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1. 酬TRODUCTION

1.1 

法請帥"腳印 、

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

Introduction 

前lis Environmental Assessment (EA) was initiated in February 1994 as part of 由e
Consultancy Study for Restoration of No的1-W est New Territories Landfills Agreement 
No. CE 10/92. Details of the BrÎef for the EA are summarised in Chapter 2. The EA's 
primary objective has been to identi叮， the key environmental issues arising out of the 
landfill gas management and utilisation, leachate management and restoration options 
proposed for the four landflll sites namely PiIlar Poínt Va11ey Landfil1 (PPVL) , Siu 
Lang Shui Land:fill (SLSL) , Ma Tso Lung Land:fil1 (MTLL) and Ngau Tam Mei 
Landfill (NTÞ.i且). Where appropriate, the EA process has identi:fied 的le anticipated 
mitigation measures which will be incorporated înto the restoration design of each 
landfill, including leachate and landfill gas control measures , and made necessary 
recommendations on short and long國term environmental monitoring and audît 
requirements. The results 的f 吐lÎs EA are addressed in 位le lnitial Environmental Impact 
Assessment (IEIA) Report. 

Background 
去草也 已

PPVL and SLSL are sîtuáted near Tuen Mun whilst ;MTLL and NTML are located north 
of Yuen Long. SLSL. MTLL and NτML are c10sed but PPVL is still in operation. 

PPVL is located in Area 46 of Tuen Mun New Town. Access to PPVL and SLSL is 
obtained 0叮 the Lung Mu說:之oad which Ieads to Castle Peak Power Station. Prior to 
November 1993 when WENT Landfill started to accept waste intake, it was the only 
W泊的 dispo泊1 facility for the West New Territories.τ'he northern part of the site 誼ld 詮le
borrow area located to the west extend into the British Forces' Castle Peak Firing Range. 
The landfill has been in operation since August 1983, and is currently (ie in February 
1994) receiving about 2,500 tonnes per day of domestic, indus位ial， cons住uction and 
special waste.τlle amount of was給你posited up to August 1993 恥as about 6.8 Mt and 
the projected fin剖 volume is 13 Mt which includes the propo臨d extension from the 
original design capacity of 8 Mt. To accomplish 出話， it is planned to extend the landfill 
higher and further 泊的 the Castle Peak Firing Range wîth maximum heîght reaclúng 
approximately 225 nlPD. The levels in April 1993 were about 130 mPD. 

PPVL is a typîcal Hong Kong valley landfill in which the valley.floor has been 
progressively lined and leachate col1ection pipes have been installed above the liner to 
direct 出e leach剖e flow to the ne紅by Pillar Point Sewage Treatment Works.τlle natural 
vaIley sidès were 控immed to firm material, covered with sprayed concrete, and coated 
with a bitumino日s emulsion before waste was placed. 

The other three landfills have been closed for between 10 and 20 years. The total 
quantity of waste deposited in the three landfills amounted to approximately 1.4 million 
給nnes and is lar許ly composed of domestic and industrial wasteι 

SLSL is located about 1km west of PPVL, and occupies an area of 12 ha. It has been 
successfully re-afforested since it was closed in 1983. From 19γ8 to 1983 1.2 Mt of 
domestic and indus住ial waste was deposited in the landfill. A platform to 由e NW ofthe 
site was also used as a disposal area for PF A from Clúna Light & Power Cas誼e Peak 
Power Station. Two overgrown filtration tanks are visible to 也e south-e是st and sou白蠟
west of the site. Leachate discha母es into the cul verted stream and contaminated 
groundwater discharges onto the beach. 

MTLL is located ne紅白e Chínese border c]osed 旺ea. The ]andfill site is only 2 ha and 
occupies the side of a valley, adjacent to a sports ground operated by 

1 



1.8 

1.9 

亨，發益;乳u 、

1. 10 

1. 11 

Wah Group of Hospitals has been proposed and landfill gas investigations were 
commissioned by them in 1991. 

NT}.位 is a heavily overgrown site, located 恥的-east of Yuen Long, and occupies a 2 
ha area at the head of a narrow va1ley suπounded by ridgelines. Records indicate that 
也.e site was operated as an uncontrolled dump prior to 1973. After 1973 controlled 
landfilling took place up to 1975, and an estimated 30,000 tonnes of additional 
domestic and indus虹凶 waste was deposited on top of the waste already in place. The 
volume of waste in place based on the site area and waste depths measured in previous 
studies, has been estimated as 180,000 cu m. An overgrown filtration tank is clearly 
visible at 由e sou血em entrance to 也e site. At NT恥且 no liner was installed and OIÙy 
rudimentary leachate collection arrangements were provided. Some residential 
dwellings , and a considerable number of graves lie within the a句acent areas. The site 
1ies wi也in a Green Belt area in the Ngau Tam Mei Development Per:mission Area and 
represents a good opportunity for a variety of sporting activities and afteruse 
developments. 

Context of the Environmental Assessment 

Restoration of the landfills has the potential to benefit the local community and 
improve the overall environment of the North-West New Territories 紅也. However, the 
restoration of landfills also has the poten制的 cause， or be 踏踏d.U，y.eω ， environmenta1 
impacts. Consequently, Goveniment procedures require 會 實ãt" an erlvironmental 
assessment be conducted to determine the type and severity of the environmental 
impacts of the restoration proposals. 

By carrying out an Environmental Assessment (EA) key environmental issues of 
concem can be identified at an early stage and essential information supplied to 血e
design process. The incorporation of environmental considerations into the 
feasibility/planning procedure will allow for the design, construction, commissioning 
and afteruse stages of the development at 也e four landfills to be managed within 由e
res虹aints of Govemment regulations and guidelines. 

ln conducting 誼通s Environmental Assessment reference has been made to relevant 
Ordinances and Technical Memoranda on the environment and the Hong Kong 
Planrung Standards and Guide1ines (HKPSG). 
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2. SCOPE OF ASSESSMENT 

2.1 This chapter introduces the genera1 process of environmenta1 assessment and 白e
scoping of 在這S 船sessment. lt a1so describes 血e approach used for selecting tho絡站sues
of concern 註1at have been examined in the 1ater stages of study. 

The Environmental Assessment Process 

2.2 Environmenta1 Assessment (EA) 話 a process which seeks to predict or forecast the 
effect 血at development actions will have on the natural and built environment. The 
genera1 approach inv01ves consultation and scoping followed by baseline studies of 也e
existing environmental conditions, impact prediction, consideration of mitigation 
measures 缸ld 血e identificatiol1 of monitoring and audit requirements. 

2.3 Before potential impacts can be predicted，也e existing environmental conditions rnust 
be defined. It is then possibIe to assess any changes which may occur as a re刻lt of a 
development. Environmental conditions may change over tirne and these must be 
ev在luated as part of the. EA process. 1n assessing the significance of any impact 
reference shouId be made to the magnitude and significance of effects, to the 

(~b.e~viroflm~l}t_al sensitivity of n穹的主 recept+}路~ Jl!l4 to quantify .fur蝕。他綽d indicative 
, criteriå wi由in governmeùt orclin給ces and policy guide1ines. Where quantifiable criteria 
are not available, best expert judgement must be applied. 

2.4 Where a proposal is evaluated to have a significant adverse impact on the environment, 
it is necessary to identify measures which wiU reducεor eliminate such impacts. These 
mitigation mea甜甜s may eìther involve aIterin拿出e design operation of thε 
developme缸， or may require the introduction of particular safeguards 泊 order to 
ameliorate effects. 

Scope of Assessment 

2.5 The EA of 按le restoration proposals has involved a review of a11 available information 
pertaining to the existing environmental conditions within the study area. This 
information has been assessed in conjunction wi血 the engineering proposals for the 
restored facilities. 

Requirel1lellts of the Bri司f

2.6 In accordance wi由 the requirements of tl1e brief, the EA address自由e folIowîng: 

• environmental impact of restoration works and land use options, during 
construction and operation phases, with particular reference to dust and noîse 
produCÌnεacti vi ties; 

environmental impact of landfill gas and leachate controI measures, in particular 
剖r quality im p主cts arising from each gas utilisation or management scheme with 
respect to volatile organic compounds (VOCs) and odour; 

• environmental impact of leachate on adjacent water courses and their sensitive 
receivers at each landfill site; 

environmental and visual i器pacts associated with the recommended landscape 
proposal; 

• identification of mitigation measures (including both conceptua1 design features 
and operational co的ols) to be used to reduce potential impacts; 

• potential health and safety 認pects of the high tension power lines 血at cro鉛血色
sites; 

明、"
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2.8 

a review of existing environmental monitoring data (leachate, landfill g訟，
groun這water， surface water, marine water and sediments，副主 quality and ground 
sett1ement) and recommendations for baseline data collection, long-term 
environmental monitoring and audit requirements; and 

identification of the key environmental impacts/îssues of concern which should be 
addressed in Fînal Report. 

ConsuUatiOIl 

L[C[[CEE[fcc[[[[rL[[[[ 

• 

The scoping exerci紹， conducted as part of the study, included early consultation with 
various government departments. This consultation process identified the need for: 

• Restoration afteruse options for each of the 1組dfill sites to meet the overall 
planning objectives and integration of the restoration propo路Is with associated 
residentîal, commercial and industrial developments in the adjacent planning 
zones; 

• Leachate control measures at the landfill sites and monitoring programmes for 
assessment of leachate impacts on adjoining streams and underground water 
courses; 

..... ..， ~j~:~:云悔﹒.

• Landfill gas management I Ì這easurès- i and utilisátîoÏl optióñs' for lõ'Cal 
industrial/commercial use; 

• Aspects of geotechnic剖 stabi1ity， surface water drainage, existing capping design 
as welI as waste characteristics and landfill operational details to be îdentified; 但d

Sources of information and monitoring requirements for potential landfill gas 
and volatile organic compound împacts to be identi:fied. 

Review 0/ Background bφnnation 

• 

A review of 是II relevant information on the four landfills and adjacent developments 
within 由e study area has also been undertaken. The main documents reviewed include: 

Scott Wilson Kirk伊拉ick，. M在rch 1993, Restoration of North-West New Territories, 

Landfills Study 偏 Hazard Assessment. Environmental Protection Department. 

• L.G. Mouchel & Partners (Asia) Ltd. (1990), North-East New Territories Landfill 
Leach在te Disposal Study. Final Report- Volume 1. Environmental Protection 
Department. 

. Nash J.M. (1988). A Review of L切.chate Collection an Disposal Arrangements at 
Operating and Completed Landfil1s. Report No. EPD/lTP 15/88. Environmental 
Protection Department. 

. ERL (Asia) Ltd (1989). 民在a Tso Lung Landfill Gas Study. Final ]支eport. Tung 
Wah Group of Hospitals. 

ERL (Asia) Ltd (1991). Ma Tso Lung Site Investigation - Landfill Gas. Simon 
Kwan and Associates Limited. 

Scott Wìlson Kirkpa討伐. Restoration of Nor位l-West New Territories Landfills 
Study - Technic剖 Note TNl Landfill Stability and Sett1ement, July 1993. 
Environmental Protection Department. 

Sco吐 Wilson Kirkpatrick. Restoration of North-West New Territories Landfills 
Study - Working Paper WPl Landfill Gas Management and. Air Quality Control, 
August 1993. Environmental Protection Department. 

. 
• 
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• 

• 
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有品

. 
• 

Scott Wilson- Kirkpatrick-. Restoration of North-West New Territories Landfills 
Study 且 Wo玄king Paper WP2 Landfill Gas Uti1isation, October 1993. 
Environmental Protection Department. 

Sco社 Wilson Kir坤atrick. Restoration of North-West New Territories Landfills 
Study - Working Paper W的 Leachate Manageme鈍，三eptember 1993. 
Environmental Protection Department. 

Scott Wilson Kirkpa削ck. Restoration of North -West N ew Territories Landfills 
Study - Working Paper WP4 Land Use Options and Planti時， July 1993. 
EnvironmentaI Protection Department. 

Sco位 Wilson Kirkpatrick. Restoration of North-West New Territories LandfilIs 
Study . Working Paper WP5 Master Development Pla琵丸 Contract Options and 
Implementation Programme, November 1993. Environmental Protection 
Department. 

Sco說 Wilson Kirkpa叫ck. Restoration of N orth帽West N ew Territories Landfills 
Study 騙 Working Paper WP6 Conceptual Restoration Desi套設t December 1993. 
Environmental Protection Department. 

Scott Wilson Kir坤atrick. Restoration of No話l-We現 ~ew req~tories Landfills 
Stlidy' - Working: Paper! WP7 J~nv1fõÌúnerital 'Ass"es.sment,: 'Februarý' 1994蠱
Environmental Protection Department. 

在nvironmental Protection Department (1988). A Brief Asse路ment of LandfilI 
Gas Reserves. 

Environmental Protection Department (1992). Report No. 至~PD/TP9月2 刪
Environmental Assessment of the Proposed Pill缸 Point Valley Landfill Exten位on.

Civil Engineering Office, Engineering Development Department (1984). Data 
Report No. 1 on Controlled Tip Monitoring (1974 - 19學4 incl的ive).

Scott Wilson Kirkpatrick (1990). Expanded Development Study .for Tuen Mun 
Area 38 闖 Final Report. Territory Development Department, Tuen Mun 
Development Office . 

ERL (Asia L吋) (1992). Centralised Incineration Facility for Special Wastes -
Phase 1, Feasibility Report. Environmental Protection Department. 

Scott Wilson Kirkpa虹ick (1993). Re郎8t，ωorat世io∞n of No叮rt血h.耐叭
Landf宣血.且11 St認1沮ldy 骨 Pillar Point Valley Landfill Interim Environmental Measures, 
May 1993. Environmental Protection Department. 

Issues of Concern 

From 位le initial appraisal of information and early consu1tations described above it has 
been possible to identify those developnlent actions likely to cause environmental 
effects, and those aspects of the environment most likely to be affected. The likely 
significant effects of the restoration propo路1s rel誰能 to the following key issues: 

. 
• 

• 

Landfill gas; 

Air quality; 

Noise; 

Water quali ty; 

Landscape, landuse and vi8ual impacts; 

SeW.ement; 經d
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High tension power lines. 

Each of 自己se issues have been addressed wîth respect to each of 柱le four landfill sites in 
the following chapters. Specifîc recommendations for monîtoring and audit 
requirements are also provided for each of the development phases (îe design, 
cons住uctlo話， opera益onlaf記rus時，

The origina1 Brief for 血色 study did not require an ecologic鑫1 assessment to be car討ed
O駝. Howev杖， more recently it has been recogni學ed that ecologic孟1 impacts of the 
restoration works 詣ωld be addressed as part of 出s IEIA. The consult組組 have
therefore provi加d preliminary comments on 血e net ecological împacts of the 
restoration work怠， b那ed on 誰le conc句話量1 r位toration sche點結.

i 吟 , IT .'\ 

可 .... 
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3. ENVD主ONMENTAL-LEGISLA室主ONA-ND GUIDELINES 

3.1 This chapter provides an outline of the 10caI environmental legîslation and guidelines 
for landfiIl gas, air quality, noise and water quality. The compliance of individual 
C益viro血nental p紅草meters wi由自ese requirements is covered in the following chapters 
of血is report. 

La益dflll Gas 

A signi誼cant piece of legíslation whích governs LFG u的銷社on is the Gas Safety 
Ordínance 1990 (Cap 51). It requires 也at LFG extraction and utilisation systems 
should be designed. constructed and operated by a company registered und位也e
Ordinance. 

3.2 

3.3 LFG is covered by the Ordínance by being included ín the definition of "syn也e位c
natural g郎，\The six sets of subsidíary Regulations enacted for the Ordinance are as 
follows: 

. Gas Qua1ity; 
J可 .,.-- • 、甚 Jl 

Gas Supply; . 
. Installation and Use; 

. Miscell紅leous;

. Registr在tion of Gas Installers and Gas Contractors; an社

. Registr韋拉on of Gas Supply Companie~ . 

3.4 To satisfy the Gas Qua1ity Regulations , which are enforced by the Electrical and 
Mechanical Services Department (EMSD), the supply of LFG off-site should meet a 
minimum standard of p叮ity. The maximum proportion of sulphur permitted must not 
exceed 5 milligramme (mg) of hydrogen sulphide (H2S) per standard cubic metre of 
gas. 

Under the Gas Supply Re惡ulations the extraction plant and the supply of LFG are 
defined as a "notifiable gas installa泣。益It (NGI) , and would therefore need to comply 
with a11 legal requirements for NGIs. Conse這uent1y~ the site operator wiI1 need to be a 
Registered Gas Supply Company and the owner of the NGI wiU have to seek approva1 
for the construction and use of the installation from the Gas A泣thority (i.e. EMSD). It 
is possible, however, that an LFG extraction system may be granted an exemption if 
only a simple gas extraction and flaring system is to be constructed and the site is not 
accessible to the general public. 

Anoth位 specific piece of legislation infl泣encing LFG utilisation is 甘le Electricity Safety 
Ordîn扭ce 1990 which regulates 自己品pply of electricity into the grid. Th.is legislation 
is relevant where generation of electricity 金om LFG with subsequent supply to the grid 
is proposed. 

Air Quality 

Statutory Lim.its 

The Air Pollution Control Ordinance (APCO) (Cap. 311) provides powers for 
controIling air pollutants from a variety of stationary sources, inclucling fugitive dust 
emissions from construction 到tes. It empowers the Hong Kong Government to declare 
Air Con缸。1 Zonεs (ACZs) and estabJish a number of stationary Air Qua1ity Objectives 
(AQOs) , which are listed in Table 1:1. The Fuel Restriction Regulations, which limit the 
sulphur fuel content in fuel oil to 0.5% , were enacted in 1990. 

3.5 

3.6 

3.7 

? 
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3.8 

3.9 

3.10 

3.11 

Table 3.1 : Hong Kong Air Quality Objectives 
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Pollutant Average Time 

1 hour 8 hour 24 hour 3 months 1 year 

Sulphur dioxide 800 - 350 恤 80 

TpuotUacl uSIautseps ended - . 260 . 80 

p*SRuazsEtpiScpeInidrdaaetbed ls e .恥 " 180 . 55 

DNiio虹xoigdeezl 
300 - 150 - 80 

Carbon 
Monoxide 30,000 10,000 - 局恥 冒

Photochemical 
Oxidants 240 “ " . 酬

(as ozone) 

學Lead 1 - '‘ 
間

~些已全 1.5 1立一一

Notes: 
1. All concentratìons in micrograms per cubic metre (mg m-3), measured at 29!JOK (250 C) and 101.325 

kPa (one atmosphere). 
2. 1 hour concentrations not to be exceeded more than three times per year. 
3. 8 and 24 hour concentrations not to be exceeded more than once per year. 
4. 3 month and 1 year concentrations are arit如netic means. 
5. *Respirable sllspended particulates (RSP) means suspended particles in air with a nominal 

aerodynamíc diameter of 10 microns ρnm) or less. 

Guidelilles 

There are two guidelines which control the impact of dust and odour on 血e

environment. An hourly average of total suspended particulates of 500μg/m 3 has been
applied as a guide1ine limit to construction activities in the Territor)人Thislimît
typically applies to 由e site bound紅y 組d/or 血e nearest recei ver. 

A lîmit of 2 odour units is recommended by EPD for potentially offensive installations. 
2 odour units at 血色 site boundary corresponds to a concentration of twice the odour 
detection threshold of known odorous chemicals. 

Vol.atîle Organic Compoullds 

LandfiIl gas contains trace concen缸ations of a group of substances collectively known 
as volatile organic ∞mpounds (VOCs). Some of these can result in odour, or are toxic 
or carcinogenic. Their ieliable 純mpling and analysis is difficult and expensive. 
Nonetheless , concern has been expressed about VOC emissions 宜。m landfills, and 設leir
imp在cts have been assessed. 

Table 3.2 lists all the relevant data of which the Consultants are aware from other 
landfills in Hong Kon各 In the absence of other data, this 血ay be used for comparative 
purposes. 

司、"
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Table 3.2 : VOC Levels Measured at Other Landfill S話給 in Hong Kong (Jlg m-3) 

Contaminant SENT WENT Shuen Wan 

VinyI Chloride 設d nd 學，喜3 (6.5-1 1.4) 

Benzene 1.4 (0.8禪1.7) 。緝毒 - 15.2 7.3學 (2.1-19.0)

1 ，2叫Dibromoethane nd nd G 

1 ，2-Dichloroe拉姆的 7.5 (0.3-14.7) nd 0.08 (令我03)

Dichloromethane 4.5 (0.ι10.喜〉 nd 話會

Tetrachlo路線lylene * nd 氛。3 (之3喇 1 1. 0)

1,1,1-Trichloroethane 2.3 (在3-10.3) 1且- 8.7 3.13 (1. 3爛6.6)*料

Tric詣。玄oethylene Gι (臣，主團白.4) nd 2.15 (1. 7咖3.0)

Trichloromethane 亞通 nd 1.20 (0.1-3之〉

Te控achloromethane nd nd a學
b 

nd - not detected 
* -no data 
* * * -based on two readings, ot1zer values are based on four T，部dings
Monitoring was carríed out al SENT and WE紹，但n亭Ils p自r 10 landfill opera鯽，
At Shllen Wan Lan研II lhe moniloring WQS carried out whi每 lhe lan研llli輝 still in active operation. 

Based 0話 studies and guîdelines from 品εUSA， EPD h紹 identified 10 co點pounds
which require special con益îder鑫tion. Thε§εare known as Specified Air Contaminants 
(SACs). 訓lese 10 compound孟 have bee豆豆豆elected because of their known or suspecte這
ca玄cinogenic effects. T，給Ie 3.3 Hsts 守pical concentration of various Specîfied Air 
Contaminants (SAC吟 (Ref 3.1~ 3.2, 3.3). 

Table 3.3: Typical VOC Levels in Ambient Air for Specified Air Con個minants

(其惡敵-3)

Contaminant Rural Area+ Urbar什 LandfiU++' WHO+++ 

Vìnyl Chloride 。 (0) o (0) * 

Benzene 1.5 (0.467) 5.8 (1.812) 10.5 (3.3) 3 160 

1 ，2-Dibromo岱thane o (0) o (0) 0.15 (0.02) 

1 s2-Dichloroetbane 。 (0) 在05 (在012) o (0) 0- 1.0 

Dichloromethane 。.19 (0.0至4) 2.9 (0.840) 5.5 (1.58) < 15 

Tetrachloroethyl皂鼠忌 征。7 (立01) (0.370) 草F 1 - 10 

1, 1,1-Trichloroethane o (0) 在已9' (0.11) 0.13 (0.02) 

Trichloroe甘lyl巴ne * 嘻t 7.1 (1.29) 

Trichloromethane 等主 * 1.8 (皂.34) 2 - 50 

Tet室喜chloromethane o (0) 0.29 (0.0吾〕 皂，主雪 (0.12) 0.1ω0.5** 

牢騙 110 data 
+ - daily avemge 
料 - average 
。 - ppb (parts per billion) 
命令← WHO reported level.s 
* * - estimate 
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3.14 

立了ange-of-different-air-quality一位and挂了自--for-SACs-are-used.-_ Table_ 3..4 Jists 鼠t1lJlQ幫會
which are useful for reference, but no speci起c standards for VOCs have been 
established in Hong Kong. 

TabJe 3..4 :主ir QuaUty 飢andards (μg m-3) 

NYS-ALLl OEL/I002 WH03 

Vinyl Chlorîde 0.4 (0.16) 175 * 
Benzene 105.3 (33) 160 * 
1，2岫Dibromoethane 40 

1, 2-Dîchloroethane 400 700 

Dichloromethane 3500 3000 

Tetrachloroethyle紅色 3350 5000 

Tetrachloromethar詣 126 

r，函'1 ， 1-TrÌchloroethane 38237 (字。。的 F教卒 , 19000 句吾
i叫老 I 亭，在

門

Trîchloroethylene 899 (167) 5350 1000 

Trichloromethane 98 
dol2 

not det冶cted
ppb 
Acceptable ambient levels of New York State (NYS-ALL) (Ref 3.4) 
Occupational E.λ:posure Levels (OE心， HeaJt/J & Safety Executive, UK (Ref 3.5) (8-hour time 
weighted average). 
World Health Organisation (WHO) Guideline (Ref 3.2) (24-hour average) (1許r1'ing to non 
carcinogenic 被告c吋

Accordíng 10 WHO no sq戶 airb01袋。 level can be recol1lmended 

3 

串

The 10 SACs and their associated cancer unit rîsk factors，認 published by the USEP A 
Interpreted Risk Information System (lRIS), are Usted in T，給，le 3.5 蠱 U nit risk factor窮訂單
位efined as 血e estimated probability of a person contracting cancer as a resu1t of co郎tant

exposure to an ambient concentration of 1μglm3 over a 70 year lifetime. 
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3.16 

Table 3.5 : Specified Air Contaminants and AssoCÎated Carcinogenic Risk Factor 

Contaminant !lnit Cancer Risk (~glm3)-1 

Vinyl Chloride 8.4 x 10-5 

Dichloromethane 4.7 x 10-7 

Trichloromethane 2.3 x 10-5 

1, 1, l-Trichloroe由ane 蟬

1 ，乞Dichloroethane 立場在 x 10-5 

Benzene 8.3 x 10嘲6

Tetrachloromethane 1.5 x 10-5 

Trichloroethylene 3.7 x 10-6 

1 ，2幽Dibromoe位lane 2.2 x 10-4 

Tetrachloroethylene 岫

Notes 

Unit Cancer Riskfactors are not available for l ,l ,l-Trichloroethane and Tetrachloroethylene 
and the"有fore are not incIuded 仰的is assessmcnt. 

Noise 

前le Noise Control Ordinance 1988 (民CO) (Cap. 400) was gazetted and implemented in 
Hong Kong in 1988 and provides a framework 章。m which specifîc Regulations, 
Guidelines and Technical Memoranda have been produced. Of particular relevance to 
this study are the following documents produced by EPD: 

The Hong Kong Plan叫ng Standards and Guidelines. Environmental Guidelines 
for Planning in Hong Kong (Ref 3.6); 

Technical Memorandum on Noise from Cons仕uction Work other 血an Percussive 
PHing (Ref 3.7); 

Technic叫 Memorandum on Noise from Percussive Pîling (Ref 3.8); and 

Technical Memorandum for the Assessment of Noise from Places other than 
Domestic Premises. Public Places or Construction Sites (Ref 3.9). 

Under 出e NCQ , the acceptable noise levels (ANL吋 for construction work (excluding 
percussive pi1ing) , are specified in the "Technical Memorandum on Noise from 
Construction Work other than Percussive Piling ll (Ref. 3.7). For ge起eral construction 
work, res缸ictions 紅e imposed d泣ring the evening (1900 to 2300 hrs)) night-拉me (2300 
to 0700 hrs), Sundays and public holidays. The Basic Noise Levels (BNLs) for general 
construction noise，的 de位ned in this Technical Memorandum , for Area Sensitivity 
Ratings (ASR) A, B, C are given in Table 3.在

• 

• 

• 

11 



TabIe 3.6 : Acceptable Noise Levels for Construction Works 

ANL 
<dABS(ARN 

Time Period 

A B C 

Ah(dev1ouIeI9lrini0dnid0nag ayg .y2s s (30t(0h7di∞0ne ucril-unddg h2aio3ny∞tug -hrteismhS)ouE.e uvnedsn} aaaiynnnsd d g ) 60 65 70 

An OdOaGy?s OdO urhinou旦rs出)e nigIILtime 
(2300-0700 hours) 45 50 55 

2苟 1

3.17 For c∞on恥s凶b祕恤甘伽O仙且 w喲or仕k i加n郎酬lV附叫v切叫O叫lvi峙n時l瑋g'p閃6前倪r肥rcu
under 位血le NCO ‘ Normally pi1ing is prohibited between 1900 and 0700 hrs and on 
public holidays, unless special permission is granted. Between the hours of 0700 and 
1900 hours, piling is allowed under permit, subject to noîse levellimits. In the event of 
work being carried out near to Noîse Sensitive Receivers (NSR吟. noise mitigation 
姐easures are necessary and limitations are imposed upon the permitted hours of 
workîng. The Acceptable Noise Levels (ANLs) for percussive piling are shown in Table 
3.7. 

Table 3.7 : Acceptable Noise Levels (ANL) for Percussive Piling 

NSR Window Type or Means of Ventilation ANL (dß(A)) 

a. NSR (or part of NSR) with no windows or 100 

other openings 

b. NSR with centra1 air conditioning system 90 

ιNSR with windows or other openings but 85 

without central air conditioning system 

3.18 Assuming 血at NSRs at the landfill sites are 扭曲e most sensitive category specified in 
the Technical Memoranda (Ref 3.的， thεANL is 85 dB(A) witb the permitted hours of 
operation given in Table 3.8. These are based on the extent to which 血e Corrected 
Noise Level (CNL) , at the NS丸 exceeds the ANL. 
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3.20 

3.21 

3.22 

Table 3.8 : Permitted Hours of Operation for Percussive Piling 

Permitted hours 。f
AIDount by which CNL exceeds 85 dB(A) at obpeienr重ating on aal nhy oleia益ayy not 
NSRs ga 惡ener

More than 10 dB(A) 0800 to 0900 

1230 to 1330 

1700 to 1800 

Between 1 dB(A) 是nd 10 dB(A) 。800 to 0930 

1200 to 1400 

1630 to 1800 

N 0 exceedance 。700 to 1900 

The NCO P例如 S峙的ry provisioh 如 noise control f話彈驅ific S<lJurces in the 
11 Techr血訕訕lemorandum for the Assessment of Noise from Places other th組 Domestic
Premises, Public Places or Construction Sitesl\ If 自e NSRs in the vicinity of landfill sites 
缸e given the highest 認nsitivity rating the applicable ANLs are shown in Table 3.9. 

Table 3.9 ! Acceptable Noise Leve]s for NSRs of the Highest Sensitivity Rating 

ANL (dB(A)) 

Time Period Area Sensitivity Rating:A 

Day (0700 to 1900 hou話) 60 

Evening (1900 to 2300 hours) 60 

Night (2300 色。 0700 hours) 50 

前le Hong Kong Planning Standards and Guidelines (HKPSG) state th剖 in order to plan 
for a better environment a new noise source should be located and designed so that 出e
noise level at the NS民 should be either 在t least 5 dB(A) below 由e ANL' presented in 
T油le 3.9, or no higher than 由e background noise level if the latter is not less than 5 
dB(A) below the ANL. In no case should operational noise exceed 60 dB(A) during the 
G勾 and 50 dB(A) at night. 

Water Quality 

The Water Pollution Control Ordinance (WPCO) which was enacted in 1980 and 
amended in 1990 (Cap. 358) is the principal legislation governing water quaIity in 
Hong Kong. 前le Ordinance declares Water Control Zones (WCZ吟 which cover the 
whole of Hong Kong and allows 白色 establishment ofWater Qualîty Objectives (WQOs) 
for each zone in order to promote the co的ervation and best use of the waters i挂在le
public interest. PPVL and SLSL lie within the North Western WCZ, while M1LL and 
NTl\.吐 lie within the Deep Bay WCZ. These were designated in April 1992 and 
December 1990 respectlvely. The water quality objectives (WQOs) for Nor位1 Westem 
WCZ and Deep Bay WCZ are given in Tables A1.1 and A1.2 of Appendix 1 
respectively. 

To meet the relevant objectlves, the Authority (i.e. EPD) controI the qua1ity and 
quantity of' the effluent discharged by means of licensing. The nTechnical 
Memorandum on Eff1uent Standa,rds lt (TMES) (Ref 3.10) is used as a guide by the 
Authori ty to set 也e quality and quantity limits for eff1uents discharged to foul sewers, 

13 



[ 
storm water draíns ,. inland and coastal waters. The relevant parts of the TMES, in 
relatlon to the four landfill si紀丸紅e reproduced in Tables A1.3 to A1.6 of Appendix 1. r 
官le appropriate standards from effluents discharged from 也e four landfill sites are 
identified in Table 3.10. 

Table 3..10 : EPD Requirements for Effluents Discharged from the Four Landfill Sites r: 
(Ref. 3.10) I : 

Landfill 
Site 

PPVL 

SLSL 

MτLL 

NT~在L

Note: * 

** 

TprreoaptonsEeed n Leachate Standards for Emuents ApEpmroEpEernit ate 
t Faci1ities DTirsecahtamrgee nt to FaSceiwlitaiegs e Control 

(Ref 3.10) Categorization 

On-site leachate Effluents to foul sewers Coastal Water 

缸ea個ent plant leading into Government Group IVa 

(jointly with SLSL) sewage 虹eatment plants (No吋} Westem 

(Table 1)** Inshore) 

(Table 1 Oa) * * 

On-site leachate Effluents to foul sewers Coastal Water 

treatment plant leading into Government Group IVa 

(jointly with PPVL) sewage treatment pl缸ltS (Nor自 Westem

(Table 1)** Inshore) 

(Table 10a)料:

tanker effluent毒品 to a Effluents to fou1 sewers Inland Water 

leachate treatment leading into Government Group C (pond 

plant elsewhere sewage treatment plan伯 自sh culture) 

(Table 1)* * (Table 5)考*

tanker e紅luent* to a E缸luents to fou1 sewers Inland Water 

leachate treatment leading into Government Group B 

plant elsewhere sewage treatment plants (Irrigation) 

(Table 1)料 (Table 4)** 

leachate should be tankered for treatment and disposal al an appropriate facility at which 
standards 101' the discharge of ejJluents to foul sewers should be met 
同fer to lhe tables gîven in TMES as reproduced in Appendix 1 

14 
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4. PILLAR POINT V ALLEY LANDFILL 

4.1 

4.2 

法迪"幽幽點，;. ~， 

4.3 

4 .4 
。一 ，

4.5 

4.6 

4.7 

'1 

Study Area 

Site description 

PPVL is 血e largest of the four landfil1s with an 虹ea of 轟bout 53 hectares when fully 
developed. The landfill is situated în a valIey in. a longîtudinal shape, south of the 
British Forces' Castle Peak Firing Range and r泊的1 of Lung Mun Road σ'igure 4.1). It 
has been in operation sînce August 1983，翎d at present receîves about 2,500 tJday of 
domestic，扭曲的划， construction and special waste. The amount of waste deposited up 
to August 1993 was about 6.8. million tonnes and 血e projected final volume is 13 
rnil1ion tonnes with the proposed extension. Adjacent to the landfill to the west îs a 
缸iangul缸﹒shaped borrow 缸ea with an area of about 41 hectares. 

The existing 1紛d自lling activities take place largely on the western part of 由e site. 
Hydro-seeding and sIope-filling works are currently taking place on the central and 
eastern parts of the landfill site. When land誼Iling work ís completed, the resulting 
landform will incIude one platform of about 4 hectares located at 225 m above sea level 
(mPD) , on the eastern side of 出馬 site~ ! The rest of 白色 site 咧n have stee~ slopes 
extending outward from' 血js platforin towards the west and 由e sou血.

Adjacent to 也e landfillωthe east is a high mountain ridge running 企om north to south 
wi血 steep slopes.τlle Castle Peak mountain range extends to 由e nor仕1 and west of 伽e
landfill. The Castle Peak Firing Range is a吹jacent to the landfill and covers the 
northern portion of the landfill sîte. Ternporary uses extending to the south of the 
landfill include the Engineer's site office, Contractor's site office, the Pillar Point 
Vietnamese Refugee Camp and temporary open storage for containers. 

The site has been developed as a containment landfil1, wi由 a leachate collection system 
leading to a sewer discharge, and groundwater collection beneath the basal líner. 
Surface' seeps of leachate have developed both from perched leachate and from the toe 
of the landfill, toge血er with some possible inflow of contaminated groundwater to a 
stream. 

Ellvironl1lelltal setting and llllld uses 

PPVL is bounded by steep slopes on the east and the west. A stream drains sou出ward
towards the coast about 500 m away froI扭曲e landfill site. 百le site is currentIy zoned 
as Green Belt and is located within the draft Tuen Mun Outline Zonîng Plan No. 
S/TMl8. With the exception of Pîllar Point Vietnamese Refugee Camp located at 由e
soutl1 fringe area, there are no significant residential dwellings within the -250 m 
consultation zone. To the south-east of the site, a crernatorium, columbarium and 
funeral services centre is proposed within an area of fung shui woodland planting. Two 
power lines cross PPVL, and also pass over SLSL nearby. 

Outsîde the study area, there is a planned reclamation of about 125 hectares in Area 38, 
between the existing China Cement Plant in the west and 由e Pillar .Point Sewage 
Treatment Works in the east. The plan also încludes the development of a Special 
Indus住ies Area (55 ha) situated to the south of SLSL. and a River Trade Terminal (56 
ha) to the south of PPVL at Area 38. Subject to the implementation programme of the 
development, which has yet to be confirmed, the River Trade Ternúnal and the Special 
Industries Area wi11 be in full operation in 1997 and 1999, respectively. A Centralised 
Incineration Facility (CIF) js proposed about 2 km to the east of PPVL, and a laundry 
for Queen Elizabeth Hospital at Area 40 to the south of PPVL îs at the planning stage. 

Reg訂ding future on-sÎte development at PPVL, a dual 子lane trunk road crossing the 
southern part of PPVL and an LRT extension route running alongside the 仕unk road 
have been proposed to be bu.ilt after 2009 and 2011 respectively. About half of the 
upper pla1j'orm fal1s within the boundary of the Castle Peak Firing Range at 血e north 
end of the site. 
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Restoration Proposal 

lntroduction 

4.8 A description for the preferred restoration option for PPVL is provided in 血is section. 
An outline of measures for the management of leachate and landfill gas , and ways in 
which landfiIl gas could be uti1ised are a1so described. 

Restoration cOlzstraillts and opportunities 

4.9 An examination of land use and landscape issues has led to var泌的 restoration options 
being proposed for PPVL. The constraints and opportunities on the restoration 
development of PPVL are summarised in Table 4.1 below. 

Table 4.1: Constraints and Opportunities for the Restoration of PPVL 

Constraints Op portunities 

1. Transmission cable within site Large site area (53 ha) 

V瞥@其M 吋 12. Port trunk road alignment cuts across 2. SthioEuMEh iciaEdtE噹gu點l缸 smhap缸eea(4.3ha), southem part of 巫師

3. Pylons îmmediately adjacent to site 3. Southern buitlid p is natural land 
offering building potential 

4. Difficult terrain 
btAwouidp血ijolaigdncrieasnping the t y aZbEpia s oortdreionmw ti∞al lat rea has though 

and not 

5. Castle Peak Firing Range to north 5. Sea views 

6. Distant from residentiaI areas 6. Road access for bus/minîbus 
servlces 
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7. Special Industrial Area and River Trade 17. Potential for spectacular, well 1 l' 

Term岫n

8. Settlement problems 8. Landfilling not completed, 
thereby offering some scope for 
change in topography 

9. Leachate and landfill gas emission 

10. Landfill cap needs to be protected 

4.10 Certain broad environmental quality objectives were identified and incorporated into 
the selection of the restoration options. 前lese objectives were derived from the 
planning policy, physical constraints and opportunities of tlle site, and user demand and 
market interest. Objectives can be summarised as follows: 

. optimise landscape setting of the site; 

maximise physical attributes of the site including topography, rnicroclimate, etc; 

mÎ1úmise the long-term vlsual impact 叫做e landfill site; 

promote environmental1y sustainable land uses; and 

• 
. 
. 
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develop afteruses within the context of 也e draft Tuen Mun Outline Zoning Plan 
GOZP) No. S1TM/8; 

Afterose OptiOll 

4.11 The preferred afteruse recommended for PPVL is afforestation of 也e slopes with 
associated hiking trails and vîewîng 紅eas， as shown în Figure 4.2.τbis option focuses 
on outdoor recreational activities and also blends in with and 'enhances, the naturallocal 
topography and 益naI contours of the landfill surface. There are four small platforms 
within the site and south of the landfilled 紅ea which could be suitable as a plant 
nursery. One platform area wiU be needed for siting the gas extraction plant. An 征ea
C區rently used for stockpi1ing so抗 material has been iden位宜ed for the location of a 
leachate 甘eatment plant. 

• compatibility wi血由e zoning of the site as It green belt 11 on the draft Tuen Mun 
OZP; 

• a regard to the requirement that about half of the upper platform on 也e site wílI 
revert back to military ownership upon completion of landfil1ing; 

• provísion of a suitable mix of plant species and appropriate planting conclitions 的
. . ..-你 achieve effective establishment of vegetation; and ....,. . , . .ft' 

哼 哼特‘-， . t 寸 y.

• progressive restoration of the site to mînimise its long term visual impact. ' 

PÙlntillg proposal 

4.12 Figure 4.2 represents the condítion of PPVL as planting progresses in accordance with 
the existing four-phase programme administrated by TDD!Tuen Mun. 前le first phase 
of planting started in 1993 and the last phase wil1 be completed in 1998. The 
restoration of PPVL încludes installation of capping layer, hydroseeding and tree 
planting as weIl as the installation of other structures for landfill gas and leachate 
control measures. 

4.13 Capping of the landfiIl site forms an integral component of the restoration, in that it 
provides a m吋or element in landfill gas and leachate management, by containing and 
enabling control of the former, and by reducing the volumes generated of the latter. 

4.14 The recommended capping layer for PPVL includes the following components, and is 
illustrated in Figure 4.3: 

Final intermediate cover: to be placed by CED under their existing con虹acts.
τhîs should have a min1mum thickness of 500 mm above the waste; 

Protection layer: this should be a fine grained material free from stones or other 
sharp particles and should be at least 150 mm thick. Alternatively a suitable 
protective geotextile may be usecl; 

• Geomembrane: this should be a flexible membrane with properties compatible 
bo由 wi白血e expected maglÙtude of settlements and stability requirements. 

Geodrain: 伽1s material should comprîse a synthetic drainage net, surrounded by 
suitable geotexti1e filters. This will then serve a combined function in both 
protecting 出e geomerrlbrane and in providing sub-soil draînage, thus reducing 
血e potential for a head of water to build up on the geomembrane; and 

Soil layers: soil layers should be a milÙmum of 1,000 mm thick comprísing 850 
mm cdv or cdg with the top 150 mm being an appropriate topsoil Inix. In 住'ee
areas the soil layer should comprise a minimum of 1,500 mm full cdv or full cd忍，
where trees are plantecl in pits with appropriate topsoil mix. However, altemative 
designs for the cap may be equally acceptable, to take account of the latest 
. developments in landfill 'cap design. 
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4.15 

4.16 

Settlement a1Ul slope stobility 

As a considerable proportion of settlement is expected to take place in 血e 4.rst few 
years following 1個dfill completion, no heavy structures should be built directly on 
areas where waste has been deposited. The foundation design of roads, pathways and 
view pöint pavilions should be designed to accommodate the effects of differentia1 
settlement. Any stn比如re should be light weight and dωigned to wi血stand typhoon 
conditions. To enhance the stabiIity of the proposed c旬， the layers of çdv/cdg and 
granular material should be compacted. To retain an adequate factor of safety, restored 
紅色as; for the purpose of 血is feasibility assessment, generally should have a gradient not 
greater 也an 1(V):4(H), although res甘icted and localized undulations in the sîte profile, 
upωa maximum of l(V):3(H) would be acceptable. 

1Andfill gas lnallagelnellt 

Gas management will include gas extraction from the waste and perímeter control to 
prevent LFG migration off-site. As part of the restoration of the landfill，也e fol1owing 
in relation to LFG management measures wilI be required: 

. construction of LFG pumping wells; 

• installation of gas pumping mains a:qd condensate tr~þs; 
法譚"艙岫;i; ，，， 't -"盲 '., 

甚 , 

• provision of gas extraction pump and f] are; 

• installation of capping layer; and 

• îns組llation and operation of LFG utilisa位。n plant. 

4.17 

4.18 

4.19 

4.20 

4.21 

Depending on the resu1t of on-going gas monitorin息， some interim venting measures 
may be required to 叩sure continued protection of existing 詞d~futu玄e buildings and 
s虹uctures to 血e sou銜。f the landfill. For example, LFG a1arms within 血e CED offices 
and other site buildinεs should be installed, and a combination of venting 紅ench and 
gas barriers, if re中lÎred， should be placed. 

To re1ieve the build-up of LFG pr的sure in 血e landfill and to prevent gas 企om being 
forced laterally off-site and a1so vertical旬， an active r;as extractio話 system will be 
re伊拉ed at PPVL. LFG pumpîng wells sho凶d be drilled retrospectively and should be 
integrated înto a LFG extraction system. Wel1s shou1d be installed at an appropriate 
grîd spacing to optimise the volume of LFG which can be collected and the system 
should incorporate existing weIIs previously constructed by CED for LFG extraction at 
the south of the sîte. 

An additional active perimeter extraction system wiJJ be required if the bitumen coating 
which has been placed on the side walls, primarily for controlling water ingress to the 
site, is found to be íneffective in controlling LFG migr話。n. Wells should be installed 
at appropriate intervals along the site perimeter and 1inked to a rîng main through 
which gas could flow in ei出er direction. This perimeter system should be a separate 
system from the main LFG collection system. 

When in 臼ture years it is no longer practicable to active1y extract and flare LFG 
because of reduced LFG production, additional passive vents should be drilled 也rough
甘le low LFG permeabi1ity capping layer to vent LFG to atmosph~re. 

1A1l再fïll gas utilisatioIl 

lt is recommended th棍， in the lea鈍， LFG should be 祖ti1ised to meet a11 of the pow位
req凶rements of the restored landfill or alternative1y, LFG should be 巴拉1ised to satisfy 
power demands off-site which are at least equivalent to the 0時site power requirements. 
More extensive util始在lion of LFG for off國site industrial direct end use as a repl比ement
fuel would be a more efficient option, and is also cost effectfve. 
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Figure 4.2 
PilIar Point ValI句r LandfiU 

Master Development Plan 
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Pillar Point Valley Landfill 
Conceptual Design ot Capping Layer 
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4.22 The design of a LFG u討lisatlon. scheme should be fuHy compatlble wi自由e proposed 1'] 
restoration of PPVL. The LFG extraction and utilisation plant should be placed on a l' 
level platform which is situated at 血e base of the site so as to collect the condensate U J 

during the extrac泣。n process. The operator of a LFG management system should . \ 
primarily seek to control gas for reasons of safety and environmental protection, whilst 
the operator of a LFG uti1isation system should seek to maximise gas extraction at a 
constant rate. Therefore, it is beneficia1 to have a single contractor responsible for both 
operations, wîth the requîrements of safety and environmental protection taldng priorîty 
over the needs of utilisation. 

Leachate mallagelnellt 

4.23 The leachate system for joint treatment of leachate from PPVL and SLSL must be 
sufficiently flexible and robust to cope wi也 substantlal fluctuations in bo血t10wand
quality of influent leachate arising from both landfills. Provision of long term 
monitoring data on leachate flow and quality from PPVL and SLSL will be necessary in 
order to allow detailed design of appropriate plant capacity and treatment faci1ities. 
The conceptual design of the leacha記 treatment plant is based on a combination of 
aerobic and anoxic biological processes for organic contaminant removal, nitrification 
and denitrîficatlon (Ref 4.1). Thîs system permits subsequent lIadditions" of reactor 
tanks, should 血ey be required, to meet the demands of increasing leachate volume 
following restoratîon of the sites. 1n the long term, leachate treatment will be required 
to meet the standards for eff1uent ~ beîng discharged to foul sewer l~ading to 
Government sewage treatment plants as given in Table 1 of the Eff1uent St器ndards
(refer to Table A1.3 of Appendix 1). 

4.24 As shown in Figure 4.2，也e leachate treatment plant wiU be placed on a single platform 
to the south of PPVL site. If PPVL is to remain open beyond 1997, the plant can be 
b叫lt in advance of the main restoration contract to meet interim demands for leachate 
treatment. This wiU enable early commissîoning of the plant for use during the 
continuing operational phase of landfill~ng at PPVL. During the early period of 
operation it is envisaged that some waîver from the standards set in the Effluent 
Standards may be requir，叫， untll the full size plant is fully operational ‘ 

4.25 As part of the restoration programme, a low permeabi1ity capping layer for the landfill 
should be constru 

1Iltroductioll 

4.26 This section describes the safety and environmental objectives of the restoration process 
wi也 respect to landfill gas (LFG) and appraises the current and future potential for 
migration of gas off-site from the landfilL An assessment of potential impacts from the 
cons住uction phase and the preferred afteruse optîon has been conducted, and areas for 
further assessment identified. 
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4.27 

S可èty alld ellvirOJunelltal objectives 

The prîncipal gaseous components of concern în LFG are: 

• methane (CH4), which is a flammable or explosive, colourless, odourIess, non
toxic, asphyxiant gas which is more buoyant than 剖r. Flammability limits are 
from 5 to 15% (v/v) in air. 

carbon dîoxide (C02) , which is a colourless, odourless gas whîch is non
flammable, and less buoyant than air. At 3% (v/v) in air, breathîng becomes 
laboured and headaches resu1ts. At 5-6% (v/v) these symptoms become severe. 
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4.28 

At 10% (vl吟， visual disturbance, tremours and loss of consciousness may occur. 
C02 concentrations above 15% by volume may be fatal. 

hydrogen sulphide (H2S), although not present in high concen佐ations is a hîghly 
toxic, flammable gas with a characteristic and offensive odour. At concenl虹atîons
above 0.005% (v/v) H2S dulls the human olfactory system such 血at the gas can 
no longer be detected. 

In addition to these gases LFG contains 仕ace constîtuents. The relative concentrations 
of these 甘ace constituents vary, for example aIcohols predominate during the early 
剖姆的 of decomposition , and hydroc缸bons predominate during the later stages. 
Nîtrogen (N2) and oxygen (02), which are not generated with1n a landfill, indicate the 
presence of air. Issues arising 企om the presence of trace constituents are dealt wi組l
under Air Quality . 

• 

4.29 Odours associated with LFG result from the presence of trace constituents primarily 
volatîle organic compounds (VOCs). LFG may also contain corrosive components such 
as halogenated and sulphonated hydrocarbons, whlch form acid mist on combination 
with air. Although some trace constituents are potentially harmful there is no evidence 
that concentrations give rise to problems at well managed sites (Ref 4.2). 

ν4.30 句 It is important that strict monitoring is Jlqdertaken of LFβl~veJ也.in enclosed spaces. 
Where personnel may be exposeö it is iniportantωavoid: 

4.31 

4.32 

4.33 

4.34 
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Toxic ef宜fects and hea'泌l位血1 risks - some of the minor constituents of LFG could have 
toxic effects although trace gases do not usually represent a heaI控1 hazard following n 
normal atmospheric dilution. Appropriate protec位ve clothing should be wom. 

The density of LFG will depend on the proportion of components present. LFG 
components do not normally separate when collecting in voids but layers of landfil1 gas 
may form in stiU air conditions as a result of density differences. The emissîon of warm 
LFG will give it buoyancy in colder air. 

To ensure that site personnel are not exposed to hazardous levels of LFG, a11 
excavations should be monitored for concentrations of t1ammable gases，錯 should 02 
at 也e start of the work period and throughout the work session. Work should not be 
allowed if 02 levels fall below 18%. 

Excavated fill material should not be Ieft exposed on site for excessive periods in order 
to avoid odour generation. 

Safety alld ellvirOll1nelltal objects 

The safety and environmental objectives of the LFG control measures proposed for all 
four landfill sites are defined as follows: 

• 

血e eIimination as far as is practicable, or risks of explosion, combustion, toxicity, 
asphyxiation, odours and damage to vegetation; 

位le prevention, as far as is practicable, of LFG migration off.:site into adjacent 
areas and excluding it from buildin針， services , ducts and enclosed spaces on or 
off the site area; 

• the prevention of the unnecessary ingress of air inωthe landfill to minimise both 
血e rîsk of underground combustion and the period of significant methane 
production; 

the minimîzation of 出e surface emission of LFG; and 

the protection of site workeìs, occupiers 也ld users . 

• 
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4.35 

4.36 

4.37 

4.38 

4.39 

In order to meet these objectives and'minimise 司the risks associated wi也血e uncontroIled 
emission of LFG, it is proposed 由at LFG control measures be incorporated into the 
restoration design of aIl four landfills and a dedicated gas extraction and utilisation 
system be 'instalIed at PPVL.τbe general design objectives for LFG control have also 
been defined in earlier Working Papers WPl , WP2 and WP6 (Refs. 4.3 , 4.4 and 4.1) and 
are brief1y as follows: 

• to control off-site migration of LFG into natural strata; 

• to protect future restoration of the landfill; 

• to be compatible with any utilisation programme; 

• to be compatible with final afteruse; and 

• , to ensure protection of site workers, occupiers and users. 

Background conditions ai PPVL 

PPVL is currently generating LFG from the decomposìtion of the landfilled wastes. 
Future LFG yields have been predicted for each site using a variety of methods, 
including mathematical models , (Ref. 4 .4)." For PPVL""R 盛!6tions Ç)f peak LFG 

軍嗨，叫τf

production from the mathemaUcai modeÍs range 宜。m 32 x 10ó cu m LFG/year to 170 
x 106 cu m LFG/year, with both peaks predicted to occur in 1995. The predicted mean 
10 ye缸 sustainable values (1 993 個 2003) range from 23 x 106 cu m LFGJyear to 80 x 
106 cu m LFGJyear. 

The current actual rates of LFG generation will vary depending on a range of 
environmental (e.g. moisture, temperature, atmospheric pressure) and waste (input rates, 
types) variables. Following peak LFG generation rates, a rapid decline in generation is 
pr!εdicted followed by an extended period of lower generation r前，es over time. 

The composîtion of the LFG at PPVL is typical of a methanogenic landfill site and 
consists of approximately 50 - 60 % rnethane and 30 - 40 % carbon dioxide with minor 
constituents of nitrogen, oxygen and trace gases. LFG is under high positive pressure 
in 由e site as indicated in holes DHI06, DHI07 and various CED drillholes located to 
the south. This LFG can be expected to migrate to Iower pressure areas off-site. 引自
takes place laterally via natural (e.g. rock fissures) and man凶made (e.g. pipes) high 
permeability pathways and verticalIy through the landfill surface. PPVL has a low 
permeability liner to contain leachate on pa仗。f the site, and 血is will 剖so provide some 
control of LFG movernent. Recommendations have been made in WP2 (Ref. 4.4)的
determine the efficiency of the liner in control1ing LFG migration. However, it is 
consídered that the LFG extraction system as proposed in WP 2 for PPVL will prevent 
any significant off-site mîgration, and gas migration is not considered a problem in 血e
longer term. 

The sensitive boundary at the south of the site has a good coverage of LFG monitoring 
probes installed by CED, and gas monitoring data have been obtained both from CED 
and the consultants; data are reproduced in the Table 4.2. Whilst no, or very little, 
methane was detected in the monitonng points shown ín Figure 4.4 at 血e sou血 ofthe
site (i.e. BHl , BH2, BH3, Pl , P2 and P3), there is evidence that oxygen levels are 
depleted, and carbon dioxide elevated. These measurements may be precursors to rnore 
significant off-site migration of LFG in the future. There îs also evidenc 

4 . 
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Table 4.2: PPVL - GAS MONITORING RESULTS (Sheet 1 of 2) 

LOCN+ DATE APRE DPRE %CH4 %LEL %02 %C02 %H2 %CO %N2 COM 
DH105 2-Jul-93 1009.9 6 57.5 >100 o 36.5 

2-Jul-93 1009.9 6 63 0.4 33 <0.05 <0.1 3.2 Lab 
20-Jul-93 1004.5 61 0.3 32 <0.05 <0.1 2.4 Lab 
28-Jul-93 1002.6 12.5 55.5 。 。 34.5 

23-Sep-93 1009.2 34 58.3 O 。 36 
29-Oct-93 1019.9 14 57.9 。 0.5 32.9 
12-Nov-93 1014.7 22 57.2 o 0.5 31.7 

DH106 29-Jun-93 1007.5 191 46 1.2 <1 40 
2-Jul-93 1009.9 -12 57.1 >100 。 41.2 
2-Jul-93 1009.9 -12 60 0.3 38 <0.05 <0.1 1.3 Lab 

20-Jul-93 1004.5 51 0.9 40 <0.05 <0.1 3.5 Lab 
28個Jul-93 1002.6 158 52.3 。 o 38 
23-Sep-9~ 1009.2 213 55.1 o o 40 
29-0ct-93 1019.9 312 0.04 o 20.5 0.87 
12-Nov-93 1014.7 671 53.6 o 0.1 38 

DH107 16-Jun'-93 1008.7 370 48 3.5 <1 45 
28-Jun-93 1006.4 518 48 4.5 <1 35 
29-Jun-93 1007.5 502 46 <1 <1 40 

2-Jul-93 1009.9 498 55.5 >100 。 42 
2-Jul-93 1009.9 498 56 1.2 37 <0.05 <0.1 5 Lab 
9-Jul-93 1008.4 407 46 <0.25 <0.5 

20-Jul-93 1004.5 58 0.2 37 <0.05 <0.1 0.5 Lab 
28-Jul-93 1002.6 384 51.5 。 G 39.6 

23-Sep-93 1009.2 1244 54.3 O G 41.6 
29-0ct-93 1019.9 745 54.3 。 0.3 41.6 

1.2-Nov-93 1014.7 1567 53.5 。 O 40 
BH4 4-Sep-93 1009 57.1 。 35.5 
BH5 28-Jun-93 1006.4 127 42 

9-Jul-93 1008.4 79 46 <0.25 <0.5 45 
4-Sep“ 93 1009 56.6 O 38 

BH6 25-May-93 1005.6 47 3 <1 
28-Jun-93 1006.4 144 47 3 <1 40 

9-Jul-93 1008.4 89 47 <0.25 <0.5 40 
4-Sep-93 1009 56.6 O 38 

BH7 25-Mayω93 1005.6 47 2 <1 
28-Jun舟3 1006.4 170 47 2 <1 40 

9-Jul-93 1008.4 107 47 <0.25 <0.5 40 
4-Sep-93 1009 57.3 O 36.8 

BH8 28-Jun-93 1006.4 161 48 2 <1 40 
9-JuJ-93 1008.4 87 48 <0.25 <0.5 35 

4-Sep-93 1009 59.8 。 36.2 
BH9 25-May-93 1005.6 46 2 <1 

28-Jun-93 1006.4 167 47 3.7 <1 40 
9-Jul-93 1008.4 110.5 48 <0.25 <0.5 35 

4-Sep-93 1009 55.2 。 38.2 
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Table 4.2: PPVL - GAS MONITORING RESULγS (Sheet 2 of 2) 

LOCN+ DATE APRE DPRE %CH4 %LEL %02 %C02 %H2 %CO %N2 COM 
BH10 25-May-93 1005.6 48 O <1 48 

28-Jun-93 1006.4 240 48 O <1 40 
9-Jul-93 1008.4 136 46 <0.25 <0.5 45 

4-Sep-93 1009 58.3 。 38.3 
BH11 25-May-93 1005.6 48 o 

28-Jun-93 1006.4 200 48 。 40 
9-Jul-93 1008.4 121 48 <0.25 <0.5 40 

4-Sep-93 1009 57.8 G 35.9 
BH12 25-May“ 93 1005.6 -47 2 <1 

28-Jun-93 1006.4 121 47 2 <1 40 
9“ Jul-93 1008.4 58 49 <0.25 <0.5 40 

4-Sep-93 1009 57.6 O 36.9 
BH13 25-May-93 1005.6 48 2 <1 

~ 28-Jun-93 1006.4 .98 48 2 ‘ <1 40 •• ~曹e

9-Jul-93 1008.4 58 ' 49 <0.25 <0‘ 5 40 l ' . r . 

