Max Max Max
1-Hour 8-Hour 24-Hour
NO 30 268 92
(0.024) 0.22) (0.075)
NO, 35 129 63
(0.018) (0.069) (0.033)
CO 655 1805 1330 940
(0.572) (1.6) (1.2) (0.82)
0o, 21 126 59
(0.011) (0.064) {0.03)
TSP 121 177
RSP 44 70

Table 2.2 Air Quality Data Collected at Tung Chung

Concentration in pg/m’
(ppm in bracket)
Pollutant Mean Max
24-Hour
NO 11 {0.009) 31 (0.025)
NO, 24 (0.012) 40 (0.021)
CO 282 (0.25) 418 (0.36)
TSP 50 72

Air Sensitive Receivers

Air Sensitive Receivers (ASRs) were identified in the EPA in accordance with the Hong Kong
Planning Standards and Guidelines (HKPSG). The sensitive receivers are listed below and

are illustrated in Figure 2.1.

1.

2.

Tung Wan Bay (TWB)

Tin Liu (TL)

Football Ground (Ma Wan) (FG)
Ma Wan Town (MWYV)

Lau Fa Village (LF)
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2.5

6. San Po Tsui (SPT)

7. Yi Chuen (YC)

8. Tso Wan (TW)

9. Sha Lau Tong Wan (SLT)

10. Dockyard 1 (Tsing Chau Wan) (DY1)

11. Dockyard 2 (Tsing Chau Wan) (DY2)

12. Dockyard 3 (Tsing Chau Wan) (DY3)

The dockyards at Tsing Chau Wan have been added to the list of sensitive receivers
previously identified for the EPA. These receivers were not considered to be sensitive uses
under the definitions in the HKPSG but it is understood that the dockyard operators consider
that their activities, which include painting of ships, could be affected by dust from the LFC
construction works.

Additional ASRs are located along Castle Peak Road in the general area of Tin Kau and Sham
Tseng. However the impact of the LFC on these will be small and they have therefore not
been identified separately for the computer modelling.

The ASRs were located for the modelling according to the Hong Kong Metric Grid. In
addition, 200 grid points were distributed evenly within the Study Area to allow pollutant
contours to be drawn.

Meteorological Data

Worst case meteorological conditions for air dispersion have been chosen for the air quality
assessment as follows : -

Wind Speed 2ms™

Wind Direction: 0° to 348.75° with 11.25° interval in ISCST
worst case option in CALINE 4

Stability Class: D

Temperature . 25°C

Mixing height : 1000m

Methodology for.the Construction Phase Assessment

Dusts are subdivided into two categories with nominal aerodynamic diameter 0-10 um and
10-30 pm. The dust particles larger than 30 pm tend to settle relatively fast in the near
vicinity of the source. The dust with aerodynamic diameter 0-10 ym are defined as RSP and
TSP is the total of the two categories.
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2.5.1 Modelling Techniques

The Industrial Source Complex Short Term Model (ISCST) has been used to quantify air
quality impacts during the construction phase. The extent of the changes in air quality has
then been examined, and exceedance of the Hong Kong Air Quality Objectives (AQO)
determined. Table 2.3 summarises the Hong Kong AQO.

Table 2.3 Air Quality Objectives

Concentration in micrograms per cubic metre (i)
(Parts per million (ppm) in brackets)

Pollutant 1 Hour § Hour 24 hours 3 Months 1 Year
(6] {iii) (i) (iv) {iv)
Sulphur Dioxide 800 350 80
(0.30) (0.13) (0.03)
Total Suspended (vii) _ 260 80
Particulates
Respirable Suspended 180 55
Particulates (v)
Carbon Monoxide 30,000 10,000
(26.20) (8.73)
Nitrogen Dioxide 300 150 20
(0.16) (0.08) (0.04)
Photochemical 240
Oxidants (as

ozone) (vi)

Lead 1.5

Notes: (i) Measured at 298K (25°C) and 101.325 kPa (one atmosphere).
(i) Not to be exceeded more than three times per year.
(ili)  Not to be exceeded more than once per year.
(iv)  Yearly and three monthly figures calculated as arithmetic means.
\2) Respirable suspended particulates means suspended particles in air with
nominal aerodynamic diameter of 10 micrometres and smaller.
(vi)  Photochemical oxidants are determined by measurement of ozone only.
(vii)  Suggested short term averaging level for 1 hour is 500 pg/m°.

2.5.2 Wind Conditions

Results generated for 32 wind directions have been compared and the highest value has been
chosen for each receptor point to estimate the worst case. However, it is unlikely that the
wind will blow from the same angle for 24 hours, The 24 hour average dust levels have
therefore been calculated by summing up dust levels at each of the 32 wind directions
multiplied by the percentage frequency of that wind direction based on wind data provided
by the Royal Observatory measured at Hong Kong United Dockyards on Tsing Yi in 1989.
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Emission Factors

The assessment of Route 3, the Tsing Ma Bridge and the Kap Shui Mun Bridge/Ma Wan
Viaducts has focused on the four key activities of blasting, drilling, concrete batching and
traffic on unpaved haul roads. The construction activities on the North Lantau Road which
are likely to have dust impacts on the ASRs are:-

1) blasting;

2) drilling;

3) traffic on unpaved haul roads;

4) rock crushing assumed to be on the reclamation at Tai Ching Chau;
5 concrete batching; and

6) loading and unloading of excavated material.

Where the exact locations for these activities are unknown at this stage, a reasonable worst-
case scenario of the activities has been assumed. Emission factors for each activity have been
estimated using USEPA AP-42 4th Edition, 1985. Details of emission factors for each
construction activity are detailed in Appendix A.