4“ Sep-93 1009 57.6 o 36.9 
P4 4-Sep-93 1009 。 14.4 3.7 

9-Sep-93 1011.5 12 0.12 18 17.5 3.57 
P5 4-Sep-93 1009 28.3 G 22.4 

9-Sep-93 1011.5 。 28.5 o 0.2 23.8 
P6 4-Sep幽93 1009 3.5 16.3 4.3 

9-Sep-93 1011.5 G 28.5 5 2 28.5 
P7 4-Sep-93 1009 56.1 。 36.6 

9-Sep-93 1011.5 -12 57.9 O O 38.4 
P8 4-Sep-93 1009 54.9 O 33.7 

9-Sep-93 1011.5 o 56.3 。 。 35.3 
8H1* 4-Sep-93 1009 '0 19.9 。

9-Sep-93 1011.5 -12 0.04 O 20 0.51 
BH2會 4-Sep-93 1009 。 20.1 o 

9-Sep-93 1011.5 。 0.04 。 20.5 0.47 
BH3* 4-Sep-93 1009 O 18.5 0.5 

9-Sep-93 1011.5 。 0.08 。 19.5 1.11 
P1* 4-Sep-93 1009 O 19.2 0.6 

9-Sep-93 1011 .5 O 0.04 。 18.8 1.46 ." 

P2會 4-Sep-93 1009 o 11 .4 5.5 
9-Sep-93 1011.5 G o O 12.8 5.72 

P3會 4-Sep-93 1009 O 15.1 3.6 
9-Sep-93 1011.5 -25 O o 15.8 4 

Manhole會 9-Sep-93 1011.5 0.6 10 12.4 8.72 
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... denote those holes located off-site 
+ refer to A2.1 (Appendix 2) for abbreviations used 
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Legend 

• P1 LFG monitoring probe no. 1 
o BH1 Leachate I LFG monitoring 

borehole no. 1 
_ Manhole next to Refugee Camp 

Note: 

Consultar誼s' investigation holes are omitted for clarity.. 

Figure 4.4 

Pillar Point Valley Landfill 

Sampling Locations for LFG Monitoring 
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4.40 

Impacts 01 eonstrue.的nacdvidesf 

LFG has 由e poten誼al to be emitted during restoration construction works as a result of 
disturbance to existing final cover material, or by the creation of mlgration pathways 
with subsequent venting. Potential migration pathways may be inadvertently created via 
new drainage channels. Emplacement of the capping material will effectively prevent 
all ve泣ical migration of gas via 血e surface, but can be expected to e甜甜ce potential 
lateral migration by increasin惡 the positive pressure gradient of the gas generated. 
However，出s is not expected to result in significant 叫sk as the LFG extraction systems 
proposed in WP2 and W時 (Refs 4.4 and 4.1) for 也巳 site will intercept gas migrating 
off-site. 

During restoration, direct emission of LFG to atmosphere may occur for short periods 
位}fOU拉 construction activities on 也e landfill such as exposure of 自e depo甜甜 W路峙，
earth飄moving of 由e existing cover on PPVL and installation of LFG control measures. 

Mitigation Measures 

4.42 By the use of suitable mitigation measures and good site practi白， release of LFG during 
construction can be mînimised. Such measures include avoîdîng the direct exposure of 
waste during earth-movîng and cap restoration operations as far as is practicable，缸ld

'~~蹄。 controlling excessive vehic1e movements on restored 缸eas. 前le design and instal1ation 
τ-- of piPework and other LFG icontrol me!$愴的 sh@uld be carHed out to' minimise any 

disturbance and to avoid potential gas mîgration routes. 

4.41 

11 

4.43 LFG released from construction activity, i話 addition to th泣 released under normal 
conditions from the 1把dfill ， represents potential risks both prior to and after the 
completion of works. Accumulation of LFG in confined s控uctures (e.g. site offices and 
manholes) represents a hazard of explosion, combustion, toxicity and asphyxiation as 
well as odour. Measures should be taken to ensure that any confined working areas 訂e
properly ventilated andJor have adequate LFG detection e司uipment to avoid excessive 
expo叩τe. Migration barriers (e品的or membrane吟 for construction site buildings 
should be provided in structures, which should 主lso have above ground underfloor 
voîds as additional protection. The use of any naked flames and welding equipment 
should be carried out in carefully designed and monitored areas. Any storage of fuel 
and other in:fIammable chemicals should take place only in specia11y designated areas 
with clear waming signs. 

Impaets 01 LFG COlltrollneasures 

The potential impacts associated with the LFG control measures relate to the 
construction phase including: 

4.44 

formation of 自己 lan吐血1 cap; 

• construction of passive vent trenches as 組 interim. TIleaSUre (if necessary); 

• construction of 血εgas extraction syster缸， drillîng of vertical weIls，缸ld laying of 
plpes; 

4.45 

• construction of additional perimeter LFG migration control systems (if 
necessary); 

• cons控uction of the gas extraction plant and flare equipment; and 

• drillinεof the monitoring drillh副總z

However none of these activities will result in emissions of LFG greater than 'those which 
are occurring during the operation of the landfill , and they will not resuIt in any 
significant impacts. 

、、.
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4.53 

I1npacts 0/ LFG extractiOJl and utilisanon lneaSUres 

LFG entitted to 血ea訂nosphere，刊出er than being col1ected and flared, is damagìng to 
the local and global environment. LFG em1ssîons may contain harmful trace 
compounds, albeit at very low concentrations and represent a source of odour. A1so, it 
is generally accepted that emission of metbane causes more damage to 甘le atmosphere 
than the emission of carbon dioxide. 

Where a LFG extraction and utilisation system is installed, the environmental benefits of 
using 血e gas are: 

• conservation of non-renewable fossîl fuel resources , by using LFG as an 
矗立ernative fuel; and 

• slightly reduced concentrations of certain noxious emissions. 

的ur utîlisation options have received financial analysis for PPVL (Ref 4.4).前也se 紅'e:

. elec誼icity generation for on-sÏte needs (Le. leachate and LFG 位eatment plant); 

• electricity generation for on帽site energy requirements and off.“ site needs to Iocal 
industry; 

g 叭

~ r-'" 
的主持..
*l"'- 、‘• r-4 .. 

• l i 
Ip ~f -{ 

• electricity generation for 0忍耐site energy requirements and off-site supply to 也e
grid; and 

• direct distribution of gas to local industry. 

Environmental concerns associated witb the installation of utilisation equipment relate 
to ímpacts associated wíth construction, land required for siting equipment and 
operational impacts (e.g. noise and flarin萃 activity). However, these impacts must be 
balanced against the overal1 benefits in using LFG as an a1ternative energy source and 
the positive environmental implicatîons of safe LFG uti1isa泣。n.

Hîgher intensity uses of LFG invol ving the generation of electricity for ofιsite as well 
as 'on-site needs entails greater environmental inipacts in terms of construction, ] and
take and operationaI impacts than on-sìte utilisation alone. 'However，由e greater 
impacts are balanced by the opportunity to use LFG nlore effectively and are 
considered worthwhîle. Greater utiHsation of LFG wilI also reduce or even avoid the 
requirement for gas flaring , with its associated impacts on tbe environment. 

The option for 副主ect distribution of gas to local indus的r requires the lowest intensity of 
resources on-site, represents the best envìronmental option, and provided tbat LFG can 
be extracteå, supplied and utilised in an effective manner. Direct usage of LFG 
represents a more efficient use of ener怠y ， where conversion efficiency to electricity is 
estimated at only 25% to 309島 (Ref 4.4). 

Overall , it is considered that utilîsation of LFG in any form represents significant 
environmental benefits, but that economic considerations will be equally important in 
the final selection of the most favourable LFG utilisation option. 

Impact on afteruse option 

The preferred afteruse recommended for PPVL is afforestation of the slopes with 
associated hiking trails and viewing areas. There are four small platforms situated at 出e
sou血 of the landfilled area; two wiU be used for the si誼ng of leachate treatment faci1îties 
and landfill gas extraction plant. Although all these facilities for afteruse are situated 
outside the IandfiI1ed ar口1 and little LFG migration has been detected to date, there is 
the potentiaI to increase LFG migration during construction and thîs wiI1 require 血色
implementation of núti但tion measures as described in WP2 and WP6 (Refs 4.4 and 
4.1). 
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4.54 The land:fill restoration cap (Fi萃ure 4.3) îsdesignεd to mi垣mise uncontrolled emissions 
of LFG through the 1如dfill surface, prevent unnecessary air ingress into the landfill, 
and aIlow as 路口ch LFG gener泣ed as possible to be collected. Capping of the landfil1 
wiU reduce the ri路 of dîrect surface emission of LFG by several orders of magnitude, 
but wiU increase the ri法 of of芸site lateral migration due to an increased positive gas 
gradîent as g站 conti凹的 to be generated from the deposited w削，es. LFG management 
measures，在s specífied in 現71'2 and WP6 (Refs 4.4 and 4.1) , wiI1 control gas movement 
and signific磊ntly reduce the risk of any off-site LFG migration. The combination of 
la登dfill capping and installation of an active control system wiU provîde adequate 
protection to the proposed woodland establishment and leisure afteruse of the landfill. 

4.55 The advice from 把PD with regard to developments close to land:fills is similar to that 
currently implemented in 甘le UK and includes: 

• a suggested 20 m non-buildîng area measured off-site from 也e waste boundary; 
and 

• a 250 m consultation zone for development, measured off咕ite from the land:fill 
boundary. 

As proposed in WP5 and WP6 (I至efs 4.5 and 4.1) only low intensity afteruses 0恥site 盯巳
γ": -ttProposed and no sub咯的lct.ure development,s are planned).1草 ide 自e 主íte or within the 

20m 'nön-lJuilding area.‘阱

4.56 Any building structures or卜site should be lightweight and require LFG protection 
measures such as gas barriers , voîd space for good ventilation and be fitted with 怠as
detection alarm systems，結lthough no bui1dings are currently planned. Any outdoor 
facilities in the picnic area and lookout she1ter which involve ground disturbance would 
req凶re Iocalised 甘ùckening of 由e cap. Activities which may take place in 位le restored 
landfill site, including hìking and picnìcking, do not r!εpresent any LFG hazard in 
themselves , but other unauthorised public activities may.τ'he lighting of fire怠，
barbecues and any activity associated wîth digging would need to 區e effectively 
prevented to avoid any LFG exposure rìsk. Camping should be prohibited to avoid the 
risk of LFG exposure through potenUal accumulatIon of gas in tents, although it is 
considered that the actuaI risk involved would be minîmaI. 

Aîr Qualîty 

4.57 This section details the as如ssment of impacts on aîr quality 金。盟己血垃sions at PilIar 
Point Valley Land:fill site‘ Co點truction 這C註vi誼es associated with 血e restoration of the 
land:fill site are considered with reference to dust and VOC emissions. A predictive 
assessmεnt is made of dust impacts during cons哲uc註on and of impacts resulting from 
flaring LFG 宣om the 玄estoration works. 

Meteorology 

4.58τñe typical wind regirne of Hong Kong is dorninated by the northeast monsoon in 
winter and the southwest monsoon in summer. Wind regimes are affected by 
topography. Surface winds may vary în speed and direction over relatively short 
dîstances. In addition to the normal variations in windspeed and direction, vertical 
dîstortion caused by surface roughness may be modified by daytime sea-breezes, and 
night-time lànd breeze e叮ects.

4.59 A number of weather stations collecting meteorological data are positioned around 
Hong Kong. Because of the distances between these stations and 也e 1a益dfill sites, 
assumed data which had been agreed wîth EPD (see Table 4.8), was used in the 
predîctive study. 

*",:':-
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滋滋扇泌除截恥，

4.63 

Alnbient MOllitorill.g 是na/.ysis

VOCs 
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A monitoring survey of 血皂磊詛bient air qu晶lity wíth respect to SACs was carri忠d out at 
positions upwind and 忌。曹nwind of PPVL 韋拉d 血e other landfilI sites. 官le specified 
contaminants are pres皂nt i噩噩r at ex世emely low concen控器tions， and it i發 difficu1t and 
t去pensive to sample 在nd anaIyse for VOCs so as to obtain reliable 制ld accurate data. 
The air samples wer♀ coll豆cted using a p話sivate這 canister technique, as it îs considered 
that 語支持 is the most appropriate method given the low concentrations expected in the 
ambient, rural atmosphere of the restoration sites. 

The samples were sent to the USA for ar豆豆ys話， since n如oa甜琵a越Iy抖t替ica越lfl詣acili祕位e岱sc∞on削ta鵑ct純c往 in
Ho服懿蹲菩 Ko豆n玲E溶惡 O仗r 位1站e Unîted K血Ì1琦1璿gd由om ∞u叫.1d c∞os位t適.酬暢~ef酷略
叩eci1設批ie怒吋d by 1琵三PD for a訓llcωompouI亞lds瓦.Q哀ality assurance procedures included the u話 。f
field and laboratory blanks and the spildng of canisters by the analytical laboratory 
prlor to use in the field. 

The results in Table 4.3 show that downwind levels for tetrachloromethane and 
dichloromethane are higher th甜 either upwind readings taken. The difference, 
howev怔， is wí甘社n expected expe討mental variation. Measurements of other parameters 
showed no tendency for downwind le,-,:els to be grea，~er 'than.l-a upwi訟d level:已說出
suggests, based on the limite拉拉幫丸 rtiat uncontrolled LFG emissions from FPVL are 
having no significant effect on ambient VOC leveIs. 

Table 4.3: Monitored Ambient SA C Levels at PPVL 

5受ethod
Detection 
Limit+ PPVL 

SAC (社蠶1m3) (其g/m3)

uw uwQ dw 

Vinyl Chloride 0.36 ?也 F的 ND 

Dichloromethane 0.73 么。 1.7 3.2 

Trichloromethane 0.73 ND ND ND 

1.1.1 ·豆、dchloroe鵲起ne 0.76 5.7 3.5 5.6 

1.2耐Dichl合roethane 0.61 鈍。 ?還〉 ?如

Benzene 0.26 5.7 3.6 5.5 

Tetrachlo玄omethane 0.94 ?這。 0.7 1.0 

Trichlorpethylene 0.91 2.9 2.5 2.2 

1.2-Dibromoethane 0.92 抖。 ND ?如

Tetrachloroeth世ene 0.75 6.1 5.2 3.1 

Notes 

的γ : upwind 
為v : downwind 
t趴'Q : repeat upwind samplcs takcn for qua1ily assurance purposω 
+ : the method detectioll Umît (MDL) /lsedfor the duplicate 仰咿鉛印wQ) was below the MDL 

usedfor other samples 
ND : not detected, below the method detection limit 

品1ethane
句、妒

、-"，

Table 4.4 shows 往le results of an孟1ysing samples taken upwin往 and downwind of the 
landfill sîte for methane. 立he downwind v剖ue is a factor of about 3 times greater than 
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the upwind value. This indicates that PPVL may be a siglÚficant contributorωambient 
levels of me甘lane， although the detected leveIs of methane are of no environmental 
heal血 or safety siglÚficance. 

Table 4.4: Monitored Methane Levels at PPVL 

Pollutant 

Methane 

dwμg/m3 (ppm) 

4554 (6.58) 

Notes 

uw: upwind 
品伊 downwind

Dust 

4.64 No particulate air qua1ity data is available for any of the four landfiIl site locations. In 
位le absence of site specific data, Table 4.5 gives data for recent monitoring of TSP and 
RSP levels for EPD sites in Hong Kong (Ref 4.6). 

句 Table 45:TSP and RSP Le?elfhrERP Monitoringmationslp924 , 

Site TSP (μg/m3) RSP (μglm3) 

Kwun Tong 105 (304) 72 (250) 

Sha Tin 79 (273) 50 (171) 

T剖 PO 87 (285) 53 (186) 

Sham Shui PO 123 (376) 71 (241) 

Tsim Sha Tsu.i 86 (292) 54 (231) 

Cen缸a1 Westem 83* (154) 61 * (142) 

Junk Bay 77 (273) 44 (1 88) 

Tsuen Wan 106 (300) 65 (201) 

Kwai Chung 91 (297) 55 (186) 

Hong Kong South 69 (273) 45 (1 05) 

Mong Kok 158 (439) 71 (237) 

Notes 

Average values are given. with maxim u.m daily values given Í11 brackets 
* data set incomplete 

4.65 

LFG Monitoring 

Samples of LFG were also taken from drillholes at each of 由e four Iandfills, and were 
analysed using a combined gas chromatography/mass spectrometry (GC/MS) technique. 
This technique allows a large number of organic compounds to be detected, which can 
be useful în assessing potential odour impacts. Samples were taken from the land益11s
by means of absorption tubes. Of the four landfills, PPVL exhlbits the greatest 
abundance of trace gases exceeding odour limits (see Table 4.6). Th.is is to be expected 
given the age and volume of wastes deposited. 

Samples were obtained from CED borehole BH9 and drillholes DHI07 and DHI06. 
Duplicate samples were obtained from BH9 and DHI07. Dnly those compounds whîch 
were detected at concentrations wnich exceedodour thresholds are presented in Table 
4.6. Of the 25 compounds listed in Table 4.6 , 18 occur at all 3 points from which 

4.66 
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4.67 

4.68 

samples were taken. Odorous compounds are dominated by limonene (a common trace 
constituent of LFG), decanes, xyl侃侃組d toluene. Esters and alcohols are indicative of 
LFG from relatively recentIy empl鑫ced refu銬， and also contrlbute to the gas odour. 

Table 4.6: Gases in LFG Exceeding Odour Limits at PPVL 
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司長街浴室亨

BH9A I BH9QA** I 107A 1107QA** I 106B 

butene (total) 3.1 8.6 0.1 0.4 4.4 

pentene (isomer) 0.2 0.9 1.4 2.0 0.2 

dimethyl sulphide 22 21 .08 0.2 0.1 

acetone 75* 88* -1 0.5 0.5 12 

cyclohexane 9 7.3 9.2 11 7.5 

1,2 dichloroethylene ND ND 20.0 11 16 

limonene 420* 5仰 180* I 85 別~ I 
n-decane 130* I 130* 96.0 43 130 

M崎2-one I~ 11.0* I~，，，，l仰 5.6' ~.~l. I ";;. I 
butan企-01 21 18 ND ND 2.7 

toluene I 200* I 260* 1 210* I 170* I 380* I 
nωnonane 63 58 60.0 36 70 

ethyl benzene 68* 71 * 90.0 52 130 

恥的s 1妙的門85.0 I 106 站 i

styrene 2.6 ND 3.8 2.0 1.5 

methyl styrene ND ND ND ND 1.6 

說咱伽l帥 4.8 I 6.5 I 2.9 I Q.l I 5.6 I 
propan品。1 I 23 I 25 I 0.2 I 0.6 I 2.2 I 
2-m皂白yl propan-2-o1 4.6 4.0 1.1 1.3 2.8 

heptanone 6.3 6.9 ND ND ND 

n-propyl acetate 0.5 ND ND ND ND 

C5 or C6 師記.r 1.6 ND ND ND 1.9 

n-octane 12 12 14 11 12 

dimethyl disulphide 9 2 ND ND ND 

C50r CG aIcoh012.3 2.1 ND ND ND 
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Notes 

* (all measurements in mg m-3) Sat.llrafÌon of mωs spectrometer as consequence of choice of imernal 
standards represents underestimate 
Duplicale samples for QA pttrposes. 
Not detected, below the metlwd detectìon limit 

** 
ND 

These resu1ts indicate that in an uncontrol1ed situation there is potential for an odour 
nuisance to occU!. However, the proposed LFG manaεement system wil1 ensure that 
fol1owing restora位on works，出is potential impact will be adequately mi討gated.

An olfactometry test was undertaken to the specifications of the 可耳nvironmental
Protection Authority (Vîctoria, Australia) Air Qualîty Branch 編 Technica1 Services 
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4.72 

4.73 

4.74 

4.75 

Section at each of the four landfiI1s. Results showed 由at odour levels at each site were 
be10w two odour un1t忌Therefore the odour limit va1ue recommended by EPD is 
presently not exceeded at any of the landfilI sites. 

Assessmellt 0111npacts 01l Air Quality 

Dust 卸d LFG emissions are consi位ered 血e only significant potentia1 împacù電 arising
from restoration activities. Motor vehicle and plant emîssions were not considered 
b也臨se signîficant emissions are unlike1y. 

The sensìtive receptor identified and considered in 血e study of PPVL is given in Table 
4.7. 

Table 4.7: Sensitive Receptor and Location 

Grid Reference 

812600E 825450N 

Sensitive Receptor 

P111ar Point Vietnamese Refugee Camp 

Dust 

The major air quality .issue! durìng the preparation of site restoration , will be dust 
emissions. It is inevitable that these activities wiI1 cause some degree of concern. 
Therefore dust control and mitigation measures should be adopted and enforced, 
through the use of statutory powers and contractual requirements “ 

Principal so旺ces of dust wiU be: 

• sÌte preparation; 

excavations for Iandfil1 gas collection and con控'01 systems; 

wind erosion of stockpiled materials and working areas; 

material transfer activities; and 

vehic1e and plant movement on unpaved roads and over the restoration 到te.

The quantity of dust emissions from restoration works will depend on the size of the 
area being worked and the ]evel of 服裝oration activity, specific operations and the 
prevaîling meteorol ogy . 

. 
• 
. 

Dust emissions from vehiele movements on unpaved surfaces are a function of vehicle 
speed, vehîcle weight, number of wheels per vehicle, surface texture and moisture. 
Partic1es are lifted and dropped from ro l1ing wheels, and the road surface is exposed to 
strong air currents in turbulent shear with 也e surface. The turbulent wake behind the 
vehîcle continues to act on the road surface after the vehlcle" has passed. 

Dust emissior嗨， and hence their degree of impact, will be determined by the degree of 
effort placed upon dust oontro1. Emissions，但d a reduction in predicted ground leve1 
dust concentrations, can be controlled by: 

• employing methods of workiIig to 1nininlise dust generation or i血pact;

dampening down/wetting surfaces; 

• providing and using water sprays , bowsers, mobile sweeping plant and vehicle 
wheel and body c1eaning fac i1ities; 

control of vehicle speeds and movenlents; 

d賊 cont叫 on specific ope叫ons;• 
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• use of sîde enclosures and coverings where practicable for storage piles; 

covering vehicles loads with tarpaulin; and 

routing of vehicles and positioning of plant at the maximum distance from 
sensitive receptors. 
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The quantity of dust emissions generated 01卜site， and hence the level of dust nuisance 
from the restoratlon operations, wiU be govemed by 也e size of 控le area being restored, 
。le level of restoratlon activity, and site翩specific operations at any one time. 百lese
criteria are not precisely known as yet. Dust emission va1ues for on-site activities from 
誰也 U.S. Environmental Protection Agency emission values (Ref 4.7) were used in the 
modeUing study. Although 由e silt content for some of 註le landfill cappinεand síte 
re前oration 也aterials may be hi慎， particularly for completely decomposed volcanics 
(cdv) and completely decomposed granite (cdg), it is believed 血at 出ese emission values 
缸'e s剖1 1ikely to be representative, in the ahsence of other detailed sîte-specific source 
emissìon data. 

The modellìng parameters used in the assessment of dust impact are given in Table 4.8. 

, <~able4.8: Dust Emission Modelling Parameters 
亨吹卒

j'壘 >"\ 、可 i 伊軍J 亨
有

a) Emission Rates 

0(i) i) Emission fKOHlCOEoE$n trIuIIcIPti2ovn ed acrtoivaid ty 0.ooouE/vgffkmm2料Isec* Vehicle emission 1870 

Note: A 品M4panmaurati1cj戶lber SS♂i臼zlO吵epjFe?均5Se.戶qlutJre， FnCtOC句;yFn v 1distribution was based on a curve tut紹4adr阿eik知:疋e04yn.t5刃fpj }k均“η"01衍mη1 CED's Geotechni扣Cα叫l 
nψletely decomposed granite (see Fig 

* 1.2 tons per acre o[ construction per month o[ activity (Ref 4.力
** assuming the sill content was 20%, vehicle weight was 24 tons (laidened), mean vehicle 
speedwas 8 kmJhr, mean number ofwheels WQS 6 (10 tyres) 

的 Model Parameters 

。((Hii)i}) PZ世cIEsize dfreanCsHitoy n 25se 5F/cEmElI3 IE Particle size (see Figure 4.5) 
Surface roughness height 5 cm 

Note: 
Ac30sh,sga ustmwaeerd PeEdwC-OmAPLd Smtasipnreened g ds hpeqipgf ehdIt zcq"tft的o5n0s0to wmeI間wOa，m叫s ch do t jbr atmospMric stabziity classes A toF were FZskiered.Variable operaioml yavraelas s dqofwOnDw6i2n5d fo 

weJ法抄的de戶l' l-Jwur levels at 100 m intervals downwind o[ 
an arbitrary poìnt on the la叫做

Precise construction methods have yet to be fina1ised and therefore dust emissions from 
material handling areas are difficu1t to evaluate and quantify. Such emîssions are 
however, likely to be minor compared to 血e above iden位fied sources. 

At the request of EPD, the Fugitive Dust Model (FDM) was used to predict dust 
concen甘ations from the construction works. Previous studies in Hong Kong have used 
the Industrial Source Complex - Short Term (ISCST) modeL 

Fi學ure 4.6 shows the maximum predicted concentrations of TSP from an arbitrary 
point at incremental intervals downwind of a typical construction site.τlle operational 
area sîzes range from 0.0625 hectares (ha) 的 3 ha. For the purpose of 也is study, 
unìform dimensîons have been assumed for the operational areas. An effective 
watering programme (twice , daHy w在{ering withρomplete coverîng, îs 戶S甘mated to 
reduce dust emissions by 50% (Ref 4.7). 
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τ'he CALINE-4 model was a180 used to predict the dust impact at the Pillar Point 
Vietnamese Re如gee Camp (PPVRC) sensitive receptor for 5 vehicles per hour passing 
on an unpaved road which runs a10ng the sîte boundary closest to the receptor. 

The result 宜。m combilÙng the ímpact of dust f全om a 0.0625 ha construction 缸ea
situated at the site boundary and vehicles passing on unpaved roads at 血e sîte 
boundary, on the PPVRC sensitive receptor js: 

Distance 宜。m site 
TSP concentration from vehicles 
TSP concen住ation from construction site 
Tota1 predicted TSP conc切缸甜on

2
J

冉
、d
q
M

mmm m

叫
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4
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3
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1

Based on 甘隨俗sumptions used, the modelling resu1ts predict a maximum annual l-hour 
average TSP va1ue of 78μglm3. 

The AQO lirrût 血at applies to TSP 扭曲at the 24-hour average should not exceed 260 
jlg/m3 more than once a year. There is a1so a guideline lîmitin皂白e 1-hour average 
concen虹ations to below 500μg/m3 . Due to 位le modelling approach agreed with EPD, it 
is not possible 的 direct1y pred~ct a maximum 24-hour 句機研:ge. 有erefore it is 
necess缸Y to use a conversion factor. Using a factor of 0.4 to convert 血e maximum 1-
hour concentration to maximum 24-hour concentration (when considering a 12 hour 
working day), and the 50% reduction due to mitigation measures, a concen位ation value 
of 16μg/m3 誌 preclicted for the maximum 24-hour concen甘ation. This is siglÙficantly 
below the AQO standard of 260μg/m3 . 

Flare Gas Emissiolls 

When the proposed restoration works have been completed and are operati0 na1, the 
only errûssions of LFG from PPVL will be from the controIled extraction system. The 
proposed gas management scheme at PPVL invo1ves active collection and ultimate 
burning of gases such that 血ey wilI not exceed the odour threshold. Enclosed t1ares 
are considered to be the best avaHable control technology for landfil1 gas and can 
achieve a 99% destruction efficiency of w銘記 hydrocarbons and virtually 100% 
des紅uctlon of vinyl chlorides and other VOCs. 

A modelling study was carried out, usîng the ISCST model, to predict the impact of the 
flare emissions on the surrounding area and the sensitive receptor. Difficulties were 
encountered as no data on typíca1 LFG fIare emissions are avai1able. In Germany the 
TA Luft standards define the maxîmum concentration of various gases pernlÎtted to 
emit 宜。m a furnace. It is considered reasonable to require the emissions from a LFG 
flare to meet the same standards, and for the purpose of this mode11ing study, the TA 
Luft standards were adopted as emission values. These are listed on Table 4.9. The 
Oxford University Mode1 was used to calculate the volume of landfill gas generated by 
the land虹11. Guîdelines for HCl and HF, as per the Occupationa1 Exposure Standards 
(OES), are given in Tab1e 4.10. 
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Table 4.9: Flare Emissions and Modelling Parameters 
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Pollutants Concentration* (mg/m3) Emission Rate (gI悅。

Particulates (TSP) 5 0.0041 

Carbon monoxide (CO) 100 0.0826 

Oxides of nitrogen (NOx) 500 0.4118 

Hydrogen chloride (HCI) 30 0.0250 

Hydrogen fluoride (HF) 5 0.0041 

Sulphur dioxide (S02) 500 0.4118 

Total hydrocarbons (1宜。 20 0.0165 

Polycyclic Aromatic Hydrocarbons 0.1 0.000083 

(PAH) 

Modelling Parameters 

Flare stack height 7m 
i • • 

Flare stack diameter 2m 

Temperature 1150 0 C 

Gas volume 5936 m3/hr 

Flare Position 812650E 825801N 

Notes 

* Concentrations based on TA LI哄 Slandards
Meteorological assumptions are the same as those given În Table 4.8. 
USEPA ModellSCST was employed. 

Table 4.11 shows the predicted pollutant concentrations from flare emissions at 血e
sensitive receptor. Predicted maximum concentrations of flare emissions f'Ûr TSP~ S02, 
CO and N02 at 血e sensitive receptor are considerably below the Hong Kong AQOs. As 
amhient levels of TSP. S02, N02 and CO ar~ also likely to be low in 血e vicinity of 
PPVL, the AQOs 缸e still unlîkely to be exceeded at the sensitive receptor. 

On the basis of the availahle data, it can be concluded 血at the proposed management 
system for landfiIl gas at PPVL should not have a significant impact on air quality, with 
respect to key AQO parameters for which threshold 1imits apply. 
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L

Concern has been expressed on some environmental pollutants which are not 
specifically covered by the AQOs in Hong Kong. These polIutants include halogenated 
compounds such as HCI and HF, and the carcinogenic constituents of Polycy1ic 
Aromatic Hydrocarbons (P AH). 

Further consideration has been given to the risk associated with emission of HCI and 
HF. In the absence of other air quaHty guideIines a safety factor of 100 can be applied 
to the Occupational Exposure Standards (OES) (Ref 4.8) to extend their use to the 
general public. A safety factor of 40 has been common]y app1ied, but use of a more 
s甘ingfmt standard has been gaining favouf. It was feIt that the higher standard would 
be more appropriate for tlle present study due to the relatively good air quality in the 
immedjate loca1ity. The OES/I00 guidelines for HCl and HF are given in Table 4.10. 
Predicted levels for HCl and HF (shown in Table 4.11) are significantly below the 
OESI100 guideline at 自e sensitive receptor. 
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Table 4.10 : Derived OES/100 Air Quality Guideline 

Notes 

PoIlutant* 

HCl 

E 

* no standards for THC 

OES (μg/m3) 司*

7000 

2500 

** short且tenn exposurc limìt (10-minute reference period) 

70 

25 

Confinned or suspected carcinogens may be present as one or many compounds 
classi誼ed as P AHs. Although there is no direct evidence of carcinogenic compounds in 
PAH from 也e landfill gas sampling and testing carried out during this study, it is 
possible, though unlikely，出at P AH could be present in the flare emission. A small 
amount of carcînogenic compounds, such as Benzo [a] Pyrene (BaP), a P AH which is 
confirmed to be carcinogenic, could be present in 血e flare emission. However, to put 
世lÌs issue in context, it must be emphasised that to-date there is no evidence of BaP 
being present in the landfill gas tested, nor is there any evidence from literature 也at 誼lÎs
compound and other PAHs e剋$t in high ?翎P位ature lan~fin gas♂的S﹒

In the absence of actual landfil1 gas flaring data in respect of P AH, it is considered 
prudent to evaluate the probable impact of P AH carcînogens such as BaP on the 
sensitive receptors bo也 on and off PPVL, should 血ey be present in 血e landfill gas 
flare.τbe evaluation used BaP as an indicator of the possible carcinogens in 血ePAH
component of the flare emission. Data from the limited aîr dispersion modelling 
carried out to evaluate the impact on the off-site sensitive receptor (血e PPVRC) and at 
other locations on site was used. The latest Unit Risk Factor for BaP of 1.7 x 10-3 
quoted from the Ca1ifornia Air PolIution Control Offices Association was used 扭曲e
assessment. 

The assessment was carried out based on limited air dispersion modelIing information 
which provided predictions of pollutant.‘ concentrations at the sensitive receptor (Table 
4.11). 前le results suggest that the off-site sensitive receptor (PPVRC) and other on-site 
receptors at the higher grounds of PPVL, about 350m , ,:way from the flare, would not 
be exposed to BaP in excess of the risk criteria, if the flare emission contains BaP below 
1.1 x 10-5 glsec. Accordingly it would be prudent to 1imit the rate of BaP emission, if 
any, to substantially below 1.1 x 1。在 glsec. The Con缸actor should be required to carry 
out an assessment on the possible impacts of carcinogens emitted from the flare, using a 
risk criteria of 1。而， before his flare design is considered acceptable. Nonetheless，甘le
Consultants consider that 出is level of BaP emission is unlikely and indeed achievable 
for flares using best available technology in respect of VOC and PAH destruction. 
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Table 4.11 : Predicted Concentrations at the Sensitive Receptor (PPVRC) 

-
L
F
I
U

們
U
L

們
卜L
h
U
U

尸
U
U

們
U
U

刊
刊
叮

maximum 1 hour average 

concentration at sensitive receptor AQO 

Pollutants (閱1m3) (μg/m3) 

。(m)PD 90(m) PD 

TSP 0.04 0.22 260* 

CO 0.82 4.4 30t OOO 

N02 (assumed 20% of NOx) 0.82 4.4 300 

HCl 0.25 1. 34 70** 

HF 0.04 0.22 25** 

S02 4.1 22.10 800 

τHC 0.163 0.89 *** 

PAH 0.0008 0.005 -
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* AQOlψrs to 24-hour average, other AQOs nφrω l-hour average 
* * Short tenn e.淨。sure limit (10-minute r，φrence period) 
寧寧 * No standardsfor THC 

Locations on site close to the flare could be exposed to higher levels of BaP, if pr臼ent.
Table 4.12 shows 位le maximum concen虹ation predicted in the vicinity of the flare for 
various heights above 0 mPD. The position at wbich maximum concentration was 
predicted t by the limited dispersîon modelIing carried out, is located about 50 m away 
from the proposed fl紅位

Table 4.12 : Maximum Predicted Concentrations in the Vicinity of PPVL 

Height above PD(m) (μg/m3) AQO 

Pollutants 。 10 20 30 (μg/m3) 

TSP 0.81 10.1 7.1 4.0 260* 

CO 16.4 203.5 143.7 30.1 30,000 

N02 (assumed 20% of NOx) 16.4 202.9 143.3 79.9 300 

HCI 5.0 61.6 46.5 24.3 70** 

HF 0.81 10.1 7.1 4.0 25** 

S02 81.8 1014.3 716.4 399.5 800 

THC 3.28 40.6 28.7 16.0 *** 

PAH 0.025 0.20 0.14 0.081 . 

Note 

AQOri有戶口的 24-hour average, other AQOs r，φr 10 1-11Our average 
Short tcnll exposure limit (10-minute reference period) 

*** No standardsforTHC 

* 
車*

The only value in Table 4.12 血at exceeds an AQO is S02 at 10m PD. However, 
because the expected S02 conceFltration at Om PD level is so low (ie 82μglm3) ， it is 
clear 血at 血e expecte哇 S02 concentration at a height where people may be breathip.g 
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the air, approximately 2m from the ground, wiI1 be comfortably below the AQO leve1. 
This situation is considered acceptable with respect to air qua1ity. 

4.96 Before the absence of B(a)P emission can be demonstrated, it is considered prudent to 
limit public access to the vicinity of the f1are. 1n the absence of actual landfil1 gas 
flaring data regarding B(a)P or PAHs, it may b巳 necessary as a precaution to limit 
public access to an area around 50m. This restriction should be imposed until the 
Contractor can demons虹ate that the flare operation is such 血at 血e exposure to the 
general pub1ic is below a carcinogenic risk of 10-6. If unacceptable risk conditions 
are detected, the rate of emission of carcinogens must be reduced fur血er. By way of 
example, the limited modelling car~ied out to date indicates 也at the emissions of B( a)P 
should be Iess 曲an about 2.9xl0-6 glsec at 由e flare for a 50m radius restriction zone. 
If the emission rates can be shown to be lower then 血e restricted area would be 
correspondingly sma11er. Indeed it is possible that the B(a)P emissions could be low 
enough such 由an no res剖ction is necessary. 

Noise 

lntroduction 

4.97 This section of the EA asse鈴es noise impacts associated with restoration activities at 由e
. '~_. PP~ site, wi血 particular re.fi那時 to ]e啪仰削 landfill g,as controI m<(♀sures. 

Backgroulld lloise levels an.d mOllitorillg data 

4.98 Noise arising ftom the continuing operation of the landfill will be present in 血is 缸恤，
until its c1osure. Noise arising from the container site to the east is also present，的 is
noise from the car testing centre. 

4.99 Background noise monitoring has been undertaken at the site, measurements being 
made in hour1y periods during the day between 07:00 hours and 19:00 hours. Thls 
monitoring was carried out by the Hong Kong Productivity Council during late 
November and early December 1993, and the full resuIts are reproduced in Appendix 
3. Summarised resùlts , with a description of the monitoring locations and dominant 
noise sources，紅e gîven in Table 4.13. The monitoring locations and identified existing 
noise sensitive receivers are shown in Figure 4.7. 

4.100 The results of baseline noise monHoring at PPVL-1 are dominated by vehicles at 血e
landfill vehicle control area. This monitoring posi位on is located on 由e landfill site 
itself, and the results therefore cannot be readily used to predict corresponding noise 
levels at sensitive receptors off-site. 

4.101τThe other monitoring position near 由i誌s s討it把e i抬s PPVL.閉♂'
Vietnamese Refi臼1gee Camp to the SOl區叫lt血:h of the landfill. This refugee site is a noise 
sensítive receptor, and therefore the results at PPVL♂ are relevant to the study. The 
average L90 for the day of 513 dB(A) is moderately high, as are the LI0 and Leq 
figures (58.7 and 56.7 dB(A) respectively). It appears that most of 由is noise comes 
from activities at the landfill , althou'gh other sources also contribute (see Table 4.13) . 

.，、"
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TabIe 4.13: Summarised Baseline Noise Monitoring Results for PPVL 

Average Noise 
Monitoring Location Major Noise Sources Level dB(A) 

LI0 L90 Leα 
PPVL-1 Facade of landfill site 1) Vehicle controI/station 60.4 52.1 58.5 

engineering office oopupsoty siwte iennd giin nem位oinrnginoz mce 2) 
pp班J-2 Boundary of 

DCoong tbaianxekr insg iteto the cast 
58.7 51.3 56.7 

Vietnamese refugee 2) 

csia臨m(pcarfa能csindgnshcenndtfriel>l 3) Occasional noise from the 

mGufuszty eew個inmdp in Inorning 
45>) Landfil1ing activities 

lInpacts 01 COllstruction activities 

The construction of 也e final contours of the restored landfill at Pil1ar Point Valley wil1 
involve significant earth moving activity by mobile plant work.ing across the site. 
Preci紀 details of 白色 plant items to be employed on site wiU be determined by the 
con虹actor， but will include a number of items of powered mechanical equipment. It is 
assumed at 血is stage that these actlviÌtles will ,be restricted己的增aytim'e， o~erations ,-only 
(07:00 - 19:00 hour, Mon 翩 Sat). A construction noise permit wil1 be required to work 
outside these hours , and will be necessary if percussive piling (eg for building 
foundations) 詣的出 carried out on site. 

4.103 甘le 扭stallation of the leachate and landftll gas control measures should not involve 
earth moving activiti峙， and significant noise generation is not envisaged from 拉山 stage
of cons缸uction activitles. 

4.102 

~. 

起litigation 品1easures

4.104 Guidance is provided in the Practical Guide for the Reduction of Noise from 
Construction Works (Ref 4.9) , produced by EPD. Various options exi泣 to control the 
noise from these activities, inc1uding the selection of quieter plant, the erection of 
temporary screening mounds around noisy activities, and 自己 reduction in the numbers 
of items of plant in use 在t any'one 'time. 

4.105 Current1y, receivers sensitive to noise frODl PPVL are few, and it should be possible to 
ensure that Doise levels at the nearest receivers do not exceed 自e target level of 75 
dB(A). 

lInpacts ollcachate alld landfill gas COlltJ叫 measures

4.106 It îs proposed to provide a leachate tre嘉軒nent plant at Pillar Point Valley Landfill. 
Leachate from the other landfill sites may be pumped into tankers (or via the 
connection pipe from SLSL) and transported , by road to Pillar Point Valley蠱The
tr開tment plant will be located on the eastern side of the site at its southern end，說 a
distance of approximately 150 metres from the nearest boundary of the Vietnamese 
Refugee Camp. 

4.107 The primary noise source 在ssoci鑫ted with leachate treatment wiU be aeration equipment 
in the lagoon. This equipment will operate 24 hours per day throughout the period 
when leachate is being treated. Due to the proximity to 世le Vietnamese Refugee Camp 
i t may be necessary to erect semi個permanent ear血 bunding or other forms of screening 
around t11e sou出ern part of the leachate treatment plant to reduce noise împacts. 

4.108 There will be infrèquent vehic1e movements at 血e plant if tankers deliver leachate from 
the other sites, but the noise impacts resulting from these will not be significant. 

4.109 Landfill gas (LFG) will be pumped fronl the Pillar Point Valley Landfill, and there will 
be some noise associated with tlús extraction plant. Thìs extraction plant is to be 
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located to 由e south咖west of the leachate treatment pl缸說， at a distance of approximately 
110 me位es from 血e Vietnamese Refugee Camp. It will be possible to specify pumps 
with a low noise output and, as necessary, to provide acoustic. housings to con缸。1 noise 
arising from 臨誌 source.

4.110 ln the event 也at the Vietnamese Refugee Camp or any other noise sensi位ve
development are present at 血e post-restoration stage, a fur血er noise impact assessment 
$切dy should be carried out. In such a study attention should be paid to 由e landfill gas 
extraction pl個t and the leachate treatment plant. 

lmpacts 01堯舜eruse OptiOIl, 

4.111 The use of the restored site as hiking and picnick:ing would not lead to the generation 
of significant levels of noise. Additional旬，曲。 provi話。n of screening wilI reduce 血e
impact of noise generated by the leachate and LFG control plant. It îs not considered 
出at any part of 自e afforestation afteruse would be sensitive to such noise generated on 
site. 

毛 112 A potential off纖site noise sensitive receiver to 白色 leachate 訂ea臨lent and gas collection 
pla泣t is 血e existing Vietnamese Refugee Camp which is situated 給out 110 to 150 m 
帥的.官le life sp凶 of the camp is still uncert御自ough it has been indicated 也做出e
camp might be closed before 1997. Given the buffer distance and noise mitigation 
measùres outlined above, it is considered that the increase in 位íe noise level due to the 
operation of the afteruse facîlities would not cause excessive noise nui總nce to 位lÍs
sensitive receiver, if it wεre to exist following the restoration phase. 

Water Quality 

11ltroduction 

4.113 τ'hi s section examines the resul個企om 油e leacha肥， groundwater and surface water 
monitoring programme conducted to date for this study. The quantity of leachate 
flowing from 也e landfill is also estimated. Impacts on water quality are assessed from 
the construction and operation of the leachate treatment wor恥， and consideration is 
gi ven to the prefer主ed restoration option for 血e landfill: The environmental qu叫ity
stand缸ds and guidelines in relatlon to water quality are covered in Chapter 3 in which 
the standards for effluents discharged from PPVL and the 甘lfee other landfills are given 
în Table 3.10. 

ExistÌllg lnarille water quαlity at PPVL 

4.114 PPVL lies within the North Western WCZ. Similar to other WCZ扒出e disch缸阱。f
effluents is controlIed through licensing. Marine water qualîty, especìally the inshore 
W主te.嗨， is infIuenced by local run-off and dischar萃es 宜。m land. The marine water 
quality and bottom sediment 月uality are monitored 扭曲is region by EPD on a regul缸
basis. The location for the monitoring stations NM3 (marine water) and NS3 (bottom 
sediment) which are off“sho凹 的 PPVL and SLSL is shown in Figure 4.8. The 
summary statistics of 1990 佩 1992 marine water quality and bottom sediment quality of 
NM3 and NS3 adjacent to Pillar Point at Tuen Mun are given in Table 4.14 and Table 
4.15 respectively. As shown in the tables, the marine water quality largely complies 
wi血 the key WQOs (Table A1.1 in Appendix 1). It 峙， however, consîdered 血混血is
regional marine body contains an elevated level of nutrient, in par位cular inorganic 
nitrogen. The data shown in Table 4.15 indicate that elevated concentrations of 
cadm1ul泣， chromium , copp紋， nickel , lead and zinc at NS3 sediments compared to 也e
Government classification of sediments as given in Table 4.16 (Ref. 4.1的. These class 
C sediments have been seriously contam1nated with different k:inds of heavy metals and 
have potential ecotoxicological consequences for marine life and the human food 
chain. The 認diments would require careful disposal with isolation from the marine 
envîronment. Waste water discharged to local watercourses combined with inadequate 
sewage treatment at Pillar Point contribute to 出e nitrogen enrichment of 自is region. 
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l 
布Tabl削le叫叫4削14: S卸umm的叭St叫叫1均9蜘9

時M3a'童 Tuen 財un' 

tt令﹒

Parameter Surface Middle Bottom Average 
8005 1.15 1.04 0.83 1.01 

(0.2 - 2.17) (0.13 - 4.02) (0.21 .. 1.56) (0.18 關 g.41ì

COND (umho/cm) 408.4 431.1 444.1 427.9 
(311.9 - 492.8) (358.9 .. 496) (392.1 國 502.5) (364.8 側 497.11

00 7.02 6.56 6.48 6.69 
(5.23.. 8.9的 (4.46.. 8.58) (:3.19.. 11.09) (~45.. 9.44) 

OO(早已 Qat) 94.97 87.55 85.11 89.21 
(73.78 - 120.99) (63.8 .. 115.2) {44.4鷗 13皂白 (6是.0.. 118.4) 

IpH (unitt 8.05 8.15 8.15 8.11 
塾.72.. 8.68) (7.78 觸 ~641 (7.76 - 8.6) 佇.65 岫 8.641 」

Salinity (PPT) 27.06 28.98 30.08 28.71 
117.56 .. 32.9) (23.54 恥 32.91) (24.34 .. 32.89) 位2.17 -32.9ì 

Secchi disc depth (m) 1.54 n.a. n.a. 1.54 
(0.8.. 3.4) n.a. n.a. (0.8 - 3.4 ) 

Temp (degree C) 22.9 22.4 22.0 22.4 
一唔，、

8 (12.4 .. 28.6) I (12.3 1" 泊湖 (t2.1J <" .28.3) 才﹒ (j 2.3. - 28.3) 
TURIS (NγU) 6.45 9.04 10.54 8.68 

(2.2.. 19) (1.9.. 40) (t8.. 32.0) (2.0.. 28.3) 
CHY {mg/cu mt 2.66 1.77 1.28 1.90 

(0.2 -12.0) (0.2 - 7.5) (0.2.. 3.2) (0.23.. 7.57) 
FC (no.l100 ml) 532.9 1327.6 1067.1 938.7 

10.0 輛 3600.0) (30.0 .. 7200.0) (6q刀 =-5200.01 -<25.0 翩 3386. ，?)

PHAE (mgl仙的 1.29 1.38 1.33 1.34 
(也2 .. 6.2) (0.2 - 3.9) (0.2.. 4.8) (0.2 輛 5.0)

S8 5.69 8.92 13.47 9.36 
也5 “ 19.0) (1.0 - 47.0) (3.5 都 43.0) (1.7 蝴 29.01

E.coli (no.l100 ml1 149.4 359.1 367‘7 379.0 

γvs 

(0.0 .. ~OOO.O) (20.0 - 6800.0) (50.0 .. 4700) (15.0 - 2986.7) 
1.72 3.17 2.75 2.55 

(0.5.. 11.0) (0.5 - 37.0} (0.5.. 15β) (0.5.. 含1.01

NH4刪N 0.076 G汁。4 0.098 0.093 
19.005 關 0.170) (0.005.. 0.381) (0.005 “ 0.546) (0.005 捕。.366)

N02-N 0.033 0.03 0.029 0.031 
(0.012 .. 0.076) (0.012 個 0.067) (0.Q02 .. 0.086) (0.012 .. 0.069) 

N03-N 0.26 0.20 0.20 0.22 
。.012 個 0.624) (0.013.. 0.513) (0.015 .. 0.740) (O.O~ 3.. 0.557) 

P04幽p 0.027 0.027 0.025 0.027 
一(9.。妞- 0.050) (9.002 .. 0.0451 (0.002 .. 0.056) (0.002.. 0.044) 

TKN8 0.41 0.432 0.403 0.417 
(0.2.. 0.64) (0.19 - 0.8月 (0.13 闖 0.66) (0.19個0.66)

TP8 0.062 。.069 0.064 0.065 
(0.02 翩 9.13) (0.但三二Q.13) ~(O.Q2 - O.14L ~033 鵬 G關133)一

Note: 
1. Data presented 發re the means (geometric means E. coli) 
2. Data enclose這 in brackets indicate the ranges 
3. Data unit presented is in mg/l except for others being specified 
4. Refer to A2.2 (Appen吋ix 2) for abbreviations used 
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Table 4.15: Summary Statistics of 1990 -1992 Bottom Sediment Quality of 
North-Western Monitoring Station NS3 at Tuen Mun 
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Note: "" AII units in mg/kg dry solids except where noted 
""* Bulk sample 

會 Sample with pa叫icle sizes < 63μm 

國 indicates the levels 01 metal exceed Government standards for contaminated 
sediments (Class B or Class C (Ref 4.10)) 他

Refer to A2.3 
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Table 生16: Classification of Sediments by 1\畫etaI Co扭扭nt (Ref 4.10) 

Cd Cr Cu H 鍍 Ni Pb Zn 

Cla路 A 0.0 -皂.9 0-4會 G 刪 54 0.0 組合.7 。~ 34 0-6是 o 140 

Class B 1.0 - 1.4 50 -79 55 - 64 0.8 總 0.9 35 也 39 重5 -74 150 - 1琴。

還坦全sC 1.5ormore 車。 or more 位。，r more 1.0 or more 叫做'mc波6 75 0r m你6 2000r more 

啾 d是II units 的 mg/kg dηIsolid 

Cù.給sA 輛 unconraminated material 
Class B 組織.oderately cont，仰1.Înated materiaJ. 
Class C 倫 seriously contamîn.ated materiaJ. 

4.115 The Pillar Point Sew啤e Treatment Works (PPSTW) is 洹認ated in Area 47 which is close 
to PPVL. PPSTW is provîdîng preliminary 控eatment faci1itìes (screenîng 松耐斜t
removal) 鉛 serve a domestic populatìon of 520,000 and an industrial area of 的 ha at 
Tuen Mun Town姥The peak flow capacity of PPSTW is about 500,000 cu mlday 銷社 i怨
這ry weather flow is about 183,000 cu mlday. The existìng 1500 mm diameter 
submarine outfall from the PPSTW extends 誨。ut 900 m south岫west of the w胚胎，

句 Leacha扭 apsing from PPVL 1S 已經r;ently.discharged di話ctTy into Pf\STW.. 穹

Existillg grou.lldwater and su可àce water quali.會

4.116 Site investigations an這翱bs位有uent monîtori時 C缸ried out for 註豆s study have provided 
informati6n with respect 蛤草roundw挂.er qua1îty 扭曲e vic益挂可 of PPVL. Groundwater 
flow îs predominantly southwar支持， towards the sea. 
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u4.117 The diversion of small VOlUI踐踏 of groundwater to sewer in 1989 su豆豆拇指控1斜 it was 

k叫

tωo substantiate this vîew. 

4.118 Hong Kong has no specific objectives for surface wa能主缸ld ground water. However 誼le
的ongest guidelines a益opted elsewhere have been used to compare 設le analytical data in r 
order to 紛紛ss the quality of groundwater and surface water clos己的出e site. They 
include: 

• groundwater contamination (Ref 4.11 and Dutch guidelines for assessíng soil 
立 4.12); 本設位

WHO drin 'king water standards for groundwat前但低 4.13)

Table 4.17 below summarises these stand義的s as weIl 紹 the results of the analysîs of 
groundwater and surface water at PPVL. Although the analyses of groundw是怨言
至:lownstream of the landfill in DHI03 show no evìdence of contaminatio登全y leacha詣，
some of the paramete聆訊ceed the standards quoted. 

「
L
Y
I
L

4.119 As shown in Figure 孔9， surface water sampling location WI0立 is a short dist主n缸，可
downstream of both the east and west catchwater channels. The results of the analyses I . 
as given 1n Table A4.1 of Appendix 4 show that water is contaminated compared with L 
註le upstre鑫m location WI01 , exhibíting elevated chloride, conductivi哼， organîcs and 
ammo亞a. The potential sources of contamination are 自己 surface inf10w of leachate to ... 
thew.εstern catchwater, discrete seepa辜的 of leachate into 由e stream and possible inf10w 
of cont扭曲晨起d groundw發ter via diffuse seep益阱. Wíth the 照ception pumping L 
S缸扭扭智單位 above WI01 for dampenîng the road surface în controlli豆豆學 the fugi討ve
血監呵呵懿舖i叫$

PPVL. 

4.120 The e部tern catchwater is believed to be contamin滋ed by sources not identified during … 
this study. The CED site operator ís 誰ware of thîs and is c桂芝rently pumpin學 water from 
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Table 4.17: Analysis of Groundwater and Surface Water at PPVL 

Standards for Groundwater 輛， Water Source 壘，“
ST1 ST2 ST3 

Determinand * Dulch Dutch WHO Suriace Ground-
GradeC VPR water water 

pH (pH units) 6.5-8.5 7.3-8.0 6-6.4 
EC (u8/cm} 50-1000 150-190 
Cadmium 0.01 0.006 0.005 <0.02 <0.02 
Chromium 0.2 0.026 0.05 <0.1 <0.1 
Cop~er 0.2 0.035 1 <0.1 (0.1) 
Lead 0.2 0.05 0.05 <0.1 (0.4) 
Nickel 0.2 0.04 <0.1 <0.1 
Zinc 0.8 s <0.01 0.16 
Manganese 0.1 (<0.1-0.2) (1.1) 
Iron 0.3 (0.2-1.2) (16) 
Sodium 200 5.5-80 30-71 
Potassium .4~. 5.1-5.2 
Hardness (as CaC03) 500 5.5-48 

過

28 
Sulphate 400 <10-17 <10 
Sulphíde 0.3 <0.1 
Phosphorous <0.1-0.4 
Nitrate 10 。.28-0.61 1.34 
Ammonia Nitrogen <0.1-63 <0.1 
Kjeldahl Nitrogen <0.1-0.1 
Total Organic Carbon <1-51 2-3 
Chloride 250 5.6-110 12-30 
COD <7-200 9-80 
BOD <5-67 <5-11 
E. coli (noJ100ml) ** 。 (180) 

Note: 
AII units in mg/l except where noted 
The Slandard for drinkîng water (WHO) 陪她的 to Fecal Coliform 
The standards for groundwater and drinking water being refered to are as follows: 

8T1 Dutch Criteria for Category C Clean Up Investigations (Ref 4.11) 
ST2 New Dutch Second Generation VPR Criteria (Ref 4.12) 
ST3 WHO Guidelines for Drinking Water (Ref 4.13) 

Data enclosed in brackets indícate the exceedance of the standards quoted 

* 
*會

' , . 
....** 
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the eastern catchwater into 也e sewer discharge pipeline, to avoid direct discharge 郎，缸ld
con結mina位on of, the s仕eam.

Leachate quantity and quality 

4.121 Leachate generation occurs when the rate of water entering a landfill exceeds 血e
absorptive capacity of the wastes. At PPVL, there are at least two main routes whereby 
water can enter the wa駝的- direct rainfall infiltration and groundwater en虹y.

Based ∞ waste input 也徊， rainfall records, and estimates wi也 respect to absorptive 
capacity of the was妞， groundwater input, and effectiveness of landfill capping 
(intermediate or final), the volume of leachate likely to be generated during different 
stages of development of 自己 landflll， and aft位 it is restored, can be estimated. These 
issues have been addressed in WP3 (Ref 4.14). 

Historic leachate flows were consistent with ingress of rainfall equivalent to 120 mmla 
over 40 ha in 1989. This in tum is consistent wi由血e expecta誼on for infiltration for a 
largely uncovered compacted cdg/cdv layer at the steep gradients (15 盟 309的 typical1y
created at PPVL. Since 1989, a proportion of groundwater flow has 區een di verted to 
sewer, leading to approxîm在tely a threefold dilution in 由e strength of 白色 leachate
discharge. It is assumed 位lat the flow rate has increased accordîngly. Given the 
incre路e 'in the size of the landfill to 50 ha and the diversion of groundwater to the 
sewer, the present leachate discharge flows could be of the fo1l6wihg rriagnitudes: 

4.122 

4.123 

e ohv 
k

問

弱
。
目ρ
u
v

ev pa 
686 輛 977 cu 為Iday
343 輛 489 cu mlday 

、'
、

t 

4.124 The details of 血e water quality of leachate drillholes and the leachate disch缸ge
manhole' are reproduced in Table A4.1 of Appendix 4, and the summary of the 
analyses of leachate at PPVL is given in Table 4.18. It appears that a leachate head of 
several metres exists over much of the site base and exceeds 10 m in places, thereby 
creating a significant driving head for basal liner leakage. T是hle 4.18 shows that 血e
levels of COD, iron and total nitrogen exceed the standards for effluents discharged înto 
foul sewer (Table AL3), indicating that discharged of leachate into 自己 PPVSTW nearby 
does not always comply with the requirements of the Technical Memorandum on 
effluent standards for discharges to foul sewers (Ref. 4.15). The situation is unlikely to 
improve ~nless leachate pre-treatmeIl;t faci1ities are put in place prior to sewer discharge. 

4.125 Perched leachate zones may a1so exist. A significant surface flow of leachate was 
emerging at the landfill surface approximately 100m up the valley from DHI06 during 
the time of study. Remedial works to prevent surface flows of perched leachate going 
to stream should be undertaken as soon as possible. 

1111pacts 0/ construCtiOIl activities 

4.126 Construction on the landfill has. the potential to allow increased infiltration of rainwater 
to 也e wastes. Earthworks may result in dis仙rbance to existing cover material and 剖low
a larger proportion of incident rainfall to enter the wastes. Simîlarly, any piling' or 
construction of foundations may provide pathways for rainwater into the w凶tes.

4.127 Earthmovin豆， for instance in the formation of a final restoration capping, may result in 
high sediment loads in runoff from the site. Whilst the overall water quality may be 
satisfactory，出e suspended solids discharging to drainage channels or 誼le sea should be 
minimised. This applies a180, in the event that a low permeabi1ity membrane is placed 
over the wastes. Increased runoff from such a surface should be controlled so 血at no 
surface erosion occurs in areas affected by this runoff. Therefore, it is recommended 
that the cap be hydroseeded and the slopes be regraded at the ear1iest opportunity 
following the completion of landfillîng in order to reduce the extent of soi1 erosion. 
Furthermore, surface runoff channels should be progressively built to control water 
run-off and erosion. 
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τabJe 4.18 : Analysis 01 Leach翁te from PPVL 

屑，

TM on Effluent Standards .. Landfill Site 暈暈暈

Determinand* >800 and PPVL 
<=1000 

pH (pH uníts) 6~10 6.7早Y

γemperature (OC) 再3 27.1 緝毒在 1

Suspended solids 800 
Settleable s口1ids 100 
BOD 800 <5-410 

2000 (9糊3500)
'‘'"‘a 30 

Iron 10 (俗130)

Boron 2.4 
Barium 2.4 
Mercury 。.001
Cãdmium 0.001 4 身革 <0.02 ' 

Copper 0.1 值。2

Nickel 〈在1-0.2

Chromium O.在 <0.1-0.5 
Zinc 。.16-0.55

Silver 
Cvanide 0.4 
Phenols 0.4 
Sulphide 4 <0.1 偏愛

Sulphate 1000 <10-訣。

γotal nitrogen 200 ( <0~1-2200) 
Total phosphorus 50 
Surfactants (total) 25 

Note: 
AII 迫nit學 in mg/I except where noted 
Standards for flow rates (cu mlday) expressed as upper limits (Ref 4.15) 

輪會 Data enclosed in brackets indicate the exceedance of standards 

* 
** 
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4.128 

lmpact olleachate control measures 

Impacts associated with construction of leach品。 control measures wiU primarily relate 
to 也e initiaI installation. Works may include the following: 

construction of the landfill cap and associated drainage to mi凶mise infil住甜on;

interc句話ng 油e leachate seepages at 血色 landfil1 surface; 

drilling of monitoring dri l1holes; and 

construction of leachate 住eatment plant at lower platform, toge血er wi也 associated
pipework to transmit leachate from SLSL to 由e leachate treatment plant, and 
自己nce to the sewage treatment works at Pillar Point. 

4.129 Impacts related to cap construction are primarily associated with short term 
management of incident rainfall and the associated runo琵 Measures to intercept the 
sediment loads and perched leachate should be in place during the construction of the 
leachate control measures as mentioned above . 

• 

• 

• 

• 

曾料做\‘a

4.130 Overall, measures to control leachate at PPVL, once constructed, will have very few 
long-term impacts, other than the benefits associated with req部組皂白e volumes and the 
strength of leachate generated at the site, and , providing"單說rfuent to produce an 
improved qua1ity for eft1uent discharged to the PPSTW, and 血ence to 白le sea. 

, I1npacts 01 LFG utilisatioll lneasures 

4.131 The extraction of LFG wîll remove large amounts of water from 出e waste皂， which will 
form LFG condensate. It has been recommended in WP2 and WP6 (Refs 4.4 & 4.1) 
that condensate is collected în gravity pipework t10wing to a central sump, from where it 
îs pumped to the leachate treatment plant. No significant increase in surface water 
discharges or impacts on water quality are envisaged from LFG condensate. 

4.132 No significant waste water arisings are envisaged fr9m the LFG utilisa位on optíons 
identified in WP2. Small volume arisings may be expected from routine maintenance 
and cleansing operations of the equipment and drainage provisions should be made to 
collect 剖ld divert these arisings to the treatment plant. 

Impacts 01 afterose optiOIl 

4.133 酒時. option proposed for PPVL involves low inte泣sity land use, wi由 the majority of the 
area devoted to afforestation and recreation space. Extensive afforestation wilI reduce 
effective rainfall (ie infiltration and runoff) over the sHe by enhancing 
evapotranspiration. In all cases, site profiling may require incorporation of some 
appropriate interceptîng draînage and surface drainage measures to collect sewage and 
contaminated surface water, shed rainfall and reduce rainfal1 扭扭1tration.

4.134 Measures to prevent infiltration during construction works, and to mìnimise any 
damage to the capping profil色， should be implemented. Areas of tree planting should 
take account of the likely depth of root penetration. Deep rooted species should not be 
planted over the cap. 

Landscape, Afteruse and Visual Impacts 

4.135 Upon comp]etion, PPVL would consist of mostly uniform slopes extending from about 
30mPD to 225mPD. T羽h時e lower slopes up to about 120r泊nPD would have a southerly 
O仗ri記en叫ta氓ti蛤on丸， wrule a h缸i缸rg酹e part of the upper slopes would face nort血h輛翱棚-w
landD臼orm will contrast s仙ha缸rp抖ly wi打圳1'11 the steep and undulating topography of 也e
surrounding hills. The platforms at the south end wîll remain the same upon 
completion of the landfill. 

4.136 The landfill slopes will be aHorested in accordance with a four-phase planting 
proεramme 甜甜的同學d by TDD/Tuen Mun. As the tree S臼dlings grow to a ma!,Ure 
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size, the different phases of planting would not be distinguishable.τ'here would be a 
dense woodland over most of the new slopes, with a large grassed area on the top 
platform. The new environment would be amenable to human use such as hiking, 
viewing and piclÙckìng蠱The platforms south of the landfill could be easily adapted to 
accommodate a leachate treatnlent plant and gas controI insta11ations. 

4.137 Selective grouping of buildings and planting could help to create orderliness and 
functional unity for the sep缸ate platforms. Careful posìtiorung of the proposed 
leachate treatment and gas control faci1ities on the platform at 22.8mPD, behind 
existing slopes, would help to screen a large part of these plants from direct view. 

4.138τbere would be littIe adverse visuaI effect caused by the proposed restoration and 
development of afteruses on this site. Upon restoration of tlús landfilI, the site would 
stand out from 由e surrounding areas due to its vegetation cover. Because of the dense 
tree cover, the unifonnity of the engineered slopes would not be readily noticeable. It 
is considered 曲倒也e visual qualHy of the site would be greatly improved. 

Settlement 

11ltroducti01l 

4.1 3g倉111. Consolidation of waste within a landfill site is an inevitabl~ process and cannot be 
τ一 -_V. effectívely prevented. Sett1~nl~nt" of landtf1宣言 takes p1ace due' to 血e' complex interplay 

of physical, biological and chemical processes. Initial sett1ement occurs predominantly 
due to the physical rearrangement of constituent elements of 血e refuse ìn an way 
analogous to the primary consolidation of cohesive soi1s. Later sett1ement mainly 
resu1ts from the biochemical degradation of the waste which Ieads to further physicaI 
sett1ement occurring as the ioternal "fabricll of the landfiIl no longer has sufficient 
streng血 to sustain the weight of the material above ìt. Normally 也詠 kind of settlement 
follows aÌ1 exponential decay wÎth a half-life of 5 years or less , resulting in the 
completion of 97% settlement wHhin 25 years. 

4.140 As 誼le later settlement due to the biochemical degradation of the waste takes a relatively 
longer time prior to 血e stable stage, the degree of settlement has more implications for 
the restoration design. The amount of settlement is dependent on waste composition, 
the age of wastes and type of compaction, etc. For domestic 'waste a tota1 settlement of 
20% +1﹒ 59毛 of the fill thickness is anticipated. 

Existillg cOllditiollS 

4.141 PPVL has received wastes since 1983 and will continue receiving wastes until shor世y
prior to a final restoration. Consequent1y) i到tial sett1ement is Iikely to be greater than 
on older sites. During the time of survey, the southern flanks of PPVL have already 
been capped and restored by hydroseeding. Although 也is area was capped with an 
intermediate capping layer of 2 metres thick, it is expected to be tipped ov~r as part of 
the proposaI to extend the site up to i俗 ultinlate capacity of 13 Mt.官le major problem 
wi血 the cap has been loca1ised scour which has resulted in the development of severaI 
erosion gullies down the slope. 

4.142 Apart from some settlement-related features such as cracldng that was observed at 出e
junction between down-slope and across-slope drainage channel, there were no 
significant settlement features discovered on the restored area of the landfill during the 
preceding site visits. In addition, no features were observed during the walkover survey 
to suggest înstability of the slopes. In the absence of adequate data for the sett1ement, it 
is predicted 出at future average setl1ements at the PPVL site will be in the range 7.5% to 
12.5% of the total waste thickness 

4 孽
,‘ 

l1npa的 ofcOllstruction activities 

4.143 Construction activities over PPVL must take account of likely settlement even though 
the construction activities themselves wilI have little impact on the settlement of 血e
wastes. Piling for foundation$ wouId influence only a smal1 proportiol1"'.of the wastes. 
Settlement would result in piled structures becoming elevated above the final level of 
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4.144 

the Iandfill. Piles would be subject to signìficant down drag forces as the surrounding 
waste settles. Cons缸uction of lightweight flexible structures whlch can tolerate the 
magnitude of tota1 settlement and differential settlement anticipated on landfill sites are 
therefore Jikely to be more appropriate. Loadings imposed at the surface, unless they 
are very 1缸ge and cover wide areas, will have little e前ect on the rate of settlement of 甘le
land拒n sites as a whole. 

Construction of LFG management control measures , wiU consist of many drillholes with 
headworks and interconnecting pipe runs whîch must take account of on-going waste 
settlement. LFG control compou nds must be constructed on level ground so that they 
are not affected by settlement or differential settlemεnt. 

Leachate management will require construction of a Ieachate pre-甘eatment plant on the 
pla叮orm at the south. Measures must be incorporated for 位le protection of the aeration 
lagoons from settlement if they are 1ikely to be sited on wastes. Drainage channels 
should be constructed so that they do not crack and allow surface water drainage to 
infiltrate into the landfill and possibly damage 血e landfill cap, soil and sub-soil profile. 

111lpa的 ofAfteruse 

4.145 

~-

The preferred afteruse for PPVL is afforestaHon of the slopes and upper platform. The 
proposed afteruse option focuses on low intensity land use V?Hh. a low proportion of the 
site area anticipated to accommodatc~rbuiIdingsi. A1though;!)在l~åveragê tôtal settlement 
at PPVL could be in the range 7.5 (0 1之5% of the total waste thickness over the next 40 
years, it is considered that the anticipated settlement will not be critical to the activities 
proposed. 

4.147 Correct use of flexible surface drainage channels over 也e landfills wilI enable surface 
W在ter runoff to be effectively removed from the sites and will minirnise dîsruption to 
proposed afteruses. Maintenance of surface water channels wiU also be required, 
inc1uding removal of any debris and repair defects. 

4.146 
1 

字 High Tension Power Line 

Potential health effects of electTomaglletîc fields 

4.148 Electromagnetic fields (EM~s) cxist wherever electricity flows and are direct1y in , 

proportion to the flow of clcc(ric currents. Power lines are considered to be a major 
source of EMFs which have an ahility to penetrate most substances 位ld are associated 
with health problems. Health risks associ剖:“ witll s腔。ng EMFs include depression, 
heada你的， sleeplessne俗. cancer and possibly even death. Chîldren are regarded as 
being more at risk than adu1ts. The potential effects on human health will depend on a 
varîety of factors inc1uding strength of field, proximity to source, potential shielding 
and period of exposure. 

4.149 The health effects of EMFs havc bccn the subject of a wide ranging literature review. 
Some of the major studies conductcd to date were unable to establish a clear causal link 
between EMFs and cancer (Rcf 4.16), there is however consensus amongst many 
authors of a strong correlation bctwccn the two and need for further research into the 
area. 

Safety clearallces for t1te poweT line 

4.150 To enable e叮ective elec甘icity transmission, most of the power cables in Hong Kong are 
hung onto outdoor pylons and lhe voltages are upgraded to several hundred thousands 
volts. 111ere is always a ri忱的 have a structure or moving object cl的e to the 旭gh
tension power lines. Thercforc, a minimum clearance is required at the lowest 
conductor of the power lines so as to allow an adequate safety and buffer zone for the 
在djacent lan如ses.

4.1昀51 China Lìgl趾1技t & Power Company (CLP昀3刁) have a standa缸rd g\叫1泣ide誠e1ine for 血e mÍ1凶1討ir剖num
c1earance of powe位r cables across the r陀eg斟ions'‘ ofthe New Te主立芷u的ories氧}
and Outlying Is1討1a鈴n叫1吋4φs in Hong Kong. With the excep討∞ of'NTML， 400 kV extra倆high

是8

-
L
r
L

「
L

「
I
L

「
L

「
L

「
L
r
L
T

「
L
r
L

尸
[
U

「
L

「
l
u

「
-
u
r
L

「

L
r
L
r
i
L
[
L
r
L
P
l
L



tension power lines either bisect or lie a叫jacent t。在II of the landfill sites. A minimum 
clearance of 5.3 metres must be maintained between 白色 nearest conductors and 組y
obstacles, such as an object on which a person can st約d， at 訓1 世mes. Similarly, a 
minimum clearance of 7.6 metres must also be maintained between the lowest 
conductors and the ground (or 8.1 metres over road surface) at all 位mes. Occasional旬，
clearance for building reserve 姑 given to a particular power line adjacent to which 
pe訂nanent buîldings and 計民lctures have been estab1ished. 

Planning for afteruse option 

4.152 Various forms of human activity already occur or wilI take place around the restored 
sites. As 到品， risk and safety aspects of short term exposure to EMFs and electricity 
shock from these power lines should be taken inωaccount. In terms of 註le planning 
and design of the settings for each afteruse option, the consultants took the effects of 
EMFs and safety aspects into consideration, giving adequate buffer distances between 
power lines and the major future sensitive uses. 

lmpacts ofh哲h tension power line alld EMF 

4.153 As shown in Figure 4.2, there are two extra倆high voltage tension pow位 lines (400 kV) 
whîch cross the PPVL site in the east to west direction, parallel to one another at heights 

，-.ζ呼:angi~g ， fr~m 76.0 mPD 10 1~7 .mPD ~ithî1.!.... th~ boundary QfJ>PV~...~Jl1e ]owest points 
! of tlú~ -contluctors forf th~ sou1l1enl anð nårfhern. powei l1nes are 71:):0 mPD 范nd 107 
mPD respectively. The approximate distances between the lowest and nearest éonductor 
of the power Iines and the sensitive receptors on the site are given in 甘le Table 4.19. 

Table 4.19: Distance to the Lowest and Nearest Conductor 

Sensitive Receptor Approximate Distance to the Lowest 
and Nearest Conductor 

Pîcnic Area/ Lookout Shelter 410 m 

Vietname甜 Refugee Camp 810 m 

4.154 The possibiIîty of risk 10 human heal血 from EMFs at these receptor sites is considered 
to be insignificant because 血ey are situated at some distance from 由e source of EM詣，
and a1so the length of eχposure time will be relatively short wi由in the boundaries of 血e
restored landfill. A1 the picnic area and look out shelter, visitors will not st在y for long 
enough to be at risk due to prolonged exposure. For the refugee camp, .which is 
situated at the south-east corner outside the site bound紅y， the effects of EMFs to 
hum剖1 health will be significan t1y dissipated because of the 10ng separation distance to 
the source as indicated in Table 4.19. 

4.155 There wiU be no major object or structure built near ωthe power lînes for the preferred 
afteruse option, and the conclition for the minimum clearance required by CLP wiU n01 
be in企inged. Fur也ermore ， the present landfilling activity taking place at PPVL does 
not involve any buîlding structure or operation which is close enough to the power lines 
to result in a breach of the guidance for the minimum clearance. 

Conclusions and Recommendatinns 

4.156 The recommended afteruse for PPVL 泌 afforestation of the slop位 with associated 
趾king 虹ails and viewing areas. This option is considered. to be compatible with the 
Tuen Mun OZP. 1t is considered that the existing topography of the site provides 
suitable opportunities for the siting of the LFG extraction plant and leachate treatment 
facility without the need for extensive earthworks. 

.4.157 The restor前ion of PPVL învolves the~emplacement of a capping 1勾缸， planting and 
installation of structures associated with leachate treatment 位ld LFG :control. It is 
recommended that the cappìng layer for PPVL should contain fi琵a1 intermediate cover, 
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4.158 

4.159 

在 160

法法偷蝕甜甜訓 '1

4.161 

4.162 

4.163 

4.164 

protection layer, geomembrane, geodrain and soil 1ayers of which a minimum of 1,000 
mm cdv or cdg should be place廿 on top of the cap for planting pu中的低

It is recommended 由at no heavy structurιbe bui1t directly on 紅eas where waste h鉛
been deposited, and foundation designs of throughways and 1ight structures should be 
able to accommodate clifferentia1 settlement rates. Stability should be enhanced by 甘1e
compaction of the cdv or cdg material, and sIope graclients should be generally not 
greater than 1(V):4(H) to ensure an adequate factor of safety. Correct use of flexible 
surface drainage over 甘le landfills will enable surface runo缸 to be effectively removed 
a豆豆d will minimise disruption of the proposed afteruse. 

Pred~ctions of LFG yield at PPVL for a 10 year period (1993且2003) range from 23 
xl06 cu m to 80 xl06 cu m LFG/year. The composition of LFG is typical of a 
methanogenic landfill and the gas is under positive pressure with some evidence of off
site migration. LFG management at PPVL should encompass LFG ex佐証ction and 
perimeter 割草r甜on con缸。1，組d 油is wiU require the emplacement of suitable plant 組d
protection measures. It is recommended that off-site bui1dings to the south' of 出e
l組dfill should be protected against the possibi1ity of LFG mîgration by 也e instal1ation 
of suitable gas detection alarms. 

It is conclude社自肘， by the use of suitable mitigation meas.ures, release of LFG during 
construction can be minimized. During operation, LFG ,,;,ould b良released fror耳 passive
vent trenches, if used as interim contrÖl 'measures. but with sufficient monitórÌng and 
displacement from sensitive receivers migration risks are considered nùnimal. 

The LFG extraction system should be active, with LFG ex甘action wells being dril1ed 
retrospectively at an appropria能皂rid spacing to optimize LFG yield. A separate 
perimeter system will be required, should the bitumen ωating on the sides pf the landfill 
be inappropriate at preventing LFG migration, with extraction wells installed at an 
appropriate distance. With the emp]acement of the cappîng layer and installation of 血。
LFG extraction system, there will be no significant impacts of LFG on the proposed 
a缸el1lse of the site. However, it is recommended 甘1at on-site builclings should have 
adequate protection measures and that p的lic activities on-sÏte associateq. with ground 
disturb在nce or fire should be prohibited. 

It is recommended that LFG should be u 
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4.165 An 品悠悠ment of current noise levels and potential impacts associated wîth the afteruse 
development of the landfill was undertaken. It is concluded that, with the 
implementation of suitable mitigation measures, the restoration phase and instal1ation of 
LFG and leachate con缸。1 me品ures shoul d not result in 血e 給rget 1evel of 75 dB (A) at 
sensitive receîvers being exceeded. However, during the afteruse phase when the LFG 
and leachate control installations are operational, additional mitigation measures, such as 
the use of screening or quiet plant, wîll be necessary to ensure compliance with relevant 
noise critetia. It is not considered that any part of 白色鑫fteruse site would be sensitive to 
noise arising from such instal1aHons. 

4.166 Marine water qua1ity in 晶。 vicinity of PPVL largely co訟:plies wi也位le WQOs for the 
North Western WCZ, a1由ough elevated nu甘ient levels occur. Elevated concentrations of 
heavy metals are present in marine sediments and are such 也at if 組y dr叫ging works 
were required in the area speciaI disposal methods would be required. There is limited 
evidence for groundwater contamination with leach鑫鈴， although surface water is 
believed to be affected by leachate seepage. 

4.167 Pe叫( leachate discharge rates have heen estimated at between 686 and 977 cu mlday, 
wi也 an average of between 343 and 489 cu mlday.τlle quality of leachate entεring the 
PPSTW is of an unacceptable qualHy according to Technical Memorandum St是ndards.

軍It is recommended that remcdial works to prevent surfaçe flows ,_ of perched leachate 
wi世lÎn the wastes be und,ert flken 山 sonn as.Øo~ssible. ~1 

4.168 During the construction phase it is recommended 血at increased surface runoff should 
be controlIed to prevent surface erosion. This could be effectively achieved by 
hydroseeding, slope regrading and instaIlation of surface water dr剖ns as restoration 
proceeds. The leachate control measures and treatment plant will result in a significant 
overa11 benefit in terms of reducing the ove玄all volume of leachate generated and 
achieving a suitable quality standard. The afteruse option and associated tree planting 
will have no significant water quality irnpact皂， as long as suitable drainage and shallow 
roo加g 訂ee species are providcd. 

4毒 169 It is concluded that there would he litt1e adverse visual effect c血sed by the proposed 
restoration of PPVL, and bccausc of the density of tree cover proposed the engineered 
slopes would not 忌e readîly visihlc. Overall the visual quality of the site would be 
great1y improved. 

1. 

4.170 It is concluded that high t.ension powerlines wi11 not represent any significant ri諒 at
PPVL as no major structure wilI be built in the vicinity of overhead lines and clearance 
requirements wi11 not be infri nged. 

4.171 Details are provided in Chaptcr 會 and Appendix 5 on recommended monitoring with 
respect to the key environmental paramclers of concern. This monitoring programme 
wiU provîde the basis for the csfablishment of bascline conditìons prior to restoration 
and provide the necessary data to ensure suitable mitigation measures a把 implemented
in the event of un在cceptable impads hcing detecteι 
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5. SIU LANG SHUI LANDFILL 

5.1 

5.2 

5.3 

5.4 

5.5 

5.6 

5.7 
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一

Study Area 

Site descriptioll 

τ'he Siu Lang Shui Landfill is located south of 血e Castle Peak Firing Range, off the 
Lung Mun Road, occupying an 缸ea of about 12 ha (Figure 5.1). The landfill is 
rectangular in shape and set in a valley. It was filled between November 1978 and 
December 1983 during whlch about 1.2 Mt of domestic and industrial waste was 
deposited. In addition, a small amount of PFA 宜。m Chlna Light Power Cast1e Peak 
Power Station was placed on a platform to 血e NW of the site. 

The landfill base was prep紅ed on the coastal tlood-plain of a small valIey, and infiIling 
abutted the steep sides of the valley, originalIy on both sides of a stream which ran 
through the valley. The s仕eam was eventually enclosed in a concrete box-culvert and 
landfilling was continued over the top of it. The site has been successfully re-a宜örested
and largely capped wi由 cdg， varying from 3 - 6 m in 血ickness.

The topography comprises a series of slopes on which are 甘rree main platforms located 
on the eastern, north-west and central portions that are 1inked by an access road 
connecting with Lung Mun Road to the south. The area to the north had been 
designated as a borrow area to the Provisional Airport Au血ority (P AA) and Container 
Terminal 9 (CT9) contractors for reclamation at Chek Lap Kok Airport and Container 
Terminal 9 respectively, but the proposal has been suspended. In contrast, a proposed 
trunk road and Light Rapid Transit (LRT) extension are also planned to cross the 
landfill. 

The site was engineered as a lined containment landfilI, with leachate col1ection systems 
in two separate areas at the east and the west where the filtration tanks and soakaway pits 
are located. Contaminated groundwater was however found at a 750 mm pipe which 
has been constructed to direct groundwater discharge on10 由e beach a1 血e sou血 of the 
site. Some seepages of leachate were occurring along the bank of the stream at 血e
sou血.

Ellvironmelltal settillg alld l01ld uses 

To the north, east and west of the landfill are steep slopes covered with natural shrubs 
and grasses. Tree seedlings were planted in 1987, abou14 years after placement of the 
final cap. The trees are now well established and largely cover most of the slopes wi血in
the site boundary. Although there have been no sensitive receivers identified inside the 
landfill site and within the 250 m consultation zone during the time of study, some 
fishermen's grav臼 are entrenched to the north of the site boundary in the proximity of 
a waterfall. Occasionally the , site is being used as a base for military training. At 
present, the area has a quiet environment wHh scenic views overlooking the sea to the 
south and hills to the north and east. Existing vehicular access to the landfill is from 
Tuen Mun via Lung Mun Road. 

As described in Chapter 4 for PPVL, the Special Industries Area (SIA) is proposed to 
the south of SLSL adjoining the proposed River Trade Terminal (RTI) at Area 38. 
The development of the proposed SIA will be carried out in parallel with the 
reclamation and 血巳 anticipated completion of ultimate development will b巳 1999. 白le
proposed dual 3-1ane trunk road and LRT extension wiU a1so cross over the SLSL site. 

The preferred afteruse for SLSL is a go-kart circuit with support facilities. A race 
circuit of length 900 m is proposed in the central area and some small buildings wiU be 
located along the access road (for example office, go-kart storage/rental , visitor's centre 
and control room/club house). Spectators seating wil1 be built on landfiI1 .slopes a1 血e
n。他-west and the pic的 areas wil,] be placed on the. east and west platforE1s. 

53 



5.8 

5.9 

5.10 

Restoration Proposal 

1 ntroductioll 

The proposed restoration options for SLSL have been discussed in a previous W orking 
Paper WP5 on Master Development Plans (Ref. 5.1), and 創s section describes the 
preferred restoration option for the site which is regarded 訟 envlronmentallyacceptable
and 路.fe. To accomplísh the long-te口n managernent of ]組dfill gas and leachatet 自ere
are appropriate 設leasures to control and minimise their impacts. An outline of 
measures for the rnanagement of leachate aI話 landfill gas is given in 位le followîng 
paragraphs. 

Restoration cOllstraints alld opportunities 

An examination of land use a吋 landscape issues has led to restoration options being 
proposed for SLSL as detailed in Working Paper WP4 on Land Use Options and 
Planting (Ref. 5.2). 訂le cons控aints and opportunities on the restoration development 
of SLSL are summari即是 in Table 5.1 below. 

Table 5.1: Constraints and Opportunities for the R~storation of SLSL 

Constraints Opportunities 

1. Port trunk road within site 1. Moderately sized site (12 ha) 

之 LRT reserve wi命în site 2. 5 flat 旺eas (0.2 to 0.4 ha each) 

3. Access to borrow area cuts through site 3. Attractive long distance views , 
and wooded areas 

4. Transmission cable wi自in site 4已. Close to worj{er population 

主 Pylons immediately adjacent 如 site 5. Public 虹ansport will be available 
ln area 

6. Difficult topography 6. Good location for port backup 

7. Distant from residential areas 7. Established ves12o6pte atsiotan biplirty ovides 
seclusion and 

8. TSperemciianl al IndlI$tzialArea and River Trade 
to south 

9. Designated CCA restricting developm~nt 
potential 

10. Undesirable to disturb established 
vegetation 

11. Settleme說 problems

12. Le鑫.chate and landfill gas emission 

13. Landfill cap to be protected 

Afteruse option 

The preferre社益fteruse recommended for SLSL is a go名art circuit with support 
facilities whilst retaining as much as possible of the existing vegetation 組d causing 
mînimal dis切rbance to the existing land fonn as shown in Fig垃re 5:2、 A race circuit of 
length 900 m is prQposed in the central area an往 a number of small buildings (or the 
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support facilities 晨起 located along the access .road. The two sma11 platforms on the 
north嘲west 訟ld north-east wilI be used as picnic areas. No barbecue facilities are 
proposed. No leachate treatment faci1ity nor landfilI gas 'extraction plant are proposed 
at SLSL. The 忌road landscape d的ign objectives for SLSL should be: 

• as far as is practicable, retain the existing site fea個res;

retain the existing LFG control system; • 
• have regard to claims by Iocal people 由at much of establîshed vegetation is “如ng

shuî" 缸閃閃

5.11 

have regard to existing zoning of the site as Itgreen belt" on the Draft Tuen Mun 
OZP. 

Planting proposal 

Resto主義tion planting at SLSL has been very successful sînce 1987. To retain the 
existing trees as a structuraI framework to define activîty areas, proposed new facîlities 
are concentrated around the bottom of existing fiII sIopes and over areas where 
disturbance to existing trees is kept to a minimum. Replanting due to afteruse 
development can be grouped broadly into two categories as follows: 

「
L
r
l
L

reinstatement due to the removal of existing tr:ees; and 

new planting to the defined afteruses. 

Settlelnel1t and slope stability 

5.12 The site has been closed .for about 10 years and onIy a small degree of 扣結結詣的ement
is predicted to take place. No heavy structures are planned to be located directly on top 
of the 這reas where wastes has been deposited, and therefore settIement issues are not 
consîdered to be of major significance. 前le foundation design of roads and pathways 
should be able to accommodate the effects of dîfferential sett1ement. A similar design 
of the capping Iayer as defined in the Working Paper WP6 on Conceptual Restoration 
Design (Ref. 5.3) for MτLL should be placed near the southern end of 垃le eastern 
Iandfill boundary where shear features occur. In tree 主reas over the replacement cap 
the soi1 Iayer should còmprise a minimum of 1500 mm cdv or cdg, where trees are 
planted în pits wîth appropriate top soil mix. No deep rooted species should be selected 
for tree planting. 

Design for slope stabilîty at SLSL sho泣ld be simil ar to that presented for PPVL (Ref 
5.4). No features have been observed whîch suggest instability of slopes at SLSL. Any 
regrading whîch occurs should have slopes no greater than l(V) to 4(H), to ensure a 
suitable factor of safety. 

5.13 
-ii'llmati--w jj 

5.14 

Lalldfill gas mallagel1lellt 

Gas management will include reinstatement of existîng p路sive venting pipes and 
perimeter control to prevent LFG migration off site. In particular, management 
measures to control gas mîgration from the southern boundary wil1 be implemented by 
installing a venting trench and membrane barrier, with vent pipes inst剖led at 
appropriate intervals to transmit venting gas to atmosphere. The specific requîrements 
for LFG control at SLSL are as follows: 

• reinstate existing gas vent pipes a立er a detailed inspection is undertaken; 

• design and install control systems to prevent gas migration from the southern 
boundary which is accompHshed by installing a venting trench and membrane 
barrier; 

55 



5.15 

5.16 

5.17 

• îf necessary. design and install additional perimeter gas migration con仕01 which 
can be accomplished by extending the venting 住ench around the boundary of the 
Site; 

• placement of a new capping gravel layer at the southern end of the eastem landfil1 
boundary, designed to link in with perimeter gas control measures; 

gas wells should be constructed at appropriate intervals through 位le trench into 
underlying natural strata and Iinked in with the venting trencb; 

install LFG protection measures to buildings and 0也er s缸uctures on site . 

. 
• 
Leachate lnallagelnent 

A joint leachate trea個lent facility for SLSL and PPVL will be more cost effective 也ana
dedicated plant at SLSL. It must be sufficiently flexible and robust to cope with 
substantial fluctuations in both flow and quality of influent Ieachate arising from both 
sites. The conceptual design of the leachate treatment faci1ity has been specified in 
WP6 , and as proposed in Chapter 4 of this report. To overcome the problem of 
leachate contamination of the stream and beach, a new route for leachate disposaI is 
needed. The long term leachate collection and management objectives at SLSL require: 

• clearing of leachate collection tanks; 

• routing of leachate discharging from the tanks to a single leachate holding 
faci1ity; 

diversion of flow of contaminated groundwater from the beach discharge to 由e
holding facility; 

• if needed, interception of contaminated groundwater underlying the sîte and 
diversion to the leachate facility; 

design of works to pump leachate from SLSL to the proposed treatment works at 
PPVL; 

• 

routine monitoring of flow and qualîty of influent and effluent to and from the 
leachate holding faci1ity. 

Landfill Gas 

• 

Backgroulld cOllditiolls 

Acti ve LFG generation is occurring at SLSL. Drillholes within the fill as indicated in 
Figure 5.3 monitor positive gas pressures generally between 40 and 150 Pa, which are 
substantially Iower tllan those monitored at PPVL. LFG composition wîthin wastes is 
simi1ar to that for PPVL as indicated in WP 1 (Ref. 5.5). Mathematical modelling of 
LFG generation (Ref. 5.6) predicted that peak production would have occurred in 
1983. Analy討s of waste samples shows some inhibition of waste breakdown (Refs. 5.6 
and 5.7). Such inhibition would r認ult 扭曲e actu在1 rate of LFG generation being less 
than 血at predîcted. 

A LFG control system is currently in place at SLSL. This comprises passive gas vents 
linked to gravel areas within the fil l. The landfiIl has been successflJ.lly restored with 
甘ee planti峙， and there is no evidence for vegetation damage or stress as a result of LFG 
occurrence in the root zone. Off-site LFG monitoring probes are present along the 
sensitive soutbern boundary. Monitoring resu1ts to date (see Table 5.2) show no 
evidence of significant off吟ite LFG migration in this area. These observations and 
findings imply that the exîsting LFG management system is providing effective control 
of LFG migrations. 

，..~ 
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Sampling Locations for Landfill Gas Monitoring 
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Table 5.2: SLSL - GAS MONITORING RESUL TS (Sheet 1 of 2) 

LOCN+ DATE APRE DPRE %CH4 %LEL 0/002 %C02 0/0H2 %CO %N2 COM 
DH205 25-Jun-93 1004.8 7.2 47 1.4 <1 27 

2-Jul-93 1009.8 12 54.3 >100 O 32.5 
2-Jul-93 1009.8 12 59 0.3 29 <0.05 <0.1 11 Lab 

16-Jul-93 1007.9 46 2 <0.5 
20-Jul-93 1004.5 60 0.2 31 <0.05 <0.1 8 Lab 
28-Jul-93 1002.6 15.2 51.5 o o 31.3 

23-Sep-93 1009.2 180 53.1 。 o 32.1 
29-Oct-93 1019.9 -76 53.1 1 31.3 
12-Nov-93 1014.7 149 54.7 。 0.4 31.7 

DH207 16-Jul-93 1007.9 46 1.5 <0.5 LeH. 
DH208 25-Jun-93 1004.8 26.3 48 1.6 <1 40 

2-Jul-93 1009.9 19 47 1.2 <1 
2-Jul-93 1009.9 19 51.5 >100 。 38.8 
2-Jul-93 1009.9 19 61 0.3 35 <0.05 <0.1 1.9 Lab 

16-Jul-93 1007.9 46 1.5 <0.5 
20-Jul-93 1004.5 62 0.2 34 <0.05 <0.1 0.8 
28-Jul-93 1002.6 30.5 53.9 o O 36.1 

23-Sep-93 1009.2 150 57.9 。 O 36.9 
29-0ct-93 1019.9 -111 55.5 o 0.6 34.5 
12-Nov-93 1014.7 -79 53.9 。 0.4 34.8 

DP209 25個Jun-93 1004.8 2.2 38 <1 30 
2-Jul-93 1009.9 O 51.9 >100 0.01 32.1 

28-Jul-93 1002.6 1.4 45.1 5 。 30.5 
23-Sep-93 1009.2 214 45.6 7 。 31.3 
29-0ct-93 1019.9 3 47.9 9 27.3 
12“ Nov-93 1014.7 -3 44.4 1 0.6 24.9 

DP212A 25-Jun-93 1004.8 3.4 37 <1 <1 27 
2-Jul-93 1009.9 6 26.5 >100 o 28.5 

28-Jul-93 1002.6 -6.5 44.8 35 O 28.5 
23-Sep-93 1009.2 104 40.8 35 O 30.1 
29-0ct-93 1019.9 30 45.6 7 0.5 28.1 
12-Nov-93 1014.7 102 41.6 。 0.5 26.9 

DP213 2ιJun-93 1004.8 0.6 18 2 <1 25 
2-Jul-93 1009.9 -6 15.5 >100 11.4 11 .4 

28-Jul-93 1002.6 0.3 18.6 65 0.3 20.6 
23-Sep-93 1009.2 24 2.5 45 3.7 15.4 
29-0ct-93 1019.9 2 0.04 是 15.6 7.3 
12-Nov-93 1014.7 -26 O 4 10.4 8.84 

DP214 2-Jur-93 1009.9 -12 13.9 >100 。 18.2 
28-Jul-93 1002.6 -44.4 0.76 。 2.1 12.6 

23-Sep-93 1009.2 -165 1.59 2 。 15.4 
29-0ct-93 1019.9 -178 0.04 6 8.6 8.64 
12-Nov-93 1014.7 -86 0.28 8 0.8 13.4 
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Tab1e 5.2: SLSL 國 GAS MONITORING RESUL TS (Sheet 2 of 2) 

1 

LOCN+ DATE APRE DPRE %CH4 %LEL 0/002 %C02 %H2 %CO %N2 COM 
DP215 25-Jun-93 1004.8 0.4 <1 8 3 8 

2-Jul恥93 1009.9 -6 1.95 39 7.3 8.22 
2刪Jul-93 1009.9 融6 2.5 4.6 11 <0.05 <0.1 81 Lab 

20-Jul-93 1004.5 1.8 巴S 10 <0.05 <0,.1 81 . Lab 
28-Jul-93 1002.6 -37.7 3.84 9 G 15 

23-Sep-93 1009.2 27 1.67 35 3.3 13 
29-0ct-93 1019.9 200 O 7 6.6 8.68 
12撇Nov闖93 1014.7 280 0.08 § 4.6 思.64

DP217 25闖Jun爛93 1004.8 140? 43 0.6 <1 35 
2-Jul-93 1009.9 o 36.1 >100 4.2 26.9 

28“ Jul-93 1002.6 更6.4 52.7 25 O 38 
23輛Sep-93 1009.2 213 46.8 42 1.6 32.9 
29圈。ct-93 1019.9 118 41.2 S 4.9 25.3 
12耐Nov-93 1014.7 144 43.2 26 在4 26.9 

DP219 2-Jul-93 1009.9 6 15.5 >100 O 21 
2-Jul..93 1009.9 6 18 0.3 21 <0.05 <0.1 62 Lab 

20-Jul-93 1004.5 11 0.4 20 <0.05 <0.1 81 Lab 
28-Jul-93 1002.6 -0.6 5.47 O O 16β 

23-Sep-93 1009.2 61 3.84 5 O 16.2 
29-0ct-93 101立9 66 12 100 8 11.1 
12-Nov-93 1014.7 80 22.3 5 0.4 17.4 

DP220* 2-Jul-93 1009.9 8 G心2 4 20.7 0.08 
28-Jul-93 1002.6 -3 O O 7.3 8.65 

23-Sep-93 1009.2 20 0.05 2 0.7 9.9 
史包Oct-93 1019.9 3 。 5 13.8 3.9 
12-Nov-9á 1014.7 22 G馳。5 9 20.6 0.04 

DP221 會 2-Jul-93 1009.9 O 0.24 5 2.1 11.5 
J 

28-Jul..93 1002.6 攝0.9 。 O 13.1 5.95 
23輛Sep幽93 1009.2 O 。.05 3 14.2 4.99 
29-0ct-93 1019.9 編5 0.05 7 18.4 1.6 
12-Nov-93 1014.7 17 O 10 15.8 1.54 

DP223* 2-J怯[-93 1009.9 O 0.2 4 11.5 5.99 
2-Jul心3 1009.9 。 <0.1 9.9 e <0.05 <0‘1 83 Lab 

20-Juf-93 1004.5 0.8 4.2 11 <0.05 <0.1 85 Lab 
28-Jul-93 1002β 0.3 。‘64 G 0.2 12.6 

23-Sep-93 1009.2 -69 0.04 4 11.1 
29-0ct棚93 1019.9 2 G 6 19.8 0.83 
12-Nov-93 1014.7 O O 9 14.8 2.77 

DP224* 2-Jul-93 1009.9 G 0.28 § 10.4 3.88 
28-Jul-93 1002.6 0.4 1.84 G 。.1 11.9 

23-Sep-93 1009.2 關25 G 2 4 9.9 
29-Qct-93 1019.9 9 G 6 11.9 5.15 
12岫Nov幽93 1014.7 -44 G 9.5 13.3 3.8 

,.. denote those holes located off輛site
+ refer to A2.1 (Appendix 2) for abbreviations used 
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5.18 

5.19 

5.20 

5.21 

5.22 

5.23 

5.24 

Requirements for additional LFG control were presented in WPl and WP6 (Ref. 5.5 and 
5.3), and have been designed to complement the existing gas control regime. 
Recommended requirements are: 

• 的 undertake a detailed inspection of existing gas vent pipes - make good or 
replace any which are damaged or blocked; 

to establish 血e effectiveness of existing menlbrane liners and rock fa臼 co鉗ngs
in controIlîng off-site gas migration; information from a similar exercise 
proposed for PPVL should be assessed and applied to SLSL; 

. 

• if necessary, design and install additional perimeter gas migration controI 
measures; 

. 的 design and install control systems to prevent gas migratio瓷缸om the southern 
boundary (i訂espective of findings from assessment of bitumen side幽wall coating); 

to install LFG protection me~協ures to buildings and other s控uctures on site . • 

l1npact 01 C01lstrucnol1 activities 

LFG has the poten位al to be emitted during restoration and redevelopment as a result of 
disturbance to existing material , or by creation of miεration pathways with subsequent 
venting. QnIy limited redevelopment is proposed at SLSL as described in WP5 路d
WP6 (Refs 5.1 and 5.3), with the preferred afteruse being a go-kart circuit, whilst 
retaining as 1至luch as possible of the existing vegetation. In the 缸ea proposed for 出e
g。“kart 控ack， vegetation clearance and limited re申profiling and re且cappi時 will be 
requi時d.τrus is likely to Iead to a , minor, temporary increase in surface emissions of 
LFG 控告is area. Following completion of restoration, any damaged or 10st g部 vents
wiU bεreplaced， and any such vent pipes would link in with the granular layer below the 
new capping layer. 

Direct emissîon of LFG to atmosphere may result from activities such as exposure of 
waste~ foundation work for buildings and installations of underground utilities. Where 
practícable, buiIdings wilI be constructed on inert fill and areas where waste deposits are 
thin. 

The bulk of the site will remain unaffected by constructíon actívity, and LFG emissions 
in these areas will remain unaffected by construction actívi註es.

Mitigatioll lneasures 

By the use of suitable mitigation measures and good site practice, release of LFG during 
site development can be miIÙmised. Such m倒sures include minimising 由e 'exposure of 
wastes during 叩開profiling and cap restoration, and during the installation of utilitíes. 

LFG released duri時∞nstruct10n ac位vities ， in addition to 也at released from the landfill 
under normal conditions, is a source of potential risk. Potential hazards have been 
de:flned for PPVL (Chapter 4) and recommended mitigation measures are similar. 

lmpact 01 LFG cO l1trolmeasures 

,< 

The impacts associated with LFG control measures rel孟te to the construction phase 
includîng: 

. tl1e formaUon of replacement capping in the area of the go-kart track; 

血e construction of vent trench and barrier along southern boundary; 

也e con就ructioII..-of buildings, seating ß ßÒ infrastructures; 

. 
• 

，.一司麟、

• 也e replacement of existing passive gas vents (if requîred); 
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5.25 

5.26 

5.27 

5.28 

5.29 

5.30 

. 自e construction of venting trench around remainder of sîte (if required); and 

the dril1ing of monitoring dri l1holes. 
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LFG will be releas吋 from passi ve gas vent within the landfiIl and 也epεrimeter venting 
trench. Vent stacks have been proposed at a height of 3 metres above ground level, to 
minimise access to the top of the vent pipe and encourage venting and dissipatlon of 
gas. Wherever practicable, vent stacks wiI1 be sited away 金om areas of m吋彼此位vi旬，
and will be assimil品.ed into the landscape planting. Where vent stacks are unavoidably 
located in areas of the site which wil1 be su吋ecte忌的 heavy use, they should be fitted 
wi也 flame 好restors at 血e top of the pipe to prevent the possibility of methane ignition 
causîng a flare back within the pipe. 

No vent pipe should be enclosed in any way, and long-term monitoring should be 
conducted to assess the performance and condition of the gas venting systems. Long 
term maintenance of a11 ventlng trenches and vent pipes wilI be required to ensure they 
continue to function adequately. 

Al1 buîldings will be subject to spεcific gas protection measure丸 based on a multi
barrier approach for LFG contro1. As a minimum requirement, a11 buildings should be 
provided wîth a free venting layer beneath the f100r s1峙， incorporation of gas-proof 
membrane within the f100r slab, special detailing of services and provîsion of LFG 
al紅m systems. These measures will be additional to the general control measures for 
the whole of 自己 landfil1， and as such are any increased levels of gas around the 
buildings are cons泊ered unlikely. 

lmpact 0 1l afteruse optioll 

Qnly a portion of the sitè wiIl be reprofiled and developed. The bulk of the site wil1 not 
be dîsturbed, where the tree estab1ishment is unaffected by LFG. Where required, 
replacement capping wiU be to the same specification as for M1LL as proposed în WP6 
(Ref 5.3). The proposed system of LFG control (as specified 知 WPl and WP6) will 
control gas movement and direct LFG emissions to vent Stackst thus p室。viding
protec泣。泣的也e go岫kart circuit, spectator seating areas, other development and public 
access areas. Additional control measures will be applied to buiIdings (Sec討on 5.27). 

Actlvities which may t品ce place on the landfil1 are go-kart racing , an1 spectatln旱， hiking 
and picnicking. There wilI be a requirement for car parking. All areas of the site whîch 
may take g心karts ， and cars and coaches will be protected from uncontrolled gas 
em諸位ons by the measures previously described (Sections 5.25 翩 5.27). Vehicle and 
go-kart parking 紅eas will be wel1 ventilated to prevent 白色 accumulation of pollutants. 
Other ac位vîties do not represent any LFG hazard in themselves, although other 
unauthorised public activities may. No barbecue area is proposed within the restored 
1 andfill si te. 

The advice wi也 regard to development close to landfilIs is presented in Chapter 4. The 
area to 吐le south of SLSL îs proposed for development of a new trunk road and 
industrial area. The road will lic within 20 m of the waste boundary, but currently it is 
not known whether any buildings 紅色 planncd wi1hin this zone. Buildings will al盟10st
certainly be constructed within 250 m of the landfill bound紅y. Proposed LFG 
migration control measures focus particularly on preventing migration from 誼通s
sensitive southern boundary, and therefore no sîgnificant ri抹 is envisaged. 
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5.32 

5.33 

Air Quality 

lntroductiOIl 

前ùs section detaîls the assessment of impacts on aîr quality from emissions at Siu Lang 
Shui Landfill sîte重 Construction activities associate這 wi曲曲e restoration of 由e landfill 
site are considered with reference to dust 抽泣 VOC emissions. A predictive assessme至lt
is made of the impacts from venting of LFG on the site. 

Ambient Monitol呀Ilg

VOCs 

Background ambient air qu鑫lîty measurements made upwind and downwind of the 
landfill were analysed for the presence of SACs. The results are given in Table 5.3. 
τ'hey indicate that ambient levels downwind of the landfiIl缸'e higher than levels upwind 
for the compounds 1.1.1-trichoroethane, tetrachloroethylene and trichloroethylene. A 
sîmilar but less marked difference is noticed for benzene.τ1lis would indicate 也ere is a 
possibility that the紹各ases are being emilted from 自己 l給dfill. Other compounds did 
not show an increase level downwind. 

Table 5.3: Monitored Ambient VOC Levels at SLSL 

Method 
Detection SLSL 

SAC Limit (l1.g/m3) (μg/m3) 

uw dw 

Vinyl Chloride 0.36 ND ND 

Dîchloromethane 0.73 5.6 5.6 

Trichloromethane 0.73 6.9 ND 

1,1 t 1-Trichloroethane 0.76 3.8 18.1 

1 ，2-Dichloroe由ane 0.61 2.9 2.1 

Benzene 0.26 6.6 8.8 

Tetrachloromethane 0.94 之4 ND 

Trichloroe也yl叩e 0.91 3.6 17.0 

1 ，2幽Dibromoethane 0.92 ND ND 

Tetr益chloroethylene 0.75 ND 2.9 

丸.-

蠅、 -J'
b 句，

Nores 

uw : upwind 
品v : downwind 
ND : Not dctccted, below the mClhod detection limit 

Methane 

Table 5.4 shows the results of anal ysing samples taken upwind and downwind of the 
landfill site for methan紅 The resu1ts indicate methane levels downwind of the landfilI 1S 
approximately 1。現 hi萃hcr t11an mcasurements taken upwind. This îs well within the 
range of expected variation and it would he difficu1t to draw any conclusions from the 
measurements. 
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Table 5.4: Monitored Methane Levels at SLSL 
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tlW (除1m3 (ppm)) I dw (μg/m3 ( 

1966 (2.34) 

Pollutant 

Methane 

Notes 

卻v: upwìnd 
品i1: downwind 

Assessment 建f Ilnpacts frOln Dust Emissio ll.s 

Only one sensitive receptor for 5LSL has been identified and considered in 位le study, 
this is given in Table 5.5. 

Table 5.5: Sensitive Receptor and Location 

LandfiIl Site 

Siu Lang Shui 

Sensitive Receotor Grid Reference 

811036E 825γ82N 

Chapter 4 details 血e modelling approach undertaken in 血e dust assessment study. The 
impact from combining the dust generated from a 0.0625 ha construction area situ主ted
on 血e site boundary wi由 vehic]es passing on unpaved roads 鼠也e site boundary at the 
sensitive receptor is: 

Distance from 到te

TSP concentration from vehicle.'i 
TSP concentration from construction sHe 
Total predicted TSP concentration 

訪問m

= 264μglm3 
話 640μgI懿3
= 904 J1g1m3 

It can be seen 位1at the 500 l1.g/m 3 air qua1ity guideline is exceeded. Therefore, 
mitigation measures are necessary. This mitigation may înclude dampenîng down the 
surfaces of 由e unpaved road and construction site. An effective waterin萃 programme
(twice daily watering over U1e en(jre site) is estimated to be able to reduce emissions by 
up to 50% from ground surfaces. This should be able to reduce the to臨.1 TSP 
concentration to about 450 時1m3 which is below the relevant aîr qua1ity guideline level. 

Covers and wind sh.îelds may be used at places where high emissions of dust are 
expected. On days where the wind direction is such that dust is blown towards the 
sensitive receptor and mî豆gating action is unable to reduce dust levels to a satisfactory 
level, it is possible that traffic m勾結ke a diversion and use a route further from the 
sensitive receptors. At times of particularly high levels it may be necessary to suspend 
cons虹uction activíty. 

The AQO that applies to TSP in Hong Kong restricts 24且hour average concentrations to 
below 260 J1g/m3. Using a factor of 0.4 to convert the l-hour concentration to 2牛hour
concentration (when considering u 12 hour working day) and a 50% reduction due to 
the implementation of miti皂alion measures 1isted above, a predicted TSP concentration 
of 180μglm3 is obtained whîch is helow the relevant air qua1ity guideline leveL 

Several assumptions have had to bεusεd due to a lack of relevant site specific data and 
accordingly the model1ing approach could only provide a broad indication of the 
possible dust impacts. Despite thc hîgh values predicted, the ConsuItants are confident 
that subject to sensible mîtigation measures, no significant dust impacts will occur. 
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5.40 

5.41 

5.42 

AssesSlnent of lInpact from. VOC EJniss的1S

Landfill gas samples were obtaincd from drîIIholes DH205 and DH208 for GC/MS 
analysis. Benzene was the only SAC detected in 白色 LFG samples. The average 
measured concentration of benzene is given in Table 5.6. 

Table 5.6: SAC Concentrations in LFG at SLSL 

concentration in LFG(mglm為

3.10 

Pollutant 

Benzene 

VOC emissions were determíncd from the following: 

• Oxford University Model was used to ca]culate the volume of landfill 拿給
generated by the landfil1; 

• Concentrations of VOCs in landfillεas were derived from samples taken from two 
drillholes; and 

• Gas venting from a total 0 1' 79 vents of which 23 were old and 56 were new 
inst喜llations. To take accounl of the position of the new vents relative to 自己 old，說
話 assumed of the tOlal emÎssÎon 70% is emHted vîa the old vents and the other 
30% vÍa the new v學nts.

Table 5.7 details the ernission and modelling pararneters used for predictive modelling 
ofVOCs. 

Table 5.7: VOC Emission Levels and Modelling Parameters for SLSL 

Parameter Input 

P船sive vent height 3m 

Gas temperature 40 "C (313 "K) 

Assumed air ternperature 25 "C (298 "K) 

Gas volume 285 m3/hr 

(70% via old vents and 30% via new vents) 

話umber of vents 79 (23 exist1ng and 56 new) 

Vel1t diameter 10 cm 

Contaminant emission rates* 

Benzene (old vents) 0.0075 rng/sec * 

Benzene (new ve臨) O.佐江3 mg/sec * 

Notes 

Other Specified Air Contaminanls were nol detecled in tlte landflll gas. 
Meteorologìcαlαssu.mptions arc the salJJe as those given in Table 4.8(b) 
USEPA Model ISCST 1個s employed. 
VOC emission rates were derived from measured concentrations of 1仰。II gas from a drillhole. 
* the emission rates are per l'ent. 

......酬
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5.45 

5.46 

The results from modelling SACs at SLSL are presented in Table 5.8. The predicted 
concentration 紅色ε 峙的Hive reccptor and the maximum predicted concentration values) 
for benzene which was the only SAC pr的ent în the LFG at SLSL, are an orde玄 of
magnitude less t11an monitored background levels and the calculated risk is less than 1 x 
10-6, A conservative conversion factor of 0.3 was used to convert maximum annual 1-
hour average concentrations to annual average concentrations in light of the 1i血ited
data and 血e assumptions m ade in the modelling. 

Table 5.8: P.redicted Concentration and Associated Risk from SACs at SLSL 
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Maximum Annual 
l-Hour Concentration Annual 

Receptor Pollutant 你認1m3) Risk 

Max Value Benzene 。.4 9.96 x 10-7 

811100E 826110N 

Sensitive Receptor 

811036E 825782N Benzcnc G種2 4.98 x 10刁

These results indicate that the restored SLSL site will not be a significant contributor to 
ambient Ievels of VOCs. Nonelhcless it is considered prudent to include requirements 
in 由e contract documents for lhe Contractor to carry out detailed environmental impact 
assessments. The contract. Speci Jìcation should include environmental standards which 
could include risk-based guidelim況。n which the Contractor will have to achieve and 
verify in his design. 

If high VOCs are detected it would bc possîble to înstall filters of activated carbon 
wi血inthe vent pipes to give an absorbent media for VOCs. Howeve:吏，註lÎs could reduce 
venting efficiency and hence efficicncy of the landfill g是s control, and extra venting 
arrangements may be necessary (0 improve the efficiency of the overall landfill gas 
control system so 也at lateral gas migration would not occur. It is considered. th前
filtered passive vents, coupl~d wilh a regular samplin草. testing and maintenance 
programme, could be used to effectively reduce the VOC's to acceptable levels. 

Because the proposed LFG restoration works at SLSL rely on passive venting with no 
flaring of gas, particul紅 attention has been given to the assessment of odour. Samples 
of LFG from 23 holes dri l1ed into wasle at SLSL were 益nalysed for a comprehensive 
suite of odorouεcompounds. Tahlc 5.9 Hsts the concentration of those compounds 
detected above 血eir odour thrcshold. 

‘ 
..、、
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5.47 

Table 5.9: Trace Gases in LFG Exceeding Odour Limits for SLSL 

205ß 205QB** 208A 

butene (total) 4.7 1.3 2.6 

pentene (iso血er) 0.8 0.6 0.6 

dimethyI sulphide ND ND 5.8 

acetone L3 1.3 87* 

propan - 2 酬。1 ND 0.2 11 

2-methyl propan -2-01 0.1 0.2 0.6 

cyclohexane 2 1.6 1之

tetrahydro仇lfan ND ND 3.6 

butan-2-one 2.9 2.4 72 

butan“ 2-01 ND 0.1 5 

n-decane 46* 46* 72* 

Iimonene 130* 110* 390* 

且自octane 3.3 2.9 5.4 

dimethyl disulphide ND ND 0.2 

toluene HO* 72* 175* 

C5 or C6 alcohol ND ND 1. 1 

n輛nonane 20 17 27 

ethy 1 benzene 33 29 59 

xylenes 6 的 59 92 

styrene ND 0.5 1.0 

methyl styrene ND ND 5.2 

naphthalene 5.1 4.9 3.5 

Notes 

# Saturation 吃f mass speClrometer as conselJuence of choice of in1ernal standards represents 
underestimate (all measurements in mg 111-3) 

** Duplicate san月ples戶r QA pwposes. 
ND Not detected; below the metlwd detection limìt 

Table 5.10 gives the resuIts frOlu thc modelling study of the twenty two compounds that 
exceeded the odour threshold in lhe analysed landfill g鑫s. The results are given for 
ground level concentrations at (he sensitive receptor and at the point where the 
maximum concentration occurs. In every case the predícted concentrations are below 
the toxicity level OES/I00 (the predicted ri此 for styrene is also below the acceptable 
cancer risk). The predicted conccnlrations of the air contarn1nants would not cause any 
odour nuisance at any present or potcntial sensitlve receptor. 