The calculations have firstly been carried out assuming no dust mitigation methods are
applied. Mitigation measures to reduce impacts have then been assessed.

Construction Activities for the LFC
Locations of Construction Activities

The construction activities identified as key issues are illustrated in Figures 2.2 to 2.5 and
their locations in HK Metric Grid coordinates are shown in Appendix A. In some cases the
detailed locations of activities are uncertain and the centre of work site has been assumed to
be the point of emission. Dust emitted from vehicles passing over unpaved haul roads have
been estimated as line sources in a series of 7m squares.

Construction Programme

Three periods during the construction phase of the LFC have been identified as having the
largest effects on the ASRs. The periods singled out are based on the extent of construction
works being carried out and the distances between the ASRs and the construction activities.
These are referred to as Periods 1, 2 and 3. Period 1 will last for the first six months of the
contract. Period 2 will be the next twelve months while the remaining construction
programme will then be included in Pericd 3.

The construction programme of the North Lantau Road is not yet well defined at this stage.
It has been assumed firstly that the construction of the North Lantau Road will be carried out
separately from the remainder of the LFC, secondly at the same time as Period 2 and thirdly
at the same time as Period 3.
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2.5.5

2.5.6

2.6

2.6.1

Emission Quantities

Construction activities for the Tsing Ma Bridge have been reviewed based on the latest design
details available. No further design has been carried out on the Kap Shui Mun Bridge or Ma
Wan viaducts and construction activities have been assumed to be the same as those used for
the EPA. The emissions from the key construction activities are shown in Appendix A.

Construction Activities for Route 3

Detailed emission data have been requested from the Route 3 Consultants and it was intended
that these should be incorporated into the modelling to obtain a combined assessment.
However, these raw data have not been available and the assessment has made use of

construction methods and assessment results presented in Route 3 Technical Report No. 19,

Blasting on both Ting Tau Northern Section and Tsing Yi Section and traffic from unpaved

* haul roads on Tsing Yi have been identified as the major sources of dust from Route 3

construction. These construction activities will last from February 1992 to June 1994 which
will coincide with Periods 1, 2 and 3 of the construction of the Lantau Fixed Crossing.
Combined impacts from blasting and haul roads on Route 3 and all LFC construction works
have been assessed for these periods.

Works Areas

The computer modelling has included emissions from the works areas connected with the
LFC except at Penny’s Bay.

The works site at Penny’s Bay may be formed for use as a steelwork fabrication yard.
However it is remote from air sensitive receivers and is not likely to cause dust nuisance
during its construction or later use. The works site will be formed by reclamation and much
of the work will be carried out in the wet which will limit the dust emission. It has therefore
been concluded that the air quality impacts of the Penny’s Bay works site will be minimal.

Assessment of Construction of the LFC excluding the North Lantau Road
Predicted Dust Levels

The maximum predicted dust levels at each ASR for the LFC excluding the North Lantau
Road without mitigation are given in Tables 2.4 and 2.5.

One objective of the assessment of impacts has been to measure the predicted air quality
against the air quality objectives. The concentration of pollutants will include background
levels and the contribution from the construction works, No attempt has been made to
extrapolate the combined data to 1-hour levels due to the difficulty of estimating 1-hour
background levels.

The estimated TSP and RSP levels for each ASR during construction Periods 1, 2 & 3 are
given in Appendix B and are illustrated in Figures 2.6 to 2,11, All these assume that no
mitigation measures are applied. Figures 2.12 to 2.17 show the combined 24-hour average
impacts from all LFC works (excluding the North Lantau Road) and blasting and haul roads
on Route 3.
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Table 2.4 Maximum Predicted TSP Levels (without mitigation) (ug/m®)
Sensitive Period 1 Period 2 Period 3 "
Recelver |\ pC @)©) | Route3 (@) | Combined | LFC @) | Route3 (a)| Combined | LFC @) | Route3 @ | Combined II
Impact Impact Impact
ihr |24he| 1hr [24he| 24 be | 24he | 1he | 24be | The | 24nr | 24he | 24be | the | 24be | b | 2400 | 2400 | 240e
(a) (b (a) (b) (a) (b)
1. TWB_ | 45501020 1000 20 | 1040 | 1217 | 650 | 70 |1000] 20 | 90 | 267 | 650| 80 |1000| 20 | 100 | 277 |
2.TL |2560| 620] 920 | 20 | 640 | 817 | 220! 30 | 920] 20 | 50 | 227 | 370| 30 | 920} 20 | 50 | 227
3. FG | 2910 |1050] 740 | 20 | to70 | 1247 | 220| 30 | 740| 20 | 50 | 227 | 370| 40 | 740| 20 | 60 | 237
4. MWV | 4500 [ 1660| 850 | 10 | 1670 | 1847 | 260 40 | 850| 10 | so | 227 | 230| 40 | 8s0| 10 | so | 227
5. LE |13550|6220] 910 | 10 | 6230 | 6407 | 300| 40 | 910| 10 | 50 | 227 | 300| 40 | 910| 10 | s0 | 227
6. SPT | 5130 510|740 | 7 | s20 | 694 | 90| 3 [7a0| 7| 10 | 187|160 5| 740| 7 | 10 | 192
7.vc |5s80| 400|720 | 7 | 410 | ssa | 120 1 | 70| 7| 8 | 18] 250| 3 [ 70| 7 | 10 | 19 |
8. TW | 1550| 100| 640 | 6 | 110 | 283 | 70| 1 |e0| 6 | 7 | 18¢]210] 2 |eaw0| 6 | 8 | 183 ]
9. SLT | 6490[1480{ 980 | 10 | 1490 | 1667 [ 1910] 310 [ 980 | 10 | 320 | 497 [1900{ 310 | 980 10 | 320 [ 497
100v1 | 80| 10| 480 | 4 | 14 | 191 | 20| o |[4s0| 4 | 4 | 181|100} 1 [as0| 4| 5 | 182

Notes : (a) Excludes background levels
(b) Includes a background of 177 pug/m?