筍..-
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Table 5.10 : Predicted Concentrntions at ASR from VOCs in the Landfill Gas 

民lJaxinu.m l\Jaximum Value 
Concen( ration 811100E Sensitive 

at EIEpEoE iaBtof 826110N 
CoRnececenptrtoatr ion 

OESJI00 
emlsslon Concentration (8hrs) 

Pollutant (mg m-3) (!1g m-3) (μg m-3) 〈μg m-3) 

butene' (to結1) 4.7 0.64 0.26 

pentεne (isomer) O.X 0.11 0.044 

dimethyl sulphide 三.但 在79 0.32 

acetone 性? ]2 4.8 17800 

propan-2-o1 I1 1.5 0.8 9800 

2-me甘lyl prop組-乞01 0.6 0.082 0.03 3000 

cyc10hexane 1.6 0.22 0.087 3400 

tetrahydrofuran 3.6 0 .49 0.2 5900 

butan-2-one 72 9.9 3.9 5900 

butan幽2-01 有 0.69 0.27 3000 

口-decane 72 9.9 3.9 

limonene 39位 54 21 

n-octane 5.4 0.74 0.30 14500 

dìmethyl disulphide 0.2 O.()27 0.011 

toluene 17 其 24 9.6 1880 

Cs or C6 alcohol 1. 1 0.15 0.06 

n幽nonane 27 3.7 1.5 

ethyl benzene 芳。 8.1 3.2 4350 

xylenes lJ 2 13 5.0 4350 

styrene 0.13 0.055 

methyl styrene 三 .2 0.71 0.28 4800 

napthalene 5.1 0.70 0.28 500 

Notes 

Takenfrom CAPCOA Air 1'oxics "Hot .\'1'01" l'mxralllllw Revüetl1992 Rìsk Assessment 
UCR = 5.7 x 10-7 <.μ:g !U-3r 1 for Slyrt'的，
Risk at m削 value 7.4 x 10-8 
Rísk at receptor 3.1 x 10.8 

Noise 

Background Noise Levels alld M()lliloring Data 

5.48 Si血ilar to the case of PPV I.何 hackground noise monitoring has been carried out at 
SLSL. measurements being ma<le in hour]y pcrîods during the d孟y between 07 :00 
hours and 19:00 hours from 26 10 27 Dcccmbcr 1993. Sum班larised results and the 
nlonitorin萃 locations are givcn in Tuhlc 5.11 and Figure 5.4合spectiv~ly. 、
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Existing noîse sources detected at SLSL have included the power station to the west of 
the site, road traffic, and occasîonal aeroplanes. 

During the day's monitoring at SLSL-l there was a fifteen minutes period of 
exceptional noise from the power station, which occurred between 08:00 hours and 
09:00 hours. 百le average noise levels at 血is location have therefore been calculated 
twice, once wi世1 the period including this exceptiona1 noise, and once without the latter 
being marked with asterisks in Table 5.11. 

Table 5.11: Summarised ßaseline Noise Monitoring Results for SLSL 

AveradgBe (主 Noise 
R置。nitoring Location Major Noise Sources Level 

LI0 L90 LeQ 
SLSL-l Boundary of EPD's Power station to the west 63.6* 62.0* 62.9 

250m consultation 23) ) Occasional aero抖個es 65.5 62.1 71.0 
zone Occasiona1 cars passing by 

SLSL-2 Boundary of landfill 1) Occasiona1 aeroplanes 58.2 49.7 55.6 
2) Occasiona1 cars passing by 
3) Cars passing by îron bridge 

on Lung Mun Road 

* excluded the exceplional noise from t/w power stalÍon 

~xamin~tion o~ ~e f~ll res~lt~ (scc AI~pendi~ 3) re.ve~l~ ~at~.the ~AI0， LA~~ an~ L~eq 
figures for each hourly period, apart from the period including the exceptional noisê 
from the power station, are a11 very similar in value. This indicates 也at the dominant 
source of noise at this location is (}f a steady or constant nature, and is most likely to be 
continuously running plant at the power station. 

The other monitoring position associated with 血is site, SLSL品~ is located at 血e landfill 
boundarYt and the results obtaîned here are consistent with a noise climate dominated 
by road tra在ic noise. 

lmpacts 01 COllStruCtiOIl Activities 

Cons佐uction noise impaçts wiII depend on the scale and duration of development，甘le
prevailing noise environment, the proximity of sensitive .receptors and the type of plant 
的ed on site. Given that there will be only limit'ed construction activities at SLSL; the 
increase in noise generated from the earth moving activity and other construction 
activities will be insignificant. Additionally, curren t1y there are no noise sensitive 
receivers in the vicinity of the si 蛇， and therefore. any transient significant increase in 
construction noise would not causc any immediate nuisance. 

11npacts 01 Afteruse Opti011 

The primary source of noise associated with the preferred afteruse option would be 
road traffic generated by go-karts. Any buildîngs proposed on site could be located in 
less sensitive areas of the sÌte and bc screened 011 by substantial tree planting, in order 
由at noise associated wHh their use could be mitigated. In the event that any noise 
sensitive developments are prcscnt at the post-restoration stage, a noise impact 
assessment study should be conducted. 

Water Quality 

Existillg lIlarille water quality at Siu l...all.g Slzui 

As at PPVL, marine waters offshore from SLSL lie witlún the North Westem WCZ. The 
same monitoring stations NM3 and NS3 , for monitoring of marîne water quality and 
bottom sediment qua1ity respectively, are the closest stations to SLSL. A s虹eam
discharge to the sea is wìthin 100 m of the landfil1. The location for the monitoring 
stations is shown in Figure 4.8. Thc summary statistics of 1990 - 1992- marine water 
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qua1ity and bo說om sediment quaJity are given in Table 4.14 and Table 4.15 of Chapter 
4 respecti ve旬. The comments rclaling to marine water quality at PPVL are a1so relevant 
to SLSL. 

Existing groundwater alld surface water quality 

Site investigation and subscqucn( monitoring conducted during this study have 
provided information with respcct to groundwaler quality in the vicinity of SLSL. 
Groundw揖er flow is predominantly southwards towards the sea. Collected groundwater 
from under 世le eastern part of lhc landfi lI îs currently routed under the coast road to 
discharge at 血e beach whereas groundwat"er collected from the westem area is routed to 
discharge to the stream as shown in Figurc 5.5. 

The results of the analyses for lcacha缸， groundwater and surface water 紅'e given in 
Table A4.2 of Appendix 4 and. thc monitoring locations 訂e shown in Figure 5.5. The 
resu1ts show 由at groundwater contamination by leachate is evident in the three down
grad.ient drillholes narnely DH201 , DH203A and DH204 as well as the pipe discharge at 
the beach. Groundwater at DH201 and DH203A are contaminated with leachate 
passing through 宜。rn the soakaway pHs which are situated in between them, whereas the 
contarnînation of groundwater at D封204 is due to liner leakage. Simi1arly, the 
groundwater discharge at the bcach to the south of DH201 is contarnînated with 
leachate, possibly vîa liner 1eakagc. 

Table 5.12 sumnmrises the results of the analyses of groundwater and surface water at 
SLSL and compares thcm wilh other groundwater standards. The analyses of 
groundw是ter at DH201 , DH203A and DH204 show evidence of contamínation by 
leachate; and 血e water qua1ity would not be acceptable for drinking purposes, based on 
the standards quoted. Howcvcr, Ihere is no evidence of any local use of either 
groundwater or surface watcr in the vici到ty of SLSL. 

As shown in Table A4.2 of Appcndix 4, the upstream surface water sample (W201) is 
unpolluted whereas some contamination has taken place at locatíons downstream (W203 
and W204). Most of the contamina1ion in the slream, as it 叩ters the sea, results 宜。r扭曲e
present disposal routes for leachate, rather than leakage of the culvert. Although a 
considerable amount of stream water hclps to çJiIute the leachate effIue鈍， the water 
quality downstream remains poor as indicatcd in、 Table 5.12. 

Leacllate qu.aJltity and quality 

Given the uncertainties involvcd , and ab始nce of direct measurement, estimates of 
leachate production and flow have been made in WP3 for this 12 ha landfill to be 插曲c
range 25,000 -巧，000 cu m/a (Ref 5.7). Thîs remains too broad for satisfactory design 
of long term disposal options and further work as proposed in WP3 should be 
undertaken to refine the assessment. Notwithstanding of this , the pre侃到 leachate
discharge flows are estimat位J as Jbllows: 

peak: 
average: 

137 - 411 cu m/day 
68.5 輛訂)5.5 cu m/day 

The details of the qua1ity of leachate rneasured in drj]lholes, sump and filtration t師也s
are reproduce廿 in Table A4.2 of Appendix 4 and the summary of the analyses of 
leachate at SLSL is given in Tahlc 5.2“ The data indicate t11at leachate qua1ity with扭曲e
site is spatially highly variable as shown by DH205 and DH207. The filtratìon tank 
leachates coUected at L206 and 1.,207 however, best represent the average conditions în 
the landfill and indicate tl1at rnuch of the landfill is methanogenic. The persistence of 
acetogenic conditions in DH205 may be cxplained by the exceptionally high NH3- N 
concentration which may bc attribuled to a severe inhibition of anaerobic 
decom posi tion. 
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TabJe 5.12: Analy紛紛 of Groundwater and Surface Water at SLSL 

Standards for Groundwa重er 蠢蠢蠹 Water 
ST1 ST2 ST3 

Determinand 會
lGDruatdce h c 

。誰tch WHO Surface 
VPR water 

I pH (pH units) 6.5-8.5 6.9..8.3 
EC (uS/cm) 67輛5000

C為dmÎum 位。1 0.006 0.005 <0.02 
Chromium 0.2 0.026 0.05 <0.1 
COPP~I 0.2 0.035 <0第 1

Lead 0.2 0.05 0.05 〈位1

Nickel 。金2 0.04 <0.1 
Zìnc 5 <0.01-0.03 
Manganese 0.1 (<0.1-0.2) 
Iron 在2 (0.1..0.4) 
Sodium 200 (7.5-3100) 
Potassium 1.9品2

ness (as CaC03) 500 1;/恥31

hate 400 14峙。

Sulphic:i~ 0.3 
Phosphorous 0.1 轍。3

Nitr發te 10 在13舟，尋尋

AmmonÎa Nitrogen <0.1-60 
~~Idahl Nitrog~1'l 
γotal Organ ic Carbon <1-9 
Chtoride 250 (7.7..37()()) 
COD <7-56 
BOD 〈各28

E.coli(no.l100ml) 岫 。

Note: 

* AIJ units in mgll except where noted 
村 γhe St說ndard for drinkîng water (WHO) refers to Fecal Coliform 
含含* γhe standards for groundwater and drinking water being refered to are as follows: 

$γ1 Dutch Criteria for Category C Clean Up Investigations (Ref 5.9) 
sγ史時ew Dutch Second Generation VPR Criteria (Ref 5.10) 
ST3 WHOGuÎ岱lines for Drinking Water (Ref幻 1)

**會* Data enclose往 in brackets indicate the exceedance of the stan這是rds 部Joted
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Source ** .... 

Ground帽

water 
6.4酬7.6)

620-12000 
<0.02 

<0.1-0.2) 
<0.1 

<0.1-0.3) 
<0.1 

0.07-0.1 
(1.2-11) 
(1.4..13) 
32-750) 
5.4-310 
92-630) 
26-340 

<0.1-0.3 
<0.1 

(<0.01-40.4) 
3.3-1100 
4..1200 
7-250 
全5-750)

在1-1800
在各120

(忠于f:l~())



5.62 

5.63 

5.64 

5.65 

5.66 

5 恥 67

τbe leachate collection system appears to be working, but it is possîble 出at there is 
some liner leakage. Drillholes indicate leachate depths of 5 and 13 m in two locations, 
yet do not indicate 出at a continuous head of leachate exists on top of the b益se line仁
The discharge of the collected leachate is part1y as it was întended, i.e. via soakaways 
and overflow pipes 10 the s控eam， but also partly in an unintended fashion onto the 
beach. Bo由副部harge routes are unsatisfac10ry. Discharge 10 血e beach is onto 卸1 area 
of public access, regularly used for recreation. Discharge to 由es甘eam as a result of the 
inf10ws of leachate from soakaway constructed in 1987 gives rise to a significant 
elevation of ammonia levels to 品 mg/1.

Table 5.13 shows that the levels of pH, BOD, COD, copper, chromium, zinc, sulphide 
and total 世trogen of the leachate exceed the Government standards for eff1uents 
discharge into foul sewer (Table Al .3), indicating that direct discharge of this leachate 
into 由e PPVSTW ne訂by should not be permissible. Similarly 由e direct discharge of 
leachate in10 曲es缸G位n is also not acceptable. The situation is un1ikely to be improved 
un訓 leachate and contaminated 皂roundwater are intercepted and directed to the 
proposed leachate treatment facility at PPVL for treatment prior to discharge to 
PPVSTW as proposed in Working Paper WP6 (Ref 5.3). 

l1npacts of COllstructiOIl activities 
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Given 出at only small amounts 01' earthworks are required at SLSL for the repairing of 
the cap 紅ld existing landfill gas vcnting pipe, an insignificant increase in the infiltration 
of raînwater . to the waste and thus the leachate yield, would be anticipated. However 
when 白e regrading 在nd widening of the existîng track to fo口n an access road as well 指
出e construction of the go也kart circuit are undertaken, ìt is 為commended that the 
measures to cope with the increase in the aOloun( of sediment loads in runoff from 也e
site should be adopted, simîlar '10 those a1so proposed at PPVL. 

lInpacts of leac1tate cOlltrolmeasures 

At present, leachate clischarge via the engineered collection system is causing modest 
pollution of the stream and serious localised pollutipn of groundwater，都 well 在S
discharging in an uncontrolled manner on to th色 beach. In the longer term, when 
arrangements for collection, treatment and disposal of leachate and cont最minated
groundwater to a leachate treatment 抖ant at PPVL and then to PPVSTW _ are in pl師乳
白色 problems of water pol1ution can be resolved. In the shorter term, when interim 
measures are undertaken to alleviat.e the beach pollution and groundwater 
contamination by routing a11 of the col1ected leachate directly to the stream in a 
con缸。Ued manner, the aesthetic condition of the beach and 自己 groundwater quality can 
t河 partly improved. Thls is unIikely to significantly worsen the pollution of the stream 
and the inshore marine water which resul ts from t.he present uncontrolled discbarges, 
and which appears to 11ave continued for ßlany years. 

l1npacts of afteruse OptiOIl 

Based on proposed low intensity land use for SLSL as a go-kart circuît with support 
facilities , only 位le bui1dings and facilities along the maîn access road to the south 
involve a significant incidence of patronage. In a11 circumstances, site profi1inεmay 
require incorporation of some appropriate interception drainage and surface drainage 
measures to collect contamina(cd surfacc water, shed rainfall and reduce rainfaIl 
in自1甘ation.

Landscape, Afteruse and Visual 1 rnpacts 

SLSL is a wooded area with trees up 106m hi怠11 over a11 the fill slopes. Al技lough the 
new slopes are more gentle than those of the surrouncling hills，位ley appear as a natural 
ex紀nsion of the adjacent areas due to the dense tree cover which softens the edges 
betweeo the new and existing slopes. Visually, the central area is completely enclosed 
by hills 00 three sides, while ta11 trecs form a thlck screen 00 the south side. The site 
offers a quiet and secluded environment. 
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Table 5.13 : Analysis of Leachate from SLSL 

TM on Effluent Standards ** Landfill Site**發
Determinand* >200 and SLSL 

<::400 
I pH (pH units) 6-10 (5.9-8.31 
Temperature (OC) 43 26.3-42.2 
Suspended solids 800 
SeUleable solids 100 
BOD 800 (5-12000) 
COD 2000 (58-22000) 
Oil & Grease 50 
Iron 25 5.3-19 
Boron 5 
Barium 5 
Mercury 0.1 
Cadmium 0.1 <0攝02

Copper 3 (<0.1-8.9) 
Nickel 2 <0.1-0.3 
Chromium 2 (<0.1-9) 
Zinc 3 

、
(0.06-36) 

Silver 2 
Cyanide 
Phenols 
Sulphide 10 (<0.1-18) 
Sulphate 1000 <10-72 
Total nitrogen 200 (0.1-8100) 
Total phosphorus 50 <0.1-18 
Surfacta壁壘Jtotal} 40 

Note: 
AII units in mgll except where noted 

的 Standards for flow rates (cu mlday) expressed as upper limits (Ref 5.12) 
帥會 Data enclosed in brackets indicate the exceedance of standards 
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5.6學

5.69 

5.70 

5.71 

5.72 

5.73 

Both active and passive uses had been proposed for the síte. The primari1y use would 
be a mini go主art circuît in the central area, with support facilities on the lower slopes 
and along the access road. Disturbance of existing contours and vegetation would be 
minimized, wíth construction works concentrated at the bottom of the fíll slopes. 
Replanting has been proposed to compensate for 的es that would be lost due to 
reg主adin容， and to supplement planting in eroded areas. The m建jorîty of buildings 
would be small in size, and located away fro點血e landfill a挖掘. Where enclosed 
structures are proposed, provision should be made for gas venting. Floating 
foundations that could accommodate future sett1ement would be used where necessary, 
for example, at 也e refreshment kiosk and spectator seatin皂， which would be located on 
血e landfill. Passive uses such as picnic areas and nature walks would not req凶rem吋or
modification of the platforms and slopes. 

The quiet nature of the site woul這 be changed by the introduction of a go去art circuit. 
τ1lis afteruse, however, was selected ín anticipation of 如ture industrial development 
along the coast near thís landfil1 site. Such development would entail m吋or recl剖na位on
and construction of an elevated port trunk road, with an LRT reserve, across the middle 
of the site. It is considered, lhcrcfore, that the usc of 1ms site for a go-kart circuit would 
not be in conflict with such development. 

To accommodate the go-kart circuit ai1d spectator seati泣g， there would be new filling at 
the toe of existing slopes, and removal of a linlÎted number of trees. As a11 proposed 
structures 紅e small and low in profile, th句 could blend readily with the surrounding. 
Apart from an enlargement of the central flat area, the overall visu器1 impact of 血e
proposed afteruse development would be of minor sîgnificance. 

Settlement 

Existillg cOllditiolls 

SLSL was filIed between November 1978 and December 1983 duríng which about 
1.2 miIlion tonnes of domestic and industrial wastes were deposited. The future 
settlement has been estimated as less than 1 % of the total waste thickness due to the old 
nature of the waste, and the current sett1ement rate, which would continue to 
exponentially decrease with time , is estimated at about 0.2% per year. The existing 
capping layer at SLSL is largely in good condition even though some features occur 
near the southern end of the eastern landfill boundaηthat are indicati ve of settlement 
relative t。在djacent rock slopes which abut the waste at 也is location. With the exception 
of some minor cracking, often associated with settlement-related cracking in 也e
drainage channels, most of the landfiIl shows no significant features indicative of w部te
settlement. 
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lmpacts 01 COllstru.ctioll activities 

The generaI impacts of construction activities for settlement at SLSL are simi1ar to those 
described earlier for PPVL. Specific objectives for mînimizing the impacts include: 

• use of flexible paving material for the surfacing of the footpaths; 

• design of surface water management systems to mînimise maintenance by being 
flexible to accommodate differential settlement; and 

use of lightweight struclures where the foundation design should be able to 
accommodate the effects 0 1' differential settlement. 

• 

lmpacts 01耕èruse

The preferred afteruse recommended for SLSL ís a 恥 go-kart circuit with support 
facilities whilst retaining as much as possible of the existing vegetation and causing 
minimal disturbance to the existing landform. The proposed afteruse option represents 
a low ìntensîty land use with a low proportion of 1he site area dedìcated to building 
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5.γ4 

5.75 

structures. The small anticipated seUlement at SLSL is not considered sig凶fic但1t to the 
activities proposed. 

Correct use of. flexible paving material for the surfacing of the footpaths , flexible 
surface draina萃e channels and special sitìng for 血色 structures over the area where no 
waste is deposited二 are the appropriate means to minimise disruption to proposed 
afteruses. Subse吐uent works for repairing defects due 的 setllement would then be kept 
to a minìmum. 

High Tension Power Line 

The extra-rugh tension power lines (400 kV) across SLSL are a continuation of the 
power cables situated on the west of PPVL. These two sets of power lines cross the 
no吋l-east region of the sìte and only one of them is sîtuated wîthîn 血εsite boundary 
(Figure 5.2). The approximate distances between the lowest and nea主est conductor of 
也e power lines and potentially sensitive receptoτs on the site are given in the Table 
5.14. 

Table 5.14: Distance to the Lowest and Nearest Conductor 

Sensitive Receptor A pproximate Distance to the Lowest 
and Nearest Conductor 

Northern Boundary of the G。“ kart Circuit 100 m 

Picnic Are磊 110 m 

Spectator Seating 110 m 

Refreshment Kiosk 120 m 

Control RoomJ Club House 240 m 

Visitors Centre/ Shop 310 m 

5.76' Health hazards at thîs site might be slightIy worse .. han for PPVL because more 
recreational possibi1itîes exist for cxposure to human bein訟， and some of 1hese are 
located in closer proximity to the EMF hazard. ln par註cul缸，自己 spectator seatîng 
a建jacent to 甘le go去art circuit is only 110 m distance from 也e lowest point of 甘le power 
line 剖ld length of exposure 1imc hcre wiU be longer than for other activities on site. 
AIso 甘le picnic area is Iocated at only 110 m distance.τbe same is also 血e case for the 
refreshment kiosk, situated 120 m away from the lowest point of the power line. 
However, the visitors will only stay at SLSL 也sing the facilities for short per~ods of tim巴，
thus limiting their exposure to the EMF. Aga俑， the strength of the EMF affecting 
hum認 health would also be reduced with an increase in 屁巴 buffer distanc~， as for 也已
control rooml club house and visi (ors cenlre/ shop which 紅e 240 m and 310 m distance- ‘ 

玄espectivel y . 

5.77 

5.78 

自，

可.. 

The conceptual design of the aftcruse optîon for SLSL described 給rIier in this section 
has already taken the safety aspcct 0 1' the power 1ines into account, thus no immediate 
buildîng or structure wiI1 be inslalled close to the conductors of the power cables 
violating the mÌnimmn distam品。r c]earance. 

Conclusions and Recommendations 

The recommended afteruse for SLSL is a go-kart circuit with SUpp01t facilities, with the 
specific objective of retaíning as much as possible of the existing vegetation and causing 
minimal disturbance to 由e exisling landform. No leachate treatment facility or LFG 
extraction plant are proposcd 1()f SLSL. 
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5.79 It is recommended thal fhc aBcrusc dcvcJopment is located towa吋鵲起 bottom of the 
exis註ng 1組dfill slopes, with rcpl anl ing conducted so as to replace removal of existing 
trees and to e揖lance the 玄cmai叫ng vcgctation. 

主義o Settlement issues are no l. rcganlcd 似 hcìng of 組建jor sig插話can嗨，給如ture sett1ement is 
expεcted to be.minor and no hcavy struclurcs associated with the afteru認旺e envisaged. 
A new cap should be J主laccd ncar thc southern end of the e這stern land話11 boundary 
where shear features occur. Thc capping design îs similar to PPVL, but contains a 
紅anul訂 layer to 船sist in thc dispcrsÎo(l 01' LFG. Similar]y, slope 時quire單間ts are as for 
PPVL, where slopes in gcncral should havc a gradient of not more 由組 1(V) to 仔但)，
'的 ensure an ade這uatc faclof 01' ~mfcty. 11 îs rccommend叫 that f1exible pavîng and 

surface water managemenl sys'c ll1s hc uscd to prevent damage due to restoration 
following restoration‘ 

5.81 Pe益k LFG generation rates WCfC prcdictcò 10 have occurred in 1983, reaching 285 cu 
m均每y although inhibition 01' wastc dcgradation may be resulted în lower rate星星 The 
composition of LFG a1 SL,ST", is sîmilar to th揖啦 PPVL and is indîcative of a 
methanogenic landfilL LP(ì control is of particular importance at the southern 
boundary, where installation of a passivc vent trench and 盟embrane barrier, with 
appropriately spaced vcnt pipcs is rccommcnded. This should be extended around the 
periphery of the sìte j r tc抗ts (() hc carricd out at PPVL indicate it i草 necessary. In 
addi位on， appropriate LF(ì protcctíoll Illcasurcs should be in話說led to or卜site bu i1díngs. 

5.82 Impacts of LFG 如ring construc1io l1 afC cxpccted to be mißÍffi訟， as only a restrict磁 area
of ea叫lffioving will he rcquircd ovcr was(c deposits. Fol1owing the completion of 
restoration, gas vents will hc rclnst<ltcd anò integrated with the gr給ular 1均rer of the new 
capping layer. Where vent slacks arc rcquircd ît is recommended that they 油∞ld be 
fitted with flame arrestor恥的d suhjccr {O rcgular inspcction and maintenance. Buildîngs 
developed within the 恕。 m consulta fÎnn zone arc not consider臨d to be subject 紛紛y
significant risk from LFG migrHlion with the installation of an 議ppropri泣e LFG 
perimeter control systcm. 

5.83 It is conc1uded thal a joinl lcachafc Crcalmcnt facilìty for SLSL and PPVL wo程ld
represent the most cυ只 1 cfTecli vc op1ion. To resol ve the problem of surface water 
contamination by lcachalc on-sile a Ilumber 01' remedial measures have been 
recom路 including improvcd inlcrccption and'leachate holding faciIities. 

5.84 Operation器1 areas during rcs(orafion are likely to be small, thereby reducing the 
potential încidence of signi lìcanl dust impacts. The 紹給路ment of TSP impacts shows 
predîcted levels below lhc AQOs jf lIlÎt igation mcasures 位'e s虹'Íctly appHed. Predictive 
assessment of landfiH gas 至 lispcrsion i ndicales 1hal fol1owìng restoration works t odour 
性質的holds wîll not be cxcccdcd. Thc rcsulls from lhc VOC 紹給ssment indicate that the 
restored site will not be signi fictin( contrihutor 10 ambient levels of VOC. 

主討 It can be concludect from noisc 1lI0nÏl orÎII泣 ωrricd out for 自話說udy 胎是t the dominant 
noise source in the area CJWUl éJI心 froJll thc power statÎon and from road traffic. As 設lere
are no noise sensitive rcccivcfS in .hc vîcinity 01' thc site. transient increases in noise 
levels due to conslnlction aclivity arc unlikcly to hc a problem. 1n order to reduce noise 
impacts assocîated with thc 萃的且karl lrack、 it is rccommended 也肘。如 buildin嘉s be 
located in less sensitivc Ufcas and vegctation scr∞ni咚 be used where I裕的ibl愁，

86 Marine water and sedimc糾正lualily <lata for l"lPVL also apply to SLSL and the same 
conclusions can be drawn. Oroulldwa'cr i只扣除wn (O be con給minated from leachate, via 
soakaway pits or liner Icukagc. Surfacc wu(cr qualHy is simi1arly affected. Leachate has 
also been found 抬起c or Hn unaeccplahlc qua1ity [or direct dîscharge to sewer. Thε 
situation is unlikely 10 improvc un (i) lcachate and contaminated groundwater 缸e
intercepted and direc(cd t 行 the prnposcd Icachate treatment facility at PPVL. lt is 
recoffinl扭曲d that measures ,lrc implcmcnted du討ng the construction stage to prev品t
excessive discharge 01‘ scdímcnt ItlU<l S、 and appropriate surface dr主inage ìs installed as 
P缸t of 自己 restoration wnrks 10 c lIsurc Ihc scgrcgation of clean and contamlnated waters 

5.87 In visual impact terms it is cnncludcd that thc restoration will be of minor 豆豆剖ficance，
except 自at the 學0名a{1 circuil would involve thc enlargement of a ce 
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A.1thOl)gh the ql.liet naturc 0 1' Ihc sílc would bc changcd by the go-kart circuit，自is is not 
out of context of the industrial dcvelo j1nlCnl cnvisaged in 血.e future. 

5.88 Health hazards associalcd will~ j1roximily (0 high t:ension power lines at SLSL are 
considered to be s1ightly grcalcr th,m for PPVL. as facilities are generally cIoser. 
However, exposure 0 1' thc puhlîc will bc of a transient nature, and no building or 
s甘ucture will be conslructcd wirhin Ihc minimum distance requirements. 

5.89 Details are provided in Chaptcr () and Appcndix 5 On recommehded monitoring with 
respect to the key environmcnt ,lI j1aramclcrs of concern. Thîs monitoring programme 
will provide the basis for thc cstahlishmcnt of baseline conditions prior to restoration 
and provide the necessary dala to cnsurc 制lilable mitigation measures are implemented 
in the event of unacccptahlc impal" s hcing dctcctcd. 
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6. MA-TSO LUNG LANDFILL 

6.1 

6.2 

6.3 

6.4 

6.5 

6.6 

Study Area 

Site description 

The Ma Tso Lung Landfill is remote and located near the border closed 紅ea. The 
l組dfill site is a small site of about 2 ha where landfilling took place between July 1976 
and February 1979 (Figure 6.1) 蠱 Domestic and industrial wastes totalling about 
180,000 tonnes were deposited. 

The top of 由e landfill forms two platforms, at 41 mPD and 47-49 mPD. The lower 
platfonn is smaller and has a shal10w gradient whilst the upper platform is larger and 
has a steeper gradient. These two platforms are now barren and partly occupied by a 
variety of unauthorized users including crude compost manufacturers. The 
surroundjng slopes are covered with patches of wi1d shrubs and grasses. 

The landfill has an access road to 由巴 south which connects with Castle Peak Road 
(Chau Tau) at Pak Shek Au (about 750 m to the south). Footpa血s to the surrounding 
villages to 血εnorth， south and west also provide access. Parts of the site are occupied 
by Community Sports Ltd , a non-profit rnaking company which proposes to 油缸e 血e
whole landfill site with Tung Wah Group of Hospitals for bwlding a holiday camp. 

Separate groundwater and leachate collection systems were constructed as part of the 
lined containment landfill system. The groundwater collection system was directed 
north-east to a discharge point in the bed of the original valley s虹eam at 也e foot of the 
no吋l-east face of 血e landfill. The leachate col1ectors were routed south-east to a sump 
that linked to an abandoned 1εachate filtration tank and soakaway pits at 血e south
easternmost part of the landfilL Leachate seepages are causing serious pol1ution of 
surface waters both to the north-east and south-east of the site. 

Ellvironlnelltal setting alld land uses 

Within the site boundary of the landfill , no distinct land sensitive users were found. 
However the lower platform was occupied by an îllegal compost manufacturer during 
the time of study. Inside the 250 m consultation zone, a large orchard accompanied 
with some old village houses is located at the north. To the east is a football field 
belonging to Community Sports Ltd which, together with the landfill site, lies within a 
GovemmentllnstitutionlCommunity (GIIC) 缸ea.τbis who]e site is wÏ血in the draft Kwu 
Tung North Out1ine Zoning Plan and is proposed for a future development of a ho1iday 
camp managed by Tung Wah Group of Hospitals. The outer fringes of 位le landfill si te 
fall into a Green Be1t area whlch encloses the landfill at the north帽west and south-west 
interface. Adjacent to the footba l1 field 缸e some smalI industrial buildings used mainly 
for timber processíng. 

Restoration ProposaJ 

lntroductiOll 

The proposed restoration options for MTLL have been discussed in the previous 
Working Paper W的 on Master Development Plans (Ref 6.1), and 血is sectîon describes 
出e preferred restoration option for the site which is regarded as environmentally 
acceptable and safe. To accomplish the Iong-term management of ]andfiIl gas and 
leachate, there are appropriate measures to control and minimi路 their inlpacts. An 
outline of measures for the managenlent of leachate and landfill gas is given în the 
fol1owing paragraphs. 

筍.，r
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6.7 

6.8 

Restoratioll cOllstraillts alld opportullities 

An examination of land use and landscape issues has led to restoration options being 
proposed for M1LL 部 described in WOfking Paper WP4 on Land Use Options and 
Planting (Ref 6.2). The constraints and opportunities on the restoration development of 
M1LL 訂e summarised in T油le 6.1 below. 

Table 6.1: Constraints and Opportunities for the Restoration of MTLL 

Constraints Opportunities 

1. Small site area (2 ha) 1. Two pla叮'orms available (0.6 and 
。.2 ha) 

2. Distant from large population centres 12. Development proposals already 
formed 

3. The site is already granted to 1 3. 
Community Sports Limited 

4. Set位ement problems 14. 

5. Leachate and landfilI gas emission I 5. 

Road access requiring some 
improvement 

Pub1ic transport 

Adj acent to recreational 
facilities/1and with potential for 
b叫lding development 

6. New Landfill cap to be protected 

Afteruse optioll 

The preferred afteruse for MTLL is a holîday ca血p proposed by the Tung Wah Group 
of Hospitals 最吋血色 development plan is shown on Figure 6.2. The camp will utilise 
two adjacent sites, with building works concentrated on the site south of M1LL. It is 
intended that a wide range of. outdoor sports and rerreational 闊的 wiII utilise the 
platforms and slopes of MTLL. 甘心le construction works for building the holiday camp 
wiU only commence after the restoration works for MTLL are completed in 1997 t as 
proposed in Working Papεr WP5. The broad landscape design objectives an益 design
principles for M1LL are: 

. to enhance visual aspects of the site; 

to ensure good vegetatipn establishnlent on a11 appropriate areas; 

如 de1ineate areas of different afteru草也;

• 

• 
to regrade the landfill slopes to a gradient no steeper 血an 1 (V) to 4(H); 

• 設。 buildings should be constructed on wastes; 

to develop after-uses witlùn the context of the tlG/IC tI zone of the draft Kwu Tung 
North outline Zoning Plan No. SINE-KTN/1. 

to carry out a comprehensive planting programme prior to other developments . 

• 

. 

"、時

77 

l
h
u

「
L
h
k
u
r
L
i
h
U

口
U
U
U

仁

U
F
L

刊
U
F
L

刊
U

刊

u
r
u
h
u
h
u
u

刊
u
n
u

刊
U
U
-
r仁
向
十
(
一



E
Z
Z
M
E

、
M
S
H
嗯
莒

台
告
g
c

閏
ω
E
C
N
g
z億
Z
Z
E
e
h
v草
2
月
單
位
鳴
叫

\0 
ω 
h 

B 
."，閹

知

、〉

. . 

，

l

翎

嘲

4
a擱

‘‘ 
守

, 
3、 4 .. 

‘ '. 
F 

a 眉，于 1
甸、

Z 

Mγ? 

1 

" 

1 色

A/-EL Jae--

ν
f
z
H
Z
Z
M

泊

代
斗
。

『

A
X
U

~
位

自 1

和
這
句m
m
O
岫
ω
詞
。
N
m
m
w
S州
軍
館
。h
v

h
h
m
w
苟
囡
囡O
A
m岱
m
w
g
懦
、
阿

" ' 
/ 

可

",., 
J 、 A

J 丸，

，f 、、 1

、，" I / "戶
J 

I 
/ 

,.. .L.、
一..Jo....

、
、

\\ ,. \ 
\、~. . ，、
1 、

，一##、" '、‘阿

•• 
uylea.1 

叫a
f
t
-
H

'L"-nl-
d
，
/
刊
、
J

'
.
凡
、
亡

3

'r-d 

.. 
』
ι『

... 

\Ft f

況
，
'

,4FF\ZZ 

Z 

J
d
v、
1
1
.
r
b
d
'

，

a

'
.
r
.
L
J
\
j
'

、

)
、
，

、
"

,' 

、
'
，

9 

.、

‘一

' , 
~，'、
、J

二三)

“
自
Z
悶
悶
。
悶
悶
、
同

1 

J 

" f、

E 

J J 

包"
J I 

J 
1. , 1 

~. 
' , 

亡三

i 、 \...l : 
1/ 尸!];

(1、 |{i，丸
，、 ."'-rJ

~ ,) <" k..\;. ~~、
'， 1 ，可可 t 、1'" ~、

亡三!

叮少、些
\、、 F

~/ .i 

~/'制‘、紗

, f-UP 
"、，\

J 川、、'./ "'"ρ 
j:' '," ' ，九r 心/，，，、
1 :\'/"‘..:(~) / (J 

, ，.'(\叭r "， / / ..... 

久， :?fpjIn
.心，乏'/\\~''::-'U .... 
'l "\ζM 
不巧{~.，楠、

fJe叫

王 UA也 口之/
、，\ /向

&..L"')/ " 
\~ ("1 

:泣 ..1

」…一
「一~---~

L一一-~亡三



L
U

門
U
n

仁
「

l
h
u
n
u
h
u
u

h
N
U

刊
匕

鬥
仆
仆
一
〔
仆
U
-
刊
U

…U
H
]

鬥
刊

一
仆

U
h
U

刊

〕

們

又
一
川
U

刊
U

仁
仆

斜斜5

斜斜必

Figure 6.2 

Ma Tso Lung LandfIlI 

Dev~lopment Plan 

\ 



h
u
h
-
υ

「
U

刊
U

尸
U

「
U
R
U

「
L

「
!
…
「

L
h
u
u

「
L

「
L

6.9 

6.10 

6.11 

6.12 

6.13 

rL[LLJuhul--1| 

6.14 

PÙlnting proposal 

It was recommended in WP4 (Ref 6.2) 血at stabilization of slopes with tree and shrub 
plan世時， after 血e initial hydroseeding, wilI be necessary. . Trees and shrubs 血at are 
known to be success如1 on windy sites should be used. The planting layout should 
relate to the proposed afteruse and to the rural nature of the surrounding areas. Tbree 
broad categories of planting are proposed as follows: 

• open grass areas with perimeter 虹'ee planting (possibly an 缸chery area, footbal1 
pitch, roller skating, barbecue arca and rope cIimbing area); 

open grass 紅eas wi也缸ee planting (possibly an amphi位leatre， exercise 缸ea and a 
pond); 

infonnal tree and shrub mix planting (primarily on slopes) . 

. 
• 

Trees should be planted initialIy so as to provide a more sheItered environment for the 
growth of shrubs whlch would then be subsequentIy planted. During the latent period, 
a larger selection of shrubs could be used as in-fill planting. 官le landfill will require 
reprofiling prior to capping. The design of the capping layer for the reprofiled landfill 
is proposed in WP6 (Ref 6.3). In areas of 血e restored MτLL site requiring 虹的
planting, the top cdv/cdg layer should be increased in 誼通ckness from 850 mm 
(minimum) to 1500 mm (minimum). No deep rooted species should be selected for 
tree planting. 

Settlelnellt an.d slope stability 

Although most settlement has already occurred, as the site has been closed for about 13 
ye缸s，也ere is likely to be less futur巳 settlement 血an predicted due to inhlbition of waste 
degradation. No heavy structures are planned in the waste deposited 訂閱皂， and the 
foundation design of roads and pathways should be designed to accommodate the 
effects of differential sett1ement. The conceptuaI design of the capping layer which has 
been defined in Working Paper WP6 (Ref 6.3) should accommodate future settlement 

The design criteria for sIope stabiIity at MTLL should be the same 鉛 those defined for 
PPVL, as described in Chapter 4. 

Lalldfill gas lnαllagelnent 

A new LFG management system is proposed and the general design criteria for LFG 
con缸。1 at MTLL are similar to those specified earIier for SLSL which included; 

• an integrated LFG management scheme wHh leachate contro] and site capping; 

to provide protection of all buildings and other structur的， both those existing and 
those planned for the future; 

to provide continued long term protection of afteruse, inc]uding landscap巳 works;
and 

• 

. 

. 的 insta\l venting within wastes to encourage controlled dissipation of LFG to non
sensitive areas of the site. 

The LFG management system for MτLL re1ies on a combination of high permeability 
venting areas and low permeabi1i t.y barriers to prevent LFG from migrating towards 
sensitive receptors. Venting zones should be located around the boundary (perimeter 
vent trench) , within wastes (passive venting wells) , and underlying 位le capping layer 
(granular gravel blanket) which is requíred to join with the perímeter gas control 
system. The design of vent pipes should permit blending with landscape features 
without compromísing their efficiency. No active LFG extraction facility either for 
flaring or utilisation is proposed for MTLL. 
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6.15 

6.16 

6.17 

6.18 

6.19 

6.20 

6.21 

6.22 

Leachate lnallage111ent 

Proposed regrading and capping of the landfil1 wilI reduce leachate generation and 
control seepages. Leachate disposal arrangements should be in p]ace before regrading, 
capping and leachate interception works are unõertaken, as these are a11 likely to lead to 
temporarily increased release of leachate. To enhance collection of perched leacha缸， a 
series of IITrammel" dr剖ns should be installed at different levels on the slopes during 
site regrading. 

The existing leachate discharge pipe at the toe of the landfill should be re-excavated, 
and routed to a leachate collection tank which will be located below existing ground 
level. Leacbate should be tankered for treatment to the proposed leachate plant at 
PPVL or Shuen Wan Landfil1 or some other sites such as NENT or even WENT (Ref 
6.3). 

Land:fill Gas 

切ùs section describes the safety and envíronmental objectives of the restoration 
process with respect to LFG. An assessment of potential impact from 血e constructlon 
phase and the afteruse options has been conducted, and areas have been identified for 
fur出er assessment. 

SaJ全砂 alld environlnental objectives 

The safety and environmental objectives proposed for MTLL are as those described in 
Chapter 4 for PPVL, as are the general design objectÌves for LFG con誼。1.

Background conditiolls 

LFG is monitored at the locations shown in Fîgure 6.4., MOIÙtoring resu1ts are shown 
in Table 6.2. Mτ工L 1s currently generating LFG. Within the wastes, LFG pressure îs 
generally positive, but lower than that at PPVL and SLSL. GeneraIly, LFG 
composition is typical of 由at from a methanogenîc landfill. 

Estimated LFG yields are presented and dìscussed in WP2 (Ref 6.4), ~nd summarised 
below: 

LFG yield calculated from: 

cellulose content (1 993): 136 cu m1tonne dry weight; 

• calorific value (1993): 176 cu mJtonne dry weîght; and 

Oxford University ßlode] (1 993): 68 cu mlhour or 8 cu m1tonne dry weigbt. 

The current actual rates of LFG generaUon and emission wiU vary dependîng on a 
range of environmental factors (eg mOÌ$tu間， temperature, atmospheric pressure) and 
waste type. The predîcted maximum LFG generation occurred in 1979, with a 
predicted sharp declîne sînce that date. There is some evidence of locaI inhibition of 
waste breakdown, which ìmplies a slower rate of LFG generation than predicted, as 
addressed in WP3 (Ref 6.5). 

Gas monîtoring is undertaken around the 防部itive boundary to tl1e east and sou誼l-east
(Fîgure 6.4). Soil ga.s concentrations off-site have remained generalIy stable during 
the study period, although ß10st recent results from DH307 indîcate a substantial 
increase in concentration 01' carbon dioxide wlùch may be a precursor to a general 
lateral migration of LFG. 
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Table 6.2: MTLL - GAS MONITORING RESULTS (Sheet 1 of 1) 

LOCN+ DATE APRE DPRE %CH4 %LEL 0/002 %C02 %H2 %CO 0/0N2 COM 
DH301 18-Jun-93 1008.4 58 2.5 <1 25 

21-Jun-93 1007.2 57 2 <1 25 
1-Jul-93 1008.6 25 65.4 >100 o 26.5 
1-Jul-93 1008.6 25 69 0.7 25 <0.05 <0.1 3.6 Lab 

16-Jul-93 1007.9 58 2.5 <0.5 
20-Jul-93 1004.5 63 1.1 27 <0.05 <0.1 4.5 Lab 
28-Jul-93 1002.6 14.6 62.2 。 。 26.2 

23-Sep-93 1009.2 22 65.2 。 。 27.3 
29-0ct-93 1019.9 31 63.8 。 0.3 25.3 
12-Nov-93 1014.7 30 63.8 o 0.4 25.3 

DH302 1-Jul-93 1008.6 25 66.4 >100 。 25.4 
1-Jul-93 1008.6 71 0.8 23 <0.05 <0.1 3.9 Lab 

16-Jul-93 1007.9 58.5 2 <0.5 
20-Jul-93 1004.5 72 0.1 27 <0.05 <0.1 0.6 Lab 
28-Jul-93 1002.6 45.2 60.1 。 。 29.3 

23-Sep-93 1009.2 662 61.5 。 。 32.9 
29-Oct-93 1019.9 155 58.3 ' 。 0.4 33.7 
12-Nov-93 1014.7 138 58.7 3 0.1 34 

DH303 18-Jun-93 1008.4 61 2 <1 24 
1-Jul-93 1008.6 25 69.3 >100 0.1 18β 

1-Jul-93 1008.6 25 72 0.5 18 <0.05 <0.1 6 Lab 
16-Jul-93 1007.9 54 5 0.8 
20-Jul-93 1004.5 68 0.2 25 <0.05 <0.1 2.3 Lab 
28-Jul-93 1002.6 13.6 58.2 8 0.8 26.2 

23-Sep-93 1009.2 60 65.4 O 0.1 26.1 
29-0ct-93 1019.9 -82 58.7 。 0.6 32.9 
12-Nov-93 1014.7 -47 。 6 20.3 0.27 

:JH305企 18-Jun-93 1008.4 <1 32 17 5 
1-Jul-93 1008.6 O 0.2 20.8 0.04 
1-Jul-93 1008.6 。 0.48 18.7 0.83 
1-Jul-93 1008.6 O 0.3 18 0.5 <0.05 <0.1 81 Lab 

16-Jul-93 1007.9 。 O 17 
20-Jul-93 1004.5 <0.1 11 3.9 <0.05 <0.1 81 Lab 
28-Jul-93 1002.6 0.8 O O 13.5 3.78 

23-Sep-93 1009.2 O O 20.1 0.91 
29-0ct-93 1019.9 -127 0.23 。 20.7 。
12-Nov-93 1014.7 -47 O 6 20.3 0.27 

DH307* 18-Jun-93 1008.4 <1 1.5 13 
1-Jul-93 1008.6 。 O 0.5 19.6 0.83 

16-Jul-93 1007.9 O O 13.5 
28-Jul-93 1002.6 。 O 。 13.3 5.99 

23-Sep-93 1009.2 0.04 。 13 7.1 
29-0ct-93 1019.9 。 0.28 3 13.1 6.26 
12-Nov-93 1014.7 0.13 7 13.7 5.59 

會 denote those holes located off -site 
+ refer to A2.1 (Appendix 2) for abbreviations used 
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6.23 

6.24 

6.25 

話.26

6.27 

6.28 

6.29 

Ilnpact 01 C01'tstruction activities 

Major re嘲profi1ing and capping is proposed for MTLL prior to redevelopment. LFG 
has potential to be emitted during restoration construction works as a result of 
disturbance of eχisting material, exposure of waste and creation of migration pathways 
with subseq~ent venting. Potential migration pathways may be created via new 
drain發，ge channels. Capping of the regraded landfill willlimit s刷品，ce emissions, brit 1s 
likely to e揖lance lateral migrations. However，也e proposed LFG management system 
as specified in WP6 (Ref 6.3) will intercept laterally migrating LFG and vent 1t to 
atmosphere in a con誼。lled manner around tbe boundary of the landfiI1. 

Mitigation measures 

By the use of good site practices t release of LFG duri均 reprofi1ing and capping c叩
be miIÙmised. Such measures include minimising surface exposure of waste (for 
example, temporary cover could be used to cover exposed refu紹， coupled with 
restoring areas as quickly as possible) and locating any necessary temporary stockpi1es 
of waste away from sensitive receptors. Once reprofile性， the site should be cappe往 as
soon as practicable. ConstructÌoo of boundary venting tienches and gas vents wiU 
require excavation of waste whicl1 should be dîsposed of in an environmentally safe 
manner (either by incorporation ioto the reprofi1ing scheme or by 0宜-site dispo紹1 to 
an appropriate licensed faci1ity). 
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τhe potential risks and hazards associated with LFG accumulation in confined spaces 
have been discussed in Chapter 4 for PPVL. Similar mitigation measures apply to 
MTLL. 

ltnpact 01 LFG cOlltrol lneasures 

質le major impacts associated with LFG control measures relate to the construction 
phase, and include: 

• the re-grading and capping the landfill; 

• dril1ing of a位ditional monitoring boreholes. 

LFG will be emitted from passive gas vents in a control1ed manner wi血in the landfill 
and perimeter 甘ench. Design and rationale of the location of vent stacks are similar to 
those for SLSL, as described in Chapter 5. Although desirable from an environmental 
viewpoint to collect and flare LFG, it is considered that the predicted yields from 
MτLL are too low for this to be a feasible option. 「
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lmpact on a.fteruse option 

The capping specification for resloration is presented in WP6. It is proposed that the 
site be used for a variety of sporting and leisure activities, including a football pitch. 
No buildings are proposed on the restored landfill. The proposed system of LFG 
control comprises a perimeter venting trench and passive wells withîn the waste. The 
cap design inc1udes a granular layer which lînks in with the perimeter vent trench, 
overlaid by a low permeability membrane to control vertical movement of LFG as 
suggested in WP6. Appropriate comments presented in Chapter 5 concerning potential 
LFG hazards for 血e proposed afteluse of SLSL apply equally to MTLL. 

Advice witl1 regard to development close to landfills is presented in Chapter 4. The 
結ea to 由e southωeast and east is proposed for sports and recreational development. 
The final layout of bui1dings has not y位 been finalised, but it is unlikely 血at buildings 
will be present within 20 m of the landfill boundary. However, bl怨Jilding那S 扭詰 other
i扭主nf合全泊泊a.翩刪悅.刪怯

the 250 m zone wilI require addîtional gas protection mea駱su叮1叮re郎s a抓s a precautionary 
虹m悔ea銷su訂re丸， which should con懿npr.吋jse ~沮加主岫s a min吋imußl provision of a ventilated sub峙。or void 
or gas proof membraI1~ in the floor slab, and spedal detai1ing"of services. 
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6.30 

6.31 

6.32 

Air Quality 

Jntroduction 

Thls section detaHs the 路跑ssment of impacts on air quality from emissions at Ma Tso 
Lung Landfill site. Construction activities associated with the restoration of 血e landfil1 
si能 are considered wi血 reference to dust and VOC emissions. A predictive assessment 
is made of the impacts 宜om venting of LFG on 品e site. 

Ambient Monitoring 

voc 
Background ambient air quality measurements made upwind and downwind of the 
landfill were a凶lysed for the presence of the SAC在 τbe resul認 are given in Table 6.在
τlley indicate 告別 ambient levels downwind of the landfill are higher than levels upwind 
for dichloromethane. For benzcne and 1,1,1-trichoroethane one of the downwind 
measurements is higher, but a second downwind sample did not show an increa認. This 
would indicate there is a possibîlity that dichloromethane is being emitted from the 
l朋dfil1 but the evidence is inconclusivι 

Table 6.3: Monitored Ambient VOC Levels at MTLL 

民1ethod
Detection 

Limit MTLL 
SAC (μg/m3) (μg/m3) 

uw dw dwQ 

Vinyl Chloride 0.36 ND ND ND 

DichIoromethane 0.73 1.3 4.4 3.7 

Trichloromethane 0.73 ND m 2.3 

1 ， 1 ， 1 耐Trichloroe晶磊ne 0.76 4.2 12.1 2.5 

1 之岫Dichloroeth位給 0.61 其D m ND 

Benzene 0.26 3.5 4.5 3.5 

Tetrachloromethane 0.94 ND ?的 ND 

Trichloroethy lene 0.91 ND ND ?這D

1 ，乞Dibromoethane 。.92 ND ND ?咱〉

Tetrachloroeth y lene 0.75 0.9 0.9 ND 

Notes 

uw : upwind 
dw : downwind 
dWQ : for quaU穹紛紛rance downwind valu.es were retaken 
ND : Not detected, below the met1zod detectÎon limit 

是dethane

?也le 6.4 shows the resu1ts' of analysing the samples taken upwind and downwind of the 
landfill site for methane. The methane measurement downwind was approximately 7% 
higher 由認出at taken upwind. This is well within the range of expected variation and it 
would be difficult to draw any conc1usions from the measurements. 

嗎、“阿
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Table 6.4: Monitored Methane Levels at MTLL 
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AsseSSlnent of Jlnpact froln Dust Emissions 

Qnly one sensitive receptor for M1LL has been identified and considered in the study, 
也is is given in Table 6.5. 

Table 6.5: Sensitive Receptor and Location 

Grid reference 

827792E 841316N 

Landfill Site 

Ma Tso Lung 

Chapter 4 details the modelling approach undertaken in the dust assessment study. The 
impact from cOßlbining 血e dust generated from a 0.0625 ha construction area situated 
on the 到te boundary with vehlc1es passing on unpaved roads at 由e site boundary at 世le
sensitive receptor is:-

Distance 企om sîte 
TSP concentration fronl vehicles 
TSP concentration from construction site 
Total predicted TSP concentration 

口 24m

= 220μglm3 

= 625μglm全
= 845 J.lglm3 

It can be seen 血at 由e 500μg/m 3 air quality guidelîne is exceeded. Therefore, 
mitigation measures are necessary. 訂lis mitigation may include dampening down the 
surface of the unpaved road and construction site. An effective wate由19 programme 
(twice daily watering over t.he enlire site) is estimated to be able to reduce emissions by 
up to 50% from ground surfaces. This should be able to reduce the total TSP 
concentration to about 420 !.J..g/m3 which is below the relevant air qua1ity guideline level. 

Covers and wind shields nlay bc u路d at places where high emissions of dust are 
expected. Ûn days when the wind direction is such 由at dust is blown towards the 
sensitive receptor and mîtigaHng action is unable to reduce dust levels to a satisfactory 
level, it is possible that traftìc may take a diversion and use a route further from the 
凹的Ìtive receptors. At times of particular]y high levels it may be necessary to suspend 
construction activity. 

The AQO that applies to TSP in Hong Kon皂 restricts 24-hour averaεe concentrations to 
位elow 260μg/m3 . Using a factor of 0.4 to convert the 1 輛hour concentration to 24-hour 
concentration (when considerîng a 12 hour working day) and a 50% reduction due to 
mitigation measu思考 listed above, a predicted TSP concentration of about 170μg1m3 is 
obtained, which is be]ow the relevant air quality guideline level. 

Several assumptions have had to be used due to a lack of relevant site specific data and 
accordingly the modelling approach could only provide a broad indication of the 
possible dust impacts. Despite thc high values predicted, the Consultants are confident 
由at subject to sensible mitigation measures, no significant dust impacts will occur. 

勻，
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Assessment of Jl1lpact frOlll VOC ElllÍsswns 

L主ndfil1 gas s摺npl部 were ohtained from drilIholes DH301A 品ld D話303A for GC/MS 
ana1ysis. BenZeI鴻章是ichlorometllane and trichloro皂白ylene were the SAC detected in 也S
LFG samples. τ莘學真verage m胡sured concen註主tions of these contaminants are given in 
Table 6.6. 

Table 6.6: SAC Concentrations in LFG at MTLL 

Pollutants Concentration in LFG(mglm3) 

Dichloromethane 0.15 

Benzene 1.20 

Trichloroethylene 0.7至

VOC emissions were determined from 血e fo11o智ing:

Oxford Model was used to calculat.e the volume of landfill 學部
學enerated by 設豆。她ndfill;

Concentrations VOCs in landfill gas were derived from samples taken from two 
drillhole悉，如d

Gas assume泣 to vent equally from each of 36 vents. 

Table 6.7 details the emission and modelling parameters used for predictive modelling 
ofVOCs . 

• 

. 

. 

Table 6.7: VOC Emission Levels and Modelling Parameters for MTLL 

Parameter Input 

Passive vent height 3m 

Gas temperature 30 "C (303 "K) 

Assumed air temperaωre 25 "C (298 敏K)

Gas volume 68.5 磁力hr

Number of vents 36 

Vent diameter 10 cm 

Pollu臨nts emission rates* 

dic胎。romethane 0.079μglsec * 

benzene 0.634μg/sec 中

? 的…chloro叫型ene 0.396 J..lg/sec * 

Notes 

Olher Specified Air Contamina1l1S were not detected in the landfill gas composition. 
Meteorological aSSUl1ψtîons are the same as those given in CIUlpter 位
USEPA ModellSCST was 紛爭loyed.
VOC emission rates were derived f l'om measured concentrations of lom伊拉 gas from drillholes. 
申 the emission rates al'e per l'ent. 

The result學泣1 the modelling at MTLL are presented in Table 6.8. In Table 6.8 血g
predicted concentrations at the Air SeBsítive Receptor (ASR) an詰認真ximum predicted 
co話鈴提ration values of 自己喜ACs prese設t în the~ j'andfil1 gas are given along 'wîth the 
calculated risk from cancer 紹給話說ed with such a concentration. A conservation 
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6.45 

L 
[ 

conversion factor of 0.3 was used to convert maximum annual 1-hour average 

c… assumptions made i恤n 也e mod巳elling.

Table 6.8: Predicted concenìration and Associated Risk from SACs at MTLL 

[ 

[ 

[ 

[ 

[ 

[ 

[

其rfaximum Annual 
l-hour 

Concentr 
Receptor Pollutant ation Risk 

〈βg/m3)

Max Val況 Dichloromethane 0.00523 7.2 x 10-10 

827820E 841300N Benzene 0.041 1.0 x 1 。“7
Trichloroethylene 0.0257 2.8 x 1。毛

827792E 841316N Dichloromethane 0.00426 6 x 10-10 

Benzene 0.0341 8.4 x 10心

Trichl oroethy lene 0.0213 2.4 x 10-8 

These results indicate 血at the restored M1LL site will not be a significant contributor to 
ambient levels of VOCs. Nonetheless it is considered prudent to include requirements 
in 白e contr在ct docunlents for the Contractor to carry out detailed environmental impact 
assessments. The contract Specification should include environmental standards wlùch 
could include risk-based guideHnes on wlùch the Contractor will have to achieve and 
verify in his design. F
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If high VOCs are detected it would be possible to install fi1ters of 喜ctivated carbon 
witlùn the vent pîpes to give an absorbent media for VOCs. However，血is could reduce 
venting efficîency and hence efficiency of the Iandfill gas con缸。1 ， and extra venting 
arrangements may be necessary to improve the efficieTIcy of the overall landfill gas 
control system 80 that lateral gas migration would not occur. It îs considered 血at
filtered passive vents, coupled with a regular samplin旱， testing and maintenance 
programme, could be used to effectively reduce 血e VOC's to acceptable levels. 

Because the proposed LFG restoration works at MTLL rely on passive venting with no 
flaring of g器， particular attention has been given to the assessment of 0寸our. Samples 
of LFG 企om 2 boles dril1ed into waεte at MTLL were analysed for a large suite of 
odorous compounds. Table 6.9 lists the concentration of those compounds detected 
above their odour threshold. 

品種旭、
且，、評
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Table 6.9: Trace Gases in LFG Exceeding Odour Limits for MTLL 

301A 301AQ** 303A 

butene (total) 0.5 0.8 1.2 

pen能ne (îso盟er) 0.6 0.7 1.4 

dimethyl sul phide 1.4 1.3 ND 

acεtone 4.9 4.7 0.2 

cyc10hexane 2.9 2.8 2.0 

butan胃2-one 22 23 ND 

butan刪2-01 1.6 1.0 ND 

位liophe琵位 0.2 0.2 ND 

cyclohexane 2.9 2.8 2.0 

limonene 尋90 390 240 

napthalene 4.3 4.6 0.07 

n-octane 3.2 3.5 3.4 

dime由yl dîsulphide 1.9 1.9 ND 

toluene 140* 150* 210* 

2輛nonane 1 已 17 14 

chlorobenzene 0.4 0.6 0.1 

e血yl benzene 24 28 17 

xy1enes 27 30 26 

styrene 0.5 O.尋 ND 

n-decane 33 33 24 

n-undecane 21 21 8.8 

Notes 

* Saturation of mass speClromeler as co!,sequ.ence of choice of internal standards represents ,1. 

underestimate (all measu.rements in mg m-.:J) -.:_ 
料 Duplicate sample for QA purposes -" -";\ 
ND Not detected, below t/le met/wt/ delecrÎon lìmît 

Table 6.10 gives the results 仕om the 1泣。delling study for the twenty one compounds 
that exceeded 吐le odour threshold in the analysed landfiIl gas. The results are given for 
ground level concentrations al thc air sensitive receptor and at the point where the 
maximum concentration occurs. In every case the predicted concentrations are below 
the tOXÏcîty level OESI100 (the prcdicted risk for styrene is also below the acceptable 
cancer ris的. The predicted conccnlraHons of the air contaminants would not cause any 
odour nuisance at any present or pOlcntial sensitive receptor. 
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Table 6.10 : Predicted Concentrations at ASR from VOCs in the Landfill Gas 
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Maximum Maximum 
Concen tration Value Sensitive 

at point ()f 827820E 
CoRnceecnetprtaotr ion 

OES/I00 
emlSSlon 841300N (8hrs) 

Pollutant (mg m-3) Concentration (俱g m-3) (μg m-3) 
(μg m-3) 

butene 1.2 0.041 0.034 

pentene 1.4 0.048 0.04 

dîmehtyl sulphide 1.4 0.048 0.04 

acetone 4.9 0.16 0.14 17800 

cyclohexane 2.9 0.099 0.083 3400 

butan-2-one 23 0.78 0.66 5900 

butan-2-o1 1.6 0.054 0.046 3000 

thiophene 0.2 0.0068 0.0057 

cyclohexane 2.9 0.099 0.083 

limonene 490 17 14 

napthalene 4.6 0.16 0.13 500 

n-octane 3.5 0.12 0.1 14500 

dimethyl 1.9 0.064 0.054 

disulphide 

toluene 210 7.2 6.0 1880 

n-nonane 17 0.58 0.49 

chlorobenze 0.6 0.02 0.17 2300 

6由yl benzene 28 。.96 0.8 4350 

xylenes 30 1.0 0.86 4350 

styrene 0.5 0.017 0.014 

n-decane 33 1. 1 0.94 

n-undecane 21 0.72 0.60 

Notes 

Taken from CAPCOA Air Toxics "Hot 句01" Programme Revised 1992 Risk Assessment 
UCR = 5.7 x 10-7 (Jlg m-3)竺for SIY'-Cnt! 
Risk at max value 7.4 x 10-0 

Risk at receptor 3.1 x 10-8 

Noise 

Backgroulld lloise levels alld 11loll.itoring d.ata 

An industrial area, inc]uding a sawmilI, which 1ies to the south-east of 甘le. síte produces 
significant levels of noise, and works associated with the installation of a water 
distribution system was a1so a significant source of noise of the time of the base1ine 
monitoring exercise. Other noises' of a rural nature are 副部 present. 、
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B ackground noise monitoring has been. carried out at MTLL, measurements being 
made in hourly periods during the day between 07:∞ hours and 曰:∞ hours from 29 
November to 1 December 1993. Summarised results and the monitoring Iocations as 
wel1 as 血e identified present noise sensitive receivers are given in T路le 6.11 and Figure 
6.5 respectively. The full results are reproduced in Appendix 3. 

Table 6.11: Summarised BaseIine Noise Monitoring Results for MTLL 

Averad鑫IeB(A Noise 
Monitoring Location Major Noise Sources Level 

LI0 L90 Lea 
MTLL-l Above facade on roof Dogbarking 56.8 48.0 56.6 

of nearest low-rise 2) Noise from fann anim剖s
時sidential building eg plgs 

3) Iustallation of water 
distribution system to south 

M1LL-2 Above facade on roof 1) Installatîon of water 59.8 47.9 62.5 
of Community sports distribution to south-east 
centre 2) Activities in play虹且堅d

MT工L-3 Edge of industrial Activities in tirnber factories 64.9 53.8 65 .4 

areas 
MTLL-4 Boundary of isolateò 1) 

DNooig se bafzktoiznn s farm animals 
53.9 44.0 52.5 

low州rise residen lÎal 2) 
building e叉口19S

6.49 M1LL-l was located on the roof of the nearest low-rise residence to the Ma Tso Lung 
Landfi口， significant noise sourccs heing farm anÌnla]s and the water distribution system 
ins認Ilation activíties. Noise from lhese activities was also significant at M1LL令， whích 
was located on the sports cenlre roo f, as was noise from the nearby playground. 

6.50 MTLL-3 was located at the cdgc of the industrial area where the dominant noise source 
was the sawmill. MTLL-4 was situaled at a low-rise residential building to the west of 
the site where noise from animals was reported to be dominant. 

悉.51

在52

f旬的:

6.53 

Of the results obtained at. the Ma TS Ç> Lung Landfil1, those at M1LL-3 were the highest, 
due to its proximity to thc sawm iI 1. Results obtained at the 0血er locations were typical 
of noise levels in a 鈴mi-ruraL situation. 

lmpacts 01 cOllstructioll. activities 

S記ec∞01話nd滔da缸ry restoration at Ma T，恐so汁吋L圖-，u
fewer i封tems 0叫fp抖，lan其1ιOnce again. daytime only operation is assumed. 

品.fitigation λtJeasures
、話

, 2. 

Guidance is provided in lhc Practical Guide for the Reduction of Noise from 
Construction Works (Ref 6.6), produced by EPD. Various options exist to control the 
noise 企om these activiti侃， including the se]ecUon of quieter plant, the erection of 
temporary screening mound話 around noisy activities, and the reduction in the numbers 
of items of plant in use at any onc timc. 

6.54 Currently, receptor sensîtjvcs 10 noisc from MTl..L are few , and it is considered 血at it 
wiII be possible to ensure th"l noise levels at the nearest receptors do not exceed the 
target of 75 dB(A). 

l1npacts 01 建fteruse optiOIl 

6.55 It is considered that there woul<l he no significant sources of noise associated with the 
development of MTLL as a 1101 iday camp. 前le sources of noise associated with 血誌
afteruse option can be effcctivcly mitigated using appropriate noise attenuated measures 
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such as acoustic insulation and screerung of the bui1dings and 虹ee screening along the 
boundary of significant noise emitters. 

Water Quality 

Existing groulJdwater and surface water quality 

The groundwater leve]s of the off-site wells (i.e. DH304, 305 and 307) indicate an 
apparent gradient' in a southerly direction, matching that of the topography. The 
groundwater elevation ranges from 25.5 - 26.1 mPD at DH307 to 23.0 - 25.7 rr.tPD at 
DH304.τbe groundwater collection system which was placed beÌleath the containment 
liner appears still to be functioning. A significant spring emerges in the bed of 血e
stream at 甘le north east toe of the landfill (Le. W301) for the outflow point of 血e
groundwater system as shown on Figure 6.6. Figure 6.6 also indicates the sarnpling 
locations for leachate, groundwater and surface water. 

τlle results of tl1e analyses for leacha胎， groundwater and surface water are given Table 
A4.3 of Appendix 4. As shown in 血is table, groundwater in drillholes immediately 
adjacent (DH308) and down-gradient of the site (DH304, DH305 and DH307) shows 
little or no evidence of contamination. Table 6.12 summarises 血e results of the 
analyses of groundwater and surrace water at MTLL. Although tl1e stream to the north
east is grossly contaminated as a rcsu1t of some leachate seeps into the stream channeI, 
there is no direct evidence that thc groundwater spring makes any contribution to thls 
contamination. 

Two seepages, L301 and L302, emergîng at the base of a retaining walI on the sou也
side of the sports field, exhibit contamination which appears to be derîved from leachate 
that has soaked into the ground. This is particularly evident in the western half of the 
playing field since the fi1tration tank was demolished in 1984. 

It is unclear whether groundwaler beneath the site is contaminated, but some 
groundwater samples taken underneath the wastes (DH301 and DH302) show little 
contamination as compared with the strong leachate in the Iandfill above. Groundwater 
samples are also much less contaminated than seepage at the south side of the playing 
fields. It is therefore unlikely that lincr leakage is the source of 給epage contamination. 

As shown in Table A4.3 of Appcndix 4; the surface water samples (W301 , W302A and 
W302B) are contamînated with 1cachate seeps which emerge from the face of the fill. 
Comparison of qua1îty at W302A with W302B and with leachate seeps, shows 也at a 
significant amount of nîtri 1ïcation, denitrification and COD removal occurs during 
passage from the landfill, as wcll as a small amount of diIution. Some leachate also 
seeps into the channel of t.he original stream bed 10 the north-east, where it mixes with 
groundwater from the ouUlow point of the drainage system belo'v the landflll liner. 
The flows remain highly contamînated in comparison to clean surface water as 
indicated in Table 6.12. 

Leachate qu.allti砂 alld quality 

Major regrading of adjacent land took place dll1ing the e証ly to mid-198悔， and almost 
certainly blocked the leachate drainage outlet pipe, as well as demo1îshing and filling in 
the area of 白e filtration tank in 1984. Since then, leachate levels have increased in the 
refuse. There is now a consistent line of seeps, several me甘es above the sur芷ounding
land on the south-east, north-east and north-west faces, which correlates well with levels 
in Ieachate monitoring drillho]cs installed for this study in 1993, showing 6-7m 
saturation in the south-east. of thc site and 11m saturation 扭曲.e north-west. Estimated 
present rates of seepage are consis t.ent with historíc measurements and with estimates 
frorn water- balance calculations (Ref 6.5). The present leachate discharge flows for the 
2 ha site are estimated as fo l1ows: 

peak: 
average: 

19.2 - ~O.2 cu m/day 
9.6 - 15.1 cu m/day 
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TabJe 6.12: Analys諦。f Groundwater and Su吋前e Water at MTLL 

Standar電Is for Groundwater 輸費 Water Source **輸
ST1 ST2 ST3 

Determinand 彙 Dutch Dutch WHO Surface Grouncι 

GradeC VPR water 智ater

:EHD(坦pH白bumnitls} 
我品8.5 7.品8.4 (5.牛皂.3)

4100-16000 120 .. 31000 
, Cadmium 0.01 0.006 0.005 (<0.02心.2) <0.02 
IChromium 在全 0.026 0.05 (0.2..1.8) (0.1-1.5) 
/Copper 0.2 0.035 (0.仔0.3) (<0.1-0.8) 
Lead 在2 0.05 0.05 (<0.1-1.3) (<:Q.1 岫3.8)

Nickel 。.是 0.04 (<:0.1-0.1 ) (<:0.1-0.11 
Zinc 0.8 1 5 (0.2-4 也2) 0.06-0.31 

i 諒angClI1~Se 。‘1 (0.6-6) (1-3.5) 
lron 0.3 徊.6-35) (3.7蠟8話)

f

Sod沁m 200 (150-1000) (5-1000) 
Potassium 52-390 1.5-440 
!Hardn~ss {as CaC03} 500 堡壘0-520) 36-140 
Sulphate 400 (10-490) <10-65 

ISlJl~Dide 0.3 (<0.1 個0.6)

Phosphorous 1.2-2.4 <0.1-31 
INitrê-!~ 10 (20品210) (<0.01-12) 
I Ammonia Nitro雪en 190-1600 <0.1-4200 
I Kj~ldahl Nitrbgen 600 <0.1-4300 
γotal Organìc Cé1rþgf1 100峙。。 〈在1-1100

Chlori社e 250 (300-1600) {♀.8-2100) 

COD 350-3100 <7-2500 
BOD 15-220 <5刪1400

巳 coli (no.l100mlγ* D (0-600) 

Note: 
AII 怯nits in m這11 except where noted 

Hγhe Standard for drinking water (WHO) refers to Fecal Coliform 
持會 The standards for groundwater 在nd drinking water being refered to are as follows: 

sγ1 Dutch Criteria for Category C Clean Up 1nvestîgations (Ref 6.7) 
ST2 New Dufch Second Generation VPR Criteria (Ref 6.8) 
ST3 WHO Guidelines for Drinking W:剖er (Ref 6.9) 

州州 Data enclosed in brackets indicate the excee往ance of the standards quoted 
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Leachate seepages 紅e causing serious pollution of surface waters, bo由 to '~e norfl1-east 
and sou也國能5t of the site. .Leachate draining from th巳 site in the early 1980s was 
seriously contaminated , wîth NH3-N co.lcentrations exceeding 10 ，000 血g/l at times. 
The landfill stil1 contains leachate of this strength 扭曲e north-wεst but the 
concentration becomes more dilute (down to 4,000 mgNH3-N/1) 食om north-east to 
sou血-east~ and escaping lcachatc is considerably weaker as indicated in Table A4.3 of 
Appendix 4. This impli的 that percolation of rainfall may be entering the lower 
platform in 血e south-east p缸t of lhe site and di1uting the leacbate. 

There is some evi社ence that waste degradation and metbanogenesis may have been 
par位y inhibited as leachate lemperatures are at or below ambient extemal temperature. 
This is supported by the fac1 that the less dîluted leachates stil1 contain very hlgh 
concen仕ations of BOD, COD and fatty acids even after 14 years. The possible facto悠
responsible for 由e inhib.ition are Iikely to be bigh concen虹ations of NH于N， sulphi這e
and heavy metals as well as low moisture content. 

Table 6.13 shows that the levels of BOD, COD, iron, chromium, total nitrogen and total 
phosphorus of 血e leachate excccd the Government standards for effluent discharged 
into foul sewer (Table AL3 of Appendix 1), indicating 由at direct discharge of leachate 
into tbe sewer leading to thc scwage treatment plant nearby is not permissible. 
Similarly, leachate also exceeds Ihe standards for discharge into Group C inland waters 
given in Table A1.5 of Appendix 1 wit'h respect to most of tbe determinands. 

Measures are needed to prevenl uncontrolled seepage of the leachate into surface 
waters. Engineering works should be undertaken to regrade and recap 由e land組1 to 
reduce leachate generation. 10 intcrccpt and collect Ieachate seeps along the south吟諮t
and nor血，咕站t faces of the landfìll and to reinstate the outflow pipe from the le鑫chate
col1ection system. Collected lcachate should be discharged to 血e leachate holding tank 
from whîch it would eventually bc transporled to a leachate treatment pl缸1t elsewhere, 
probably at PPVL，可VENT Landfì 11 or Shucn Wan Landfill. 

Jlnpacts of COIlS如ctiOIl activities 

Leachate management arrangements t.o întercept seepages and re-instate 血e collection 
system, should be in place hc1'ore regradin皂1 capping and leachate ínterception works 
are undertaken，倒 these aClivilie.s arc a11 likely to lead tρa temporarily increased rate of 
leachate genera位。話. Intercepled lcachate should be tanKered for treatment to a leachate 
treatment plant prior to discharεc into a sewage treatment plant. It is anticipated 血at a 
considerable 是mount of sediment would occur in runoff from earthworks required for 
regradin萃 and cappîng of the landfïIL Measures as given in Chap1er 4 for PPVL for 
mitigating 自e increase in sediment loads in runoff from tbe site should be adopted. 

Jmpacts of leachate cOJltrol measures 

It îs likely 誼1at regrading of the J and1ìU, needeò for slope stabilization, and capping for 
restoration and after-use purposcs, wilI reduce the present areas of tlat or shallow 
gradients, and will increase the run-off of rainwater from 甘1e site, leading to a reduction 
in leachate volumes. In addHion‘ the înterception of 如rface leachate seeps and their 
diversion 10 the leachate holdi ng tank would improve the water quaIity of adjacent 
surface waters. When leachalc sccps which 泣。w along the slopes of the Iandfill are 
intercepted, tbe 1怨說chate Jlows 10 the surrounding low lands wi11 also be elîminate吐，
resulting in a general improvcmcnt in thc ground conditions of the soutb闢east part of 
血e playing field. It îs recommcndcd that the leachate holding tank is relocated 10 a 
lower elevation. below existing ground level. and adequately bunded to contain any 
leak孟ge or spillage. No ohservahlc vìsual and odour impact of leachate col1ected in the 
holding tank is envisaged in this case. 

91 



學2

i
L
f
l
p
|
L

尸l
L

「
L

「
仁
「

z
l
f
L
F
L
r
L
f
L

「
[
「

i
u

「
l
L
r
L
f
L
l
t
f
i

」

r
L
I
L
f
l

Tabfe 6.13 : Analysi銬。f Leachate from MTιι 

TM on Effluent Standards** Lar吋fm Stle *** 
Determinand企 >10 and 輯TLL

<=100 
pH (pH units) 心10 7.7-9.2 
Temperature (OC) 43 26.1..34 
Suspended 量olids 1000 
Settleable solids 100 
BOD 1000 (4品發900)

COD 2500 (35令23000)

iioroiin &Grease 100 
25 (2.7-36} 

I Boron 7 
Barium ? 
Mercury 0.15 
Cadmium 0.15 <0.02 
çgQ世er 4 說:子。3

I Nickel 3 在1-0.3

iChromium 2 (0.7-20) 
Zinc 5 0.3-1.5 
Silver 3 
Cyanide 2 
IPhenols 
Sulphide 10 7.2 
SUlphate 1000 <10~280 

:寸。Ital nitrogEm 200 (240-17900) 
iτotal phosphorus 50 (10-981 
Sur1actants 事。.tal} 150 

Note: 
AIl units in mgll except where noted 
Standa的s for flow rates (cu mlday) expressed as upper limits (Ref 6.10) 

"食 Dat訟 enclose是 in brackets indic我.te the exceedance of stan是ards
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6 幽 70

6.71 

6.72 

6.73 

Iln鼎的 01afterose option 

τlle proposed low intensity land usc for MTLL 發s a holiday camp 往oes not involve any 
significant impact on the a見jaccnt water bodies. Only the buildings and facilities 
concentrated on the site soulh of MTLL involve a high number patronage, and proper 
sewage facilities will be provided. In a]] cases, site profiling may require incörporation 
of some appropriate drainage (0 intercept seepage) and surf，在.ce drainage measur紛紛
collect contaminated surface wat仗. shed rainfall and reduce rainfall infiltration. 

Landscape, Afteruse and Visual J mpacts 

At present，出e landfill consists 01' two terraced platforms surrounded by natural rolling 
hills on 甘rree sides. 甘le most promînent feature is the lower fill slopes facing nor拉}
east and east, which rise steep1y above 臨終鑫djacent Iow lying area思. 前lere îs no 
vegeu啦。n on the plalforms. Thc lower slopes facing no的l-east and east 品re badly 
eroded) with only patchy groundcover plants. The slopes facìng west have a slightly 
thicker cover of herbs , grasscs and )ow shrubs. The large expense of bare ground is 
incongruent wîth the rural sc t1 ing 01" the surrounding. 

A range of outdoor sports and rccrcational uscs 1主義ve been proposed for 血is landfill. 
Prior to development of aflcrusc racilili凶. the sitc has to be restored by regrading and 
recapping with a final soil covcr. Thc sitc wou1d be replanted in accordance with the 
layout for the proposcd aftcrusc. 

The visual impact of the propnsed rccreational uses on 甘le platforms would be minimal, 
as they would be enc}oscd and scrccned hy new planting. Facilities located on the 
slopes would have to suit the slopc profiles and blend with the surrounding contours. A 
planting scheme would bc im(子Icmcntcd to introduce vegetation cover on the sîte, for 
immediate as welI as ]ong lerm hcnc1ìts. There would be great improvement to 血e
vis祖al qua1ity of the sifc upon complction of the restoration works and e誰能lishment of 
註le new planting. 

Settlement 

Existing conditiolls 

Landfilling has taken placc al MTLL between Ju]y 1976 and Febru紅y 1979 with about 
180,000 tonnes of domestic and industrial wastes deposited at the site of about 2 ha. 
No significant capping Laycr is present on the MTLL site other than the final 
intermeruate cap Ieft at thc complction of 1 andfilling. The remaining se.ttlement has 
been estimated as on1y 1.5(~J 01' thc total waste thickness due to the old nature and 
relatively small amount of wa只tc ucposited. This estimate assumed an exponentiaI 
decay rate of 0.2% pcr year. A lL hough (he cxamination of the settlement features 位出e
platforms was obscured by lhc 給tockpiles and other activity on the site at the time of the 
su主vey， limited differential scU1cn~cnt was prcsent on the landfill. 

、J 

lmpacts 01 CO IlStruCtiOIl activi1ies 

The general inlpacts 01' construction acHvi t1es for settlement at M1LL are simi1ar to 
those described earlier for PPVI , and SLSL. Spεcific objectives for minimizing the 
ïmpacts 紅色:

司， use of flexible paving malcrial for thc surfacing of the footpaths; 

design of surface watcr management systcms should be designed to minimise 
maintenance by bcing tlcxìhlc 10 accommodate 桂ifferential settlement; and 

use of lightweight structurcs. where the foundation design should be able to 
accommodate the effccts 01' diJTcrcnlial set.tlement. 

. 
• 

w、酬 ‘金
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τlle preferred afteruse for MTLL is a hoHday camp proposed by 血e Tung Wah Group 
of Hospitals. 前lere is a widc rangc of outdoor spo技草 and recreational uses which 話霞在給
the platforms 約d slopes ()f thc landtï Il sitc. Through 主ppropri為.te planning, most of the 
heavye緝毒bIishments such as thc ((nrmitory and functìon hal1 can be located out位4位白e
l前ldfill site, where little or no di ffcrcotîal set泣S部ent would take place. The proposed 
O品零ite afteruse focuses 00 lnw intcnsity land us皂， where a low proportion 訂le 誰能 will
發ccommodate bu i1dings. Thc smalf anticipated settlement at MTLL 1S therefore 
c。我喜idered to be of insignilìcancc in rclalion to the activities propos恕成

Mea泊的s such 紹這le corrcct usc of llcxible p在ving materi泌 for 自e surfacing of the 
footp議由盞， flexible surfacc drainagc ch在nnels and careful positioning for the structures 
over 誼le area wbere no waslC is dcposited are consî是ered 特propri堯如 for minimising 
disruption to proposed aftcruscs. γhe 恆的nlenance works for rep滋rÍn學 defects due to 
settlement would also he suhs1antial1y reduced 海y tbe implementa位。n of these 
measures蠱

Hi草h Tension Power Line 

Ex甘a-high tension powcr lincs (400 kV) are locate d across the north-west region about 
40 m away t主e boundary or MTLf J (Figure 6.3). 甘le approximate dîsta耶路 between
the lowest and nearest conductor nf thc power lines and the sensitive receptors on 位le
site are gîven in Tablc 在 14 hclow: 

Table 6.14: Distance to the I.ow是~st and Nearest Conductor 

Sensitive Receptor Approximate Distance to the Lowest 

and Nearest Conductor 

Spectator Seating at FoothalJ Ficld 150 m 

Closest Dormi to玄y 011 Soulh-Easl 290 m 

With regard to 甘le artcrusc 'op(Ïon as a holiday camp, the spectator seating at the 
footbal1拉松d is located rclatîvcJy closC 10 the lowest poínt of the power line and hence 
exposure to EMF wil1悅叫ighlly highcr than for olher recrea討onal acti vi ties such as 
visiting the refreshment kiosk which will lake shorter periods of time. The dormito哼，
though sîtuated relati \lc1 y far from lhc power lîne at 290 鈕， will resul t in more 
prolonged levels of exposurc than othcr activitie主. However, given the separa技G鼓
dîstance 腦 indicated io Tahlc 6.1 4 and thc rclatively short exposure tim色，自己 effects of 
EMF affecti時 human heaHh arc cxpcctcd (0 be minimal. 

The conceptual design 01' lhc a f1 cfu泌 option for 話TLL 挂as already taken the safety 
aspect of the power lîncs into account , thusno immedi主te bui1ding.or structure will be 
installed close to the conductofS uf thc power cables viol甜ng the minimum safety 
clearance guidelines as givcn in Chapter 4 ‘ and the particular clearance for bui1din學
reserve of 15.6m which is 叩cci lìcd hy CL&P lbr MTLL. 

Conclusioßs and Recommendati電ms

前le preferred afteruse for MTl J , is a holiday camp combined wi註1 a wide range of 
outdoor sports and recrcalional uscs whicll wiU use the slopes and platforms of the 
landfill. Pl剖lting should hc carrícd oul to co阻p1imenf the rural surroundings of the site 
and to enhance the local land結capι

The small degree of scH1cmcnt pn~dictcd at MTLL is not expected to be signi琵cant în 
relation to the activitics and dcvclopmcnts proposcd oo-site. However control measures, 
as described for PPVL and SI JSI" arc rccommended including the u也 of flexible pavî話z
materials and surface watcr draiml忍c systems. Heavy building structure怒. such as 
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dormitories and 也e function hall ‘ should he placed outside waste deposíted areas wh位e
possible. 

It îs not considered thal MTI J.. rcquîrcs an active LFG ex誼action system. A 
combination of high permcahility vcnting areas and low permeability barriers to prevent 
LFG migrating towards scnsitivc rcccivers, wil1 provide adequate protection. Venting 
zones should be located around Ihc boundary and should incorporate a 'granular layer 
undemeath the capping laycr which i 沁 connccled lo the peripheral system. 

LFG at MτLL is typical of thaf (l f a mcthanogenic 1andfi11 , and is at posítive pressure 
although not as great as PPVIJ and 5LSL. WhiIst LFG measurements ín soîl gas are 
generally stable. there is somc cvidcnce of lateral migration. 'With the implementation of 
good management practicc. impaCls associated wHh construction and the LFG control 
measures are not considcrcd 10 hc significan t. Durin皂白e afteruse phase, buildings on
site and those located within Ihc 250m cons凶tation zone should be provided with 
adequate gas protection and dClcction measures. 

1n order to reduce dust impacts iI is advisable to minimise the operational areas during 
restoration. 百1己 的sessmcnt 0 1" T只P impacts shows predicted levels below the AQOs if 
mitigation measures arc strictJy applicd. PrcdiclÍve assessment of landfill gas dispersion 
indicates 血at foIlowing .rcs(oration works , odour Lhresholds will not be exceeded. The 
results fro扭曲e VOC assc叫“ncnl indicalcs Ihat the restored site wiU not be a significant 
contrîbutor to ambient lcvcls 01' VOC. 

Background noise in thc vicinily is currcntly dominated by a sawmill to the sou世l-east，
animals and nearby construction works, bul otherwise noise levels were typícal of a 
semi-rural loca誼。n. Gi vcn t 11C scal C of construction work required and the current 
paucîty of sεnsitive reccivcrs în thc vicinity, significant noise impacts are not envisaged. 
Simil缸旬， during the aftcrusc phasc noise lcve]s associated wi血 the ho1iday camp are 
likely to bεacceptablc啥叫tllo月h somc mitigation measures to protect on-site buildings 
may be required. 

Groundwater shows limilcd cvidcncc of contaminatio鈍， althou鑫h a s住eam to 血e noOO
east is seriously contamimltcd hy Jcachatc as a res \llt of leachate seepaεe. Surface 
seepages at the base of a rclainÎng waH on (hc south side of the sports fi~ld are probably 
a result of 1eachate that has soakcd into lhc ground. The present peak discharge for the 
2 ha site of 19.2 也 30.3 ClI m/day is not considcrcd to be of an acceptabIεquality for 
discharge to sewer. I t 只 rcc“Illll1cndcd that cngineering works be undertaken to 
regrade and recap thc ]andlïll (0 minimisc leachate generation, to intercept seepages 
and to re-instate the prc諒。nl Icachalc collcction systcm. The collected leachate should" 
then be transported to an approprialc treatment facility. It is recommended 由at the 
leachate holding tank hc rdocatcd 10 a lowcr eIevation, below ground level, and bunded 
to prevent spi l1age or lcakagc. ^prroprialc drainage and sewerage faci1 itie~ should be 
desìgned for the aftcfusc phasc 10 cnsurc appropriate segregation and dispcsal of 
contaminated wastewalCfS. 

It is concluded that following rcgrading. rccapping a惡性 planting 血ere would be a great 、
improvement in the vi叫]al qualily of thc sitc. Facilities should be blended within the' 
landscape in order to hc unohlru只ivc.

Given the separation dîstancc of facilitics from the nearhy high tension power lines 組.d
the relatively 1imited expos lI rc lilllc of pcople locatcd on“ site, no signîficant problems 
ωsociated with exposurc 10 clcctromagnc(ic radiation are envisaged. No building or 
structure proposed as part 0 1' thc artcrusc dcvelopmcnt wiIl ìnfringe upon the minimum 
distance requirements for high tcn只ion powcrlincs. 

Detaîls are provided in Clulplcr l) and Appcndix 5 on recommended monitodng with 
respect to the key environmcn(al paramctcrs of conccrn. This monitoring programme 
will provide the basis for l.hc cslal亨 J ishmcnt of bascline conditions prior to restoration 
and provide the ne借給ary datíl 10 cnsurc suit瓷缸le mitigation measures are implemented 
褪色e event of unacceptablc impacts h三說g dctcctcd. 
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7. NGAU TAM MEI LANDFILL 

7.1 

?“2 

7.3 

7.4 

7.5 

7.6 

Study Area 

Site description 

前le Ngau Tam Mei Landfill (NTML) is a heavîly overgrown site located nort蛤east of 
Yuen Long，的 the east of the New Territori忌s Circular Road, occupying an area of 2.05 
ha at 血e head of a n挂在ow vaIley surrounded by ridgelines σ'igure 7.1). Uncontrolled 
dump'ing of wastes occurred prior to 1973 after which the site was operated as a san'itary 
landfill from December 1973 to March 1975. No data exist on 血e nature or qu給亞tlω
of the waste inputs during or before the controlled operational period. The volume of 
waste, ma'inly composed of domestic and indus佐ial refuse, has been estlmated as 
180.000 cu m. 

The site forms three platforms on the western side to the site. The largest one is at a 
level of 33 mPD while the smallcr ones are at 25 and 15 mPD, which are separated by 
gentle 品。pes. A叫jacent to tl1e sîle at the north and east is a high mounta'in ridge at a 
height of about 80 mPD with a gentle slope covered with short grasses. Some 
residential dwelIings are situated insî丘e the 仿o _m consultation zone for the land白U site. 

After the completion of Întìllin皂， the site w是s capped with a variable thickness (0.9ω 
2m) of cdv/cdg materiaL The steep faces and lower terrace were left to revegetate 
naturally and supporteò a vigorous undergrowth at 也e time of 血is study. The site has 
not been lined and leachate col1ection was rudimentary, consisting of a single drain 
running down the central axis of the site leadi至19 to a fHtration tank with an overf1ow 
discharge to the stream. 

EnVÎronlnental setting alld lalld u.ses 

No sensitive users have been identi1ìed within the site boundary of NTML, which is 
currently covered with dense vegetation. There are, however, a numb位 of graves 
situated along the fringes of the landfil1 site. The site lîes within a Green Be1t in the 
draft Ngau Tam Mei Outline Zoning Plan (S/YL-NTMl l). Part of the Maple Garden 
ResidentlaI Group C development which is situated to the north-west of the site and 
separated to 血e site by a smaIl hill 1ies within the 250 m consultation zone. To the south 
of the landí至11 îs Wai 站在i Village with many old village houses. A 到at area of land to 
血e south-west of the southern bou ndary is proposed for residential development. The 
eastern boundary of 也e access road is occupied by sheds and buildings associated with 
a chicken farm, to the south of whîch is Jand used for Iight industry and storage. 

Restoration Proposal 

1 ntroductioll 

The proposed restoration options t"or NTML have been discussed în the previous 
Working Paper WP5 on Master Dcvelopment Plans (Ref 7.1), and this section describes 
the preferred restoration option for the site whicb is regarded as environmentally 
acceptable and safe. To accompIi組 the long欄term management of landfiIl gas and 
leacha缸， there are appropriate measures to control and minimise their impacts. An 
outline of measures for the management of leachate and landfil1 gas is given in the 
following 鈴ctions.

Restoration cOllstraints alld opportullities 

An examinatlon of land use and landscape issues has given rise to restoration options 
being proposed for NTML .as generally discussed in Worki時 Paper WP4 on Land Use 
Optio詰s and Planting (Ref 7.2). The constraints and opportuniti郎。趕出e restoration 
development of NTML are summ益rised in Table 7. 1. 
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Table 7.1: Constraints and Opportunities for the Restoration ~f NTML 
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Constraints Oppo叫unitiω

1. S盟主11 (2.05 h份 1. Tbree platforms covering one 
third of 浴缸。

2. Part of 說話 designated 袋s a burial ground I 2. 
for local village; gr是ves on site and 
a其jacent.

Most of the rest of the site îs 
natural landform wîth building 
pote聽話說〈設lOugh ít is hilly) 

3. Settlement problems Ne鑫.r to villa墓es 鑫nd Fairview 
Park reside.懿話說 area

4. Acce鑫sible by public transport 

3. 

4. Le在chate and landfill gas emission 

5. Landfill cap to be protected Good view from northwest to 
southwest 

Afteruse optiOIl 

The preferred afteruse for NTML is a baseball field with associated building facilíti皂S
which are mainly located near the lower end of the landfill on opposite si吐es of 血e
access road, as shown on Figure It is proposed th結t a baseball diamond with 
spectator sea泣 is provided on the top platform, parking for cars 組d coaches 0藍色f
middIe pl鑫tforr泣，發話d buildings 00 the lower level are紹) wlúch are partly outside of 註le
landfill are逸. Similar to SLSL and MTLL, the restora討on work is proposed to 
commence in 199忌，誰nd would be in approximately 1 year. The broad 
desi鑫話。bjectives for landscape and afteru師位學 simil缸 to 出os辜負rPPVLt SLSL 
and MTLL. Speci豆c criteria are as 

• all structures proposed for con綜uction 0誰也e landf1l1晶阻話說缸里igned to be 
effective against settlement and LFG accumul義tions;

• proposed buil丘ings sho登ld be designed wi自昂的ific gas control me認ures;

• 如velopment should avoid encroaching on any burial grounds as far 諮 possible;

visua1 impact of development on upper platform should be carefully considered; 

there ìs a need to undertake restor叫on planting; 

品e planting mix proposed for the landfill shoul社 be in accordance with the 
recommended restoration option; and 

develop after-uses wîthin the context of the Ngau Tam Mei Development 
Permission Area PI組 (DPNYUYL-NTMI1) as 混oned 屯reen BeW' . 

• 

• 

• 

• 

Planting Proposal 

Plan泣ng of t詣的認d shrubs at NTÀ'吼 should be carried out i益。rder to accelerate 
vegetation establishment on site. The objectives for such planting would be to ensure 
long刊erm stabiIity of the capping 1 在yer and to provide a sp位ial 企amework appropriate 
for the proposed afteruse. Planli嗯嗯哇啦rements on this site can be broadly grouped 
into three categorie建議s foIIows: 

• afforestation of fiIl slopes; 

screen planting; and 

shade plantin岱

• 
. 
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Settlelnellt and slope stability 

Future settlement is predicted to be small as most settlement has already taken place. 
Structures proposed for the landfill should be Iightweight and sufficient1y flexible to 
compensate for the effects of limited differential settlement. Although there are no 
proposals to reconstruct the cappîng layer at NTML, for geotechnical requirements 
alone, some minor remedial works to repair some settlement related features may be 
necessary. To minimise future leachate production, enhancement of the existing 
capping layer as proposed for MTLL may be required. No deep rooted species of 缸ee
should be planted over the enhanced cap. 

No ínstability features were observed during a site survey of the NTML site. The 
profiles of the conceptual restoration design follow in general the finis J;1ed grades of 
NTML. Any regrading or capping enhancement should ensure 也at slopes have an 
adequate factor of safety. 

Landfill gas mallagelnellt 

The LFG management system for NTML relies on a combination of high permeabiIity 
venting areas and low permeability barriers to prevent LFG from migrating towards 
sensitive receptors in partícular to the south-western, southern and south-eastern 
boundaries. Venting zones should be located around the boundary (perimeter vent 
trench with gas vents) , and withln wastes (passive venting wells). The design of ve,nt 
pipes should permit blending with landscape features without compromising their 
efficiency. No active LFG extraction facility either for flaring, or utilisation~ is proposed 
for NTML. The ~appîng layer (if required) should incorporate a granular layer to 
enhance the lateral migration of LFG toward the passive vents, thereby reducing positive 
gas pressure in the IandfilI. 

Areas proposed for car parking on the middle platform should be constructed with 
appropriate under-venting to ensure controlled dissipation of any LFG through the 
capping layer. The vegetated area of the baseball diamond should be similarIy 
protected against any vertical gas migration. The requirements. for protection of 
buildings on the landfill will he the same as those described for PPVL and SLSL 
(Chapters 4 組d 5). 

Leachate lnallagem.ent 

A leachate interception drain should be instal1ed around the toe of the landfill and 
extended along the site. The interception draîn should be installed in the same 紅'ea 指
出e gas control membrane such that a dual purpose LFG and leachate barrier will be 
provîded. This leachate col1ection system should col1ect all seepages around the toe of 
the landfiIl. Collected leachate should then be allowed to dr叫n under gravity to a 
collection tank which is constructed underground and îs adequately bunded. Other 
requirements for the tank are sîmi1ar to 晶。se specified for SLSL (Chapter 5). 

Leachate should be tankered for treatment and disposal at the same appropriate 
facilities as proposed for MTLL (Chapter 6). If a significant proportion of the leachate 
migrates to groundwater it wiU be necessary to reduce the leachate production by 
improvîng the capping layer as pròposed for MTLL. The surface water leachate 
interception drain should still be instal1ed. 

LandfiIl Gas 

This section describes the safety and envîronmental objectives of the restoration process 
with respect to LFG. An assessment of potential impacts from the construction phase 
and afteruse options has been conduct.ed, and areas have been identified for further 
assessment. 
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7.16 

7.17 

7.18 

7.19 

7.20 

1.21 

Background. COllditiOIlS 

‘ LFG is monitored at the locations shown in Figure 7.3. Monitoring results are shown in 
Table 7.2. NTML 1s still current1y generating LFG. The deep monitoring wells within 
the fill (DH401 and DH402) exhibit slight positive pressure, and a generally consistent 
gas compo泣tion. ShaIlow drive-în gas monitoring probes exhibit wîder f1uctuation i琵
soîl gas pressure and compositîon. Estimates of LFG yields in 1993 were as follows (Ref 
7.2): 

• LFG yield from cellulose content (1993): 160 Cll m LFG/tonne dry weight; 

LFG yield 宜。m caloriflc value (1993): 150 cu m LFG/tonne dry weight; and 

• LFG yield from Oxford University model (1993): 9 cu m LFGlhour (7 cu m 
LFG/tonne dry weight). 

Predîcted LFG yields are ]ow and 剖milar to those for MτLL. Peak LFG production was 
predicted to have occurred during 1975, after which an exponential decline in 
generation rates would have occurred. 
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The Cl.lrrent actual rates of LFG generation and emission will vary depending on a 
range of environmental factors and waste type蠱 As for MTLL and SLSL, there is some 
evidence of local inhibition of waste breakdown which implîes a lower rate of LFG 
genεration than predicted. 

There îs evidence for off-si紀 occurrence of LFG, principally in the vicinity of DH408 , 
DH411 and DP421. Oxyge1). depletion in other monitoring probes and dril1holes may 
be indicative of limited LFG migration (and subsequent acidification) in these are路
(DH405, DP421). Currently, it îs considered 由混血is migration does not pose a safety 
risk and there is no direct evîdence 血at vegetation is being affected侖

l1npact 0/ COIlStruCtiOIl activities 

甘lere are no propo給18 to reconstruct the capping layer at NTML for geotecl1ntcal 
re司uirements alone, although minor remedial work may be required. However, 
enhancement of the exísting cappîng layer to minimise future leachate production may 
be necessary. Such enhancement is unlikely to expose underlying refuse t，。這ny large 
degree. Construction of the basebal1 court and hardstanding would also reduce vertlcal 
萃部 emission and encourage lateral gas migration. 前le proposed LFG management 
system as described in WP6 (Ref 7.3) will intercept laterally migrating LFG 缸ound the 
sensitive SE and SW boundarYt and gas vents around the remaining less sensitive 
boundaries will intercept much of the LFG migrating 扭曲is direction. Retro-drilling of 
gas vents within the fill following completjoÌl of capping wil1 encourage on-site venting 
of LFG and thereby reduce the potential for off-site gas migration. 

Mitigation Measures 

Proposals for mitigation of environmental impact of LFG during restoration of SLSL 
and MτLL are equally applicable to NTMLt and should be applied as appropriate to 
NTML. 
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Table 7.2: NTML - GAS MONITORING RESULTS (Sheet 1 of 2) 

LOCN+ DATE APRE DPRE 0/0CH4 %LEL 0/002 %C02 %H2 %CO %N2 COM 
DH401 18-Jun-93 1008.4 62 1.4 <1 20 

23-Jun-93 1005 22 54 24 2.5 26 
1-Jul-93 1008.6 12 67.8 >100 O 24.6 
1-Jul-93 1008.6 54 5.4 18 <0.05 <0.1 23 Lab/A 

16-Jul-93 1007.9 51 20 2 
20-Jul-93 1004.5 61 2.7 25 <0.05 <0.1 11 Lab 
28-Jul-93 1002.6 15.5 59.5 2.5 0.8 28.5 

23-Sep-93 1009.2 33 68.6 。 。 26.1 
29-0ct-93 1019.9 37 64.6 O 0.08 27.3 
12-Nov-93 1014.7 48 62.7 O 0.6 28.1 

DH402 23-Jun-93 1005 35.5 46 1.5 <1 35 
1-Jul-93 1008.6 25 59.9 >100 。 32.9 
1-JIJI-93 1008.6 56 3.3 20 <0.05 <0.1 16 Lab/A 

16-Jul-93 1007.9 49 2 <0.5 
20-Jul-93 1004.5 64 1.1 29 <0.05 <0.1 5.4 Lab 
28-Jul-93 1002.6 37.5 58.3 。 O 32.9 

23-Sep-93 1009.2 57 61.1 o 。 34.5 
29-0ct-93 1019.9 203 59.9 。 0.06 32.9 
12-Nov-93 1014.7 -15 59.5 2 0.9 37.1 

DP413 1-Jul-93 1008.6 。 30.5 >100 0.7 11.5 
16-Jul-93 1007.9 37 30 2.5 
28-Jul-93 1002.6 5.5 1.47 9 9 9.28 

23-Sep-93 1009.2 -15 7.06 55 5 15.4 
29-0ct-93 1019.9 3 3.18 27 5 11.9 
12-Nov-93 1014.7 372 9.3 90 3.8 10.7 

DP415 1-Jul-93 1008.6 。 0.04 ‘ 1 20.7 0.08 
16-Jul-93 1007.9 。 20.5 
28-Jul-93 1002.6 0.9 0.84 5 18.4 0.87 

23-Sep-93 1009.2 。 38.5 22 2 17 
29-0ct-93 1019.9 -2 O O 13.7 6.5 
12-Nov-93 1014.7 -150 。 7 19.4 0.71 

DP417 1-Jul-93 1008.6 -37 0.04 2 6.7 11.9 
28-Jul-93 1002.6 O 0.04 2 11.3 9.9 

23-Sep-93 1009.2 -54 0.13 5.5 12.6 
29-Oct-93 1019.9 -87 。 O 13.7 6.5 
12-Nov-93 1014.7 。 。 7 15.9 4.2 

DP419 1-Jul-93 1008.6 12 0.64 4.5 3.4 12.7 
28-Jul-93 1002.6 O 12 70 1.5 16.6 

23-Sep-93 1009.2 1.83 11 1.1 16.6 
29-Oct-93 1019.9 。 0.28 5 12.2 10.3 
12-Nov-93 1014.7 -9 O 9 16 3.4 

DH405會 16-Jul-93 1007.9 o O 13.5 Le H. 
DH408* 16-Jul-93 1007.9 10 2 <0.5 Le H. 
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Table 7.2: 到γML - GAS MONITORING RESUL TS (Sheet 羹。f 2) 

LOCN+ DATE APRE DPRE %CH4 %LEL %02 OkC02 %H2 %CO 唱詞2 COM 
DH是11 會 16-Jul-93 1007.9 15 50 5 
DP420* 1 刪Jul-93 1008.6 25 O 20.4 在08

28-Jul-93 1002.6 G 2 20 0.95 
23總Sep“93 100話.2 O 3 5.5 11.1 
29-Oct-93 1019.9 學1 G 2 18.8 0.35 
12岫?這oV-93 1014.7 95 G 8 19.1 0.71 

IDP421* 1-Jul-93 1008.6 G 0.32 2 20 0.39 
28-Ju卜93 1002.6 7 在04 2 注1 14.2 
23-Sep偏93 1009.2 26 6.64 2 2.5 10.7 
2弘Oct-93 1019.9 1114 G B 7.4 9.4 FiUed i 

1 必Nov-93 1014.7 12 。 § 7.3 5.63 Fi1led 

* denote those holes located off-site 
+ refer to A2.1 (Appendix 2) for abbreviations used 
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7.22 

7.23 

7.24 

7.25 

7.26 

7.27 

Ii1:呼1ßCtS of LFG COIltl叫 lneasures

The impacts associated with LFG control measures relate to the cons的lction phase 
include: 

. the enhancement of exisling cappi時 layer (if required); 

﹒白。 construction of gas venting trenches and passive gas ventswithin 也e fill; 

• the drilling of additional monitoring boreholes. 

LFG wiII be emitted from passive gas vents within the landfill and perimeter vent 甘'ench，
which are of similar dεsign to t:hose proposed for MTLL. As for MTLL, predicted g諮
yields from NTML are too low for gas flaring to be a fe諮詢le option. 

I1npact on afteruse option 

It is proposed in WP6 that the sHe wilI be used for baseball with assocîated spectator 
研組咚， car parkin萃， changing rooms~ office and shop, landscape pl給註E萃. a p抖，ic∞ni比c 盯e悅a 
and a children's p抖la叮y a盯reωa扎. Arcas proposed for car parki抽in時1晦go∞R 位臨1唸e 1 組d詛f包ill should b泊皂
constructed with appropriate undc叮r-句.
which mi皂gra剖te倒s t甘hrough豆 i血he ca叩i可ψpping layer, and should be constructed from flexible 
materiaI to allow for se剖ement. The vegetated area of the basebalI court should be 
similarl y protected 啥滋nst any vertical gas migration.τhεrequirements for buildings. 
。也er stru翩翩 (such 給 spectator seating) and recreation are帥的由es紅ne for si副加
structures at the othεr three sÎtes. 

明le Housing Department has proposed residential development on adjacent lan柱的自己
west of the site. Structures will certainly be located within 250 m of 甘le landfil1, and 
some structures may be within 20 m. The relative timings of the housing development 
and site restorations are not known with certainty, but it is possible 血at houses may be 
present, and occupied, dilfing the restoration works. Measures described earlier in 
respect of SLSL and MTLL will assist in minimising the environmental impacts 
associated with redevelopment. 

Air Quality 

Introductioll 

τbis section details the asscssmcnt of impacts on aÌr quality from emissions at Ngau 
T在m Mei Landfil1 site. Construction activities associated wi曲也e restoration of the 
landfill site are considered wi th referεnce to dust and VOC emîssio的. A predictive 
assessment is made of the impacts Jrom venting of LFG on 甘le site. 

Alnbient Monüoring 

VOC Emissions 

Background ambient air quality measurements made upwind and downwînd of the 
landfill were analysed for the prescn∞ of the SACs. The r俗ults are given i益 Table 7.3. 
They indicate 由at ambient lcvels downwind of the landfill 紅e higher 也給 levels upwind 
for 出e compounds dichloromethane and 1 ， 1 ，卜trichloroethane but not for benzene. 
This would indicate there is a possîbilîty 甘lat dichloromethane and 1.1.1-trichloroethane 
are being emitted from 出e landlïll. Other SACs have not been detected. However the 
interpretation of the monitoring rcsuHs should be treated wi血 caution as 也es滋npling
locations did not trul y represent Ihe downwind and upwind po盛世ons relative to NTJ'..吼
during the time of measurement. 
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7.28 

7。三會

Table 7.3 :斑。nitored Ambient VOC Levels at NTl\咀d

Method 
Detection 

Limit NTh咀J

SAC (但.g/m3) (μ露1m3)

uw* 讀k dw** 

Vinyl Ch10ri往e 0.3至 起D 說D

Dichloromethane 0.73 0.8 1.3 

Trichloromethane , 在73 認〉 河〉

1,1,1-Trichloroethane 白.76 0.8 莓.0

1,2-Dichloroe伽ane 白。61 起D 控告

Benzene 0.26 7.7 3.5 

Tetrachloromethane 0.94 ND 
諾。

Trichloroethylene 0.91 ND T的

1 ，乞Dibromoethane 0.92 T的 膜。

Tetrachloroethylene 0.75 ND T心'---

Notes 

uw : upwind 
dw : downwind 
ND : Not detectlu之 below the methotl detection limit 
科 : uw and dw did not tn咿咿resent t1re downwind and upwind positìons relωive to NTML at the time 

o[ meQsurement. 

且1ethane

?真ble 7.4 shows the results of analysing the s這mpl部 taken upwind and downwind of the 
landfill 說te for methane. The melhane measurement 這ownwind was 叩proximately 4% 
lower 由椒油at 給她n upwind. This is well 械制n the range of expected variation and it 
would be difficult to draw any conclusions from the m路surements.

Table 7..4 : 盔，宜。nitored 耳畫ethane at NTl\是L

uw (Jl.g/m3) 

1758 (2.54) 

叫
“-
e

tm 
u
呵
，
n

h
一
他

Notes 

帥妙 : upwind 
品11 : downwìnd 
ug/m3 (ppm) 

Assessment o/l,npacts 0/ Dust Emissions 

Se益sî泣ve receptors for NTML idcntified and considered in the study are gìven in Table 
土豆
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7.31 

7.32 

7.33 

7.34 

7.35 

Table 7.5: Sensitive Receptors and Locations 

Landfill Site Sensitive Receptor Grid Reference 

Ngau Tam Meî • Existing Housing 824180E 838328N 

• Proposcd N ew Housing 叫6ES;也」
• Intcnsive Farm 824226E 8 

Chapter 4 details the modellin萃 approach undertaken in the dust assessment study.τ'he 
impact from cOITlbining thc dust generated from a 0.0625 ha construction area situated 
on the boundary of the site with vehicles passing on unpaved roads at 血e site boundary 
at the closest receptor (proposed new housing ; 824216E 838140N) is: 

Dist位lce from site 
TSP concentration from vehìcles 
TSP concentration from construction sÎte 
Total predîcted TSP conccn(ra lÎon 

4
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It can be seen that the 500μg/m 3 air quality guideline is exceeded. Therefore, 
mitigation measures are neccssary.τhis mitigation may include dampening down the 
surface of the unpaved road and construction site. An effective watering programme 
(twice daily watering over the ent.irc site) is estimated to be able to reduce emissions by 
up to 50% from ground surfaces. Thís should be able to reduce the total TSP 
concentration to about 420 ~，g/m3 which is below the relevant air quality guideUne leve1. 

Covers and wind shields may hc used at p]aces where high emissions of dust are 
expected. On days when thc wind direction is such 血at dust is blown towards the 
sensitive receptor and mitigaHng aclion is unable to reduce dust levels to a satisfactory 
level~ it is possîble that traftìc may take 1 a diversion 缸ld use a route 長Jrther 企om 血c
sensitive receptors. At timcs 0 1' particularly lùgh Ievels it may be necess紅Y to suspend 
construction activity. 

TheAQO 前lat applies to TSP in Hong Kong restricts 24-hour average concentrations to 
below 260μ學/血3. .using a ractor of 0.4 to convert the l-hour concen住ation to 24-hour -
concen甘甜on (when considering a 12 hour working day) 組d a 50% reduction due to 
mitigation me部ures lîsted above, a predicted TSP concεntration of about 170 Jlglm3 is 
obtained, wlùch is below the relevant air qua1ity gui吐eline level. 

Severa1 assumptions have had to be used due to a lack of relevant site specific data and 
accordingly 也已 modelling approach could only provide a broad indication of the 
possible dust impacts. Despite the high values predicted, the Consultants are confident 
血at subject to sensîble mitîgation measures, no significant dust impacts wil1 occur. 

Assessmellt olIlnpαct Iroln VOC Emissions 

Landfill gas samples were obtained from drilIholes DH402A and DH401B for GCIMS 
analysis. Benzene, vinyl chloride, dichloromethane an.d trichloroethylene were the 
SACs detected in the LFG samples. The average measured concen虹ations of these 
contaminants are given in Tablε?后:
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Table 7.6: SAC Concentrations in LFG at NTML 
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Pollutants Concentration in LFG(m世且有

Vinyl Chloride 0.2 

Dichloromethane 。.35

Benzene 1.00 

Trichloroethylene 0.45 

VOC emissîons were determincd from the following: 

Oxford University Model was used to calculate the volume of landfill gas 
generated by 出e ]and1ìll; 

• Concentrations of VQCs in landfill gas were derived from sampl部 taken from two 
drillholes; and 

• Gas assumed to vent equally from each of 34 ven的.

Table 7.7 
ofVOCs. 

Table 7.7: VOC EmissÌon Levels and Modelling Parameters for NTML 

Parameter Input 

Passive vent height 3 n1 

Gas temperature 30 oC (303 OK) 

Assumed air temperature 25 "C (298 OK) 

Gas volllme 9 m3/hr 

Number of vents 34 

Vent diameter 10 cm 

Pollutant emission rates* 

Vinyl chloride 0.0148μgJsec * 

Dichloromethane 0.0.0257μg/sec * 

Benzene 0.074μgJsec * 

Trichloroethylene 在03309μg1sec * 
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Notes 
Other Spec.伊ed Air ContaminanlS were nol delecled in the landfill gos composition. 
Meteorological ossumptÎons are lhe same a.f those given ;n Chapter 4厲
USEPA Model ISCSTwω employed. 
VOC emission rates were derived from mea.fU.red concentralÎo1lS of landflll gωfrom drillholes 
牢 the emîssion riαtes are per venl. 

The results from the modelling at NTML are presented in Table 7.8. The predicted 
concentrations at the Air Sensitive Receptors (ASl支s) and maximum predicted 
concentration val臨時 of thc SACs present in the landfill gas are given along with 誼le
calc1l1 ated canc位 risk associatcd with such a concen1ratÏon. A conservation conversion 
faction of 0.3 was used to convcrl maximum annual l-hour average concentrations to 
annual average concentr鑫tions in light of the limited d益ta and the assumptions made in 
the modelling. 
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7.忌。

?ι1 

Table 7.容: Predicted CooceotratioR and Assóciated Risk from SACs at NTl\位，

Maximum Annual 
Receptor Pollutant l-Hour Concentration Aonual 

(其哀1m3) Risk 

Max Value Vinyl Chlori且已 0.00083 2.1 x 10-8 

824440E Dichloromcthane 0.0014至 2.1 x 1σ10 

838三OON Benzene 旱.00416 1.1x 10偏喜

Trìchloroelhylene 0.00187 2.1 x 10-10 

Sensitive Receptors Vinyl Chloride 0.000吾 1.5 x 10個學

824226E Dichloromethane 0.0009 1.3 x 10-10 

83忌。 Benzene 0.003 7.5 x 1伊9

Trichloroethylene 0.001 1.1x 

學24216E Vinyl Chloride 0.000是 1.0 x 10-8 

83在 140N DichloromClhane 0.0007 9.9 x 10-11 

Benzene 0.002 5.0 x 10θ 

Trichlorethylcnε 在0009 9.9 x 10“ 10 

824180E Vinyl Chloridc 0.0004 1.0 x 1σ9 

838328N Dichloromethane 0.0007 9.9 x 10-11 

Benχene 在台。三 5.0 x 10-8 

Trichloroethyleoe 0.0009 9.9 x 10θ 

Table 7.8 shows that the prcdicted concentration of dichlorom位hane and benzene are 
well below the 且easured ambient levels and th諮 pre是icted concentration 
trichloroethylene and 泌的rJ chloride are well below the mi刻認U認 detec包.ble limit of 也e
measuring method used. Othcr SACs not detected in 自e landfill gas from the 
boreholes are detected in the ambicnt air. This would su豆豆est 設lat the 1訂td在11 site is 殼。t
a si草nificant contributor to ambicnt levels of SACs. The maximum predicted ground 
level concen甘ations for SACs arc helow 出e acceptable risk of 10-6. 

These resu1ts indicate that the reslored NT恥IL site will oot be a significant contributor to 
ambient levels of VOCs. Nonetheless it is considered prudent to include requirements 
in 技le contract documen認為r the Contractor to ca肘Y out detailed environmental impact 
as紹給ments. The contract. Spccifïcalion advised include envirorunental st缸ldards which 
could ìnclude risk-based guidelincs on which the Contractor wiU have to achieve and 
verify in hi草色si伊﹒

If high VOCs are detec記d it would be possible to inst車11 filters of activ在ted carbon 
wi血泊吾le vent pipes to gîve an ab闊的ent mcdja for VOCs. However，也is could reduce 
venting efficiency and hence effi(二icncy of the 1最ndfilI gas control~ and extra venting 
a紅angem侃起 may be neccssary to inlprove the efficiency of the overall landfill gas 
control system 80 that 1是tcral gas migration would not occur. It is considered that 
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7.43 

filtered passîve vents, coupled with a regular samplît嗨~ testing and maîntenance 
programme, could be used to effectively reduce the VOσs to acceptable levels. 