(c) LFC excludes North Lantau Road
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Table 2.5 Maximum Predicted RSP levels (without mitigation) (ug/m®)

Sensitive Period 1 Period 2 Period 3
Receiver [ {FC (a)(©) | Route 3 (a) | Combined |LFC (a)(&)| Route3 | Combined | LFC @) |Route 3 @)| Combined
Impact (a) Impact Impact
lhr | 24hr | 1hr | 24hr | 24hr | 24hr | 1lhr | 24hr | 1hr | 24hr | 24hr | 24hr | 1hr | 24hr | 1hr | 24hr | 24hr | 24hr
(a) (b) (a) (b) (a) (®)
I. TWB 2290 480 | 560 | 10 490 | 560 290 30 |560| 10 40 110 | 290 | 40 { 570 | 10 50 120
2. TL 1230 300 [ st0{ 10 | 310 | 380 | 120| 10 [510] 10 20 90 | 160 | 20 | 510| 10 30 100
3. FG 1240 | 510 | 450 10 520 | 590 | 90| 20 |450{( 10 30 100 | 150 | 20 | 450 { 10 30 100
4. MWV | 2220 810 | 490 8 820 | 888 | 80| 20 [490] 8 28 98 | 90| 20| 490 8 28 98
_.:, 5. LF 666012900520 6 |2910| 2976 | 110| 20 [520] © 26 96 | 130 20 | 520 6 26 96
v 6. SPT 1660 | 340|430 4 340 | 414 | 40 1 {430 4 5 75 80 2 1430 4 6 76
7. YC 1710 160|420 4 160 | 234 | S0 1 (420 4 5 75 | 110 1 |420( 4 5 75
8. TW 760| 40370 4 40 | 114 | 30 0 |370| 4 4 74 | 90 1 1370 4 5 75
9. SLT 3280 740 | 540 8 750 | 818 { 780 | 140 | 540 8 148 | 218 | 780 | 140 | 340 8 148 218
10.DY1 320 7 | 300 2 9 79 7 0 | 300 2 2 72 50 1 | 300 2 3 73
Notes: (a) Excludes background levels
(b) Includes a background level of 70ug/m*
(c) LFC excludes North Lantau Road
10 ( c— C—C— O3 O3 1 C—3 =y = 3 O ANV R U S G
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The following conclusions (assuming at this stage no mitigation measures) have been made
from the assessment.

(a)

(®)

©

@)

Period 1 of the LFC construction will cause the greatest impacts. The highest hourly
TSP and RSP levels are estimated to be 13550 and 6660 pg/m® (no dust mitigation)
respectively and only two out of ten ASRs in the Study Area are within the 24 hour
AQO. They are Tso Wan and the Dockyards in Tsing Chau Wan but these may also
be affected by the road construction in North Lantau. It was assumed that
construction activities for the Kap Shui Mun Bridge will be carried out simultaneously
with the construction of Ma Wan pier of the Tsing Ma Bridge and this may give a
conservative result.

There will be significant impacts on all the ASRs during Periods 2 and 3, and the
recommended 1 hour TSP level will probably be exceeded at all ASRs. The biggest
contributor to the 1-hour predictions will be Route 3. A summary of the percentage
exceedance of 24-hour AQO during construction is illustrated in Table 2.6. 24-hour
TSP dust levels predicted during Period 2 and Period 3 at Tung Wan Bay will
marginally exceed the AQO.

The main impact will be from drilling and blasting and traffic on haul roads which
have been assumed to be unpaved.

Dust levels predicted are lower than those predicted in the EPA with the exception
of Tung Wan Bay. The differences are due to the following:-

) the present assessment has divided the work into three periods; and

(i) the detail of construction activities has changed.
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Table 2.6 Summary of the Percentage Exceedance of 24-Hour AQO during Construction
(Without Mitigation)

Sensitive Period 1 Period 2 Period 3

Receiver ISP | RSP TSP RSP TSP | RSP
1. TWB 368 211 3 -39 7 -33
2. TL 214 111 -13 -50 -13 -44
3. FG 379 228 -13 -44 -9 -44
4. MWV 610 393 -13 46 -13 -46
5.LF 2364 1553 -13 47 -13 47
6. SPT 167 130 -28 -58 -26 -58
7.YC 125 30 29 -58 27 -58
3. TW 9 - 37 29 -59 -30 -58
9. SLT 541 354 91 21 91 -45
10. DY1 - 27 - 56 -30 -60 -30 -59

2.6.2 Mitigation Measures

A detailed discussion of possible mitigation measures was carried out for the EPA and is
included here as Appendix C.

Dust emissions may be reduced substantially with the combination of the control methods and
even the highest level of TSP (due to haul road traffic) estimated at Lau Fa could be reduced
to about 650 pg/m® for a 1 hour average and for 24 hour average this will be about 260
pg/m’,

The largest contributor to dust nuisance in Periods 2 and 3 will be Route 3 and strict
mitigations measures should be included in Route 3 construction contracts. The discussion
in Appendix C may be used as a guide to mitigation measures.

Occasional nuisance arising from dust will occur at all ASRs due to blasting operations.
However, it should be noted that the key dust construction activities will be of limited
duration of approximately half a year and the population affected is relatively small.