Because the proposed LFG restoration works at NTML rely on passive venting with no 
flarîng of gas, particular attentîon has been given 10 the assessment of odour. Samples 
of LFG from 2 holes drilled ínto waste at NTML were analysed for a large sulte of 
odorous compounds. Table 7.9 1ists the construction of those compounds detected 
above 甘leir odour tbreshold. 
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Table 7.9: Trace Gases in LFG Exceeding Odour Limits for NTML 

402A 402AQ* 40tB 

butene (total) 2.0 1.1 ND 

pentene (îsomer) 1.5 0.9 0.7 

dimethyl sulphide 0.06 0.08 ND 

butan咱2-one 2.3 2.1 0.1 

n-octane ~.3 2.9 3.5 

dimethyl disulphide 0 .4 0.6 ND 

toluene 100 68 0.5 

n-nonane 20 16 16 

n“ decane 53 35 17 

n-undecane 25 17 4.0 

ethyl benzene 15 10 0.6 

xylenes 37 23 2.5 

limonene 680 370 ND 

naphalene 8.2 5.4 0.08 

Notes 

牢 Duplicate sample for QA pwposes 
Not detected, below melhod deteclÌon limit ND 

Table 7.10 gives 由e resu1ts from thc model1ing study for the fourteen compounds 由at
exceeded the odour threshold in the analysed landfill gas. The results are given for 
ground level concen t.rations at the ASRs and at the poînt where the maximum 
concentration occurs. 1n every c~se 由e predicted concentrations 缸e below the toxicity 
level OESI1 00. The predicted concentrations of the air contaminants would not cause 
any odour nulsance at 由e ASRs. 
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Table 7.10 : Pri吋icte是Concen trations at j主SR from VOCS in the Land酪IG都

Maximum Maxi諮um

Concel義tra Value ASR ASR ASl這 OES/I00 
-tio紛紛t 8244是OE 矗立41草告E 824216E 824226E (8hrs) 
point of 第38300N 83車主28N 838140N 838052N 
emission C紛紛centra Concentra Conce童話ra i Concelltra 

傳tion -tion -tion 翩 tion

Pollu.tant (畫畫畫真 實n-3) (μgm..3)_ (μgm-3) (uem-3) (μ反鴨-3) (u館m-3)

bu信ne 主 0.0084 O.∞4 0.004 0.0059 

抖的ne 1.5 0.006~ 0.003 0.003 O.∞44 

dimehtyl 0.08 0.000:13 0.00016 0.0001吾 0.0∞24 

sulphide 

bu值n-2-one 2.3 0.00'>6 0.0046 0.0046 0.0068 5900 

n盼octane 3.5 0.015 O.∞7 0.007 0.010 1是主00

。imethyl 0.6 0.002多 0.0012 0.0012 。.0018

泣起ulphi是6

toluene 1∞ 0.42 0.20 0.20 G聲30 1880 

n-n磁論ne 20 0.084 0.0尋 0.04 0.059 

n-<椒激怒 53 0.22 0.11 0.11 0.16 

和儲支部ne 25 0.10 0.051 0.051 0.074 

。血ylbenzene 15 0.06:\ 0.03 0.03 0.0尋尋 4350 

xylenes 37 岳重 15 0.075 0.075 。恥 11 4350 

limonene 680 2.自 1.4 1.4 2 

naphalene 8.2 。.034 0.017 0.017 0.024 5∞ 

Noise 

Background lloise levels alld Ino1lüori，嗜血絃

This site lies to the 'e鑫st 01' Ncw Tcrritories Circular 訣。ad， and road 詮草草c noise ìs 
註lerefo玄e present Also. t ypical rural noiscs are present. 

Back莖round noîse monitorin萃 has been conducted at NTML, measurements being 吋
made i益 hourly perîods during thc day between 07:00 hours 益nd 19:00 hours from 30 
Novemher to 2 Decembcr 1993. Summarised resuIts an往 the monitoring locations as 
wel1都由金迫en詰fied prcscnt noisc scnsitive receivers are given in Table 7.11 and Figure 
7.4 resp根ctively. The full rcsults are repro性uced in Appendix 3. 

Three base1îne noise monitoring locations were used around Nτ在位. NTML-l was at 
the centre of a vacant site dcsignated for r瑟瑟idential developme棍， where noise 章。m
road traffic on 血e New Territorics Circular ]這oad was domi間支援， 提τ志在-3，說站器tedne缸
resîdenti鑫.1 premises to the north-west of the sîte, was a180 expo窮ed， to 設oisεfromNew
Territories Circular Road, although additional noise 主om a local sou玄ce w齡兒po抗，ed
here. The resu1ts 泣 these 10毛主tions arc consistcnt with a semi-rural settin皂，

NTML-2 w紹說卸益.ted to the SOulh of 出e si記惚d farther 詮om New Territories Circular 
Road than 白色。血紅 monîtoring positíons. The noise levels recorded were therefore 
low獸， the only source notcd hcing a dog barking. 
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lmpacts of C011S的lCtiOIl Activities 
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Sìmilar to the case of SLSL, very limited earth moving activities associated with 血e
constmction qf the final cap and leachate and LFG facilities will be carried out at 
NTML, such 由at construction noise would be insignificant. If however there îs any 
construction to be taken place c1 0se to the noise sensitive receivers as indicated in 
Figure 7.4, the noise mitigation measures described for MTLL should equally be 
applied here. 
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Table 7..11: Summarised Baseline Noise Monitoring Results for NTML 

AveradgBe <A Noise 
Monitoring Location Major Noise Sources Level 

LI0 L90 Le(1 
NTh位-1 Centre of vacant 1) Traffic on New Territories 63.2 55.2 60.3 

construction 討te due Circular Road 
to be developcù for 2) Dog barking 
residential use 

NTML-2 Above facade 011 rnof 1) Dog barking 49.1 43.9 48.0 
of residential building 

NTML-3 F袋.cade of residentîal 1) Tra[fic on New Territories 58.1 52.2 56.全
building Circular Road 

2) Activities at neighbouring 
house 

lmpacts of Afteruse Optioll 

Currently there are few noisc sensit.ive receptors in the vicinity of the site and transient 
increases in noise levels due to baseball activity are unUkely to be a problem. However, 
位品種tuation should be reviewcd if there are any significant changes in land use in the 
vicinity of 前le site 蛇出e time of the afteruse development. In any case it is considered 
prudent to adopt similar noise auenuation measures as mentioned for MτLL. 

Water Quality 

Existing groundwater alld surface water quality 

The piezometric water level泛 suggcst a steep hydraulic gradient from north-eastω 
south-west. At the Iower end of lhc landfill there is an unsaturated zone of 8 m between 
the base of the landfilI, at 15 圳市， and groundwater at 7 mPD.τb.e unsa臼lfated zone 
may be less elsewhere bcncath lhe sîte. This implies that the underlying strata 缸色
relatively permeable 10 a sîgniJìcant depth. 

The resu1ts of the analyses for groundwat.er and surface water are given in Table A4.4 
of Appendix 4 切d 血e monitoring locations are shown in Figure 7.5. They show 血at
none of the groundwater samplcs from outside the site (i.e. DH403 , DH404, DH405 , 
DH407 and DH408) show any evidence of contamination by Ieachate. Dissolved solîds 
levels are moderate and. all the waters are acidic and contain high concentrations of 
dissolved iron and manganese. Tahle 7.12 shows that the levels of heavy metals in local 
groundwater mainly exceed Ihe slandards quoted. 

λ1由ough groundwater in dr川 holcs around the site perimeter shows no evidence of 
leachate contamination, it is possi blc that leachate may have moved vertically beneath 
the wastes and then westwards, missing the drillholes instal1ed for 也包 study. A 
groundwater sample from hcncath the wastes (i.e. DH402) did show evidence of 
leachate contamination and also cvidence of stratification of groundwater quality (Ref 
7.4). 
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Ngau Tam Mei Landfill 

Sampling Locations for Noise Measurement 
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Standards for Groundwa'重er 輸* Water Source 暈暈暈暈

ST1 ST2 ST3 
Determinand 暈 Dutch Dutch WHO Surface Ground-

GradeC VPR water water 
IpH (pH units) 在5-8.5 7.4..8.5 (4.5-6.6) 
EC (uS/cm) 130-21000 147-2800 
Cadmium 0.01 0.006 0.005 <0.02 (<0.02-0.03) 
Chromium 0.2 0.026 0.05 <0.1 (<0.1-0.1 ) 
Copper 0.2 。.035 <0.1 (<0.1-0.4) 
Lead 0.2 。.05 0.05 <0.1 (<0.1-1.1) 
Nickel 0.2 0.04 <0.1 <0.1 
Zinc 0.8 1 5 0.03 0.04-0.48 
Manganese 0.1 (0.9) (1.8-140) 
Iron 0.3 (0.9) (6-29) 
Sodium 200 52 (5-550) 
Potassium 32 2.6-22 
Hardness (as CaC03) 500 130 61-160 
Sulphate 400 24 <10-72 
Sulphide 0.3 <0.1 
Phosphorous 0.4 <0.1 
Nitrate 10 (18) <0.01-1.9 
Ammonia Nitrogen 77 <0.1-31 
Kjeldahl Nitrogen <0.1-32 
γotal Organic Carbon 16 <0.1..25 
Chloride 250 75 {在6-1100)

COD 75 <7-300 
BOD 16 <5-7.8 
E. coli (no.l100ml) ** 。 (0-5的

Note: 

AII units in mg/l except where noted 
The Standard for drinking water (WHO) refers to Faecal Coliform 

州*γhe standards for groundwater and drinking water being refered to are as follows: 
ST1 Dutch Criteria 10r Category C Clean Up Investigations (Ref 7.5) 
ST2 New Dutch Second Generation VPR Criteria (Ref 7.6) 
ST3 WHO Guidelines for Drinking Water (Refγ.7) 

Data enclosed in brackets indicate the exceedance of the standards quoted 

* 
*. 

**** 
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τ'he details for the ana]yses of surface seeps and of:ιsite leachate are shown in Table 
A4.4 of Appendix 4. The qu叫 ity of the leachate is highly variable by the time it 
reach您也e course of the slrcam ,draining to the south-east (Le. W401)，主nd is probably 
dependent on the amount of surface run-off available for dilution. Water sampled at 
W401 remains moderately contaminated in comparison to clean surface water as 
indicated in Table 7.12. No f10w rates could be taken as the flows were too small for 
measurement during the periods on site. The leachate head above 甘le lower site 
perimeter is about 4 m and is smaI1er 車組 at other Iaridfills in 山s study響 Without a 
leachate collection system，出e nel flow of leachate to surface waters may be relatively 
small. τ'here ìs no evidence th剖 this small and periodic flow of surface water is being 
locally used. 

L401 and L尋02 were sampled at the filtration tank and at a concrete drainage ch位mel
at the foot of the lower slope of the landfill. These two samples show gross 
contamination by leachate. L401 is approximately half the strength of the leachate 
wì恥ìn the wastes. The perched seepage (L402) showed evidence of nitrîfication 
probably as a result of passing through aerated soi1 or across a vegetated surface. 

Leachate qUlllltity all.d quality 
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In view of the absence of a base lincr or of a proper leachate collection system, the low 
head of leachí:tte (i.e. 4 - 8 m of leachate at DH402) is consistent with leakage to 
groundwater. Gíven 出at NTML is a small lan社fill (2.05 ha) which h諮 been ví口ually
cappe社 and vegetated. the prcsent leachate discharge flows have been estimated in WP3 
as follows: 

peak: 
average: 
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The leachate in the drillholcs (DH401 and DH402) ís methanogenic, wîth neutral pH, 
low COD, low BOD/COD ratio an往 low NOx-N concentrations.τ'he 1 eachate has 
significant concentrations of hcavy metals, notably Pb, Cr and Zn. The NHγN 
concentration is still very high, evcn after 18 years since closure and 伽is may have been 
the cause of inhibited degradation of wastes. A large amount of degradable ma詮.er
remai肘， and the present rate of hiological activity is thought to be small. The site s誼11
has the potential to generalc addilional quantities of gas and leachate. 

ln addition to a zone of leachate saturation, perched leachate exists within the wastes at a 
higher leveL Some leachate leaves the site and enters a small stream, either vi主義
Ieachate collection drain and fi1tration tank, or via uncontrolled seeps, including 
perched leachate which enters surface watεr drains. The quality of 血e leach前e seeps t。
由es詮eam and surface water drains are referred to în Sections 7.51 a豆豆d 7.52. 
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Treatment of the leachate will be needed before it can be properly disposed of as the 
levels of COD, íron, chromium and total nitroge必 exceed the Government standards for 
effluents discharged into foul sewer (Table 7.13). Símilarly, leachate quantity fails to 
meet the standards for direct discharge to surface water of Group D (inland waters) 
(T油le A1.6 of Appendix 1). Therefore. it is recommended that leachate should be 
tankered away for treatmεnt and dísposaI at an appropriate facility elsewhere. 

Jlnpacts 01 COIIStroctioll activîties 

Si盤il缸 to the case of MTLl叫 leachat在 disposal arrangements should be in place before 
leachate interception works thc cnhancClnent of the existing cappin怠 layer are 
undertaken, as these are and Iikcly to lead to a tenlporarily ìncreased release rate of 
leachate. Mitigation for conlrol1 ing the leachate seepages and sediment loads in runoff 
during 由e construction phasc should be adopted as proposed at the other landfills. 
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Table 7.13: Analysis of Leachate from NTML 

TM on Effluent Standards*. 
TM1 Landfill Site *** 

Determinand* >10 and NTML 
<=100 

Qt!JpH unit吋 6-10 7.4-8.2 
Tempe阻ture (OC) 43 26.4-29.7 
Suspended solids 1000 
Settleable solids 100 
BOD 1000 73-450 
COD 2500 (360-3900) 
Oil & Grease 100 
Iron 25 (16-140J 
Boron 7 
Barium 7 
Mercury 0.15 
Cadmium 0.15 <0.02 
Copper 4 0.2-0.6 
Nickel 3 0.1-0.3 
Chromium 2 (1.6-4.5) 
Zinc 5 1-3.2 
Si1ver 3 
Cyanide 2 
Phenols 
Sulphide 10 4-4.8 
Sulphate 1000 <10 
T otal nitrogen 200 (560-4800) 
Total phosphorus 50 0.9-8 
Surfactants (total) 150 

Note: 
AII units in mg/l except where noted 

的 Standards for flow rates (cu mlday) expressed as upper limits (Ref 7.8) 
*** Data enclosed in brackets indicate the exceedance of standards 

* 
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lmpacts olleacltate cOlltrol Jneasures 

It is likely that the enhancemcn( of the existing capping layer to minimise 如個re
leachate production wou)d also rcduce the risk of groundwater contamination, and 
thereby save on the annual costs of leachate treatment Leachate interception and 
holding of leachate in ihe containment tank would substantially reduce 血e uncon虹ol1ed
給epage of 位le leachate into surface water, thereby resulting 扭扭 improved local water 
quality. As the leachate tank will be underground and adequately bunded to contain 
any leakage or spillage，的 significant visual and odour impact of leachate collected in 
甘le holding tank is anticipated. 

lmpacts 0/ afteruse optioll 

說le proposed low intensity land use fo主 NTML 路 a b紹給a11 field withωsociated 
faci1ities would' not involve any signi話cant impact i琵註le a旬章cent wat位 bodi紹給 Only
the buildings and 品cilities conccntrated to theεouth-east of NTML involve a high 
number of patronage where propcr sew咚e faciliti仿 would be provide社. In a11 cases. 
si蛤 reprofi1ing may requirc 1hc incorporation of appropriate interception and surface 
drainage 訟思路ures to collecl scwage and contaminated 晶宮face water t shed rainf.犯II and 
reduce rainfalI infi1tration. 

Landscape, Afteruse and Visuall畫npact

NTML was formed in a small valIcy surrounded by low hil1s on 位lfee sides. The site îs 
in an early stage of nalural regcneration, and is covered with sm誠1 shru bS1 tree 
seedUn斜，墓round...overs an且 climhet在 τ"he surrounding hills, where 也ere is a rnix of 
wood吋 area andopen grassland , contribute much to the visual quality 銷社 landscape
v滋ue ofthe 

A proposed baseball t1eld wou Id occupy the larger top platform, with most support 
facilities located at or near lhe toc of the lower slopes. 訂單部socî主.ted buildings ar怒
。泌的酬storey high and small in sizc. There would 1主皂 provision for gas ve設ti蠶豆扭過l
enclosed struc位lres. Floating foundations to 皇ccommodate fu誣思想設:le盟ent wo惜這 be
used where necessary for struct ures that ar吾 located on 豆豆e landfill, which include a 
refreshrnent kiosk and spect alor scating. Very 血inor fiUin皂 around 誼le base òf th諮
bottom slopes would be requircd to create fl車t ar盟主 for the building言， as well 部 to
improve the gradient of thc acccss road. 

Physical cl主義nges to 出ìs site due lo afteruse development would not be noticeable from 
桂le outsid位There would he glimps臼 of the low buildings clustered at 血e bottom of 
技le slopes你 There would he trcc pl益ntin嘉 on the 草草 sIopes and arou泣d 自e proposed 
activity areas. Grass would ∞vcr (he entire top 1迢迢form， interspersed with shade and 
screen plantin萃 oft您的 and shrul嗨，

The interna1 view of 由e sìte would be significantly changed from an unattended natural 
w紛紛組d into a m訟蠶豆ed sports 摹仿。闕. AIl the fill slopes wou1d have a thick cover of 
trees and 品rut禱， formin瑟 an exlcn在îon of the natural area around 血e sîte. 

Se位lement

Existing conditions 

Uncontrolled dumping of wastcs occurred prior to 1973 after wruch the site w訟
operated as a sanîtary landfill frOlll December 1973 to March 1975 during which 
period about 180,000 cu m of w的tes were deposited at NTML. Thεremalnîng 
settIement has be思n estîmatcd ω0.4% of the tota1 w是ste thickness which assumed an 
existing exponential1y decay rale 叫~ 0.1% per ye眩. Se組ement fe泊症結 may h主V色 been
present on the site, but were not nolîceable on areas where the }.位letre 設lÎck cap was 
inspected. A1though some scUlcmcnt句elate這 cracking w部 observed for the drainage 
channels，拉le rigid concrete 浴tructurcs appeared to be in a re益son泊le condi誼。登.
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7.71 The recommended aHeruse for NTML is a baseball field with assocîated buildîng 
facilîties including spectator seati ng , parking area and support buildings. The broad 
design objectives for landscape dcsign and afteruse are similar to those of the other 
land剖1 sites and wiU result in a compatible landuse wi白血e surrounding environs. 

7.72 Settlement is not envisaged to be a significant problem in 血εrestoration of the landfill 
site, as most settlement has a]ready taken place. However, a11 building s杖uctures should 
be lightweight and sufficient1 y f1exible ωcope with limited differential settlement, and 
paving and drainage systems should 1咒 constructed of suitably flexìble mat服1als.
Existing sIopes are consîdercd to bc in a stable condition and no 如ture problems are 
envísaged provided slope rcgrading does not result in slopes inεxcess of l(V): 4 (H) 
gradient. 
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7.69 

7.70 

ltnpacts of cOllstructioll activities 

τhe general impacts of conslruction activities for sett1ement at NTML are similar to 
those described earlier for PPVL. SLSL and MτLL. Specific objectives for minimizing 
the impacts 紅紅

• the use of flexible paving material for the surfacing of 也e footpaths. 

• the design of surf.臥;e wa t.er management systems to minimise maintenance by 
being flexible to accommodate differential 品結ement

• the use of Iightweiglit structures, where the foundation design of the s甘ucture
should be able to accoßlmodate the effects of differential settlement. 

Structures proposed for the landfill should be lightweight and sufficiently flexible to 
compensate for the effects of limited differential settlement. The maintenance works 
for rep誰iring defects due to se1t]ement would then be reduced. 

Impacts of afteruse 

引le preferred afteruse fbr NTMI # is a baseball field with associated b凶lding facilities 
which are largely p]aced on the L1 at area at the base of, and beyond，位le landfiIl缸ea.
The proposed on-site afteruse [ocuses on low intensity land use wi血 a low proportion 
of 白色 site area to accommodate bu i1ding structures. Future settlement is predicted to be 
small which is therefore nnt considered to be of significance wi位1 respect 紛也e activities 
proposed. 

High Tension Power Li ne 

There is no high tension powcr linc located either within the landfill site or close to the 
site bo設ndary.

Conclusions and Recommendations 

伶

., 
4 、 l

7.73 LFG managεment should include high permeability venting areas and low permeability 
barriers along the southern. south佩western 甜d south-eastern boundaries towards 
sens話ve receptors. Parki ng areas and the baseball diamond should be suitably protected 
to prevent vertical gas migration and site build.ings should incorporate protection and 
alarm systems as for PPVL and SLSL. There is no recommendation to' upgrade the 
capping layer as present, although Ihi8 should be reviewed in 也e event of LFG migration 
or excessive leachate generation. 

7.74 Predicted LFG yields arc low and do no t. warrant any LFG extraction or utilisation. 
There is some evidence of olT-sitc LFG migration. but it is considered. that this does not 
presently represent a safcty risk. As there are currently no proposals to recons訂uct 由e
capping lay前， there should hc no 心ignificant release of LFG 路 a resu1t of earthmoving 
activities durin皂白e conslruclio l1 phase. The proposed LFG con仗。1 system and 
protection measures will ensure that LFG migration presents no safety risk during 由e
afteruse phase of the site. In the event of resídentiaI development to the west of the site, 
buiIding protection measurcs are rccommended. 
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7.7至 In order to reduce dust impacts it is advisable to minimise the operational areas during 
restoration. 前le assessment of TSP impacts shows predicted leveIs below 血e AQOs if 
mitiga討on measures are strict1 y applied. Predictive assessment of land到1 gas dispersîon 
indicates 也at following resloration works, odour 註lfesholds wilI not be exceeded. The 
results from 血色 VOC assessnlcnt indicates 前mt the restored site will not be a significant 
contributor to ambient levels of VOC. 

7.76 訂le noise environment at NTML. i8 1ypical of a semi研rural 認ttings， wi,th some influence 
from traffic on New Tcrritories Circular Road. As no significant ear誼lmoving activities 
are required for restoration~ associated noise imp是cts should be miIÙmal and within 
accep詞語le limits. In the evcnt of construction in close vicinity to identified sensitive 
receivers, suitable mitigation measurcs, as for MTLL, should be implemented. With 白色
implementation of noise control measur恨. noise impacts wiU not be of significance at 
NTML. 

7.77 Although there is only limited evidence for groundwater contamination outside the 
landfill site. it is recognised that lcachate flow outside 血e site boundary may be present 
due to the absence 0 1' a li ncr or proper lcachate collection system. The quality of 
leachate is such that treatmcn( is recommended prîor to disposal, and leachate 
interception and holding is rccommended prior to transportation for treatment 
elsewhere. No significant water qualîty impacts are associated with the afteruse of 
Nn是L， although suitable drai nage measures should be incorporate吐 into 由e design to 
segregate clean and contaminated waters‘ 

7.78 It is concluded that physical changes for the restoration of the site would not be visible 
from the outside~ although the internaI view would be significantly changed 宜。m an 
unattended natural wasteland into a managed sports ground. However, the site could be 
fully integrated into the surroundi ng landscape by the provision of suitable vegetation 
on the surrounding fill slopes. 

7.79 Details are provided in Chapter 9 and Appendix 5 on recommended monitoring with 
respect to the key environmenlal parameters of concern. This 立lonitoring programme 
wîU provide the basis for thc estahlishment of baseline conditions prior to restoration 
and provide the necessary data to cnsure suitable mitigation measures are implemented 
în the event of unacceptablc impacls being detected. 
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8. ECOLOGY 

Introduction 

8.1 When the brief for the current consultancy agreement was finalised in 1992, there wru穹的
provision in the Brief to carry out an ecological impact assessment 00 the proposed landfilI 
restoration works. 

8.2 More recently there has been a growing concern in the community on 也e ecolcgica1 impacts 
of development projec包， and the Consultants have been asked 的 comment on the ecological 
impacts of也e proposed restoration works. The following observations 缸e intended simply 
to put the restoration proposals in an ecological context and to make a preliminary comment 
on the ecologicaI significance ()f thc restoration proposals. 

PiIIar Point VaIley Landfill 

8.3 At present, the landfil1 has no ecological value as it is operational, and no particular f10ra 
and fauna are established. It is thercfore considered 伽at any restoratiøn will be ecologica11y 
beneficial. 

Siu Lang Shui Landfill 

8.4 Some restoration works have already been undertaken (ie 虹ee seedlings planted in 1987 缸G
now well estab1ished). Restoration proposals are that estabIished vegetation should be 
protected as f:缸 as p0ssible. Any dîsturbance will be minimal and limited to 血e site 
boundary area (except for reinstalement of existing gas vents if necessary). 

8.5 甘le only area where significant earthworks will 臼ke place (ie disturbance 的 vegetation) is 
along the southern boundary adjacent to Lung Mun Road. Limited site clearance to enable 
leachate/groundwater interception and construction of a holding tank is antlcipated. 
Although no detailed ecological survcy _has been carried out in 誼通s study, it is considered 
血at in 位也訂閱 the vegetation covcr is less well developed with common species of no 
particular ecological value. It is worth noting 由at we have observed a very large number of 
--but阻肛旦旦a single species (thoughtωbιEU]llQli4_設也主omzqon Crow Butterfly) in 血e

woodland at the north and north-east platforms in Decembe{T99""3 and November 1994. 
However neither ear出works nor restoration works wíI1 take place in these areas. It is 
therefore considered that the proposed landfill restoration causes no undesirable ecological 
impact 

Ma Tso Lung Landfill 

8.6 No restoration h泌 been undertakcn at this smaIl landfill since its closure in 1979. The two 
platforms are now barren and partl y occupied by a crude compost manufacturîng facility. 
τbe surrounding sIopes are covercd with patches of recolonised wild shrubs and grasses 
that are common species of no particular ecological va1ue.τberefore，也e proposed landfill 
restoration causes no undesirablc ccological impact and some ecological benefit would 
result following the completion of resloration. 

Ngau Tam Mei Landfill 

8.7 No planting programme has been carried out upon landfill closure, although 位le site itself 
has developed a sparse cover of self-seeded vegetation sînce i區 closure in 1976. Similar to 
SLSL, restoration propo給ls 紅e th訟t established vegetation should be protected as far as 
possîble during restoration. Any disturbance will be rninimal and limited to 出e site 
boundary area (ie instalIation of gas vents and leachatelgroundwater interception drains示
Therefore neither earthworks nor rcstoration works wiI1 cause any signific~nt ecological 
impact. 
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8.8 

Ecological Impact Assessment 國 Summary

In the Consu1tants view, the ovcrall ecological impact due to the proposed landfill 
restoration works at the four landllll sites is regarded as insiglÙficant. The construction of 
血e restoration works is of a short -term and 位ansitory nature and will result in rninimal 
dîsturbance to 血e existing vegetation. However a detailed ecologica1 impact assessment 
would be beneficial as part of the afleruse contract under 血.e Dual Con住acts Option. The 
afteruse developer/contractor would be in a better position, relative to the restoration 
con缸actor， having knowledge and dîrection from Govemment on the recreational needs of 
the commuIÚty, to evaluate the residual impacts of the restoration works and the ecologica1 
împacts potentially caused by the afteruse development and operation. Therefo時， ît is 
recommended 也at a detailed ecological impact assessment be undertaken by 位le 的eruse
contractor. 

119 

U
J
〕

r
I
J
R
U

仁
卜
u
r
u
n

卜
u
n

扒
心
仁

U
[
U
u
n
u
u

口
u
h
U

刊

μ

口
u
n
u
h

N
U

刊
U
們
叫

μ
h
U

刊
μ

「
L



l
u
h
l
u

仁
l
l
u
u刊
〕
們

U
h
J
U
h
u
-

-

仁
F
u
r

u

n
-
-

「
仁

'9. ENVIRONMENTAL MONITORING AND" AUDIT REQUlREMENTS 

9.1 

General Introduction 

Monîtoring will be required throughout the different stages of the restoration programme 
for each ofthe 1位ldfilI sites in this Sludy as follows: 

Design MOllitoTÍllg 

immediate additional investigations and monitoring to be carried out over the next 
twelve months fo l1owing thc moniωrîng undertaken for the consultancy study in 
order to obtain data for dctailcd design of LFG and leachate control measures; 

Baseli1le MOllitoring 

• 

• regular monitoring to de l.ermine the ambient environmentallevel of a parame但r (e.g. 
noise) prior to developmcnt in order to assess the magnitude of predicted ímpacts 俗
a resu1t of the restoratîon and afteruse of the landflll sites. Baseline monitoring also 
permi話也e determinat.ion of cnvironmental performance criteria for the restoration 
and afteruse of the sit的;

Construction MOllito呻吟

. additionaI environmental monHoring during construction to detect any unacceptable 
impacts according to Icgislalive standards, appropriate guidelines and establîshed 
environmental performancc criteria; 

Post-restoranOIl Audit 品IOJlÍtorillg

• Long-term monitoring during lhe afteruse phase of each of血.e landflIls to determine 
whether the landfilled areas are continuing to comply with environmental and safety 
objectives estabIished and whether any deterioratlon in the întegrity of the restoration 
work is taking p]ace in order that remedial action may be taken. 

9.2 Monitoring requirements for each monitoring phase are gi ven for each land:fill in Appendix 
5. All analytic叫劉lÏtes that arc referred to in the monitoring requirements can be found in 
Appendix 6. Monitoring protocols for the measurement of specified parameters are given in 
Appendix 7. 
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9.3 

9.4 

9.5 

Monitoring and Audit Requirements 

The contractor(s) responsihlc for the restoration and subsequent afteruse of each of the 
landfill sites should a]so be ultimately responsible for monitoring the environmental 
performance related to thc construction and operation of the restored sites. Where 
considered necessary, the contractor(s) should also be responsible for further coIlection of 
additional baseline monitoring data. In aIl cases it is recommended that the monitoring 
work be conducted at the expense of the contractor(s) by an îndependent body who are 
subject to a periodic independcnt audit of monitoring and reporting procedures. 

Auditing of monitoring resuHs will be required to ensure 也混血e res的ration 組d opera位on
of血eεites and their related afleruses comply with environmental standards and guidelines, 
缸ld performance criteria, as speci lied in the restoration contract. The roles of moni的ring
and auditing are distinct, and rcsponsihilities should therefore be c1early estab1ished. 

The environmental monHoring programme should have the following characteristics: 

(i) It must províde continuity 0 1' environmental management 控lfoughout the baseline, 
construction and pos t.-restoraHon Morutorîng phases of the developments. 

120 



9.6 

9.7 

9.8 

9.9 

Llh

…

riL 

(ii) It should prøvide high quality infornlation which can-be utilise吐 via a feedback loop 
to … c州ance with legislative standards，啊啊ate guidelines and 0 
performance crite也.

(iii) It should be conducted by an independent bo句， such as an 個叫ytical laboratory, 
which is paid for, and is lhe rcsponsibHity 0 [, the contractor. The con控actor should 
ensure that sampIing, analytical and reporting procedures 紅e consistent with 
HOKLAS or NAMAS accreditation standards, and are appropriate in sωpe and detail 
(as approved by EPD). 
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In additîon to the environmental monitorìng role, which should be the ultimate 
responsibiIity of the site contracLor, there is a need for an independent audit of the 
contractorls environmental performance. The key requirements of the auditing role are as 
follows: 

(i) lt shou1d be independent of thc site contractor(吟 and 器sociated monitorîng body. 

(ii) It should provide regular and independent reports on 血e standard of perfor扭扭lceof
the restoration andlor arteru只e contractor(s) , and forward these to 也e contractor as 
well as to EPD. 

(iii) 前le cost of the auditing role should be met by the site contractor(s) on terms 
established by Government and set out in the tender document. 

The tender document for the dcsign, construction and operation of the afteruses of 位le sîtes 
should include a specification and programme for the environmental monitoring and audit 
role. It is ìmportant that 出e tendcrer demonstrates adcquate provision and time for the 
collection of sufficient baseline data prior to 血e commencement of restoration in the tender 
submiss切n. Details of monitoring regimes and monitorîng and audit re中onsibiIities should 
be set out in a site operation給 manual prepared by the successful tenderer(s). No純白色less，
an addition monîtoring programme is being carried out; the results of which will be made 
軒在ilable to 由.e tenderers. 

The rol.e of 甘le independent audito[ should be as follows: 

(i) To 的tab1iεh the degrcc of compliance of each facility wî出 legislative stan岳ar缸，
appropriate guidelines and environmental performance criterîa. To establish from the 
baseline monitoring thc Trigger, Action and Target limî嗨，都拉ppropriat巴， for 
compliance monitoring. 

(ii) To review changes in measured parameters to detect any deterioration in 
environmental conditions assocîat.ed with the construction and operation of the 
facilities. 

存的 To review management practices cri甘cal to the environmentaI integrity of each site 
. and to recommend Action plans for increased frequency of monitoring , 
impleme叫ation of remedial measures and control of works when Trigger, Action and 
Target limits are exceedcd. 

(iv) To recommend improvements to the management practices and specify mitigation 
meas叮的 to reduce adverse environmental impacts to acceptable levels. 

(v) To conduct review mee l1ngs with 血e site contractor(s) and EPD representatives to 
consider environmental performance and to provide feedback into the afteruse 
facilities environmental pcrformance. This should happen on a regular (e.g. LJ 
fortnight1y) basis during the construction with a provision for more regular meetings 
品恥蜘帥O伽∞u仙1

O吋ec位ve份).

Audits should be conducted on a regular and frequent 出泣s during site cons住uction by an 
independent consu1tant. An initial audit should be undertaken to review the monítoring 
programmes for the baseline. construction and post-restoration phases to ensure that 
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8ampling, analytical and report.i ng procedures are consistent wi由 HOKLAS or NAMAS 
accreditation standards, and are appropriate in scope and detail (俗 approved by EPD). 

A further audit should be conducted at the end of血e routine monitoring period to establish 
Trigger and Action limits for specified environrnental parameters, and 剖so Target linùts 
where these are not governed by specified legislative standards. This audit should a180 
result 扭曲e fonnulation of agreed Action Plans for the increased 宜equency of mOlùtoring , 
implementation of remedial mcasurcs and control of works in the event of Trigger, Action 
and Target limits being exce叫“-

Audits during 甘le construction phase should be conducted every three months, and be 
supplement丘d by regular meeti ngs， ωensure compliance wi由 relevant Trigger, Target and 
Action limits and implementalion of Action Plans, where appropriate. Fu吋ler audits should 
be conducted after the third month following completion of restoration and normal 
operation of the afteruse and six monthly 恥ereafter. Auditing 企equency and scope may be 
reduced after fi食een months dcpending on the findings of the initial audits, but shou1d not 
be conducted on less than an annual hasis. 
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10. CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

Pillar Point Valky Landfill 

時.1 官le recommended afteruse for PPVL is afforestation of the slopes wi血 associated hiking 
trai1s 揖d viewing areas. Thîs option is considered to be compatible wi由 the Tuen Mun 
OZP. It is considered 仕闊前le existing topography of 位le site provides suitable opportunities 
for the siting of the LFG extraction plant and 1eachate treatment facility without the need for 
extensive earthworks. 

的2 τl1e re泣。室主泣。益。f PPVL involves the emp1acement of a capping layer, planti啤這nd
install鑫tion of structures associated wi也 le益chate 甘eatment and LFG control. It is 
reco斑mended 血at the capping layer for PPVL should contain final intermediate cover, 
protection layer, geomembrar峙， geodrai必 and soil Iayers of which a minimum of 1,000 mm 
cdv or cdg should be placed on top of the cap for planting purposes. 

10.3 It is recommended that no heavy structure be built directly on 缸。描 where waste has been 
deposited. and foundation designs of throughways and light structures should be able to 
accommodate differential settlement rates. Stability should be enhanced by the compaction 
of the cdv or cdg material, and slope gradients should be generally not greater 自給
1 (V):4(H)ωensure an adequate factor of safety. Correct use of flexible surface drainage 
over the land:fills will enable surface runoff to be effectively removed and 'Will minimise 
disru阱。n of the prúposed afteruse. 

10.4 Predictions of LFG yield at PPVL for a 10 ye缸 period (1993-2003) range from 23 xl06 cu 
詣的是o xl06 cu m LFG/ye征.甘le composition of LFG is 句pic叫 of a methanogenic landfill 
and the gas is under positi ve pr的sure wi也 some evidence of 0仔site rr豆豆ration. LFG 
management at PPVL should encompass LFG extraction and perimeter migra位on con缸。1 ，
and 位lÎs will require the emplacement of suitable plant and protection measures. It is 
recommended that off-site buildings to 由巴 south of 位le landfill shou1d be protected against 
the possibi1ity of LFG migration by the iostallation of suitab1e gas detection alarms. 

10.5 It îs concluded that, by the use of suitable mitiga註00 measures, release of LFG during 
construction can be minimized. During operation, LFG would be released from passive vent 
treoches, if used as ínterim control measures, but with sufficient monitoring and 
displacement from sensiti ve receivers migration risks are considered minimal. 

10.6 The LFG extraction system should be active) wîth LFG ex枝action wells being drilled 
retrospectively at an appropriate grid spacing to optimize LFG yield. A separate perimeter 
system will be required, should the bitumen coating on the sides of 由e landfil1 be 
inappropriate at preventing LFG migration, with wells installed at an appropria能 distance.
With the emplacement of the capping layer and instal1ation of the LFG ex虹action system, 
there will be no significant impacts of LFG on the proposed a袁eruse ofthe 

123 



of the plant should proceed in advance of 垃le main 臼storation contract to meet interim 
operational demands for leachate 住eatment. It is concluded 由倒也e emplacement of a low 
permeability capping layer will reduce the overall leachate treatment costs by lowering 
凶nwater ingress and hence leachate generation. 

10.9 An assessment of current aîr quality and potential impacts associated with the afteruse 
development of 出e Iandfill was undertaken. With réspect to 血e restoration phase, it i學
recommended 曲棍， to ensure TSP criteria are not exceeded dust mitigation measures be 
strictly applied to ensure the air qua1ity criteria are complied with at nearby sensitive 
receivers. Predicted emissions from flaring activity associate控制品也e LFG extraction plant 
at PPVL are low, and AQOs for TSP, SO立， N02 an吐 CO are not likely to be exceeded at 
sensiti ve recei vers nearby. The predicted ìèvels of HCl and HF 缸e significantly below the 
OES/I00 guideline at 血e sensitive receiver. It is recommended 血at the re泣oration
con仕actor be required to carry out an assessment on the possihle irnpact of carcinogens 
emi註εd from the fl缸已 before 自己ir flare design be accepted. 

10.10 An 路sessment of cuπent noi認 quality and potential irnpacts 鈴sociated wi血 the afteruse 
development of the landfill was undertaken. 1t is concluded 曲棍， with the implementation of 
suitable mitigation me路ur郎， the restoration phase and installation of LFG and leachate 
control measures should not result in 也e target level of 75 dB (A) at sensitive receivers 
being 告文ceeded. However, during the 在fteruse phase when 血e LFG and leachate control 
installations are operational additional mitigation measures, such as the use of screening or 
quiet plant, will be necessary to ensure compliance with relevant noise criteria. lt is not 
considered that 組Y part of the afteruse site would be sensitive to noise arising from such 
installa坊。ns.

的.11 Marine water quality in tlle vicinity ofPPVL largely complies with the WQOs for the North 
Westem WCZ, although elevated nutrîent levels OCCUf. Elevated concen仕ations of heavy 
metals are pre墨色nt în marine sediments and are such 的at if any dredging works were 
required 挖出e area special disposal methods would be required. 百lere is limited evidence 
for groundwater contamination with leachat缸， although surface water is believed to be 
affected by leachate seepage. 

10.12 Peak le在.chate discharge rates have been estimated at between 686 and 977 cu mld呵， with 
a 
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Siu Lallg Shui Landfill 

10.17 The recommended afteruse for SLSL is a go-kart circuit wi血 support facilities , with 也e
specific objective of ret剋ning as much as possible of 血e existing vegetation and causing 
minimal disturbance to the existing landform. No leachate 虹eatment facility or LFG 
extraction plant are proposed for SLSL. 

10.18 It is recommended 由at 血e afteruse development is located toward the bottom of the existing 
landfill slopes, wi由 replan位ng conducted so as 的 replace removal of existing 仕ees and to 
enh缸lce the remaining vegetation. 

10.19 Settlement issues are not regarded as being of major significance, as future settIement is 
expected to be minor and no heavy structures associated with the afteruse are envisaged. A 
new cap should be placed ne旺 the southem end of the eastem landfill boundary where shear 
features occur. The capping design is similar to PPVL, but contains a granular layer to 
assist in the dispersion of LFG. Simil缸ly， slope requiremen包 are as for PPVL, where slopes 
in general should have a gradient of not more 血an I(V) 的 (4 (H), to ensure an adequate 
factor of safety. It is recommended 血at flexible paving and surface wate( management 
systems be used to prevent damage due 10 (1臼toration following restoration. 

10.20 Peak LFG generation rates were predicted to have occurred in 1983, reaching 285 cu mlday 
although inhibition of waste degradation may be resulted in lower rates. The composition of 
LFG at SLSL is similar to 曲的 at PPVL and is indicative of a methanogenic landfill. LFG 
control is of particular importance at the southern boundary, where installation of a passive 
vent trench and membrane barrier, wi血 appropriately spaced vent pipes is recommended. 
11lis should be extended around the periphery of the site if tests to be carried out at PPVL 
indicate it is necess缸y. In addition, appropriate LFG protection measures should be 
instal1ed to on-sitβbuildjngs. 

10.21 Impacts ofLFG during construction are expected to be minimal, as only a restricted area of 
ear位1ffioving will be required over waste deposits. Following the completion of restoration, 
gru電 vents will be reinstated and integrated with the granular layer of the new capping layer. 
Where vent stacks are req世red it is recommended 血at 由ey should be fitted with tlame 
arresto時， and subject to regular inspection and maintβnance. Buildings developed wi由扭曲e
250 m consultation zone are not considered to be subject to any significant risk from LFG 

. migration w 
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recommended 誼1at I扭扭sures are implemente往往垃ring the cons的主ction stage to prevent 
exce部ive diεcharge of sediment loads, and 孟ppropriate surface draina怠e is installed as part 
ofthe紹說軒說on works to 凹sure 由e segrega益。n of clean and contaminated waters 

的.26 In visual îr路pact terms it is conclude吐出at the restoration will be of minor significanc色，
侃侃伊拉1at the go-kart circuit would involve the enlargement of a central fl組前給
Al自給ugh the quiet nature of 由e site would be changed by the go壯art circw t, this is 糕。tout
of context of 設le industrial development envisaged in 也efu甜甜.

的.27' Heal設1 hazards associated with proximity to high tension power 1ines at SLSL are 
considered to be slightly greater 血anforPPVL，部 facilities are genera11y clo喜悅 However, 

exposure of 恥e public will 峙。f a transìent naωre， and no building or s控ucture wil1 be 
constructed within the minimum distance re司uirements.

10.28 Details are provided 知 Chapter 9 and Appendix 5 on recommended monitorin鑫 with respect 
to the key environmental parameters of concern. This monitoring progra泊在le wi11 provide 
the basis for the establishment of baseline conditions prior to restoration 組d provide the 
necessary 拉諾在 to ensure suitable mitigation measures are implemented i混血e event of 
unacceptable impacts being detected. 

Ma TsoLullg 主LllU研'll

10.29τl1e 'preferred afteru紹 for MTI..L is a holiday camp cûmbined wi註1 a wÎde range of outdoor 
sports and recreational 盟自 which will 的e the sIopes and platforms of 位le landfiIl. Planting 
should be carried out 的 compliment the rural surroundings of the site 訟d to enhance the 
loc磊.1 landscape. 

10.30 The smalI degr認 of settlement predic能d at Mτ工L is not expecte惡的 be significar說 in
relation to 由e ac設計岳es and developments 辱。如site. However control me翻江嗨， as
specified for PPVL 部d SLSL, are recommended including the use of fl既ible paving 
血aterial在 and surface water drain鑫萃e systems. Heavy buiIding structure話 t such as 
dormitori色s and the function ha11, should be pla.的d outside waste deposited areas where 
p岳重sible.

? 
I在主 1 It îs not considered 血atMτLL requires an active LFG extraction system. A combination of 

high permeability ven註ng areas and low permeabì1ity barrie諮詢 prevent LFG migra討ng
towards sensîtiv草 receivers， will provide adeqllate protection. Venting zones should 悅
located 缸ound 血e boundary and should incorporate a 油ular layer underneath the cappi時
layer which is connected 的 the peripbera1 sys如;m.

的.32 LFG at MτLL is typical of 晶晶 of a methanogenic landfill~ and 話 at positive pressure 
alth∞gh not as great 部 PPVL 組d SLS丸. Whilst LFG m開闊rement鑫 in so主 gas 惡re
gener矗立y stable, there is some evìdence of lateral migration. With the i控lpleme至ltation of 

"good management practice, impacts associated with cons的lction and the LFG control 
血easures are not con惡丑ered to be si草組ficant. Duri時血e afteru在e phase, buildings on-site 
and those located wi自in the 250m ∞nSllltation 囂。認 ShOllld be provided wi由 adequa記皂部
protection 主nddetec註on 訊忌器認res.

10.34 In or!是當 to re至1泣ce dust impacts it is advisable to minimise the opera泣。nal areas during 
restoration. The 都認ssment of TSP impacts shows pr學dicted levels below the AQOs îf 
mi註伊拉G豆血色金訟resare 結ictly 呼plied. Predictive ass研討nent of 1臨dfill gas dispersìon 
indicates 告at followi暗 restoration works, odou主 threshol也 wîl1 not be exceeded. The 
f絡通話 from the VOC 鑫ssess認錯t indicates that the restored site will not be a significant 
con位ibutor to ambient levels of VOC. 

10.35 Background 泣。ise in 註le vicinity is currently dominated by a sawmill to 曲已 sou位l-eastt
animals and nearby construction works, but otherwise noise levels w結re typical of a semi
rurallocation. Given the sc剖e of construction work requi如d and the current paucity of 
sensi泣ve receivers in the vicini旬， significant noise impacts are not envisaged. Similarly, 

during 控le afteruse ph給e noise levels associated wî也 the holìday camp are likely to be 
acceptable, althollgh some mitigation measures to protect on-site buildîngs may be required. 
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10.36 Grou豆dwater shows lin技能d evidence of contamination, although a stream to the north-east 
is seriously contamînated by Ieachate as a result ofl給.chate seepage. Surface seepages at the 
base of a retaining wall on the south side of the sports field are likely a result of leachate 
血直t has soaked into the ground. The present peak discharge for the 2 ha site of 19之嘲 30.3
ω mJday is not considered to be of 組 acceptable quality for disch這rge to sewer總 lt is 
recommende吐血at 叩頭neering works be undertaken to regrade and recap 血el缸ldfill to 
miIÚmise leachate 萃eneration， to intercept seepages 剝d to re-instate the pre闊別 leachate
coIIection system. The collected leachate should then 區e transported to an appropriate 
treatment facility. It is recommended 出at the leacha給 holding tank be relocated to a lower 
elevation, below ground level, and bunded to prevent spillage or leak略6‘ Appropriate
drainage and sewerage facilities should be designed for 也e afteruse phase to ensure 
appropriate segregation and disposa1 of contaminated wastewaters. 

10.37 It is concluded 血at following regrading, recapping and planting there would be a great 
improvement in the visual quality of the site, and facilities would be blended within the 
landscape in order to be unobtrusive. 

10.38 Given the separation distance of facilities from 誼le high tension power lines on-site and 出e
relatively limited exposure time of people located or卜site， no signîficant problems 
associated wi血 exposure to electromagnetic radiation 紅色 envisaged. No building or 
structure proposed as part of the afteruse development wiI1 infringe upon the minimum 

,distance requirements for high tension powerlines. 

的.39 Details are provided in Chapter 9 and Appendix 5 on recommended monitoring with respect 
to 註le key envîronmental parameters of concem. This monitoring programme wiIl provide 
the basis for 血e establishment of baseline conditions prior to restoration and providethe 
necessary data to e控制re suitable mitigation measures are implemented in the even: of 
unacceptable i混pacts being detected. 

Ngau Taln Mei Lall研E

10.40 The recommended afteruse for NTML is a baseball field with associated building facili註部
including spectator seati嗯， p紅king area 訊社 suppo設 buildings. The broad design objectives 
for landscape design and afteruse are similar to those of the 0血er landfill sites and will 
result in a compatible landuse wi曲曲e SUlToun 

10.43 Predicted LFG yields are low 是nd do not warrant any LFG extraction or utilisation. There is 
some evîdence of off-site LFG migratio泣， but it is considered 血at 吐啦。óes not presentI y 
represent a safety risk. As there are currently no proposa1s to reconstruct 甘le capping layer, 
也ere should be no sìgnific泣lt relea話。fLFG as a result of ear血moving activities during 由e
cons住uc註onphas位官le proposed LFG control system and protec詰onm給sures will ensure 
血at LFG migration presents ∞ safety risk during the afteruse phase of the site. In the event 
of residential development to the west of 也e site，已uilding protection me諮ures are 
recommended. 

10.44 In order to reduce dust impacts it is advisable to minimise the op缸ationa1 are在s during 
restoration. The assessment of TSP impacts shows predîcted levels below the AQOs if 
mitigation measures are strictly applied. Predictive assessment of landfill gas dispersion 
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indicat你也泣如llowing re位oration works, odour thresholds wil1 not be exceedeι The 
resul俗貴om 也e V OC assessment indicat給自at the restored site wHI not be a significant 
contributor to ambient levels of VOC. 

f甜k切omt缸芷af血誼c on New Te叮削'Ítlωor註ie認sC臼îr，叩cu凶1缸 Roa叫d. As no significant ear也moving activi垃路 are 
required for restora草棚， associated noise impacts should be 訊inimal and wi也in acceptable 
lirnîts. In the event of cons詮uctio話 in close vicinity to ide拉拉草edse紹說ver，借到eivers， suitable 
mitigation measure喜， as for MTLL, should be implemented. Wi車由e implementation of 
noise control measures, as for M1LL, noi紛加pacts wiU not be of significance at Nτ'ML. 

10.46 Al品。ugh there is only limited evidence for groundwater con話m知ation outside 設le landfill 
si悔" it is re∞z話sed 也at leachate flow outside 血色 site boundary may be pr，的entdue to 按le
的sence of a liner or proper leachate collection system. The q班ality of leachate is s泌的出at
treatment i鑫 recommended prior to disposal , and Ieachate ínterception 泌的 holding is 
reco始終提泣ded prior to tr給sportation for 住ea加lent el話wÌ躊躇. No significant water quality 
impact發紅e associated wi白白e afteruse of NT~症，義lthough suitable drainage measures 
sh。這姆說誌corporated into the d岱迪益的 seg扭扭te clean and contaminated waters. 

10.尋? 說話 concluded 泣lat physîcal ch主nges for the re囂的ration of由e site would not be visible from 
在le outs迫悉，鑫lthough the intemal vi皂會宵。uld be signi挂鉤n世y changed from an unattended 
natural w是steland into a manage丘辱。由 ground. However，由e site could be fu1ly integrated 
in to the surroundi時 1扭曲cape by 也e provision of suitable veg咐我，tion on the surrounding 
fill slopeι 

10.48 Details are provided in Chapter 9 and Appendix 5 on recommended monitoring with respect 
to the key environll' ~ntal parameters of concern. This monitorin草 pro萃ramme wìll provid怒，
也.e b船is for the establishment of baseline conditi但器 prior to restoration and provi融融e
necessary d位a to ensure suitable mitigation me揖ures are impl呈mented 詰 the event of 
unacceptable impacts being detected. 

1立起
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APPENDIXl 

WATER QUALITY OBJECTIVE AND EFFLUENT DISCHARGE 
QUALITY CRITERIA 

Table Al. l Selection of W鑫ter Quality Objectives for North Western 
Marine Waters 

Table Al.2 Selection of Water Quality Objectives for Marine Waters 
Deep Bay 

Table Al.3 Standards for Effluent Discharged into Foul Sewer 
Leading Into Government Sewage Treatment Plants 

Table A1.4 Standard for EffIuent Discharged into 也e Inshore W前敢怠
of Southern, Mîns B哼， Junk Bay, North Westem, Eastern 
Bu的r and Western Buffer Water Control Zones 

Table Al.5 Standards for Effluents Discharged into Group C Inland 
Wa能認

Table A1.6 S組ndards for Effluents Discharged into Group B Inl認d
Waters 

1 
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APPENDIX 1: Water Qua1ity Objective and E ff1uent Discharge Qua1ity Criteria 

( 

叫Al.1 叫叫W御Q叫

annual mean depth average marine waters except Castle 
ìnorganîc , nitrogen not to Peak subzone 
exceed 0.5 mglL 
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Water Quality Objective Part(s) of zone 
Parameters 

E coli annual geometrîc mean not to secondary contact recreation 
exceed 6101100 mL subzones 

D.O. within 2 m of 岫 not less than 2 mglL for 90% marine wa1ers 
bottom samples 

Depth average D.O. 閉在01 less than 4mg/L for 90% marine waters 
samples 

pH value to be in 油e range 6.5 輛 8.5 ， marine waters except bathing 
change due to w部te discharge beach subzones 
not to exceed 0.2 

Salinity 扭 change due to waste discharge whole zone 
not to exceed 10% of natural 
ambient level 

Temperature change change due to waste discharge whole zone 
not to exceed 20 C 

Suspended so1ids waste discharge not to rlse the 扭arine waters 
natural ambient level by 30% 
nor caus己由e accumul韋拉on of 
suspended solids which may 
adversely affect aquatic 
comm迫封封給

Toxicants 儡 not to be present at Ievels whole zone 
producing significant toxic 
effect 

Unîonized ammonia annual mean not to exceed whole zone 
0.021 mg/L 

Nu甘ients 暢 not to be present in quanti ties marìne waters 
tha1 cause excessive algal 
growth 
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Water Quality Objective Part(吩咐 zone
Parameters 

E coli annual geometric mean not to 鈴condary contact recreation 
exceed 610/100 nÙL subzones 

D.O. within 2 m of 岫 not less than 2 mgfL for 90% outer marine subzone except 
bottom samples mariculture subzone 

Depth average D.O. not less than 4 mg/L for 90% outer marine subzone except 
samples mariculture subzone 

D. O. at 1 m below - not less than 4 mglL for 90% inner marine subzone except 
surface smnples mariculture subzone 

not le鉛自an 5 mglL for 90% ~ariculture subzone 
路mples

pH value 可 to be in the range 6.5 蟬 8.5 ， whole zone except bathing 
change due to waste discharge beach subzone 
not to exceed 0.2 

SaIinity 剛 ch辜負ge due to wastεdischarge whole zone 
not to exceed 10芳香 of natural 
ambient level 

Temperature change change 是ue to waste discharge whole zone 
not to exceed 20 C 

Suspended solids waste discharge not to raise the marine waters 
natural arrlbient level by 30% 
nor caus巳 the accumulation of 
suspended solids which 站在y
adversely affect 聶哥uatic
communíties 

Toxican認倒 not to be present at leveIs whole zone 
producing si學nificant toxic 
effect 

Unionised ammonia 扭 annual mean not to exceed whole zone 
0.021 mglL 

Nutrients not to be present in quantities m虹ine watβrs 
that cau~e excessi ve algal 
growth 

annual mean depth average inner marine subzone 
inorganic nitrogen not to 
exceed 0.7 mg/L 

annual mean depth avera鑫e outer marin皂 subzone
inorganic nitrogen not to 
exc肥d 0.5 mgfL 
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Table A1.3 Standards fore現齡ntsdischar學ed Ìnto fouJ 紛暫時路 leadî總 into Oovernm你是
sewa發!' treatment p)ants 
(Al1鷗梅 in mg/L 總less otherwise s除ted; aU figures are upper limits unless 
otherwî路 indìc仗時

Table A1.4 s個ndard雪 for effluents dìscharged 站to the inshore waters of Soud給rn.
Mirs Bay. Junk B帥1 NorthWestem.. EastemBl.I誰知部dW的tern Buífer 
wafer Control Zones 
{AII units in 綠草JL 惚始終 otherw辦法ated; al1發醉如鑫給自主pper IÎmits 
unle銬。lherwi藍色 indicated) 
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Table Al.S Standards for e fHuents discharged into Qroup C inland waters 

(AlJ unils in mg/L unless otherwise stated; alnìgures are upper límÎts unless 

otherwíse indicated) 
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I)ate~1I4I'Jd <500 正直昏昏昏

PK IpK unit.~ 嘉-1 重.9 ‘., 直-，
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Table A1.6 Standards fore個uents discharged into Qroup B inland waters 

(AII units in mg/ I.: unless otherwise stated;all 最gures are 叩開r limits unless 

otherwise indicated) 
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Monitoring Locations for LFG 
Date for Sampling 
Atmospheric Pressure 
Drillhole ot Drive-in-probe Differential Pressure 
% Me-由ane
% Lower Explosi ve LiID:it 
% Oxygen 
各 Carbon Dioxide 
% Hydrogen 
% Carbon Monoxide 
% Nitrogen 
Comment 
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APPENDIX 2 : Key to Parameters Codes 

A2.1 Key to Parameters Codes for LFG Monitoring Results 

Key to parameters codes: 

LOCN 
DATE 
APRE 
DPRE 
%CH4 
%LEL 
%02 
%C02 
%H2 
%CO 
%N2 
COM 

-Comment Abbreviation: 

Lab Laboratory analysis for confirmation te位
? Questionable data 
Le H. Leachate holε 
Lab/ A Laboratory 組alysÎs for con:firmation test and air contaminated sample 
FiIled The hole was filled wi出 water
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A2:'.2 Key to Parameters Codes for Table 4.14 

BODs 
COND 
DO 
TURB 
CHY 
FC 
PHAE 
SS 
E. coli 
TVS 
NH4-N 
N02-N 
N03-N 
P04-P 
T即可S

I
U
」
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U
l

仆
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r
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Bîological Oxygen Demand (5 Days) 
Conductivity 
Dissolved Oxygen 
Turbidity 
Chlorophy 11攝a
Faecal Coliform 
Phaeo-Pigment 
Suspended Solid 
Escherichia coli 
Total volatile Solid 
Ammonia-Nitrogen 
Nitrite-Nigrogen 
Nitrate-Nitrogen 
Ortho-Phosphate 
Total Kjeldah1 Nitrogen 



Arnrnonia岫Nitrogen
Total 昀eldahl Nitrogen 
Total Phosphorus 
Chemical Oxygen Demand 
Total Volatile Solids 
Total Solids 
Cyanîde 
Total Organic Carbon 
Speci誼c Gravity 
Aluminiurn 
Arsenic 
Boron 
Cadmium 
Chromium 
Copper 
lron 
Mercury 
Manganese 
Nickel 
Lead 
Zince 
Polychlorinated Biphenyls 
PolycycHc Aromatic Hydrocarbons 
:2lectrochemical Potential 
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A2.3 Key to Parameters Codes for Table 4.15 
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A2.4 Key to Parameters Codes for Analyses of Leachate, Groundwater and Suñace Water 
1. (Appendix 4) 

hhumhlh 

Flow 
DIP 
Depth 
Temp 
p草

D.O. 
EC 
Chloride 
COD 
TOC 
BOD 
N03-N 
NOγN 
S04 
Total刪p

Alka1inity 
Hardness 
Ca 
h是皂

、Na

K 
Fe 
已在n
Zn 
Cu 
Pb 
Cd 
Cr 
VFA 
S 
E colî 

,ili--aga--

•• 

F
I
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戶
，

g
g
g
g
g
a
e
o
e
o
e
o
e
o
e

心
，g
e
A
-

FlowRate 
Below Groundwater Level 
Water Depth 
Tempera認m
pH Value 
Dissolved Oxygen 
Electrical Conductivity 
Chlorlde Ion 
Chemical0xy草色豆 De盟an益
Total Organic C紅bon
Biological Oxy在en Deman是 (5 D堯如)
Nitrate嘲Nitrogen
Nitrite勵Nigrogen
Sulphate 
Tota1 Phosphorus 
Alkalinîty (as CaCû3) 
TotaI Har自1ωs (as CaCû3) 
Calcium 
M總畫畫的ium
怠。dium
PO絲路ium
Iron 
M紹瑟堯如se

Zince 
Copper 
Lead 
C器dmium
Chromîum 
Volatile Fatty Acids 
Sulphide 
Escherichia coli 
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Table2 :Resulls of Environmental Noise Monitorina for ?PV -2 on Pi1Iar Point Vallev Landfill 
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Table 1: Results of Environmental Noise Monitorinq 10r PPV自 1 on Pillar Point Vallev LandfiU 

Dynamic Rang'e of Sound Level Meter: 30.8-103.8 dB 

Date Measurement period Noise Level Remarks 
11 hr inlerval) dB(A) 
Start Fînísh L10 L90 Leq 

24/1 1 7:00 8:00 57.5 50.0 54.8 
8:00 9:00 62.5 53.5 59.8 
9:00 10:00 62.5 55.0 59.9 
10:00 11:00 62.5 55.0 60.0 
11:00 12:00 noon 61.5 53.0 58.6 
12:00 noon 1 :00 59.5 49.5 56.3 
1:00 2:00 65.0 55.5 62.0 
2:00 3:00 62.5 53.0 59.8 
3:00 4:00 60.0 51.0 57.1 
4:00 5:00 60.5 52.5 57.9 
5:00 6:00 59.0 50.0 55.8 
6:00 7:00 52.0 47.0 50.2 

Dynamic Range of Sound Level Meter : 28.9…101.9 dB 

Date Measurement period Noise Level Remarks 
(1 hr interval) dB(A) 
Start Fînish L10 L90 Leq 

24/11 7:00 8:00 59.3 51.3 57.9 
8:00 9:00 63.3 53.3 59.1 
9:00 10:00 59.3 51.8 58.4 
10:00 11:00 56.8 50.3 55.0 
11:00 12:00 noon 57.3 48.8 54.9 
12:00 noon 1:00 57.3 48.8 54.5 
1:00 2:00 59.8 53.8 57.6 
2:00 3:00 58.8 52.8 56.5 
3:00 4:00 59.3 53.3 57.2 
4:00 5:00 59.3 51.8 56.7 
5:00 6:00 57.3 50.3 55.0 
6:00 7:00 56.3 48.8 53.7 



-
L
r
L

「
L
f
L

們1
L
?
l
u
f
i
L
F

干
L

TabJe3:Results of Environmental Noise 詞。DÎtorinQ for SLS-1 on Siu Lan臼 Shui Landf1U 

Dynamic Range of Sound Level Meter : 30.8…103.8 d草

Date Measurement period 攏。海e Level TRema內
(1 hr interval) 這些A)

Staft Finish L10 L90 Le嘻

26/11 12:00 noon 1:00 64.0 62.0 63.1 
1:00 2:00 63.5 62.0 62.8 
2:00 3:00 63.5 容2.0 發2.學

3:色。 4:00 63.0 61.5 62.1 
4:00 5:00 63.0 62.0 62.5 
學:00 6:00 63.0 62.0 62.5 
6:00 7:00pm 63.0 61.皂 62.這

27/1 1 7~00am 學:00 63.5 62.0 62.9 
8:00 9:00 86..0 63.0 81.1 * 
章:色。 10:00 65.0 括3.0 64.1 
10;00 64.5 63.4 
11:00 12:00 noon 63.5 62.0 I 62.71 

發 Approximately 15min. noise from power station 
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DynamÎc Range of Sound Leve: Meter : 28.9…101.9 dB 

Date 輯easurement perÎod NoÎse Level Remarks 
(1 hr interval) dB(A) 
Start Finish L10 L90 Leq 

26/11 11:00 12:00 noon 56.8 正~5.3 53.1 
12:00 noon 1:00 57.3 47.3 53.8 
1:00 2:00 58.3 49.8 55.5 
2:忌。 諱:00 59.3 51.3 56.這

3:台C 等:00 58.3 50.3 55.6 
再:DO 5:ûû 58.3 50.3 鑫皂.7

5:00 6:00 58.3 49.務 55.6 
容:00 7:00pm 56.3 4我3 53.0 

27/1 1 7:00am 8:00 57.8 46.3 54.2 
告:00 9:00 59.3 52.3 56.9 
9:00 10:00 59.8 53.3 58.3 
10:00 11:色。 58.8 51.8 5章.2



.. ActivHies from the þlayground 
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Table5:Results 01 Environmental Noise. Monìtorìng fCH MIL一 10n 說法 Tso Luna Landfill 

Dynamic Range of Sound Level 說eter: 30.8 叫 103.8 dB 

I Date I Measurement peri。這 Noise Level Remarks 
(1 hr lnterva!) dB(A) 
Start 的nÎ悠h L10 L90 L~ 

i 30/11 2:00 3:00 54.4 47.4 53.3 
3:00 4:00 56.4 是7.9 55.4 

4:00 5:00 63.發 5立§ 60.6 
5:00 6:00 54.4 45.9 56.3 
6:00 7:00pm 55.9 45.9 54.2 

1/1 2 7:00am 8:00 51.9 43.9 49.8 
8:00 9:00 62.9 47.9 瑟瑟.7

9:00 10:00 56.9 4息.4 S成7

10:00 11:00 52.9 48.9 51.9 
11:00 12:00 noon 54.9 48.9 53.5 
12:00 noon 1:00 5γ.9 是9.4 57.3 
1!00 2:00 58.91 50.4' 60.1 

.. Normal dome鑫tic activities 

Tab1e6:Results of 在nvironmen愉I Nois(;! Monitorino for MTL-2 on Ma Tso Lung Landfitl 

Oynamic Range of Sound Level Meter : 28.9…101.9 dB 

Date Measurement period Noise Level Remarks 
(1 hr interva1) dB(A) 
Start Finish L10 L90 Leq 

怠。111 12:00 noon 1:00 51.9 40.學 48.2 
1:00 2:00 主主9 42.9 50.6 
2:00 3:00 65.9 學1.4 60.81* 
3:00 4:00 66.4 4的.9 61.9 * 
4:00 5:色。 e這.4 50.9 60.1 * 
5:00 在:00 這霆，發 48.9 54.3 
金:00 7:00 53~9 42.4 志1.2

1/12 7:00am 8:00 46.9 40.4 44.5 
量:00 諱:00 62.4 43.9 57.8 
9:00 10:00 54.4 50.9 重3.2

10:00 11:00 67‘9 51.4 63.這

11:00 12:00 noon 74.4 66.9 71.5 • 
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TabJe 7 ~悅。終ults 01 Environmental Nol路E! Monitoring for MTL-3 oJ1Ma Tso Luna Landfill 

Dynamlc Range of Sound Levef Meler : 30.8叫 103.8 dB 

Date Measurement peri。這 Noise Level Remarks 
(1 hr interva1) dB(A) 
Start Finish L10 L90 Le建

29/11 12:00 noon 1:00 63.8 40.3 55.6 
1 :00 2:00 66.3 64.8 65.51 * 
2:00 3:00 66.8 65.3 66.2 * 
3:00 4:00 64.8 46.8 60.0 司雖

4:00 話:00 建9.這 63.8 66.5 * 
5:00 寄:00 65.3 42.8 61.1 
6:00 7:00pm 54.8 毒草.3 52.5 

30/1 1 7:00am 8:00 50.3 35.3 49.0 
.8:00 9:00 68.8 45.3 65.9 安

9:00 10:00 70.8 65.8 69.9 * 
10:00 1"1 :00 69.這 65.3 67.6 * 
11:00 12:00 noon 68.3 64.3 68.5 * 

發 Activities from tÎmber factories 

γabJe 這 :Results of Environmental Noise Monîtorin司 for MTL叫 4 on Ma Tso Luna LandfUl 

Dynamic 院ange of Sound Level Meter :發8.9-101.9 dB 

Date Mea凱Jrement period Noise Level 其em側'ks
(1 hr interval) dB(A) 

a‘ S愉悅 Finish L10 L90 Leq 
29/11 1:00pm 2:00 53.0 41.5 草草.2

2:00 3:00 54.5 41.5 53.9 
3:00 4:00 52.0 39.5 49.8 
4:00 5:00 53.5 49.5 52.2 
5:00 6:00 55.5 49.6 53.這

6:00 7:00pm 57.5 48.0 54.9 
30/11 γ:OOam 學:00 44.5 41.0 尋尋.這

怨 :00 章:00 56.0 41.0 52.8 
9:00 10:00 56.5 49.5 54.0 
10:00 11:00 55.0 47.5 52‘4 
11:00 12:00 noon 55.5 44.0 53.5 
12:00 noon 1:00 53.5 40.0 51.每



Table 9:Results of Environmental Noise Monitorina for NTM -1 on Ngauτam Mei Landfill 

Dynamic Range of Sound Level Meter : 30.8一 103.8 dB 

Date Measurement period Noise Level Remarks 
11 hr interval} flB(A) 
Start Finish L10 L90 Leg 

30/11 2:00 3:00 63.3 55.3 60.5 
3:00 4:00 63.3 55.3 60.5 
4:00 5:00 63.3 55.8 60.6 
5:00 6:00 62.8 55.8 60.3 
6:00 7:00pm 62.3 55.3 59.5 

1/1 2 7:00am 8:00 61.3 52.3 58.2 
8:00 9:00 62.8 55.3 59.8 
9:00 10:00 63.8 55.8 60.8 
10:00 11:00 64.3 56.8 61.3 
11':00 12:00 noon 63.8 56.3 60.8 
12:00 noon 1:00 63.3 54.3 60.0 
1:00 2:00 63.8 54.3 60.5 

Table 10 :Results of Environmental Noise Monitorino for NTM -2 on r、Jaau Tam Mei Landfill 

Dynamic Range 01 Sound Level Meter: 30.8-103.8 dB 

Date Measurement period Noise Level Remarks 
(1 hr interval) dB(A) 
Start Finish L10 L90 Leq 

30/11 2:00 3:00 53.5 48.5 52.4 
3:00 4:00 52.5 47.5 50.8 
4:00 5:00 49.0 43.0 47.0 
5:00 6:00 48.0 44.5 46.7 
6:00 7:00pm 48.0 43.0 46.4 

1/1 2 7:00am 8:00 49.0 40.0 45.9 
2..《、}，‘1' 9:00 49.0 42.5 。:.7 令

9:00 10:00 48.5 43.5 46.3 
10:00 11 :00 48.5 43.5 46.5 
11:00 12:00 noon 48.0 44.5 46.6 
12:00 noon 1:00 49.0 43.5 47.0 
1:00 2:00 46.5 43.0 46.4 
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Table 11:ResuJts of Environmental Noise Monitorin Ç1 for NTM -3 on NQau Tam Mei Landfill 

Dynamic Range of Sound Level Meter : 30.8-103.8 dB 

Date Measurement period Noise Level Remarks 
J1 hr interval} dB(A) 
Start Finish L10 L90 Leq 

1/12 3:00 4:00 59.41 54.4 57.3 
4:00 5:00 59.9 53.9 57.3 
5:00 6:00 59.4 54.4 57.5 
6:00 7:00pm 59.9 54.9 57.7 

2/12 7:00am 8:00 57.4 49.9 55.2 
8:00 9:00 59.4 52.9 57.8 
9:00 10:00 57.9 51.9 56.4 
10:00 11:00 57.9 50.9 56.4 
11 :00 12:00 noon 56.4 50.9 54.5 
12:00 noon 1 :00 55.4 49.9 53.3 
1:00 2:00 55.9 49.9 53.6 
2:00 3:00 57.9 51.9 56.2 
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-APPENDIX4 

ANALYSES OF LEACHATE, GROUNDWATER AND SURFACE 
WATER 

Table A4.l Pillar Point ValIey Landfill 

且 Table A4.2 Siu Lang Shui Landfill 

Table A4.3 Ma Tso Lung Landfill 

Table A4.4 Ngau Tam Mei Landfill 



+ refer to A2.4 (Appendix 2) for abbreviations used 
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Table A4.1 '(Appendix 4).. 
Pillar Point Valley Landfill 
Ar﹒隨fyses of leahcate, groundwater and surface water 妒。ncentra前ons in mgll) (Sheet 1 013) 

Surface water 
Parameter+ W101 W俑， W101 W102 W102 W102 W103 W103 W103 

6/5193 16/9/93 20/10193 615.旭3 1甜甜93 20/10193 6/5193 16/8.拇3 20/10193 

DFI1oPw (m(cbu gm} /6) 
0.13 0.07 

TDeemptph .{FmC} ) 
28.1 29.3 26.3 29.4 30.5 27.7 31.1 29.6 26.9 

pH 7.46 7.3 7.4 7.52 7.4 7.9 8.02 7.9 7.9 
D.O. 7.7 7.4 7.1 6.9 7.3 6.2 7‘4 6.2 2.1 
EC (uS/cm) 60 130 50 1000 230 840 630 430 660 
Chloride 5.6 32 7.2 73 78 110 48 81 93 
COD <.7 <.7 <.7 44 26 150 24 200 180 
TOC <.1 4 51 10 40 26 50 40 
BOD <.5 <.5 <.5 6 11 38 <.5 67 30 
NH3-N 1.4 <.0.1 <.0.1 2.2 22 63 30 23 48 
TON 
TKN 
N03-N 0.28 0.35 0.61 
N02-N O 0.08 0.7 
804. <10 11 17 
Tota! 儡 p <.0.1 0.6 0.4 
Alkalinity 
Hardness 5.5 42 48 
Ca 1.3 13 16 
Mg 0.4 2.6 2.1 
Na 6 20 5.5 81 75 95 44 69 80 
K 1.6 2.1 1.8 26 15 40 16 30 32 
Fe 0.2 1.2 。結

Mn <.0.1 0.2 0.1 、

Zn <0.01 <.0.01 <.0.01 
Cu <0.1 <0.1 <0.1 
Ni <0.1 <0.1 <0.1 
Cr <.0.1 <.0.1 <0.1 
Pb <0.1 <0.1 <.0.1 
Cd <.0.02 <.0.02 <.0.02 
VFA 
S 
E.coti 
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Appendix丸1 (Appendix 4) 
Pillar Point Valley Landfill 
Analyses 0' leahcate, groundwater and surface water (concentrations in mg几) (Sheet 2 013) 

Leachate auality 
Parameter+ DH105 DH10S DH105 DH106 DH106 DH106 DH107 DH107 DH107 

18/6193 1618193 20月 0193 1816193 161缸" 201101'ω 30({193 16/8.舟3 20110193 
Flow 但u m/s) 
DIP (mbg) 15.8 16.5 16.4 32 32.2 no water 18.6 11 10.7 
Depth (m) 2.2 1.5 1.6 17 16.8 1.85 9.45 9.75 
Temp. ("9 31 .1 31.8 31.8 48.1 46.9 40.8 38.9 
IpH 6.73 7.4 6.7 7.77 7.7 7.57 7.6 7.5 
D.O. 
EC (u8!cm) 2000 4100 5500 25000 21000 24000 16000 20∞o 
Chloride 560 730 690 2400 23∞ 2000 20∞ 1700 
COD 540 510 310 3500 25∞ 2400 26∞ 1900 
TOC 80 150 60 600 10∞ 800 450 
BOD 170 29 15 410 250 320 210 190 
NH3-N 240 360 320 22∞ 2000 1900 19∞ 1500 
TON 
TKN 240 370 340 2200 2100 1900 2000 1800 
N03-N 0.07 o 0.04 
N02-N 。 o 
804 20 <10 <10 
Total- P 
Alkal inity 3700 
Hardness 220 

一
Ca 41 12 54 
Mg 24 30 56 
Na 430 610 580 2800 2100 1700 1400 1000 
K 76 140 160 1000 980 B70 930 BBO 
Fe 130 9 
Mn 7 0.2 
Zn 0.27 0.55 
Cu 0.1 0.2 
Ni <0.1 0.2 
Cr 0.1 0.5 
Pb 2 0.2 
Cd <0.02 <0.02 
VFA 44 410 
S <0.1 2 
E. coli 3 40 

-‘ -

note: no water was found at DH 1 06 on 20.10.93 
+ refer to A2.4 (Appendíx 2) for abbreviations used 



Table A4.1 (Appendix 4) 
Pillar Point Valley Landfill 
Analyses 01 leah細語t groundwater and surface water (concentratÎons in mgJl) (Sheet 3 of 3) 

Groundwater Qualitv Leachate Discharge Manhole 
Parameter+ DH103 DH103 OH103 Manhole 

1816193 16/8193 20，月 0193 5月均3

Flow (cu m/s) 
DIP (mbg) 7.9 8.2 8.3 n.a. 
Oepth (m) 3.1 2.8 2.7 n.a. 
Temp. (OC) 是7.2 27.1 29.5 
pH 6.35 6 6.3 7.2 
0.0. 
EC (uS/cm) 160 150 190 86∞ 
Chloñde 12 22 30 870 
COD 80 10 9 860 
TOC 3 2 3 350 
BOD 11 <5 <5 190 
NH3-N <0.1 <0.1 <0.1 720 
TON 
TKN 0.1 0.1 <0.1 
N03-N 1.34 <0.01 
N02-N 0.02 <0.01 
S04 <10 <10 
Total- P 
Alkalinity 40∞ 
Hardness 28 
Ca 8.2 68 
Mg 1.5 45 
Na 71 30 30 820 
K 5.1 5‘1 5.2 390 
Fe 16 
恤n 1. 1 
Zn 0.16 
Cu 0.1 
Ni <0.1 
Cr <0.1 0.2 
Pb 0.4 
Cd <0.02 
VFA 11 
s <0.1 
巳∞li 180 

+ refer to 紹.4 (Appendix: 2) for abbreviations used 
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Table A4.2 (Appendix 4) 

Siu Lang Shui Landfill 
Analyses of leahcate, groundwater and surface water 抖。ncentrations in mgJL) (Sheet 1 of 3) 

SUrface water 
Par.meler+ W201 W201 W201 W202 W202 W202 W203 W2ω W2ω W204 W204 W204 

5/5/93 1718/93 21110/93 5/5/93 1718/93 21/10/93 515/93 1718/93 21/10/93 1617193 17/8/93 21/10/93 

Flow (cu mls) 0.1 0.05 
DIP (mbg) 
Depth (m) 
Temp. (OC) 24.1 29.6 25.4 23.9 28.7 24.6 24.2 29.1 24.4 30 25.2 
pH 7.6 7.9 8.3 7 7 8.3 6.9 7.2 8 7.6 6.9 8 
D.O. 8.7 8.1 8.6 7.9 7.5 6.5 8 8.2 7.6 6.2 6.9 
EC (uS/cm) 89 83 67 120 81 240 270 150 140 1400 5000 2000 
Chlorlde 8.6 7.7 9.1 10 8.8 19 50 54 27 340 37∞ 400 
COD <7 <7 8 <7 <7 24 9 <7 <7 14 56 44 
TOC <1 3 <1 2 4 <1 2 4 2 9 7 

80。 <5 <5 <5 <5 <5 28 <5 <5 6.2 10 <5 8.9 
NH3-N <0.1 <0.1 <0.1 1.3 1.1 13 2.1 1.1 3.8 11 16 60 
TON 
TKN 
N03-N 0.13 0.42 0.44 
N02.N <0.01 0.08 0.08 
S04 18 14 50 
Total- P 0.1 0.1 0.3 
Alkallnlty 
Hardness 14 18 31 
Ca 4 5 6.5 
Mg 0.9 1.2 3.8 
Na 9 8.2 7.5 10 9.5 22 35 32 14 3100 250 
K 2.5 1.9 2.3 2.9 2.4 5.7 3.8 3.6 3.3 82 24 
Fe 0.1 0.3 0.4 
Mn <0.1 0.1 0.2 
zn 0.03 <0.01 <0.01 
Cu <0.1 <0.1 <0.1 
Ni <:0.1 <0.1 <0.1 
Cr <0.1 <0.1 <0.1 
Pb <0.1 <0.1 <0.1 
Cd <0.02 <0.02 <0.02 
VFA 
s 
E. coll 

+ refer 10 A2.4 (Appendix 2) for abbrevtalìons used 



τ'abfe 4.2 (Appendix 4) 

Siu Lang Shui Landfill 

Analyses of leahcate, groundwater and surface water (concentrations in mgIL) (Sheet 2 of 3) 
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Leachate Quality 
Parame是er DH205 DH205 DH205 DH207 DH207 DH207 1:201 L202 L203 L204 L205 Pipe 

4/6/93 司 7/8/93 21110/93 416/93 1718/93 21/10/93 1617193 1617193 1617193 1617/93 1617193 517193 

Flow (cu m危}

。IP (mbg) 21 18.3 27.1 15 14.9 14.9 n.a. n.a. n.a. n.a. n.a. n.a. 
Depth (m) 19 21.7 12.9 4.2 4.3 4.3 們.a. n.a. n.a. n.a. n.a. n.a. 
Temp. (OC) 38.7 40.7 42.2 26.3 26.9 26.7 
pH 7.88 7.9 8.3 6.33 6.1 5.9 8.1 8.2 8 7.8 8.2 7 .4 

。.0。

EC (uS/cm) 78000 53000 56000 2000 120 220 10200 9000 10300 6700 的∞ 8440 
Chlorlde 4800 4900 4900 20 16 22 670 640 670 340 330 470 

COD 22000 22000 17∞o 58 190 82 980 890 860 440 660 970 
TOC 7500 7600 8000 8 1∞ 15 250 250 200 120 100 300 
BOD 12000 11000 8400 5.5 5 8.9 59 120 65 70 190 370 
NH3.N 8300 7900 8700 <0.1 <0.1 。.7 1100 880 1100 570 530 850 
TON 
TKN 8000 8100 8100 0.1 0.2 
N03-N <0.01 0.01 
N02.N 0.03 <0.01 
S04 72 <10 <10 
Tolal- P 18 <0.1 
Alkalínity 3800 
Hardness 58 180 
Ca 11 50 30 
Mg 7.5 13 10 
Na 4000 5000 4200 26 20 16 420 
K 1300 1400 1400 16 9.7 6 .4 170 
Fe 19 9 5.3 
Mn 0.3 7 
h 36 0.06 
Cu 8.9 <0.1 
NI 0.3 <0.1 
ICr 9 <0.1 
Pb 0.7 0.1 
Cd <0.02 <0.02 
VFA 5000 21 
s 18 <0.1 
E. coll o 12 
B 0 .4 
Se <5 
AI 5 

Nole: no water was found at DH208 on 17.8.93 and 21.10.93 

+ refer 10 A2.4 (Appendix 2) for abbrevlalions used 
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γ'able A4.2 (Appendix 4) 

Siu Lang Shui Landfill 
Analyses of leahcate, groundwater and surface water (∞ncentrations in mglL) (Sheet 3 0' 3) 

Groundwater Quality Leachate OualiÞJ 
Parameler+ DH201 DH201 DH201 DH203 DH203 DH204 DH204 DH2ω DH208 L206 L207 Sump 

J. /6/93 1718/93 21/10/93 416/93 1718/93 416193 1718/93 21110/93 28/5/93 16/7193 1617/93 517193 

Flow (cu m/s) 21/10/93 

OIP (mbg) 6.7 7 4.9 2.2 2.7 2.7 n.a. 3.8 4.2 
Oepth (m) 5.3 5 11 7.1 o 10.1 9.6 9.6 n.a. n.a. n.a. n.a. 
Temp. (OC) 25.3 28.3 27.7 26.4 24.9 28.2 28.2 34.3 
pH 7.34 7.5 7.6 6.42 7.08 7.6 7.6 6.88 7.54 7.49 7.6 

0.0. no 
EC (uS/cm) 5400 5200 12000 33∞ water 22∞ 41∞ 12000 620 4000 14000 17∞ 
Chloride 370 460 750 170 25 210 480 38 290 1000 110 

COD 290 690 1800 94 51 490 620 84 940 1200 85 

TOC 120 200 250 24 9 150 140 7 100 750 30 

BOO 26 41 76 12 22 66 120 6.8 63 160 34 
NH3-N 420 640 1100 69 29 460 760 3.3 320 1400 99 

TON 0.01 1.6 12 
TKN 670 1200 62 30 490 850 4 320 1500 
N03-N 7.55 40.4 2.47 <0.01 
N02-N 0.44 0.12 。.24 <0.01 
S04 51 340 26 260 120 <10 24 

Tolal- P <0.1 <0.1 <0.1 <0.1 
Alkat!nily 640 2700 610 
Hardn.ss 200 630 92 230 
Ca 27 140 33 54 64 54 51 
Mg 19 24 3.2 12 18 27 6.2 
Na 480 430 750 140 26 210 450 32 270 1100 100 
K 110 160 310 27 14 86 210 5.4 110 360 54 

Fe 13 5 6 1.4 
Mn 1.2 6 1.2 11 
h 0.07 。 .1 0.06 0.07 
Cu <0.1 <0.1 <0.1 <0.1 
NI <0.1 <0.1 <0.1 <0.1 

C, 0.2 <0.1 <0.1 <0.1 0.1 

Pb 0.3 <0.1 <0.1 <0.1 
Cd <0.02 <0.02 <0.02 
VFA 47 62 10 6.3 
s 0.3 <0.1 <0.1 <0.1 
E. coll 14 130 890 6 
B 
Se 
Ar 

Note: no water was 1ωnd at DH203 on 17.8.93 and 21.10.93 
under 1;11 groundwater was sampled al DH20e on 28.5.93. and Iherealler no walel was lound 
+ refer 10 A2.4 (Appendix 2) 10r abbrevlations used 



τ'able A4.3 (Appendix 持

Ma Tso Lung Landfill 
Analyses 01 t棚h帥te， groundwater and su巾ce water (concentrations in mglL) 持heet 1 of 咎

Surface water Leacha知總部碧藍

Par麓meter+ W301 幫捕V 聖哲301 W301 W302A w認2A W誰能A 嘗嘗302聽 L3怨言 L30囂 L303 
61 這 f傘這 1617/93 1318/9 毒 12/哩。I!言 3 615193 1318/93 12/101學這 615193 16111珍海 1611193 1611193 

i Flow (c:u mIS) 18 18 9‘e 0.93 
10lP (rn梅)
o垂pth (rn) 

Tem戶. (吧) 31 27.9 27.9 32.7 30.8 30 34 
pli 8.38 7.99 7.9 8.1 7.84 8.2 8.4 全呈喜 8.43 忌。4 色34

10.0. 4.3 也51' 0.72 7.4 0.9 0.66 0.21 
EC 約S/cm) 9200 5000 胎盤 4100 5900 13∞c 啥帥發 11000 16∞c 2400 16700 
Chloride 870 3的 410 300 發10 1600 1300 930 14∞ 240 1400 
COD 940 430 350 39C 2100 1000 720 520 350 1200 
TOC 120 1 怠。 120 23C 600 550 180 4哀。 60 250 
BOD 15 哀。。 110 27 4~ 220 210 43 460 54 44 
NH3-N 430 530 670 19C 1200 1600 500 2100 140 2200 
TON <0.01 0.02 0.01 86 
?你t 600 2200 240 2400 
N~恥乎這 210 200 110 

"。今N 50 皂，發 24 
504 490 10 290 280 66 20 33 
Tol晶1. P 1.2 是.4 10 
Alk轟linîty 2000 8000 680 8500 
治鑫姆總ss 230 5吏。 200 
Ca 42 4.8 1 忌。 44 12 41 24 
Mg 10 7.8 按3 哀。 4.2 10 12 
IN蟲 550 150 330 190 400 1000 7∞ 600 780 140 7墨色

IK 200 65 73 52 180 390 390 240 250 事設 毒草草

Fe 35 3.1 2.7 
Mn 6 0 .1 在4

Zn 莓，主 0.: 立3

Cu 在3 。2 0.3 
?這i 在 1 〈怠.1

0.1 
ICr 1.8 、 0.2 在7

Pb 1.3 <0.1 <0.1 
Cd 色.02 <0.0詰 <0.02 
VFA 
s 
佐 coli

也

51華

AI 

Note: 給 W30t and L怠。是 were the s轟烈el的atlon f紛紛發$鑫mpli縛 of surlace water 
緝令叫做10 A2.4 (Ap開ndix2)紛紛胸viations used 
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Table A4.3 (Appendlx 4) 

Ma Tso Lung Landfill 
AnaJyses 01 I組h臼te， groundwater and su巾明 water(∞ncentrations in mgll) (Sheet 2 01 3) 

Leachale Quallty GroundWaler Quaflty 
Parameter+ DH301 DH301 DH301 DH302 DH302 DH302 DH303 DH303 OH303 DH308 。H309

可 7/6/~3 13/8/93 可 2/10/93 17/6/93 13/8/93 12/10193 17/6193 13/8/93 12/10/93 12/10/93 

Flow (cu m/s) no 
。IP(m旬} 9.8 8.9 8.2 9.2 8.5 8.5 10.4 9.8 9.1 17.7 water 
Oeplh (m) 6.7 7.6 8.3 11.3 12 12 6.6 7.2 7.9 2.5 O 
Temp. (OC) 27.2 27.1 27.5 29.1 28.9 30.8 26.5 26.1 27.9 26.2 
pH 8.01 8.1 8.1 7.96 7.7 7.7 7.73 7.7 7.7 6.2 
0.0. 
EC (uSJcm) 75∞o 112000 64000 61000 40000 28000 27∞o 48000 28000 120 
Chlorlde 8000 6300 5000 45∞ 2300 2000 1400 2000 12∞ 9.8 
COO 20000 22∞o 12000 23000 3500 2800 3800 5300 25∞ 7 
TOC 6200 7700 9500 75∞ 1900 1300 9∞ 1800 800 10 
800 9900 9800 5200 14000 1400 790 1400 2000 480 5 
NH3-N 13400 13000 9400 9800 4100 3300 3600 5100 3900 1.8 
TON 
TKN 14000 13∞o 9700 9400 4300 3400 17∞o 5300 3800 2 
N03.N <0.01 <0.01 <0.01 
N02.N <0.01 <0.01 <0.01 
S04 180 220 <10 
Total . P 98 14 18 
Alkallnlty 
Hardness 11 30 1∞ 

一
Ca 0.2 3.4 4500 
Mg 2.5 5.2 12 
Na 4100 4000 3100 2600 1400 1300 4500 1200 750 s 
K 1400 1300 1000 840 570 510 710 480 180 2.9 
Fe 36 33 28 
Mn 0.5 0.3 0.8 
Zn 1.2 1.5 0.58 
Cu 0.2 0.3 0.2 
NI 0.3 。2 0.1 
Cr 20 15 3.5 
Pb 0.3 0.3 0.2 
Cd <0.02 <0.02 <0.02 
VFA 5200 84∞ 990 
s 16 16 7.2 、

巳∞Ii O O 4000 
B 

se ‘ 

AI 

00 water was fωnd al DH308 on 17.6.93 and 13.8.93 whllsl no water has been fωnd at DH309 
+ refer to A2.4 (Appendix 2) for abbrevialions used 



Table A4.3 (Appendlx 4) 

Ma Tso Lung Landfill 
Analys髓。f 1倒h個te， groundwater and su巾cewater(∞ncentrations in mglL) (Sheet 3 01 3) 
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Groundwater Quality 
P.,.meter+ DH301 DH302 DH303 DH304 DH304 DH3ω DH305 DH305 DH305 DH307 DH307 DH307 

31/5/93 416193 7/6/93 4/6/93 1318/93 12/10/93 3/6193 1318/93 121可 0193 3/6193 1318/93 12/10/93 

Flow (cu m/s) 
DIP(m句) 12 15 13 5.1 3.5 2.4 3.7 4.3 3.7 4.3 4.9 4.9 
Depth (m) n.a. n.a. n.a. 15.3 16.9 18 10.8 10.2 10.8 10.1 9.5 9.5 
Temp. (OC) 27.8 29.4 28.1 24.6 25.1 26.2 25 26 25.9 25.3 24.9 26.4 
pH 6.17 7.14 8.26 5.86 5.4 5.5 6.04 6 5.9 6.1 5.7 5.5 
D.O. 
EC (uS/cm) 340 3600 31000 440 760 280 4201' 710 210 380 790 240 
的lorl也 72 340 2100 36 - 39 35 48 44 47 37 87 54 
COD 92 2500 1800 12 <7 80 <7 <7 <7 28 8 11 
TOC 680 1100 <1 3 8 2 6 7 5 20 
80D 8.3 1400 780 <5 <5 <5 <5 <5 <5 12 <5 <5 
NH3-N 6.1 360 4200 0.3 0.3 0.9 <0.1 <0.1 0.9 <0.1 <0.1 <0.1 
TON 
TKN 6.6 370 4300 0.5 0.4 1.5 0.4 0.1 1.2 <0.1 0.2 0.1 
N03.N 1.4 0.11 <0.01 12 11 <0.01 
N02.N 0.01 0.03 0.04 0.24 0.06 0.01 
S04 18 65 <10 <10 <10 13 
ToIal. P <0.1 <0.1 31 <0.1 <0.1 <0.1 
AI旭IInily

Hardness 81 110 36 55 110 140 
一C晶 8.5 11 10 19 30 48 

M" 15 20 2 .8 2 8.9 3.2 
Na 16 130 1000 41 75 45 34 15 18 28 62 35 
K 3.3 59 440 2.4 1.6 3.6 2.1 1.5 1.9 4.4 1.6 0.8 
Fe 6.5 88 18 8 3.7 15 
Mn 1.5 1.2 1.3 2 3.5 
Zn 0.01 0.16 0.31 0.26 0.06 0.14 
Cu <0.1 0.8 0.1 <0.1 <0.1 <0.1 
Ni <0.1 <0.1 0.1 <0.1 <0.1 <0.1 
Cr <0.1 0.3 1.5 <0.1 <0.1 <0.1 
Pb <0.1 3.8 <0.1 <0.1 0.1 0.3 
Cd <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 
VFA 13 1200 620 21 <5 <5 
s <0.1 0.6 <0.1 <0.1 <0.1 <0.1 
E. coli 100 600 o 4 16 32 
B 

Se 
Al 

note: under fill groundwater has been sampled at DH301. DH302 and DH303 during the site investigation 
+ refer to A2.4 (Appendix 2) for abbreviatîons used 
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'Table"A4.4 (Appendix 4) 

Ngau Tam Mei Landfill 
Analyses of leahcate. groun咱water and surface water (concentrations In mglL) (Sheet 1 of 3) 

Leachate Quality Surface Water 
Parameter+ DH401 。H401 DH401 DH402 DH402 DH402 L401 L402 W~給1 W401 W401 

3/6/93 1118/93 11110/93 17/6/93 11/8/93 11/10/93 1617193 1617193 316/93 1118/93 11/10/93 

FJow (cu 叫's) G G 
OIP (mbg) 14.3 14 14 6.4 5.6 3 n.a. n.a. n.a. 叭.a. n.a. 
Oepth (m) >1.15 >1.45 >1 .45 4.6 5.2 8 n.a. n.a. n.a. n.a. n.a. 
Temp. (aC) 27.1 29.7 27.3 27.2 26.4 27.4 25.2 28.2 23.7 
pH 7.7是 7個4 7.7 7.62 7.6 7.8 8.06 8.17 7.43 8.5 7.8 
0.0. 6 2.6 3.2 
EC(uSlcm) 23000 26000 22000 27000 ", 41000 34000 10000 4500 130 21000 9400 
Chloride 13∞ 1200 1300 1800 2600 2200 720 370 75 1400 700 
COO 39∞ 1800 3000 2200 2100 2400 650 380 75 890 550 
TOC 600 900 600 5∞ 1400 1500 150 80 16 380 220 
BOD 210 450 73 340 260 210 130 88 17 15 240 
NH3-N 2000 安400 2600 3200 4500 4400 1200 400 77 1900 1100 
τON 0.02 78 
TKN 話100 2800 2700 3300 4800 4400 1400 580 
N03.N 2.91 <0.01 18 
N02-N 0.03 <0.01 7.1 
S04 <10 <10 <10 20 24 
Tota卜 P 立學 8 0.4 
Alkalinity 5100 1800 
Hardness 180 84 130 
Ca 20 14 70 70 45 
Mg 32 12 22 18 5 

Na 920 1000 830 1200 1600 7500 420 260 52 800 880 
K 500 420 450 480 660 650 230 1 惡。 32 360 260 
Fe 140 16 0.9 
Mn 9 1 五 0.9 
zn 3.2 1 0.03 
Cu 0.6 0.2 <0.1 
Ni 0.3 0.1 <0.1 
Cr 4.5 1.6 <0.1 
Pb 8.2 1.3 <0.1 
Cd <0.02 <0.02 <0.02 ‘ 

VFA 630 120 
S 4 4.8 
E.cori 120 4000 
8 
Se 
AI 弓，

Note: + refer to A2.4 (appendix 2) for 務bbreviationsυsed



Table A4.4 (Appendix 4) 

Ngau Tam Mel La~dfill 
Analyses of leahcate, groundwater and surface water (concentrations In mglL) (Sheet 2 of 3) 

Groundwater Quality 
Parar嘗嘗eter+ DH402 DH403 DH403 。H403

9/6/93 3/6/93 1118193 司 1/10193

Flow (cu mls) 

DIP (mbg) 26 19.8 19.2 18.4 
Deplh (m) n‘是量， 8.2 8.8 11.6 
Temp. (OC) 28.5 25.9 25.9 26 
pH 4.47 6.4 5.8 5.9 
D.O. 
EC (uSlcm) 28∞ 320 510 , 147 
Chloride 11∞ 43 83 6.6 
COD 300 <7 <7 8 
τOC 設在 <1 2 8 
BOD 〈葾 <5 <5 <5 
NH3舵手d 31 <0.1 <0.1 <0.1 
TON 
有〈沁 32 0.2 0 .4 0.3 
N03-N 1.4 0.75 
N02-N 0.04 0.01 
804 72 10 
Total- P <0.1 <0.1 
Alka1inîty 
Hardness 160 87 
Ca 24 24 
Mg 24 6.5 
Na 550 24 56 5 
K 22 7 .4 7.3 4.8 
Fe 史學 6 
Mn 140 1.8 
zn 0.48 0.1 
Cu 0.1 <0.1 
Ni <0.1 <0.1 
Cr <0.1 <0.1 
Pb 1.1 〈在1

cd 0.03 <0.02 
VFA 21 16 
s <0.1 <0.1 
E. coli 28 10 
8 
Se 
AI 

Note: under fill groundwater was sampled at DH402 on 9成的
+ refer to A2.4 (appendix 2) for abbreviations used 

DH404 DH404 
3/6/93 1118/93 

14 13.1 
7.5 8.4 

24.6 24.5 
6.在 5.7 

280 520 
19 26 
<7 <7 

<5 <5 
<0.1 <0.1 

。.2 。筆2
0.14 
0.02 

16 
<0.1 

94 
28 
5.5 
14 20 

5.2 2.6 
14 

2.5 
0.25 
<0.1 
<0.1 
<0.1 

0.1 
<0.02 

21 
<0.1 

50 

DH404 DH405 
11110/9 寫 3/6193 

9.4 9.7 
12.1 47 
25.9 24.5 
5.7 6.21 

145 220 
14 19 
24 <7 
16 <1 
<5 <5 

2.9 0.2 

3.5 0.1 
1.9 

0.02 
<10 

<0.1 

61 
20 

2.5 
7 10 

3.3 6.4 
24 

2.1 
0.14 
<0.1 
<0.1 
<0.1 

0.1 
<0.02 

是1

<0.1 
14 

DH405 DH405 
1118/93 嘻嘻 110/93

9.5 7.3 
47.2 49.4 
24.6 25.4 
6.1 5.6 

590 240 
67 28 
<7 <7 

3 8 
<5 <5 

<0.1 <0.1 

0.5 0.1 

40 26 
6.9 6.6 

爛、陶
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Table A4.4 (Appendix 4) 

Ngau Tam Mel Landfill 
Analyses of leahcate, groundwater and surface water (concentrations in mglL) (Sheet 3 of 3) 

「一

Groundwater Quality 
Parameter+ DH407 DH407 DH407 DH408 DH408 DH408 DH411 

9/6/93 1118/93 11/10/93 3/6/93 1118/93 11110/93 

Flow (cu 叫5) no 
DIP (mJ1g) 26.3 26.8 24.4 24 22.7 27.1 water 
Depth (m) 3.7 3.2 5.6 4.6 5.8 1.4 G 
Temp. ("0) 27 28.3 27.3 26.1 28 27 
pH 5.91 6.9 6.1 5.87 5.9 5.9 
0.0. 
EG(uS/cm) 260 380 240 210 910 100 
Chloride 22 42 13 16 35 9.3 
COD 14 <7 61 16 <7 18 
TOC <1 5 5 1 6 5 
BOD <5 <5 7.8 <6 <5 <5 
NH3-N <0.1 1 。‘4 <0.1 <0.1 0.1 
TON 
TKN 0.1 1.5 0.8 1.5 0.2 。.4

N03-N <0.01 0.43 
N02.N 0.01 0.02 
S04 10 21 
Total. P <0.1 <0.1 
Alkalinity 
Hardness 79 70 
Ca 20 18 
Mg 2.8 5 
Na 16 30 11 8.5 25 5 
K 6.6 7.6 7.1 4 5.6 4.1 
Fe 10 29 
Mn 7 4 
zn 0.04 0.19 
Ou <0.1 0.4 
Ni <0.1 <0.1 
Cr 0.1 <0.1 
Pb 0.1 0.4 
Od <0.02 <0.02 
VFA <5 <5 
S <0.1 <0.1 
E. coli 2 o 
B 
Se 
AI 

Note: no water has never been fou nd al DH411 
+ refer 10 A2.4 (appendix 2) for abbreviations used 
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APPENDIX5 

ENVlRom個NTAL MONITOR到G REQUIREMENTS 

Appendîx A5.1 EnviroñmentaI Monitoring Requirements for PPVL 

Appendîx A5.2 Environmental Monitoring Requirements for SLSL 

Appendix A5 .3 Environmental Monitoring Requirements for MTLL 

Appendix A5 .4 Environmental Monitoring Requirements for NTIv1L 
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5. 

6. 

Design Monitoring 

Leachate, groundwater and surface water 

In addition to the existing drillholes, more samples should be taken from CED 
drillholes (i.e. 4 holes) for future monitoring of leachate and groundwater Ievels and 
quality. In addition, DHI05 錯。在ld be grouted up 說nd redrill甜的在 shallower depth 
whilst a repl在cement DHI07 should be drîlled for routine monitorin各All drillholes 
contain詰g leachate and groundwater should be dipped mon血ly for 6 months; a立er
which a review of 出e 恕。st 鑫ppropriate drilIholes for fur血er monitori蠶豆 should be 
conducted. Pumped samples should be taken from the drillholes every 6 mo挂出s for a 
ye紅 and analysed for full analysís (Sui記 A). Fixed levels on aIl drillholes to be re
surveyed annually. 

Existing monitoring points for surface water (i.e. WI01 and WI03) should be sampled 
every 設rree months for a year and analysed for full analysis (Suite B). 

Non岫routine monitoring of leachate Ievel should be undertaken at DHI06 for a 2 恤 4
week period to assess the response of leachate levels to barometric pr的sure changes, a 
similar exercise on additional drillholes may be needed, subject to the results obtained 
at DHI06. 

Detailed monitoring should be initiated to define the ftow and quality of the leachate 
and con怯minated groundwater in accordance with the interim note given in Appendix 
3 of Working Paper WP3 恭t least for a year, after which the monitoring frequency 
should be reviewεd. 1n summary, monîtoring should include: 

continuous moni給ring of co訟bined flow at existlng V帥notch weír însîde the 
manhole next 的 the refugee c益也p;

continuous monitoring of groundwater low-flows in pipeline diverted to join 出e
600 mm leachate pipe; 

routine monitoring of the qua1ìty of combined discharge at existing V -notch weir 
inside the manhole next to 出e refugee camp, as follows: 

dail Y for 6 weeks for reduced analy討s (Suite C) 
weekly for 1 year for reduced analysÎs (Suíte C) 
monthly for 1 ye缸 for full analysis (Suite A) 
qu虹terly for 1 year for full analysis (S叫紀 B);

言。utine monitoring of 也.e quality of groundwater low flows at 也e existing sump 
磊djacent to e給tem catchwater c部cade channeI, as follows: 

weekly for 6 weeks for red也ced ana1ysis (Suite C) 
monthly for 1 year for fi口llan諾ysis (Suite A) 
quarterly for 1 year for 晨111 analysis 持uite B); 總a

groundwater overftows to e路tern cascade 

. 

. 

. 

• 

daily sample when flowing for reduced analysis (Suite D); continue for 6 
months or until 20 samples have been collected~ after whích the frequency 
should be reviewed. 

The infiltration cells installed in 1989 should be reinstated for fur位ler monitoring at 
least for a year. 

A regular walk-over inspection of the site should be undertaken to identify 紅ly leachate 
seep在ges entering surface waters. 
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In addition to 血e exis甘ng drillholes including 由ose .holes converted from observation 
wells for monitoring leachate and groundwater, CED drillholes BHl - BH13 and Pl to 
P8 , as well 品位le manhole next to 白色 refugee camp, should be 罷。nitored on a regular 
basis. Monitoring requirements are: 

monthly on-site monitoring of LFG for a ye前 for soil gas pressu凹， % methane, % 
oxygen, % carbon dioxide and % LEL; an益

24 bulk gas samples should be collected for laboratory confirmatory anal ys怡，

Flammable gas alarms should be installed with扭曲e premises of CED and the landfill 
operation con控actor for detection of any LFG ingress. 

To further assess 由e effectiveness of bitumen coating in con虹olling LFG migration, 5 
drillholes should be instal1ed in each of 血e three periphery areas as given in Figure 2.4 
of W orking Paper WP6 for LFG monitoring at Ieast one ye訂船 follows:

monthly 01卜site mOIÛtoring of LFG for soi1 gas pre鈴ure， % methane (CH4) , % 
oxygen (02) , % carbon dioxide (C02) and % LEL; and 

12 bulk gas samples should be 'collected for Iaboratory confirmatory 削弱ysis.

To provide further inform韋拉on on the quality of extr在cted LFG., pumping for a 
continuous period of up to 6 months sbould be undertaken from a selected hole. 
Results will enable refinernent of Iong term yiel郎， and provide greater confidence 紛
potential users 由泣 gas yields can be maintained. 

Air 

No additional aic quality monitoring to 自at undertaken for this study is recommende忌，

Noise 

No additional noi認 monitoring to 由at undertaken for 出s study is recommended. 「
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Baseline Monitoring 

Leachate, groundwater alld su尾魚ce water 

Drillholes should be selected for baseline monitoring following 6 months of design 
monitoring. 訂單路 drillhol認 should continue to be mOIÛtored for the baseline period 
as follows: 

• Leachate and groundwater levels. Dip a11 dril1holes monthly. Obtain bulk samples 
of leachate/groundwater every sixth month for fuIl suite analysis (Suite A卜

• Leachate at V“ notch weir in manhole in road. Continue flow monitoring and 
monitoring of quality once every month for ful1 analysis (Suite A). 

Groundwater low f1ows, sampled from existing sump a叫jacent to eastem catchwater 
casca往es channel. Continuous flow monitoring and monitoring of quality once per 
month for full analysis (S叫te A). 

Groundwater overflow to eastern cascade. InstalI equipment for recording 
intermittent volumes of discharge. Aim to take 4 samples/year for full analysis 
O凶te A) . 

• 

• 
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14.- Exis位ng surface water monitoring locations should be rn:onitored as follows: 
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19. 

20. 

2 1. 

Monitor monthl y for Reduced Suite D* . 
• Monitor 子monthly for Full Suite A * 

* Add "suspended soli色tI to both of these suites. 

Landfill gas 

Off-site LFG probes and drillholes monitor mon愉ly for % LEL, % CH4, % CO乏， 9忌。2
usîng portable înstruments, and take bulk samples once per ye訂 for bulk compositional 
analysis using gas chromatography. If developments occur withîn 50 m of any landfill, 
monitoring frequency should be increased to once per week, until landfill restoration 
has been completed. On-site bui1ding structures should be monitored continuously. 

Gas concentrations should not exceed the fo l1owing compliance objectives: 

• CH4 
C02 
02 

1 % by volume or 20% LEL 
1.5% by volume as upper limît 
18% by volume as lower limît 

• 

Air 

MOnitOrlI瑋 îs recommended for TSP and RSP at two locations on the site boundary and 
at the Vietnamese Refugee Camp. Measurements should be made over a c01itinuous 2 
week period with 2尋 hour measurements and 3 x l-hour measurements per day. 

No additional odour or VOC monitorîng to that undertaken for this study is 
recommended. 

Noise 

BaseIine noise monitorlng will be required at two locations near tbe nortbem boundary 
of the Vietnamese Refugee Camp 是nd away from local noîse sources so that the 
representative 訂nbient noise Ievel is recorded. If 血e restoration activi位es and afteru認低
each landfill site give rlse to noise during the perîod 07:00 hours to 19:00 hours only, it 
wiU only be necessary to make base1ine m臨surements during 血is period. Howev缸， if 
noise f全om any site is anticipated between 19:00 hours and 23:00 hours, or between 
23:00 hours and 07:00 hours, it wiU 發Iso be necessary to make baseline measurements 
during the other relevant perlod的.

It will be necessary to repeat all measurements on a total of three occasions (three 
different days), at different tìmes during the specified hours each for a 30 minute 
period. 

Construction Monitoring 

Leac，長ate， groulldwater and surface water 

It is recommended 血at monitoring is conducted as for baseline monitoring, but at 白色
following frequencies, ì.ι: 

• Leachate and groundwater levels. Dip 叫1 drillholes weekly. Obt進in bulk samples 
of leachate/groundwater eve可 two months for ful1 suite analysis (Suite A) . 

• Leachate at V -notch weir in manhole in road. Continue flow monitoring and 
monitoring ofψality twice per 血onth for full analysis (S叫做 A).

Groundwater low flow皂， s蕊npled from exi,sting sump 叫jacent to eastem catchwater 
cascades channeL Continuous flow monitoring and 血。世toring of quality twice per 
mon由 for full analysis (Suite A) . 

. 
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23. 

24. 

25. 

26. 

27. 

28. 

• Groundwater overf1ow to eastern cascade. 'Install equipment for recording 
ìntennittent volumes of discharge. Take s在mples twice mon由ly for full analysis 
(Suite A). 
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Existing surface water monitoring locations should be mOI世tored as follows: 

Monitor twice monthly for Reduced Suite D咒 an位

Monltor monthly for Full Suite A *. 
* Add "suspended solidsll to both of these suites. 

Target Limits should conform to 血eup蛇'eam wa怨言 quality (W101) if it is unpolluted. 
In the absence of standards limits should be at 50 % above baseline 認corded levels with 
Trigger and Action Limits set at 20 % and 30% above baseline levels respectively . 

• 
. 

Lan研llgas

All excav划。悶， confined spaces and vent trenches , including any trenches required for 
interim control at PPVL, morutor continuously for the following compliance objectives: 

CH4 not to exceed 1 % by volume or 20% LEL 
C02 not to exceed 1.5% by volume 
02 not to fall below 18% by volurne 

Monituring during construction should airn to determine whether or not the :estoration 
process is e到1位lcinf， off.嘲site gas migration with respect to baseline conditions, prior to 
any restoration work taldng place. Monitoring should be conducted for each off.幽site
and 0心site gas monitoring probes and drillholes once per week. Compliance objective 
for each ofιsite probe and driIlholes should be as follows: 

Gas concentrations not to exceed the following: 

• CI4 
C02 
02 

1 % by volume or 20% LEL above base1ine level 
1.5% by volume above b部eline level 
not to fall more than 3% by volume below baseline level 

. 
• 

Aú 

Monitoring is recommendεd for TSP and RSP at two locations on the site boundary and 
單位le Vietnamese Refugee Camp. Boundary locations should be selected to be at the 
nearest point to the restoration works. Measurements should be made continuously 
with 3 x 1而our measurements per day and 24.仇。ur measurements. The compliance 
objectives fo主 dust mOlÚtoring are as follows: 

Hourly average TSP concentration at boundary not to exceed 500 J.1g1m3; and 

• 24-hour concentrations at sensitive receptors should not to exceed 260μg/m3 for 
TSP and 180 J.lg!m3 for RSP. 

訂lese objectives should be treated as Target limits, where Trigger 組d Action límits 
should be determined from the base1ine data taldng into account natural variability of 
measured parameters. 1n any event, the l-hour Trigger and Action limits for TSP at 出e

site boundary should b巳 no higher than 300 and 400μg/m3 respectively, and the 24 .. 
hour Trigger and Action limits at sensitive receptors should be 150 and 200μgl血3
respectively. For RSP levels the 24-hour Trigger and Action limits at sensitive receptors 
should no greater than 80 and 130μg!mj respectively. 

Odour monitoring should be carried out daily 屁也e site boundary. Sampling for 
~lfactometry testing to determine compliance with 2 odour limit is considered 
impractical to apply, and detection of odour at the boundary by non-construction 
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29. 

30. 

31. 

32. 

33. 

34. 

35. 

personnel is considered reasonable. ln 社le event öf odour detection, samples should 
then be taken for oIfactometry testing to determine compliance with the objεctive. 

VOC monitoring during the construction period should depend on the extent and 
duration of t~e restoration. 官le detailed requirements and frequency of monitoring 
should be establishe吐 as part of the Detailed EIA to be carried out by the Restoration 
Co豆缸actor.

Noise 

Locations for construction noise monitoring will genεrally be 自己 same as those used 
for 也e baseline noise study. 

Noise from general construction noise is covered by the Technical Memorandum 都
Noise from Construction Work Other than Percussive Piling. AIthough there are no 
controls for construction noise (other than pilîng) between 0700 hours and 1900 hours 
(Monday to Saturd呵) but excluding general holidays including Sundays) a Target 
Limit of 75 dB (A) should be applied, wi血 Trigger and Action limits set according to 
baseline noise levels. accounting for natural variation. Where possible, construction 
noise should be no more than 10 dB (A) above baseline levels. 

If cons虹uction takes place during .the evening (1900 to 2300 hours) or night-time 
(2300 to 0γ00) hours the respec討ve noise criteria of 60 dB (A) and 45 dB (A) (λrea 
Sensitivity Rating A) at noise sensitive receptors should be applied. 

Monitoring should be conducted in accordance with the Technical Memorandum 
St組dard 0設 Noi..，-e from Construction Work other than Percussive Pi1ing on a 
continuous sound pressure level (Leq) over a 5 minute period. Noise measurements 
should be rep惡毒ted over a representative l-hour period during d哼， evening and night
位me as appropriate every third day. The frequency of monitoring should be increased 
in the event of complaint. 

Noise from percussive pìling is dealt with in the Technjcal Memorandum on Noise from 
Percussive Piling. Although 位le need for percussive pìling 泣 construction 位給s i草 not
envisaged, noise monitoring should be undertaken at .each affected NSR in accordance 
with the Memorandum if percussive piling is carried out on a site. This wiU enable 
typical noise impacts at affected NSRs to be established at an early stage~ and 
compliance with the relevant Technical Memorandum confirmed or denied. If 
compliance is not demonstrated, mitigation in terms of the hours of operation ancl/or 
numbers of Îtems of plant operating concurrently, or in the form of acoustiç screening 
wiU be required. In such cases, further monitoring wiU be required 1.0 establish 
compliance or otherwise with the Technical Memoran吐um.

Post-restoration Audit Monitoring 

‘ Leachate, groulldwater alld surface water 

It is recommended th鑫t monitoring is conducted as for routine monitoring i.吼:

. Leachate and groundw誕er levels. Dip alI 這rillholes mon自ly. Obtain bulk samples 
of leachatelgroundwater every sixth month for 如11 suite analysis (Suite A) . 

. Leachate at V-notch weir in 血是且也le în road. Continuous flow moni的rin萃主且是
monitoring of quaHty once per 血onth for fulI 如alysis (Suite A). 

Groundwater low tlows, sampled 宜。m existing sump adjacent to eastem catchwater 
cascades channel. Continuous flow morutoring and monitoring of quality once per 
month for full analysis (Suite A) . 

• 

. Groundw在ter overflow to eastern cascade. Install equipment for recording 
intermittent volumes of discharge. Aim to take 4 samples/year for full analysis 
(S凶te A). 
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BEE--

Existing surface water monitoring locations 'should be monitored as follows: 

• Monitor monthly fo玄 Reduced Suite D*; and 
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. Monitor 3-monthly for Full Suite A*. 

* Add tlsuspended solids" to both of 自己se suites. 

Restoration works 紅e expected to result in an overall decrease in surface and 
groundwater impacts. However, Target Limits should conform to the upstream water 
quality (WI01) if it is unpolluted. In the absence of standards 1imits should be at 50 % 
above baseline recorded levels with Trigger and Action limits set at 20 鳴 and 30% 
above baseline levels respectively. 

It is recommended that the above monitoring frequencies be upheld for the first two 
years following completion of restoration 組d be reduced accordingly in the event of 
compliance with relevant standards and environmental performance criteria. 