The application of strict mitigation measures to both Route 3 and LFC contracts will allow

the works to proceed with little or no exceedance of 24-hour AQOs. The suggested 1-hour
AQO of 500 pg/m® will be exceeded on occasions during the early works for the LFC.
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2.7

2.7.1

2.7.2

Assessment of Construction of the LFC including the North.Lantau Road

Introduction

In assessing combined impacts from the whole of the LFC and Route 3, it has been assumed
that the North Lantau Road would not be constructed at the same time as Period 1 of the

remainder of the project. This assumption has been made because:-

(a) The construction period for the North Lantau Road will be shorter and it is therefore
likely to start later than the remainder of the LFC to meet the same opening date; and

(b) Period 1 is only 6 months long and is thus less likely to coincide with the main dust
producing activities on the North Lantau Road.

The dust levels have firstly been assessed assuming that no mitigation is applied and secondly
assuming the following mitigation methods:-

(a) concrete batching

- enclosure of dumping and loading areas; enclosure of conveyors and
elevators; filters on storage bin vents and use of water

o) rock crushing

- cyclone, fabric filters and wet spray system
(c) haul road

- watering, surface chemical treatment, and vehicle speed control
@) loading and unloading

- watering, and chemical wetting agents
The results of the assessment are shown on Tables 2.7 to 2.18.
1 Hour Dust Levels
Dust from the North Lantau Road construction without mitigation will have significant
impacts on all ASRs on Ma Wan and North Lantau which will in nearly all cases exceed the
EPD recommended 1 hour TSP level of 500 ug/m® (Tables 2.7 and 2.10).
The three main construction activities affecting the ASRs will be hauling, rock crushing and
blasting. Rigorous dust emission control for haul roads and rock crushing could reduce the
dust level by some 70 percent for these activities (Tables 2.9 and 2.12). However, ASRs on
North Lantau will still receive high 1-hour dust levels from blasting which cannot easily be
mitigated,
Dust from the Route 3 and the remainder of the LFC could increase the I-hour dust level at
ASRs on North Lantau, although, when compared to the total dust emissions from the North
Lantau Road the dust levels from other parts of the construction will be relatively small

(Tables 2.8 and 2.11). Figures 2.18 to 2.21 illustrate the TSP and RSP distribution without
and with dust mitigation.
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Table 2.7 Highest 1-hr TSP (ug/m’) Concentration for the North Lantau Road -
Background Level Excluded (Without Mitigation)
Sensitive Concrete | Blasting Rock Loading Haul All
Receiver Batching and Crushing and Road Activities
Only Drilling Only Unloading Only
1. TWB 1 220 10 3 280 520
2. TL 3 170 50 7 180 350
3. FG 3 340 50 9 230 630
4, MWV 2 460 30 8 340 340
5. LF 3 200 50 7 360 460
6. SPT 3 1060 50 20 610 1740
7. YC 3 350 60 10 660 830
8. TW 5 920 90 10 200 1090
9. SLT 2 340 40 8 420 810
10. DY1 30 1580 490 30 330 1770
11. DY2 30 1270 280 50 460 1500
12. DY3 20 510 280 30 480 1320
Table 2.8 Combined 1-hr TSP (ug/m®) Concentration - Background Level Included
(Without Mitigation)
Sensitive North Tsing Ma Bridge Route 3 Combined
Receiver Lantau Ma Wan Viaducits
Road Kap Shui Mun Bridge
1. TWB 520 650 1000 1120
2. TL 350 370 920 1300
3. FG 630 370 790 1120
4, MWY 840 240 850 920
5. LF 460 330 910 1200
6. SPT 1740 160 740 1740
7. YC 830 250 720 960
8. TW 1090 210 620 1090
9. SLT 810 1910 980 1980
10. DY1 1770 120 280 1770
11. DY2 1500 70 370 1560
12, DY3 1320 60 410 1320
Table 2.9 Combined 1-hr TSP (p.g!m’) Concentration - Background Level Included (With
Mitigation)
Sensitive North Tsing Ma Bridge Route 3 Combined
Receiver Lantau Ma Wan Viaducts
Road Kap Shui Mun Bridge
1. TWB 310 650 1000 1120
2, TL 220 370 920 1300
3. FG 420 370 790 1120
4, MWV 570 240 850 920
5. LF 270 330 910 1200
6. SPT 1250 160 740 1260
7. YC 440 250 720 960
8. TW 1000 210 620 970
9. SLT 480 1910 980 1980
10. DY1 1640 120 280 1640
11. DY2 1340 70 370 1340
12. DY3 750 60 410 750
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Table 2.10 Highest 1-hr RSP (ug/m®) Concentration for the North Lantau Road -
Background Level Excluded (Without Mitigation)
Sensitive Blasting Rock Loading Haul All
Receiver and Crushing and Road Activities
Drilling Only Unloading Only
1. TWB 60 1 2 150 220
2. TL 50 4 5 100 120
3. FG 90 4 6 130 230
4, MWV 120 3 5 180 320
5. LF 60 4 5 190 220
6. SPT 270 4 10 330 610
7. YC 90 5 7 350 370
8. TW 240 8 7 110 330
9. SLT 90 4 5 230 330
10. DY1 400 40 20 170 500
11. DY2 320 40 30 240 440
12. DY3 130 20 20 250 430
Table 2.11 Combined 1-hr RSP (pg/m®) Concentration - Background Level Included
(Without Mitigation)
Sensitive North Tsing Ma Bridge Route 3 Combined
Receiver Lantau Ma Wan Viaduets
Road Kap Shui Mun Bridge
1. TWB 220 290 560 600
2. TL 120 160 510 680
3. FG 230 150 450 560
4, MWV 320 90 490 520
5. LF 220 130 520 650
6. SPT 610 80 430 610
7. YC 370 110 420 530
8. TW 330 90 370 470
9. SLT 330 780 540 1010
10. DY1 500 50 170 500
11, DY2 440 30 230 440
12, DY3 430 40 260 430
Table 2.12 Combined 1-hr RSP (xg/m’) Concentration - Background Level Included (With
Mitigation)
Sensitive North Tsing Ma Bridge Route 3 Combined
Receiver Lantau Ma Wan Viaducts
Road Kap Shui Mun Bridge
1. TWB 110 290 560 600
2. TL 70 160 510 680
3. FG 130 150 450 560
4, MWV 180 90 490 520
5. LF 90 130 520 650
6. SPT 370 80 430 510
7. YC 150 110 420 530
8. TW 260 90 370 460
9. SLT 170 780 540 1010
10. DY1 430 50 170 430
11. DY2 360 30 230 360
12. DY3 220 40 260 290
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Table 2.13 24-hr Averaged TSP (ug/m*) Concentration for the North Lantau Road -
Background Level Exciuded (Without Mitigation)
Sensitive Concrete | Blasting Rock Loading Haul All
Receiver Batching and Crushing and Road Activities
Only Drilling Only Unloading Only
1. TWB 0 2 0 0 3 6
2. TL 0 2 0 0 7 10
3. FG 0 3 0 0 8 10
4, MWV 0 4 0 0 8 10
5. LF 0 2 0 0 5 7
6. SPT 0 10 0 0 90 100
7. YC 0 3 0 0 10 20
8. TW 0 6 0 0 30 40
9. SLT 0 1 0 0 2 4
10. DY1 1 130 20 3 120 280
11. DY2 3 130 50 6 100 290
12, DY3 1 30 20 2 30 80
Table 2.14 Combined 24-hr Averaged TSP (ug/m’) Concentration - Background Level
Excluded (Without Mitigation)
Sensitive North Tsing Ma Bridge Route 3 Combined
Receiver Lantau Ma Wan Viaducts
Road Kap Shui Mun Bridge
1. TWB 6 80 20 100
2. TL 10 30 20 60
3. FG 10 40 20 70
4. MWV 10 40 10 70
5. LF 7 40 10 60
6. SPT 100 5 7 110
7. YC 20 3 7 30
8. TW 40 2 6 40
9. SLT 4 310 14 330
10. DY1 280 3 6 280
11, DY2 290 1 4 290
12, DY3 80 1 4 90
Table 2.15 Combined 24-hr Averaged TSP (ug/m’) Concentration - Background Level
Excluded (With Mitigation)
Sensitive North Tsing Ma Bridge Route 3 Combined
Receiver Lantau Ma Wan Viaducts
Road Kap Shui Mun Bridge
1. TWB 3 80 20 100
2. TL 4 30, 20 60
3. FG 6 40 20 60
4, MWV 7 40, 10 60
5. LF 3 40 10 60
6. SPT 40 5 7 50
7. YC 7 3 7 20
8. TW 10 2 6 20
9. SLT 2 310 14 320
10. DY1 170 3 6 180
11. DY2 170 1 4 180
12. DY3 50 1 4 50
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Table 2.16  24-hr Averaged RSP (ug/m®) Concentration for the North Lantau Road -
Background Level Excluded (Without Mitigation)
Sensitive Blasting Rock Loading Haul All
Receiver and Crushing and Road Activities
Drilling Only Unloading Only
1. TWB 0 -0 0 2 2
2. TL 1 0 0 4 4
3. FG 1 0 0 4 5
4, MWV 1 0 0 4 6
5. LF 0 0 0 3 3
6. SPT 2 0 0 S0 50
7. YC 1 0 0 8 8
8. TW 1 0 0 20 20
9, SLT 0 0 0 1 2
10. DY1 30 2 2 60 100
11, DY2 30 4 4 50 90
12, DY3 8 1 1 20 30
Table 2,17 Combined 24-hr Averaged RSP (ug/m®) Concentration - Background Level
Excluded (Without Mitigation)
Sensitive North Tsing Ma Bridge Route 3 Combined
Receiver Lantau Ma Wan Viaducts
Road Kap Shui Mun Bridge
1. TWB 2 40 10 50
2. TL 4 10 10 30
3. FG 5 20 10 30
4, MWV 6 20 8 30
5. LF 3 20 6 30
6. SPT 50 2 4 60
7. YC 8 1 4 10
8. TW 20 1 3 20
9. SLT 2 140 8 140
10. DY1 100 1 4 100
il. DY2 20 1 3 100
12. DY3 30 0 2 30
Table 2.18 Combined 24-hr Averaged RSP (ug/m® Concentration - Background Level
Excluded (With Mitigation)
Sensitive North Tsing Ma Bridge Route 3 Combined
Receiver Lantau Ma Wan Viaducts
Road Kap Shui Mun Bridge
1. TWB 1 40 10 50
2. TL 2 10 10 30
3. FG 2 20 10 30
4. MWV 2 20 8 30
5. LF 1 20 6 30
6. SPT 20 2 4 20
7. YC 3 1 4 i0
8. TW 6 1 3 10
9. SLT 1 140 8 140
10. DY1 50 1 4 60
11, DY2 50 1 3 50
12. DY3 10 0 2 20




2.7.3

2.74

24 Hour Dust Levels

Modelling results for 24 hour average TSP and RSP concentrations with and without
mitigation are shown on Tables 2.13 to 2.18 and contours showing the distribution of the dust
are illustrated on Figures 2.22 to 2.25. These all exclude background levels. The following
conclusions have been made:-

(@) The impact on the ASRs on North Lantau from the excavation activities of Route 3
and the construction activities in Period 2 or Period 3 of the LFC (excluding the
North Lantau Road) are predicted to be negligible. Hence the dust levels for 24-hour
averages at ASRs on North Lantau may be assessed by considering dust from the
construction activities of the North Lantau Road alone (Figures 2.26 and 2.27).

) There is likely to be exceedance of the 24 hour AQQOs at two ASRs (DY1, DY2) on
North Lantau. The highest level received at DY1 will be about 460 pg/m® TSP
(including the background level).

© With 70% mitigation of dust, DY1 and DY2 will still receive about 360 ug/m* TSP
(including background level). The two activities causing the dust problem are
blasting and hauling (Figure 2.28);

(d) The 24 hour AQO for RSP could be met without mitigation at the shipyards DY1 and
DY2 (Figure 2.29); and

(e) The North Lantau Road will only have a small impact on 24 hour dust levels on Ma
Wan.

Mitigation Measures

The assessment has shown that 24-hour air quality objectives for TSP and RSP will generally
not be exceeded as long as the assumed mitigation measures are applied as discussed in
Section 2.6.2.

The recommended 1-hour objective of S00 ug/m® will be exceeded at all receivers because
of the dust from blasting. This cannot easily be mitigated.

The dockyards at Tsing Chau Wan will be affected by dust from the North Lantau Road and
the maximum 1-hour dust levels (TSP) could reach 1320-1770 pg/m®. The 24-hour dust
levels will, however, be much lower. The air quality objectives have been set at levels to
protect the health of the population and cannot be used to determine the impact on operations
at the dockyards such as painting. No guidance on the tolerance of these activities to dust is
available. Sensitive painting operations should in any case be carried out in a dust free
enclosure,

The only additional mitigation measure that could be applied to reduce dust levels at the
dockyards would be to move the crushing plant to another part of the site. This, however,
would only make a small difference.

Construction contracts include provisions for monitoring of dust and these need to be

developed into comprehensive monitoring and audit programmes in the Engineer’s operating
manual.
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2.8

2.8.1

Operational Phase Assessment
Methodology

The EPA concluded that levels of CO, NO, and lead will be within the AQO except locally
in close proximity to the road and at the toll plaza. The previous results have been reviewed
taking the latest traffic figures and the impact from Route 3 into account, The review has
also used the latest information on emission factors.

Maximum 1-hour levels of CO and NO,, 8 hour levels of CO and 24 hour levels of NO, and
particulate matter have been determined using CALINE 4 and the predictions superimposed
on background levels.

The input parameters used for the modelling are shown in Appendix D.

Vehicle emissions depend heavily on vehicle type (LGV, MGV, HGV and diesel or petrol
cars), and vehicle speed. In addition, the emissions vary from individual vehicles by vehicle
age and condition of the engine. Hence the total emissions will depend on the vehicle speed,
vehicle mix (Table 2.19) and vehicle flow rate based on the year 2006 (Table 2.20). Vehicle
emission factors for this assessment all have been derived from the EEC Environment and
Quality of life " Corinair Working Group on Emissions Factors for Calculating 1985
Emissions from Road Traffic" 1989. Details are shown in Appendix D. It has been assumed
that all petrol driven cars will be equipped with a catalytic convertor and the average vehicle
will meet the emission standards. Traffic speed has been estimated to be 60 kin/hour as the
road will be operating at high volume/capacity ratios.

The toll plaza has been divided into eight segments which simulate the changing width of the
plaza. The average vehicie speed at the toll plaza is assumed to be 25 km/hr.

Table 2,19 Average Traffic Mix

Vehicle Types Percentage
Car 17
LGV + Taxis 42
MGV 27
HGV 14

Table 2.20 Traffic Flow During Operation Phase

Time | Vehicles/hour
1-hr average 7189
8-hr average 6029
24-hr average 4405

-2.17 -



2.8.2

Operation Stage Impact Assessment and Evaluation
Results of the modelling are shown in Table 2.21.

Table 2.21 Modelling Results - Operation Stage (including background)

CO(1hr) CO (8hr) NO, (1 hr) | NO, (24 hr) RSP (24 hr)

Receiver (ppm) (ppm) {ppm) (ppm) pgim?
1. TWB 1.7 1.3 0.10 0.05 90
2. TL 1.6 1.2 0.08 0.04 80
3. FG 1.6 1.2 0.09 0.04 80
4. MWV 1.7 1.2 0.09 0.05 90
5. LF 1.8 1.4 0.15 0.08 130
6. SPT 1.7 1.3 0.10 0.05 90
7. YC 1.7 1.3 0.11 0.06 100
8. TW 1.6 1.2 0.08 0.04 80
9. SLT 1.7 1.3 0.11 0.06 . 100
10. DY1 1.6 1.2 0.08 0.04 80
11. DY2 1.6 1.2 0.08 0.04 80
12. DY3 1.7 1.2 0.08 0.04 80
AQO 26.2 8.7 0.16 0.08 180
Background 1.6 1.2 0.07 0.03 70

The predicted Ievels of CO and RSP are all within the AQOs. Predictions for NO, are within
the AQOs except at Lau Fa where the levels of NO, for 1-Hour and 24-Hour are marginally
acceptable. However the scale of impact will be small as only a few people will be affected.

Typical profiles of NO, & RSP against the downwind distance from the LFC are shown on
Figures 2.30 to 2.31. The figures show there will not be any exceedance of AQOs further
than 50m from the centreline of the LFC.

It should be noted that there is a height constraint of 10m in CALINE 4 which means that
dispersion of poilutants may be higher than predicted in areas where the road will be more
than 10m above the surround ground. Consequently the predicted levels in the vicinity of the
Ma Wan viaduct will tend to be overestimated.

Conclusions would be made:-

There could be very poor air quality at Toll Plaza. Care will be needed in the detail design
of the toll plaza to maximize dispersion of pollutants. The deep cut in the section between
the landing of the Kap Shui Mun Bridge and toll plaza will limit air dispersion and high level
of air pollution have been predicted in this area. There will be restricted to the road itself
and will not affect any sensitive receivers.
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Figures 2.32 to 2.36 illustrate the predicted concentrations of pollutants along the LFC,
Daily traffic variations are such that results from 1 and 8 hour averaging times differ only
slightly.

The differences between the results from the EPA and this study are due to the following:-

(@ the present study has adopted the most recent emission data with recognized
improvements in vehicle emissions; and

®) the traffic mix for the present assessment has been based on more recent data which
has included a more detailed breakdown into diesel and petrol cars, LGV, MGV and
HGV.

2.8.3 Combined Operation Stage Impacts from Route 3

Operational impacts from Route 3 were given in the Route 3 Technical Report No. 19-
Environmental Impact Assessment. The impacts from Route 3 were predicted to be minimal
beyond about 400m from the road. The ASRs on Ma Wan and North Lantau are well beyond
this distance, hence the emission impacts from Route 3 on ASRs in the Study Area is not
likely to be large. There will be some general increase in background air pollution levels but
these are not likely to be of sufficient magnitude to cause exceedance of the AQOs at any of
the NSRs,

2.8.4 Mitigation Measures During Operation
The assessment has concluded that CO, NQO, and RSP emissions from vehicles during
operation will have only limited impacts on Ma Wan and North Lantau. No special

mitigation measures will therefore be required. Pollution levels of RSP(24 hr) and NO, (24
hr) will, however, be relatively high at Lau Fa due to its close proximity to the road.
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FIGURE 2.1

STUDY AREA AND LOCATIONS OF SENSITIVE RECEIVERS
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FIGURE 2.12

PREDICTED 24-HOUR TSP CONCENTRATION IN PERIOD 1 EXCLUDING NLR

TSP (x 1000 microgram/cu.m)
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FIGURE 2.13

PREDICTED 24-HOUR RSP CONCENTRATION IN PERIOD 1 EXCLUDING NLR
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FIGURE 2.14

PREDICTED 24~-HOUR TSP CONCENTRATION IN PERIOD 2 EXCLUDING NLR
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) FIGURE 2.15
PREDICTED 24~-HOUR RSPCONCENTRATION IN PERIOD 2 EXCLUDING NLR
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FIGURE 2.16
PREDICTED 24~HOUR TSP CONCENTRATION IN PERIOD 3 EXCLUDING NLR

TSP (microgram/cu.m)
600

500 1
400 -

200J . )

100 -

0 —
TWB TL FG MWV LF SPT YC TW SLT DY1 DYz D¥Y3
ASR
Vi TM, MW & KSM ] Route 3 R Background

Il Combined Impact —— AQO

FIGURE 2.17
PREDICTED 24~-HOUR RSP CONCENTRATION IN PERIOD 3 EXCLUDING NLR
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FIGURE 2.26
PREDICTED 24-HOUR TSP CONCENTRATION {N PERIOD 3 INCLUDING NLR
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FIGURE 2.27
PREDICTED 24-HOUR RSP CONCENTRATION IN PERIOD 3 INCLUDING NLR
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FIGURE 2.28
PREDICTED 24-HOUR TSP CONCENTRATION IN PERIOD 3 INCLUDING NLR
WITH MITIGATION
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FIGURE 2.29
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PREDICTED 24-HOUR RSP CONCENTRATION IN PERIOD 3 INCLUDING NLR
WITH MITIGATION
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FIGURE 2.30

CROSS SECTION OF PREDICTED NO2 CONCENTRATION DOWNWIND OF THE LFC
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FIGURE 2.31

CROSS SECTION OF PREDICTED RSP CONCENTRATION DOWNWIND OF THE LFC
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3.1

WATER QUALITY
Background

This assessment is founded on the preliminary work undertaken for the EPA and reported
upen in the Lantau Fixed Crossing Environmental Assessment, Topic Report No. 3 - Water
Quality. The EPA identified construction activities with the potential to impact on water
quality. These included underwater excavation and dredging activities particularly in areas
where particulates and sediments could be transported to sensitive receivers. Attention was
focused upon the bathing beach at Tung Wan and the Fish Culture Zone at Kung Tsai Wan.
Examination of bed deposits in the Tung Wan area and current speeds led to the conclusion
that fine sediments released during construction of the western pier of the Tsing Ma Bridge
could have an impact on water quality in the bathing areas under certain conditions of wind
and tide. Also of concern was the potential impact on water quality from accidentally
spilled oil and chemicals which would exert an oxygen demand on the water if they are
likely to remain in the area for a long time. It was also concluded that any dredging for
the eastern anchorage of the Kap Shui Mun bridge .could also have an impact on water
quality in the Fish Culture Zone some 200m to the north.

Accidential or uncontrolled discharges from work sites may also adversely affect the quality
of the receiving water. Locations of work sites were not defined for the EPA but potential
on-site and off-site areas were examined. It was concluded that adequate and appropriate
drainage and disposal facilities were required at all work sites particularly if residential
facilities are to be provided.  All discharges from sites, whether permanent or temporary,
would have to comply with the Water Pollution Control Ordinance and its Technical
Memoranda.

It was also established that some streams and water courses would require diversion during
the construction phase. It was concluded that although the Study Area boasts some
interesting habitats, it is unlikely that any areas of special ecological significance would be
affected by construction of the LFC.

Impacts on water quality during operation of the LFC are likely to be only of local
significance. These include the extention of the embayment at Tung Wan created by the
positioning of the western pier of the Tsing Ma Bridge. Accidential spillages from vehicles
while traversing the Tsing Ma Bridge could have an impact on water quality at Tung Wan,
while spillages from the Kap Shui Mun bridge could affect the Fish Culture Zone at Kung
Tsai Wan. :

Mitigating measures were proposed in the EPA to protect water quality during both
construction and operation phases.

The EPA concluded that certain aspects of the assessment required further examination to
confirm that impacts would be acceptable or so that suitable mitigation could be developed.
These were:-

(a) the extension of Tung Wan Bay;
(b) works sites in the Kap Shui Mun Channel and Penny’s Bay;
(c) underwater blasting;

d disposal of dredged materials;

-3.1-



3.2

(e conditions to be included in construction contracts to monitor and control water
quality; and '

§9) environmental audit.
These are discussed in the following sections.
Extension of the Tung Wan Embayment

One of the main issues arising from the EPA was the impact on water movement and water
quality arising from extending the embayment at Tung Wan by constructing the Tsing Ma
Bridge pier and western anchorage at To Tei Kung Kok.

The existing situation in the vicinity of Tung Wan is that nearshore tidal currents in the
western part of the Ma Wan Channel are relatively weak and suspended sediments released
during construction could be subject to wave induced transport. Such transportation of
suspended materials to the beach at Tung Wan is possible under conditions of E-SE winds
during slack tides.

Once the LFC is operational, there could be local effects arising from trapping of pollutants
in the extended Tung Wan. Sources of pollution may arise from the hinterland behind the
bay, from accidental spillages washed off the Tsing Ma bridge or from water exchange with
the mainstream water of the Ma Wan Channel. Exchanges between the waters within Tung
Wan and the mainstream of the Ma Wan Channel are presently slow and thus retention time
of pollutants with the bay may be long. Modelling work undertaken for the Ma Wan
Channel Improvement Study indicated that even if the proposed Ma Wan Channel
Improvements are carried out, low tidal velocities will still prevail in this area. At present
the water quality within Tung Wan is good. The alteration in water movement consequent
to construction of the Tsing Ma Bridge could, however, alter this.

A modelling study was recommended in the EPA to assess the impacts on water quality
subsequent to the formation of the anchorage and pier protection island. Time constraints
precluded setting up a detailed mathematical model in the area and recourse was made to
the WAHMO physical model which is located in the Harbour Hydraulic Laboratory at
Tuen Mun.

Physical Model Methodology and Results

The WAHMO physical model was used to determine alterations to current speeds and
direction. Results of the physical modelling were examined to identify the potential for
pollutants to enter the bay during and after construction. Particular emphasis was placed
on the water movement patterns both within and immediately outside the bay. From this
information an assessment was made of the potential for alteration in water quality after
construction of the Tsing Ma Bridge.

The physical model simulates the vertically well mixed dry season situation but the complex
stratification pattern of the wet season cannot be realistically represented.
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Initially the model was run without any modification to the coastline during both spring and
neap tides to provide a baseline. A series of time history plots at predetermined locations
were generated as well as float tracks. Velocity vectors were also produced. Following
this the coastline was modified to represent the Tsing Ma Bridge and the associated works
site to scale.

The reason for simulating both pier and work site was that the work site will be formed as
part of the LFC contract and is likely to remain following completion of the works.

The drawing given to CESD, who carried out the modelling exercise, is shown as Figure
3.1. Included on this drawing are the seven locations chosen as monitoring stations for
generating time histories. Raw data from the modelling are given at Appendix E. Table
3.1 shows net volocity vectors for stations 1, 4 and 6.

Examination of predicted peak velocities shows that on the spring tide the peak velocity
increased at stations 1, 3, 5, 6 and 7 in the scenario test. Within Tung Wan, at Station 2,
the peak velocity was little affected. At station 4, north east of the bridge pier the
predicted peak velocities were lower in the scenario test.

Table 3.1 Net Velocity Vectors of Stations 1, 4 and 6 On Neap and Spring Tide Cycles

at Tung Wan Bay
Neap Tide Spring Tide
Basecase . Scenario Bazecase Scenario
Direction | Velocity | Direction | Velocity | Direction | Velocity | Direction | Velocity
) (m/s) ) (m/s) ) (m/s) ) {m/s)
Station 1 348 33 006 4.5 0 33 004 4.1
Station 4 348 6.5 353 23 352 6.3 329 2.6
Station 6 1 5.6 008 4.9 002 6.3 002 6.3

During the neap tide the peak velocities increased at stations 1, 3 and 5 while at stations
2, 6 and 7 only slight differences were noted. As on the spring tide the peak velocities
decreased at station 4,

Local water movements are thus, not unexpectedly, affected by the construction of the
western pier of the Tsing Ma Bridge., Comparison of the two sets of data (baseline and
scenario) indicate a slight shift in tidal phase as well as velocity.

As the peak velocities at stations 1, 3 and 5 all increased when the bridge pier, anchorage
and work site were modelled it implies that pollutants may well be transported across the

-mouth of Tung Wan in a north-south direction. However, there was a certain amount of

exchange between the waters within Tung Wan and the mainstream flows, and this could
affect water quality in the bay. The velocity vectors plotted out from time-lapse
photography of the model simulation have been used to es