Landfill gas 

Monitoring should continue at the same frequency as specified for routine monitoring 
prior to restoration. Gas composition, temperature, pressure ex缸缸討on rate should be 
monitored weekly at the gas extraction pump. The well field, pipewo玄k and condensate 
disposal should be inspected in detail once every 3 months to check for deterioration 
and maintenance requirements. 

Air 

No significant 泣r împacts are envÎsaged following site restoration and afteruse. It is not 
considered necessary that long term dust monitoring is continued durîng the post
restoration phase is required, but should be limited to quarterly measuremen臨 for 2ι 
hour 組d 3 x l-hour per day measurements over a six day period for 甘le ini位al year 
following completion of restoration only. This should however be continued if dust 
levels are significantly above baseline levels for any reason. 

Odour assessment along the site boundary is recommended 00 a qu紅terly basis. 1n the 
event of odour detection further samples should be taken for o1factometry tests for 
testing c6mpIiance with the 2 odour unit criteria‘ 

VOC monitoring should be carried out, as a minimu剖， for compounds speci誼ed in 
Table 4.3, to ensure that concentrations are wi甘lÎn acceptable limits. It îs recommended 
that monitoring be undert器ken， as a minimum , quarter1y for three years at four 
locations at the landfill boundary and at two selected on-site or off-site loca泣。ns.

The flare stack should be monitored annually to en位lre compliance with standards 
specified in Table 4.13. 

Noise 

Noise wilI be generated by fixed noise sources inc1uding the landfil1 gas extractlon 
plant, and by the leachate treatment plant. This equipment is located at 出e southern 
end of the site, relatively close to 出e only sensitive receptor, the Vietnamese Refugee 
C位np and wil1 represent a steady and continuous noise source. In addition, sensitive 
receptors exposed to noise from the fixed leachate and land到1 gas plant may exist 
within the restored 誰能， and these too should be monitored. 

Relevant standards for operational noise are provided in the Technical Memorandum 
for the Assessment of Noîse from places other 1h鑫nDomes甘c Premises , Public Places or 
Construction Sîtes. Acceptable noise leveIs for the day/evening (0700 to 2300 hours) 
and the night-time (2300 to 0700 hours) periods are 60 dB (A) and 50 dB (A) 
respectively. Furthermore, Hong Kong Planning Guidelines recommend that noise 
levels should be 5 dB (A) below these specified levels, and that in the case of 
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background levels bei豆豆 5 dB (A) lower than the specified levels the acceptable noise 
level should not be higher than background levels. On the basis of routine monitoring 
results，自己se background noise levels sho口ld be the defined Target Limit for 
operational noise. 

It wiU be necessary to monitor noise at the chosen monitoring locations for a 30 minute 
period during 血e day/evenîng and night-tîme periods with a11 plant operating at full 
capacity, with care taken to ensure that extraneous noise sources do not affect 
measurements made. Wind direction should be noted, and noise levels should be 
measured on at least one occasion when the wind direction is from noise source to 
sensïtïve receptors. 

It is considered tllat further noîse monitoring will not be necessary unless p紅位cul盯
items of plant are changed in the fu臼詣， if 血e operating conditions a1ter significantly. 
If 甘le relevant guidelines are exceeded, it will be necessary to reduce noise impacts by 
screeni豆豆， or by modifications to the plant itself or its housings. Furth位 noise 
monitoring wiU then be required to confirm comp1iance. 

Settlement alld slope stability 

A general site survey should be undertaken at six monthly intervals to detect signs of 
slope failure or stress. Similarly, such surveys should be undertaken on a monthly bas泊
的 detect any settlement beyond anticipated rates presented 扭曲is report. 



~巨ëndix 5.2: Environmental Monitoring Requirements for SLSL 

Design Monitorlng 

Leachate, groundwater and surface water 

More information is needed on leachate fIow rates and on leachate levels and quality 
wi血in the lar諒自1. ln order to allow better asse您認ent of the risks of basal leak:age and 
to fur按1位 monitor the quality of the leachate fIowíng to the fi1tration tanks, one 
additional drillhole by the westem filtration tank is req凶red， as well 品 two and three 
additional dril1holes in the westem and eastem areas respectively as shown in Figure 5.5 
(Chapter 5). In addition to these new drillholes, a11 existing monitoring poínts 
(inc1uding a replacement hole for DH203A) for 1悅chate and groundwater should be 
monitored as follows: 

• monthly for at least one year for level and qua1ity for full analysis (Suite A); 仙d

quarterly for at least one year for Ievel and quality for full analysis (Suite B) . . 
2. To further determine the design criteria for leachate treatmer此， locations L206 and 

L207 as shown in Figure 5.5 (the eastern and western filtration tanks respectively) , 
should be analysed monthly for at least one year for full analysis (Suite B). 

To quantify the fIows for leachate treatment and disposal in wet 組d dry seaSO .L1S, fIow 
into each fiI缸ation tank (1ocations L206 and L207) should be 諮e訟ured and recorded 
continuously for at least one year. 

Monitoring of 血e surface water qua1îty should be continued for at least a year. The 
flow 主義te should be taken whilst water samples are being taken 泣 the existing 
monitoring points for surface watεr (i.e. W201 and W詣4) as follows: 

3. 

4. 

• monthly for at least one year for the water flow and qu剖ity for full analysis (Suite 
A); and 

quarterly for at least one year for the water fIow and quality for full analysis 
(Suite B). 

Lalldfill gas 

. 

5. In order to further assess the effectiveness of LFG control measures and the LFG 
migration, all existing monitoring points for LFG monitoring an挂出ose holes converted 
for LFG monitoring along the south bound益ry of the site (i.e. DH203A, DH204 and 
DH201) should be monitored on a monthly basis and supplemented with an occasional 
laboratory confirmatory test for landfill gas in composition. 

Air 

6. No additiona1 air qua1ity monitoring to that undertaken for 血is study is recommended. 

Noise 

7. No additionaI noise monitoring to 由at undertaken for 血is study is recommended. 

Others 

8. Pe室主neability testing on the cap should a1so be done to allow a more accurate assessment 
of the leachate production rates. A structural assessment of the box culvert should be 
carried out to assess the physical conditíon and long-term integrity of the culvert. 
Settlement markers should also be monitored 80 as to verify whether settlement rates are 
greater than those recorded and predicted. 
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Baseline Monitoring 

Leachate, groulldwαter alld surface water 

It is recommended that baseline monitoring at the si胎 should be carried out as follows: 

monitorin鑫 of all drillholes for level readings at mon也ly intervals and sampling at 
six monthly intervals for full analysis (Suite A); and 

詣。IÙtoring of surface waters at Iocations W201 , W202 t W203 , and W204 wi血
泊mples taken mon岱ly for reduced analysis (Suite D) and every three months for 
full analysis (Suite A). 

Lan辦11 gas 

. 

• 

Off-site LFG probes and driUholes monitor monthly for % LEL, % CH4, % C02 , 9忌。2
using portable instrumen話， and t在ke bulk samples once per year for bulk compositional 
laboratory analysis. On-site building structures should be moIÙ胎兒這 continuously‘

Gas concentrations should not exceed the following compliance objectives: 

. CH4 1 % by volume or 209忘 LEL;

1.5% by. volume as upper Iimit; 在nd• C02 

。2 18% by volume as lower limit 

If developments occur within 50 m of 也e landñ.ll, monitoring frequency should be 
increased to once per week, until landfill restoration has been completed. 

Air 

Monitoring is recommended for TSP and RSP at two locations on the site boundary. 
Measurements should be made over a continuous 2 week period with 24 hour 
measurements and 3 x 1-hour 路eas叮ements per day. 

VOC monitoring during the construction period should depend on the extent and 
duration of 的e re仗。ration. The detailed requirements and frequency of monitoring 
should be established as part of 也已 Detailed EIA to be car玄ied out by the Restoration 
Contractor. 

Noise 

As no sensîtive receptors were identified withîn 250m of the landfill, no fu吋ler baseline 
monitorîng 扭扭commended. However, if sensitive receptors are present at the time of 
restoration suitable monitoring , as described for PPVL should be undertaken to 
establîsh anlbient noise levels. 

Construction Monitoring 

Leachate, groundwater and su電facewater

Construction monitoring should be undertaken as for baseline monitoring, wîth the 
following aIterations: 

monitoring ,of drlI1holes DH201 , DH203A, an社 DH204 should be increased wlth 
samples of groundwater taken monthly for reduced analysis (Suîte D). All 
drilIholes should be dipped on a monthly basis. 

• monito主ing of surface water at locations W2帥， W202, W203, and W知4 with 
samples taken weekly for reduced analysis (S自己 D竹"
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not to exceed 1 % by volume or 20% LEL; 

not to exceed 1.5 % by volume; and 

not to fall below 18% by volume 
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* Add 11 suspendedεolidslt 的前lÍs suites. 

Target limits should conform to the upstream water quality (W20 1) if it is unpol1uted. In 
the absence of standards limits should be at 50 % above baseline recor，往ed levels with 
Trigger and Action lim1ts set 泣 20 % and 30% above baseline levels respectively. 

Landfill gas 

All excavations, confined spaces and vent trenches should be monitored continuously 
for 自e followin皂 compliance objectives: 

• CI4 

C02 

02 

• 
. 
At each site where restoration is taking pl~ce， each off-site and or卜site gas monitoring 
probe and drillhole should 怯 monitored once per week. It should be recogni紹這自在t
there is a1ready evidence of of:ιsite gas migration in some drillholes and gas monitoring 
probes. 叫lerefore， it is inappropriate to apply blanket compliance criterîa to each 
monitoring location. Monîtoring during construction should aim to determine whether 
or not the restoration process is enhancing 0叮叮site gas migration with respect to baseline 
condîtîon丸 prior to any restoration work taking place. Therefore, the following 
compliance objectives should apply during co浴缸uction:

Gas concentrations r.l'叫 to exceed the followîng: 

. CH4 

C02 

02 

. 
• 

Air 

1 % by vol ume or 20% LEL above baseline Ievel; 

1.50/0 by volume above baseline level; and 

not to fall mo兒 than 3% by volume below baselîne level 

Monitoring is recommended for TSP an益 RSP at two locations on the sîte boundary. 
Boundary locations should be selected to be at a suîtable point close to 也e restoration 
works. Measurements should be made continuously with 3 x 1 ，鵬hour measurements per 
day and 24-hour m偽surements. 甘le compHance 0忌1ectives for dust monitoring are as 
follows: 

• Hourly average TSP concen註ation at boundary not to exceed 三00 ~gJm3; and 

24-hour concentrations at sensi ti ve receptor not to exceεd 260μg/m3 for TSP and 
180μ.g/m3 for 1之SP.

它也se objectives should be treated as Target limits. where Trigger and Action limits 
should be determined from 血e baseline data taking into account natural variability of 
measured parameters. In any event~ the l-hour Trîgger and Action limits for TSP at the 
síte boundary should be no higher than 300 and 400 生19/m3 respectively, and the 24-
hour Trigger and Target limits should be 臼o and 200μg/m3 respectively. For RSP 
levels 2牛hour Trîgger and Action limit草 should be no greater than 80 and 130μg/mj 

respecti vel y. 

Odour monitoring should be carried out daily at the site boundary. Sampling for 
olfactometry testing to determine compliance wi由 -2 odour limit is considered 
impractical to apply, and detection of odour at the boundary by non-∞nstructîon 
personnel is consîdered reasonabk. In the event of odour detection, sa血ples should 
then be taken for olfactometry testing to determ1ne compliance with the objective. 
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30. 
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VOC monitoring durîng the construction period is not""tecommended. It is considered 
that adherence to the safety standards for LFG are more appropriate. 

Noise 

As no sensitive receptors were identified within a 250 m radius of the site, no 
∞泌的lction monitoring is considered necessary. in the event 由at a sens話ve receptor ís 
present at the 位me of restoration suit品le monitoring should be conducted as for PPVL. 

Post-restoration and Audit Monitoring 

Leachate, groundwater and su可àce water 

It is recommended that monitoring be conducted as for baseline monitoriI啥， but should 
a1怠。 include continuous volume records of leachate remov刻， and monitoring of leachate 
司u必ty for full analysis (Suite A) once every month. 

Restoration works are expected to result in an overaIl decrease in surface and 
groundwater impacts. However. Target limits for surface water should conform to 血e
upstream water quality (W201) if it is unpolluted. In the absence of stan伽rds 1imits 
should be at 50 % above baseline recorded IeveIs with Trigger and Action Iimits εet at 
20 % and 30% above baseIine levels respectively. 

It is recommended that the above rnonitoring frequencies be upheld for the first two 
years following completion of restoration and be reduced accordingly în the event of 
compIiance with relevant standards and environmentaI performance criteria. 

Landfill gas 

Following restoratlon and installation of LFG control system, further off-site rnigration 
of LFG will be prevented. Monitoring should continue at the same frequency as 
speci1主ed for routine monitorinι1n some.off“ sÎte locations , soíl gas co話centrations
may already breach the above compliance standards following restoration, and 
allowance should therefore be 迪拉de for the possîbility 自at it may take many mo諒自丸 or
possibly ye缸s ， to dissipate by natural process such that uncontaminated natural 
background soil gas compositions 位'e achieved, ag泣nst whlch standards for comp1iance 
could be co控lpared.

On-site passíve gas vents and gas vents in perîmeter venting trenches should be 
monitored monthly for % LEL，各 CH4. % C02 and 9毛 02 plus soil 但s pressure to 
assess performance of gas control measures. 1n addition, annual bulk samples should be 
obtained for confirmato主y laboratory analysis of gas composition. Sufficient bulk 
samples should be taken to represent about 10% of samplîng points. It is inappropriate 
to assign comp1iance objectives to 出ese monitoring poin恕， but a routine annual audit of 
monitoring results should be undertaken to ensure gas controI systems are 扣nctionin志，
and to identify any areas requiring maìntenance/replacement. 

Air 

No significant air impacts are envisaged following site restoration 扭過 afteruse. lt is not 
considered necessary that long term dust monitoring is continued during the post隘
restoration phase is required, but should be limited to quarterly measurements for 24-
hour and 3 x l-hour per day measurements over a six day period for the i叫tial year 
following comp1etion of restoration only at one selected sensitive receptor on-site. This 
should however be continued if dust levels are significantly above base1îne levels for 
any reason. 

Odour assessment along 血色刮起 boundary is recommended on a quarterly basis. 1n the 
event of odour detection further samples should be taken for olfactometry tests for 
testing compliance with the 2 odour uni.t criteria. 

VOC monitoring should be carried out，主s a minimum, for compounds speci豈容d in 
T~hlp. .d.交納 ρnCllrp. th肘t"'I)nt'"ρntr~t11)nc ~r，ρulithin ~，.t"'p.nt~hlρHm-itc Tt ic r p."I)rnm p.nnp.n 
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that monitoring be undertaken. as a minimum. quarterly for 血ree years at four locations 
at 設le landfill boundary and at two selected on-site or off-site locations. 

Noise 
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As landflll g鉛 control will be by passive ven的時， and leachate wîlI beremoved from 甘le
site by tanker for treatment elsewhere 位lere will be no 01恥site fixed noise sourc品
However, the 在0-kart circuit has the potential to generate significant noise and 
monitoring should therefore be conducted to ensure compliance with suitable noise 
standards at any identified sensitive receptor following re反oration.

It is considered that noise stand紅ds provided i挂 the Technical Memorandum for 而e
Assessment of Noise from places other than Domestic Premises, Public Places or 
Construction Sites, should be applied r皂白紅白an the less strlngent 甘affic noise criteria 
given in the Hong Kong Environmental Planning Guidelines." Accept是ble noise levels 
for the day/evening (0700ω2300 hours) and 由e night-time (2300 to 0700 hours) 
periods are 60 dB (A) and 50 dB (A) respectively. 明lese background noise levels 
should be the defined Target Limit for opcrational noise. The operation of the go-kart 
circuit should be suitably controlled so as not to contravene these noise limits at 
sensitive diurnal periods. 

It will be necessary to monitor noise at the chosen monitoring locations for a 30 minute 
period during the day/evening periods with the gφkart circuit 泣如II capacity, wîth care 
taken to ensure 也at extraneous noise sources do not affect measurements made. Wind 
direction should be noted. and noise levels should be measured on at least one occasion 
when the wind direction is fro訟 noise source to sensitive receptors. 

lt is considered that further noise monitoring will not be necessary unles話也e operating 
conditions alter significantly. If the relevant 忍uidelínes are exceeded, it will be necessary 
to reduce noise impacts by screenin皂， or by the provision of secondary mitigation 
measures (e.g. double gl紹ing). Further noise monitoring wiU then be required to 
confirm complîanc巳.

Settlemellt alld slope stabili.砂

A general site survey should be undertaken at six monthly intervals to detect signs of 
slope failure or s虹es說 Similar勻， such surveys should be undertaken on a quarterly basis 
to detect any 駝的ement beyond anticipated rates presented 扭曲is report. 
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4. 

6. 

7 。

8. 

9. 

Design Monitoring 

Leachate, groulldwater alld SU可àce water 

Fu措ler investigations to confirm the extent, source 制d significance of groundwater 
conta實lina位on under the sports fiel吞吐lould be undertaken. It is considered that an 
挂在是itional four hol位 should be installed for the monitoring of groundwater quality and 
levels for at lea說 one year. 乳rater samples should be taken every month for 如11 analysis 
(8uite A). 

To refine the design of leachate treatment, existing monitoring 廿rillholes incIuding a 
repl那ement hole for DH309, should be routinely monitored for a period of at least one 
year for both groundwater quality a益d levels as follows: 

monthl y for at least one year for the water levels and ql給lity for ful1品alysìs
(Suite A); and 

quarterly for at least one year for the water levels and quality for full analysis 
(8凶的 B).

To further 給鈴S8 註le quantity of leachate intercepte往往的ugh the 訊isting leachate 
collection system, it is considered necessary to uncover, insp成t and unblock the originaI 
450mm pipe dra1ning leachate from 甘le Ian這話11 to the fil設ation 結nk and then connect it 
to a temporary holding tank at which the leach袋te f10w and 有uaIity (monthly 路.mpled
for 如II suite 話給我lysis ) should be monitored for 說 least one 伊拉

Moni toring of the surface water qua1ity should be continued for at least 在 year. The 
flow rate should be taken whilst water samples are being taken at the existing 
moni船主i唱 poínts for surface water (i.e. W3p 1 and W302a) as folIow在:

司， monthIy for at Ieast one ye紅 for 血e water flow and quality for 扣11 analysis (S叫te
A); and 

quarterly for at least one ye紅 for the water flow and quality for full anal ysis 
(Suite B). 

Lalldfill gas 

In or技er to fur註時r a莘學εS皂白色 LFG migra註§旱，喜11 existin草 monitoring points for LFG 
monitorin惡 and two additional LFG I旦onitoring drillholes along south-east boundary of 
the site as shown in Figure 6.4芋，皂. one between DH307 and DH305~ one between 
DH305 and water sampIing loc詣。豆豆芽302b) shoul位 be monitored on a monthly basis 
發nd supplemented with an oc毛主主10n主1 laboratory confirmatory test for landfill g削
composition. 

Similarly, the groundwater monitoring wells DH309 and DH30草草hould b巳 monitored
for gas composition at depths of 5m, 10m an吐 15m below ground level on a monthly 
ba討s and supplemented with an occasionaI laboratory co豆圭亞及主tory test. 

Air 

No additional air quality monitoring is propo草皂是全εyond 由是t undertaken for this 喜結社3λ

Noise 

No additional noise monitoring is proposed beyond that undertaken for 也is study. 



10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

ßaseline Monitoring 

Leachate, groulldwater and su柚ce wa御

It is recommended that b部e1ine monitoring at the site should be carried out as follows: 
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monitorîng of drillholes DH309 , DH308 , DH301 , DH302, DH303 , DH307 , 
DH305, and DH304 should be dipped monthly, with six monthly samples taken 
for full analysis (Suite A); and 

monitoring of surface waters at locations W3肘， W鉛訝， W30泊， L301 , and L302. 
Where :t1ow is occu叫時， monitor monthly for reduced analysis (Suite D) and 
every 3 months for full analysis (Suite A). 

Landfill gas 

Off-site LFG probes and drillholes monitor should be monitored monthly for % LEL, 
“% CH4, % C02 , % 02 using portable. instrumen紹， bulk s主mples shoulð. he taken once 
per year for bulk compositional analysis usin旦 laboratory gas chromatography. On-site 
building structures should be monitored continuously. 

Compliance objective for the 詣。veεas concen住ation not to exceed the following: 

. CI4 

C02 

02 18% by volume as lower limit 

• 

1 % by volume or 20% LEL; 

1.5 % by volume as upper lîmit; and 

. 
If developments occur within 50 m of the landfil1, monitorîng frequency shoul這 be
increased to once per week, untillandfill restoration has been completed. 

Air 

Monitoring is recommended for TSP and RSP at two locati∞s on the site boun社ary 如d
at a residential sensîtive receptor to the north-east or north-west of 也e site. 
Measurements should be made over a continuous 2 week period with 24 hour 
measurements and 3 x 1占our measurements per day. 

No -additional odour or VQC monitoring to 也at undertaken for this study is 
recommended. 

Noise 

A number of noise勵sensitive receptors exist within 250 metres of the designated 
consultancy zone boundary. These are îdentified as: 

community sports centre; and 

sma叫11.削鞠卡

Baseline noîse monitoring will be required at these sensitive 玄ecept.ωQ芷誌s ， and away 仕om
local noìse s鉛our此ce仿s (令eι。ε志g. local s叫aw訂懿li削11) s帥o 控白la沮t t血he r兒巴pres扭en懿l注tat位ive ambient noise level is 
臼corded. If the restor組on activi討es and afteruse at each landfill site give rise to noise 
during the period 07:00 hours to 19:∞ hours 0凶y， it will only be necessary to make 
baseline measurements during 血is period. However, if noise from any site is an位cîpated
between 19:00 hours and 23:00 hours, or between 23:00 hours and 07:00 hours, it will 
also be necessary to make baseline me是surements during 出e other relevant period(s). 

It will be necess缸Y to repeat all measurem巴nts on a total of three occasions (three 
different days), at different times during the specified hours each for a 30 minute 
period. 
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19. 

20. 

2 1. 

22. 

23. 

24. 

25. 

Construction Monitoring 

Leachate, groundwater alld su枷ce water 

Construction monitoring should be carried out as foIIows: 

monitoring of driIlholes as for base1ine mOnitoring, except increase colIection 
frequency of samples of groundwater (DH309, DH308 , DH307 , DH305 , DH304) 
to monthly for reduced analysis (Suite D). D.ipping of drilIholes should be 
carried out on a monthly basis. 

monitoring of surface water, where flow is occurring, for all points for reduced 
* analysis (S叫te D)-" on a weekly basis. 

* Add "suspended solids" to this suite . 

. 

. 

Target linùts should conform to relevant standards and guidelines specified in the 
Technical Memorandum on Effluent Standards (see Appendix A1.5) where relevant. In 
血巳 absence of standards limits should be at 50 % above baseIine recorded levels with 
Trigger and Action limits set at 20 % and 30% above baseIine levels respectively. 

Lalldfill gas 

All excavations, confined spaces and vent trenches should be monitored continuously 
for the foUowing compIiance objectives: 

CH4 not to '-,Áceed 1 % by volume or 20% LEL 
C02 not to exceed 1.5% by volume 
02 not to fall below 18% by volume 

Off-site gas monitoring probes and drillholes. There is already evidence of off-site gas 
migration in some drillholes and gas monitoring probes. Therefo凹， it is inappropriate 
to apply blanket comp1iance criteria to each monitoring location at each site. 
Monitoring during construction should aim to determine whether or not the restoration 
process is enhancing off-site gas migration with respect to baseline conditions, prior to 
:any restoration work taking place. Therefore, the following compliance objectives 
'should apply during construction. 

At each site where restoration is taking place, monitor each off-site and on-site gas 
monitoring probes and drillholes once per week. Comp1iance objective for each 0質:"'site
probe 缸ld drilIhole as fol1ows: 

Gas concentrations not to exceed the following: 

. CH4 
C02 
02 

1 % by volume or 20% LEL above baseIine level 
1.5% by volum巳 above baseline level 
not to fall more 血an 3% by volume below baseline leveI 

. . 
Air 

Monitoring is reconlmended for TSP 組d RSP at two locations on the site boundary and 
at two sensitive receivers off-site. Boundary locations should be selected to be at 血e
nearest point to 血e restoration works. Measurements should be made continuously with 
3 x l-hour measurements per day and 24-hour nleasurements. The comp1ianc巳
objectives for dust nlonitoring are as fo lIows: 

Hourly average TSP concentration at boundary not to exceed 500 )lglm3; and 

24-hour concen虹ations at sensitive receptor not to exceed 260 J.lglm3 for TSP and 
180μg/m.) for RSP. 



26. 前結se obj叫jves should be treated as Target lîmît札幌lere Trigger and Action limits 
should be d叫ermined from the baseline data taking into account natural variability of 

parameter在 In any event, the l-hour Tr1gger and !\ction li問its 如r TSP at the 
site boundary should be 泣。 higher than 300 認至1 400 ~g1m3 respectively, and 24-hou! 
Tri駱駝扭d Action limits at the sεnsitive receptors should be 150 and 200 f.1g/m3 
respecti問1)ιFor RSP levels at the sensi岳ve re也.pto紹說-hour Trigger and Action limits 
甜的ld be no greater 血路 80 and 130 時1m3 respectively. 

。這our monitor1ng should be carrîed out daily at the site boundary. Samp1ing for 
olfactomet叩 tes泣ng to 往前ermîne compliance 官1m 2 odour Hmit is considered 
impractical to ap.plYt 部d detection of odour at the boundary by non-COl1strμtion 
personnel îs considered reasonable. In the event of odour detectiont sanlples should 
then be taken for olfactome討y testing to determine compliance with the objective. 

VOC monitori聽g during the construction perîod should depend on the extent and 
du主ation of the restoration. The detailed requirements and frequency of monitorîng 
should be established as .part of the Detailed EIA to be carried out by 當le Restoration 
Contractor. 

27. 

28. 

Noise 

29. Locations for construction noise mOIÙtoring will general1y be 血色 sam巴 as tho齡的ed for 
the baseline noise s叫你.

Noise from 學eneral construction noise is covered by the Technical 品femorandum as 
Noise from Construction Work Other than Percussive Piling. A1thouεh there are no 
controls forω闊的lC話。我說的路和自缸 tb紹 pîling) bεtween 0700 hours an泣的00 ho粉
(Monday to Saturd旬， but excluding general holîdays including Sundays) a Target 
of 75 dB (A) should be applie泣， with Trigger and Action limits set 真ccordin惡如
noise level器， accounting for naωral variatiori. Where .possible , co懿加ction should 
be no more tban 10 dB (A) above b挂seline levels. 

If co的部主ctlon takes place during the ev色ning (1900 to 2300 hou的) or ni學ht-time
(2300 to 0700 hours) 控le respec位ve noi時 criteri必 of 60 dB (A) and 45 dB (A) (Area 
Sensitivity Rating A) at 話。ise 臨nsitive receptors should be applîed. 

Monitoring sho說往每e conducted în accordance with the Technical Memorandu鞘
Standar益 。n N oise from Co話給uction Work other than Percussive Piling on a 
co關部ous soun詰 pres妞兒 level over a 5 聽inute period. N oise meaSllrements 
should 尪皂主epeated over 諱言瑟瑟entative 1品our period during day, evening and IÙght
time 給主ppropriate 仿怨言y third day. τ'he freqllency of monitoring should be increased 
in the event of compl鵑花

封oise from p位cu諮ive piling is dealt with in tbe Technical Memorandum on Noise from 
Per俗話ive Pîli垮. Although 誼le need percussive piling at cons仙C位on sites îs not 
§豆.visa草E益，訣。ise monitoring should undertaken at each affected NSR ìn accordance wi晶
晶C 說ε單位詞與觀 if percussive piling is carried out on a site. This wiU enable typical 
noi墨色 i盟pac話 at affected NSRs to be established at an early s做學悉， and compliance with 
th岳 relevant Technical Memorandum confirmed or denied. If comp1iance is not 
de盟ons缸ated， mi誼:gation terms of the hours of operation and/or numbers of ite.臨S of 
pl組t oper噩噩.g concurrently. or in the form of acoustlc screenin惡 will be 室內uired. In 
such 毛主喜怒，草草由er monitoring wilI be requi玄甜的似的lish compli泌ce or 0也.erwise wi悔
自e Technical Memorandum. 

30. 

31. 

32. 

33. 

34. 

Post勵restoration and Audit Monitoring 

Leacha.卵， groulldwater alld surface water 

It is recom罷皂豆d諾血at monitorin在 be conducted a發 for baseline m令nitorin惡， but should 
also includ惡 continuous volume records of leachate removal, and mOIÙtoring of leachate 
qu主lity Jor full 阻alys控告uite A) once every month. 
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35: 

36. 

37. 

3在

39. 

40. 

尋1.

42. 

43. 

主 Restoration \\略rks 益re e軍pected to result in 鑫n a有;reral1 decrease in surface 是nd
groundwater Í思pacts. However~ T這rget limits for surface water should conform to 自皂
Technical 扭扭norandum on Effluent Standar“你認 Appendix A 1.5) where rel研組t.ln
the absence of standards 1imits should be at 持各 above ba時line recorded Ieve]s with 
Trigger and Action Limits set at 20 9忌 and 30% above 油路line levels respectively. 

It is recom盟ended that the above monitoring fre哇uencîes be upheld for the first two 
ye缸s following completion of r借給話說on and be reduced accordi ngl y 扭曲e event of 
co詣pli如ce wi註1 relevant standar融部d environmental performance criteria. 

Lan伊II gas 

FoIlowîng restoration and installation of LFG controI system，如rther off.耐缸 miεration
of LFG wilI be prevented. Monitoring should continue at 由e s都ne fr惡quency as 
specified for routine monitorîn各 In some off岫site locations, soil gas concentr益挂ons
may already breach the above co血plîance standards fo l1owing restoration, an挂
在llowance should therefore be made for the possîbîlity that it may take many month囂， or
possibly year怠， to dissipate by natural process such that uncontaminated natural 
backgrou凶 soil gas compositions are aclùeved, against which stan傲的s for c。在lpliance
could be compared. 

On-site passive gas vents and gas vents in perimete主 ven吾ng 控enche學 should be 
monitored monthly for .% LEL, 守志 CH4, % C02 組d % 02 plu學 soil g路 pressure to 
assess performance of g品 controI measures. In addition, annuaI bul1至 sarnples should 
be obtalned for confirmatory laboratory analysis of gas Composition. Sufficient bulk 
samples should be taken to represent about 10% of s在mpling point說 It is inappropriate 

" to assi伊 compli叩ce objec註ves to these moniti。如g poînts, but a routine annual audit of 
'. monitoring results should be undertaken to ensure gas control 句stems are 品位叫onin慧，

and to i denti句r any areas re司ulring maintenance/replacement. 

Air 

No si皂nificant aîr irnpacts are envisaged following site restoratio張純d 晨在eruse. It is not 
considered necessary that Iong term dust monitoring is con丘nue社 duri話g the po前偏
玄的toration phase is requi寫在 but should be limited to quartεrly measurements for 24-
hour and 3 x l-hour per 這ay m扭扭rements over a si瓦拉ay period for the initial year 
tfollowin草 completion of restoration only. Thìs should, however, be continued if dust 
levels are si皂nificantly 詣。ve baseline levels for any re在son.

Odour 認sessm閱t along the si話 boundary is recon瑋主垂直至1ed on a quarterly basïs. In the 
event of odour 丑惡tection further samples sho豆豆豆 b皂語ken for olfactome甘y tests 
testin鑫 complìanc益 with the2 odour unit criteria. 

VOC 攏。lÙtoring should be carried Ol丘，話磊 minîmum~ for cornpounds specified in 
T詩:您在3， to ensure that concentrations are witlùn acceptable limlts. lt is reco.mrnended 
血紅臨onitorìng be un丑惡rtaken， as a 盟ÌDÎmu鈕， quarterly for three years at four locations 
at 街叫叩d蠶豆 boundary and at two selected on-site or off-site locations. 

Noise 

As landfill gas control will be by passive ventin皂， and leach主.te 會il1 be removed from 設le
site by tanker for treatment elsewhere there wiU be no 0岳重te fixed noise 惡ources.
However, the on-site uses as甜甜ated wi自由e holiday c量單ph主ve 當le potenti al to act as 
sensitive noise receptors to off-site noise sources 是nd monito豆豆g should be conducted 
to determine whether noise levels are within accept是詛皂芷豆豆its.

Relevant standards for operational noi雪e are provided 提出e Technical 話已血orand張m
for the A部發言sment of Noise fronl places 0自控告an Do題estic Premises , Public Places or 
Constructlon Sites. Accept協&叫品bl怠 noise leεvεels for 血皂註孟y/evenin惡 (0700 t泊o 2300 h豆ou芷s)
and the 技討i嘉忘忘.爛-t
respe如ct垃岱乎. Furthermore，誼。豆豆主ong Pl翻了說話g G1,lidelines re∞血mend that noi認
levels should be 5 dB (A) below thε主皂 specified levels, and that in the case of 



background levels being 5 dB (A) lower than the specifiet:l levels the acceptable noise 
level should not be -higher than background levels. On the basis of routine monitoring 
resuIts, these background noise levels should be the defined Target lirnit for on-site 
nOlse 1蠶豆pacts.
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44. It will be nec紹給ry to monitor noise at the chosen on-site monitoring locations for a 30 
minute period during the day/evening and night-time periods during 血e presence of 位le
dominant ofιsite noi話 source. Wind direction should be noted，剖ld noise levels should 
be measured on at least one occasion when the wind 益irection is from noise source to 
sensiti ve receptors. 

It is considered that 如rther noise monitoring wiI1 not be necessary unless the off-site 
noise source conditions alter si萃話語cantly. If the relevant guidelines 紅e exceeded, it wiU 
be necessary to reduce noise impacts by screening, or by the provision of secondary 
mitigation measures (eε. double glazîng) to on-site receptors. Further noi認 monitoring
will then be requî認d to confirm compliance. 

Settlement and slope stability 
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45. 

4ι A general site survey should be undertaken at six monthly intervals to detect signs of 
sIope failure or stress. Similarly, such surveys should be undertaken on a quarterly basis 
to detect any settlement beyond anticipated rates presented in 出is report. 
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Appendix 5.4: 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Environmental Monitori重這些quirements for NTML 

Design Monitoring 

Leachate, groulldwater αIld surJ泣ce water 

F叫甘ler investigations and monitoring are needed în order to refine the desîgn of the 
leachate management system. The flow and quality of leachate should be monitored at 
theo祖tIet pipe from 世le filtration tank for a period of one year. Leachate s紐帶le should 
be taken on a monthly b路is for the full analysis (Suite B). 

Regular monitoring of 甘le flow and w泣er quality at existlng monitoring point W401 
and its downstream sampIing point (Figure 7.5, Chapter 7) 惱。在ld be carried out for 
one year as follows: 

• monthly for the water flow and quality for fulI analysis (Suite A); and 

quarterly for the water flow and quality for full analysÎs (Suite B). 

Existing drillholes s泣如措 be routinely monitored for one year. Water levels should be 
measured month旬， with samples obtained for qua1ity analysis as follows: 

. mon出ly fo主 1 year for full analysis (Suite A); 給d

﹒司uarterly for 1 year for full analysis (Suite B). 

Additional groundwater drillholes should be installed at the north-west and benea自由e
site in order to further assess 出e groundwater qua1ity at different depth intervaIs during 
drilling. Water levεIs should be 單位sured monthly, with samples obtained for full 
analysis (Suite A) for one year. 

之andfill gas 

Monitoring results to date indicate off.恥-site occurrence of LFG at some locations, 
although not in the area of the sensitive western bound虹y. The extent of LFG 
migration has not bεen established. Therefore, it is reco血mended that additional gas 
monitoring probes be instal1ed at locations shown in Figure 7.3 , Chapter 7. Additional 
probes are included in the sensitlve area proposed for housing. Monitoring of gas 
pressure and composition are required at Ieast for 皂 year on.a monthly basis and should 
be supplemented with an occasional laboratory confirmatory 的st.

To further monitor the LFG migration, existing gas monitoring points and those 
leachate and groundwater holes converted for LFG monitoríng should be monitored 
montl1ly for at Ieast a ye訂 for gas pressu站在nd composition and supplemented with an 
occasional laboratory confirmatory test. 

Air 

No additional air qualíty monitoring to that undertaken for thls study is recommended. 

Noise 

No addîtional noise monitoring to that undertaken for this study is recommended. 

Others 

Permeability tests and chemical tests for action 侃change capacity, clay mineral conter說，
1088 on ignition and carbonate content should be undertaken on core samples of the 
turf underlying 血e landfill. 



10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

Baseline Monitoring 
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孔的chate， groulldwater alld surface water 

Baseline monitoring should be undertaken as follows: 

• monitoring should be undertaken fo主 a11 driIlholes wîth monthly level measurements 
and six monthly samples for ful1 analysis (Suite A). 

• monitoring of surface waters at location W401 (îf flowing) monthly for reduced 
analysis (S凶臨 D)， and every 位l!ee months for full analysis (Suite A). 

Lan研II Gas 

Off隘site LFG probes and dri11holes monitor monthly for % LE丸， % CH4, % C02, % 02 
usîng portable înstruments, and take bulk samples once per year for bulk compositional 
analysis using laboratory gas chromatography. On冒site buîlding structures should be 
monitored continuously. 

Compliance objectives for the above gas concent主ation not to exceed the following: 

. CH4 

C02 

02 189已 oy volume 部 lower Iimit 

• 

1 % by volume or 20% LEL; 

1.5 % by volume as upper limit; and 

. 
If developments occur withîn 50 訟。f 血e landfill , monitoring frequency should be 
increased to oncεper week，巴拉til landfi11 restoration has been completed. 

Air 

Monitoring îs recommended for TSP and RSP at two locations on the site boundary and 
at the closest residential sensitive receptor to 自己訓話. Measurements should be made 
over a continuous 2 week period wîth 24 hour measurements and 3 x l-hour 
measure立lents per day. 

No additional odour or VOC monitoring to that undertaken for this study is 
recommended. 

Noise 

Noise sensitive receptors (NSRs) in the vicinîty of NTML has been identified as 
follows: 

residential properties to 血e north- west of the site; 

• residentiaI properties to th巳 south- west of 曲e site; 組d

residential properties to 血e sou甘1 of the site. 

Baseline noise monitoring wiI1 be required at these sensitive receptors, and away from 
local noise sources so 由此 the representative ambient noise level îs recorded. If 血e
restoratlon activitles and afteruse at each land豆11 site give rise to noise durit嗜血e period 
07:00 hours to 19:00 hours on旬， ît will only be necessary to make baseline 
measurements during this period. However, if noise fro臨的主y site is anticipated 
between 19:00 hours and 話:00 hours , or between 23:00 hours and 07:00 hours , it wi11 
also be necessary to 訟法e baseline measurements duri跨出.e other relevant perîod(s). 

It will be necessary to repeat all measure血ents on a total of three occasions (three 
different days) , at different ti訟的 during the specified hours each for a 30 minute 
period. 

2 
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19. 

20. 

2 1. 

Construction Monitoring 

Leachate, groundwater and surj泣ce water 

Construction monitoring should be undertaken as for baseline monitorin翠， with the 
following alterations: 

monitoring of drillholes (DH405, DH是07， DH408, DH4日， DH403. DH404) for 
groundwater monthly for reduced analyses (Suite D). All drillholes should be 
dipped on a monthly basis 

monitoring of surface water at location W401 (if tlowing) weekly for reduced 
analysis (Sui臼 D叮

* Add "suspended soIîds" 的自is suite . 

• 

• 

Target limits should conform to relevant standards and guide1ines specified in the 
Technical Memorandum on Effluent Standards 學ee Appendix A1.6) where relev缸仗.1n
the absence of standards limits should be at 50 % above baseline recorded leveIs with 
Trigger and Action limits set at 20 % and 30% above baseline levels respectively. 

Landfill gas 

All excavations, con日ned spaces and vent trenches should be monitored continuously 
for 由e following compliance objectives: 

• CH4 

C02 

02 

not to exceed 1 % by volume or 20% LEL; 

not to exceed 1.5 % by volume; and 

not to fall below 18% by volume 

There is already evidence of 0缸:"'site gas migration in some drillholes and gas 
monitoring probes. Therefo凹， it is inappropriate 姆是pply blanket compliance criteria 
to each monitoring location. Monitoring during construction should aim to determine 
whe也er or not 註le restoration process is enh甜cing off.佩site gas migration with respect to 
base1ine conditions , prior to any restoration work taking place. Therefore, the 
fo l1owing compliance objectives should ap肉 during construction: 

23. Gas concentrations should not exceed the folIowing: 

22. 

24. 

• 
. 

• CH4 

C02 

02 

1 % by volume or 20% LEL above baseline level; 

1.5% by volume above baseline level; and 

not to fall more than 3% by' volume below baseline level 

'< 
4祉，‘

• 

• 

Air 

Mo叫toring is recommended for TSP and RSP at two locations on the site boundary and 
at the nearest sensitive receptor. Boundary locations should be selected to be at 血e
nearest point to 血e restoration works. Measurements should be made continuously 
wi由 3 x l-hour measurements per day and 24-hour measurements. The compliance 
objectives for dust monitoring are as follows: 

Hourly average TSP concentration at boundary not to exceed 500 Ilglm 3; and 

24-hour concentrations at se:羽絨ve receptor not to exceed 260 時1m3 for TSP and 
180 Ilg/m 3 for RSP . 

• 

• 

3 



25. 

26. 

27. 

28. 

立全.

3在

31. 

32. 

33. 

These objectives should be tre主tcd as Target lîmits; wherc Triggcr and Action li器its
should bc dctermined 企om the baseline data takin在 into account natural varia全ilîty of 
盟easured parameters. In any event, the 1 圓hour Tri時位 and Action limits for TSP at the 
洹認 boundary should be no higher than 300 an挂 400 Jlglm3 respectively, and the 24-
hour Trigger and Action lîmits at 由e sensi註ve receptors shou1d be 150 and 200μglmj 

respec註vely. For RSP levcls at the sensitive receptors Trigεer and Action limits should 
b答說og話說er th韋鈺義。這琵d 130 J.1g1m3 respectively. 

。dour monitoring should be carried out daiI y at the site boundary. Sampling for 
olfactom剖ry testi話蠶豆。這仗位mine compliance with 2 odour limit 1s considered 
i部practicai to 鑫pply，船d detection of 0泣。ur at the boun吐益ry 全y non且construction
personnel ís con討自red re諒。泣able. In 詮le 糾紛t of odour detection, samples shouId 
then be taken olfactome住y tes位ng to determine comp1i其nce with the objective. 

VOC monitoring during the construction period should depend on the extent and 
duration of the restoration. The detailed requirements 在nd frequεncy of monîtoring 
should be established as part of 垃le Detailed EIA to be carried out by 自怒哀estoration
Contractor. 
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Noise 

Locations for <?onstruction noise monitoring wil1 generally be the same as those us皂d
for b那elîne noise study. 

Noise from general construction noise is covered by the Technic刮目emorandum as 
Noise from Construction Work other than Percussive Piling. Although there are no 
controls for construction noise 怕也er than piling) between 0700 hours and 1900 hours 
(Monday to Sa純的句， but excIuding general holidays including Sundays) a Target U訟it
of 75 dB (A) should be applied, with Trì能怨言如d Actlon limits set according to baseline 
noise level丸 accounting for nat.ural v位知 Where possibl皂~ cons甘uc挂on nois皂-should
be no more than 10 dB (A) above levels. 

If construction takes place during the evening (1900 to 2300 hours) or nig妞-time
(2300 to 0700 hours) the respective 鈍。îse criteria of 60 往B (A) and 45 dB (A) (Area 
Sensitivity Ratlng A) at noise sen封信ve receptors 諒。uld be appIi話，

Monitori話g should be conducted in 那cordance with the Technical 班emora益挂挂單
位部dard on Noise from Construction Work other than Percussive Piling on a 
contlnuous sound pressure leveI (L詞) over a 5 minute p位iod. Nois紀e 一me給挂器s認uri誌emi垃le給豆n1怨s 
shou叫1仕 bε E詔epe叫a叫ted over a rep芷跎es峙￠叩nt控t俑絃泓ti知ve 1-鴨.愉品.

time as appropriate every 設胎lÎ甘rd day. The frequency of monitoring should be increased 
in the event of complaint. 

Noise 企om percussive piling is dealt with in 誼le Technical Memorandum on r有oi路 from
Percussive Piling. Although the need for percussive pilin忍 at construction sites is not 
envisaged, noise monitoring should be undertaken at each affected NSR in accordance 
wi由自e 起emorandum if per閻部ive piling is carried out on a site. This will enable 
typical noise impacts at affected NSRs to be established at an early stage, and 
comp1iance with the relevant Technical Memorandum confirmed or denied. If 
compliance is not demonstrate苔， mitigation terms of the hours of operation andlor 
numbers of items of plant operating concurrently, or in the form of acoustic screening 
will be required. ln such c絲路， furth位 monitoring will be required to establish 
complîance or otherwise with the Technical Memorandum. 

Post翩restoration and Audit Monitorin哀

Leachate, groulldwater alld surj泣cewater

It is recommended that monitoring be conducted as for b認eline monitorin盔， but should 
a1so incIuØe continuous volu昆明 e record惡 of leachate re訟oval ， 是nd monitoring of 
leachati 
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39. 

40. 

41. 

Restoration works are expected to result in an overal1 decrease in surface and 
groundwater impacts. Howevεf， Target limits should conform to relevant standards and 
guidelines specified in the Technical Memorandum on Effluent Standards (see 
Appendix A1.6) where relevant. In the absence of standards limi臼 should be at 50 % 
above baseline recorded levels with Trigger and Action Limits set at 20 % and 30% 
above base1ine levels respectively. 

It is recommended that the above monitoring frequencies b~ upheld for 由e first two 
years following completion of restoration an丑 be reduced accordingly in the event of 
compliance with relevant standards and environmental performance criteria. 

Lan是fill gas 

Monitoring should continue at the same frequency as specified for routine monitoring. 
1n some off嘲site locations, soil gas concentrations may already breach the above 
compliance standards following restoration. Following restoration and înstallation of 
LFG control system，如吋ler ofιsite migration of LFG will be prevented. However, 
existing LFG in off.也síte probes and drilIholes may take many mon血s or possib 1 y years 
to dissipate by natural- process such 血at uncontaminated natural background soil gas 
compositions are achiev弱t against which standards for compliance could be compared. 

On-site passive gas vents and gas vents in perimeter venting trenches should be 
monitored monthly for % LEL, % CH4, % C02 and % 02 plus soil gas pressure to 
assess performance of gas control measures. In addition, annual bulk samples should 
be obtained for confinnatory laboratory gas chromatography analysîs. Sufficient bulk 
samples should be taken tù represent about 10% of samp1ing points. It is inappropriat亡
to assign compliance objectives to these monitoring points, but a routine annual audit of 
monitoring results should be undertaken to ensure gas control systems are functioning , 
and to identify any areas requiring m尋intenance/replacement.

Landfill gas 

Following restoration and installation of LFG con住01 system，扣支由er 0叮開site migration 
of LFG will be prevented. Monitoring should continue at the same frequency as 
specified for routine monitoring. In some off-site locatio且乳 soil gas c0ncentrations 
may already breach the above compliance standards following restoration, and 
allowance should 甘lerefore be made for the possibility 血紅 it may take many months, or 
possibly years , to dissipate by natural process such that uncontaminated natural 
background soil gas compositions are achieved, against which standards for.泣。mpliance
could be compared. 

On-site passive gas vents and gas vents in perimeter venting trenches should be 
monitored monthly for % LEL , % CH4，各 C02 and % 02 plus soil gas pressure to 
assess performance of gas con腔。1 measures. ln addition, annual bulk samples should 
be obtained for confirmatory laboratory analysis of gas composition. Sufficient bulk 
S滋nples should be taken to represent about 10% of sampling points. It îs inappropriate 
to assign compliance objectives to these monitorîng points, but a routine annua1 audit of 
monitoring results should be undertaken to ensure gas con柱。1 月'stems are functioning , 
and to i社.entify any areas rεquiring maintenance/replacement. 

Air 

'“' 
、白白白

No significant 表ir j磁pacts are envisaged following site restoration and afteruse. It is not 
considered 肥cess紅y that long term dust monitoring is continued during the post
restoration phase is required, but should be limited to quarterly measurements for 24-
hour and 3 x 1司hour per day measurements over a six day period for the i益組前 year
foIlowing completion of restoration on1y. This should however, be continued if dust 
IeveIs are significantly above baseline Ievels for any reason. 

Odour assessment along the site boundary is recommended on a quarterly basis. In the 
event of odour detection further samples should be taken for olfactomεtry tests for 
testing compliance wHh 自己 2 odour unit criteria. 

5 



42. 

43. 

44. 

voc 且onîtoring should be carried out, as a minimum, for compounds specified in 
Table 4.3, to ensure 由at concentrations are wi由in acceptable limits. It is recommended 
that monitoring be undertaken, as a minimum, quarterly for three years at four 
locations at the landfill boundary and at two selected on-site or off-site locations. 

Noise 
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As landfill gas control will be by passive venti吟， and leachate wiU be removed from the 
site by tanker for treatment elsewhere there wilI be no 0必site fi.xed noise sources. The 
a:fteruse option of a baseball field and associated facilities is not envisaged to arise in 
significant noise emissions and afteruse noise monitoríng is not considered necessary at 
the site. However, in the event of noise complaint noise monitoring should be 
conducted as for SLSL. 

Settlement and slope stability 

A general site survey should be undertaken at six monthly intervals to detect signs of 
slope failure or stress. Similarly, such surveys should b位 undertaken on a quarterly basis 
to detect any settlement beyond anticipated rates presented in 血is report. 
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ANALYSIS SUITES FOR LEACHATE, GROUND、有rATER AND 
SURFACE WATER 
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Analysis SUÎte 

1. Suite A 
Full Analysis 

2. 8uite B 
Full Analysis 

3. 8uite C 
Reduced Analysis 

4. Suite 0 
Reduced Analysis Suite 

Determinands 

saniTttOEry C Parameters: 
pH, TOC, COD, BOD, NH3-N, TKN, NOx-N J 

orthophosphate, temperatu re 

Major ions: 
.1 Na, K, Ca, Mg, CI, 804, alkalinity (as CaC03) 

Metals: 
Fe, Mn, Zn, Cu, Ni, Cr, Pb, Cd 

SaniTtaOry C Parameters: 
pH, TOC, COO, 800, NH3-N, TKN, NOx-N, 
orthophosphate, temperature 

Major ions: 
Na, K, Ca, Mg, CI, 804, alkalinity (as CaC03) 

Metals: 
Fe, Mn, Zn, Cu, Ni, Cr, Pb, Cd 

Additional Parameters: 
suspended solids, settleable solids, oil & grease, 
B, Ba, Hg, Ag, CN-, phenol, S, surfactants (total) , 
E.coli 

NH3-N, Cl, COD, EC, alkalinity (as CaC03) 

Saniγtaory c Parameters: 
pH, TOC, COD, BOD, NH3-N, TKN, NOx-N, 
orthophosphate, temperature 

Major ions: 
Na: K, Ca, Mg, CI , 804, alkalinity (as CaC03) 
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Appendix 7: MONITORING PROTOCOLS 

Monitoring Protocol - Dust 

1. Air quality monitoring shoulØ be undertaken prior to and during restora討on of the IandfilIs 
to ensure 血at the 500μgJm3 (hourly average) TSP air qua1ity guideline and Hong Kong 
AQ。這 for total suspended particulates 磊nd respirable suspended particul位倍 (TSP and 
RSP) are not exceeded. 

2. Monitoring of dust should be carried out prior t。當le commencement of the lnitial Works 
until the last Certificate of Completion to determîne dust levels at sensitive receptors. and 
include a suitable sampling period for the determination of base1ine TSP and RSP levels 
according to Appendix 5. 

3. TSP and RSP should be coIlected using a high volume sampler whose performance 
specification complies with that required by USA Standard Title 40, Code of Federal 
Regulations Chapter 1 (Part 50). The 1之SP fraction shall be colIected by the use of an 
appropriate assembly attached ωthe sampler. 

4. 訂單 Contractor should ensure 血at the flow rate of the high volume sampler is set in 
accordance with 出e manufactur哎ts instructions prior to commencing the samp1ing to wi血in
the range recommended in USA Standard Title 40, Code of Federal Regulations Chapter 1 
(part 50). 明le flow rate should also be checked after the monitoring period and any change 
宜。m the original 純tting noted. 

A direct readi均 dust meter capable of achieving a comparable result as that of a 凶惡h
volume sampler may be used for l-hour sampHng. 

5. 

6. Monitoring of dust should be caπied out in accordance with the folIowing documents: 

Code o[ Federal Regulatiolls Chapter 1 (Part 50; Appendix B and 1, 
USA Standard Title 手O.

Air Quality Objectives (AQO哼， Hong Kong Government. 

Envìronmental MOllitoring and AudU: Guidelinesfor Dust Monitoring, 
Hong Kong Goverll.ment 

Two air samp1ing locations shall be sited 叫 the site boundary. Locations shall depend upon: 

• meteorological conditions (particularly the prevailîng wind characteristics) at the time of 
sampli時;

• the Iocation of dust generating activîties on the site (cons加C註on phase only); and 

.由eloca泣。n ofthe nearest sensitive receptors likely to be affected. 

For each sampling location, two samplers (one for TSP and one for RSP) should be placed at 
least 2 me訂es apart. A minimum of 2 metres of separation from walls, par喜pets， arid 
pen血。uses is required for roo丘op samplers. Likewise a minimum of 2 metres of separation 
from any supporting structurε 訟easu玄ed horizontally 8ha11 be ob鈴rved such that an 
unrestricted 剖rflow is maintained around the s班nplers.

MOIÚtoring at 巳ach locations shall comprise the collection of 在 continuous 24 hours duration 
over a continuous 2 week and 3 x l-hour measurement per day for the routine monitorin萃，
During the period of construction, measurements shoul往 be made continuously with 3 x 1 機
hour measurements per day and 24爛hour measurements. If ìt is requi紀d， 3 x 1-hour per day 
of dust me船urement with a frequency of once in every six days and 24-hour measurement 
once every 血ree montlIs for the ÍnitiaI year following completion of restoration. For tlIe 1-
hour monitorin息， three times for every day at the lùghest dust impact occa討on should be 
observed. 



9. 

10. 

11. 

12公

13. 

Reporting 

In recording the results, the fo l1owing information relating to 自己 monitoring shall be 
presented: 

• Site name; 

• Details of the assessment point, including its location, dístance from the landfil1 activity 
being monitored, description of intervening topography, height above ground level and 
distance 企om any buildings or other influencing structures; 

• Weather conditions, including wind speed and direction, and (in the case of long-tenn 
monitoring) r到n， mist and fog; 一

﹒ τhe location andlor source under investigation; 

• Details of equipment used, includíng the manufacturer, modelltype, serial number and 
date oflast full calibration by an accredited laboratory; 

• Flow rate before and after measurements; 

.τbe date and time period over which the monitoring was undertaken; 

﹒ τbe laboratory report whích is to înclude details of a11 weightings and the methodology 
useè; 

• The measured TS1:-' and RSP levels to be expressed in terms ofμglm3 ; 

• Any other information likely to be appropriate (eg presence of other dust sources during 
the monitoring period, activîties at 也e site not representative); and 

• Then缸ne(s) ofthe monîtoring personne1. 

Monitoring Protocol . Noise 

Noise mOnitorîng 司wiU be required for determiIÙng ambîent noise levels prior to the 
commencement of restoration and during the restoration and afteruse phases of the 
development. By conducting regular mOnitoring, it can be determined as to whether the 
landfilled areas are continuing to comply with environmental and safety objectives 
estab1ished and whether any deterioration in the integrity of the restoration work is taking 
place in order 由at remedial action may be taken. 

Monitoring during baseline period should be conducted at two locations close to 也e site 
boundary and the nearest noise sensitive receptors (NSRs) for each restoration site according 
的 Appendix 5, with LAeq (30 min) noise measurements taken over the day/evening (0700 to 
1900 hours) and night period (2300 to 0700 hours) at different times during the specified 
hours on 位lfee separate days. 

Monitoring requirements during construction monitoring should be, minimal旬， the noise 
measurement of daytime LAeq (5 min) should be carried out over a representatîve l-hour 
period d前ing day, evening and night-time as appropriate every third day at affected NSR in 
accordance wi也 the Technical Memorandum. 

Monitoring during the. operational phase of the restoration should ensure 也at noise 
emissions from adjacent land uses are not causing excessive problems on the sîte and 也at
noise generating activities on site do not constitute a nuisance to sîte users or those ofιsite. 
It is recommended that noise monitoring (LA eq (30 mins)) takes place at the' sensitive on-
site uses of each of 血e sites, in the direction of the dominant noise source and at sensitive 
receivers at each landfill site.τbe monitoring period should be included the time period 
during the day/evening and night-time periods with all plant operating at full capacity. 
Monitoring should be undertaken, minimally on a quarterly b認is.
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22. 

Sound level meters used by 由eCon控制or shall comply with Type 1 specí:fications given in 
Intem淵。n叫 Electrlcal Commission CIEC) publications 651:1979 and 804:1銘5. Calibration 
equipment to be used on Site shaIl meet IEC 942, Type 1 specifications. 

。也er measuring and analysis ins飢lmentation used shall be of a comparable professional 
quality. Only microphones giving a free-field response sh磊n be used for noise monitoring. 
Wherever necessary, the equipment shall be protected against moísture. For long仿rm
monitorìng，由ee咀凶pment shalI be kept in a weather“proofc器e 組d 叩 appropriate outdoor 
microphωne unit shall be used. Equipment shall be used in accordance with manufacturerfs 
instructions 位討， in a11 instances, shall be treated with care. 

The Contractor shall ensure that noise monitoring equipment used is calibrated at least 
annually by 組 accr叫做d calibration laboratory for compliance wi晶晶e appropriate parts of 
IEC publications 651 and 804 個nd any other relevant national standard). On-Site 
calibration equipment shall sirnilarly be tested for compliance wi血血C942“

Immediately prior to, and following each noise measurement) the accuracy of the sound level 
meter shall be checked using an acoustic calibrator generating a known sound pressure level 
at a known frequency. In carrying out this procedure, the necessary barometric pressure 
corrections shall be applied. In cases of long-term monitoring, the accuracy of the noise 
moni toring syste血 shall be similarly checked on at least a daily basis. Measurements may 
be accepted as valid only if 由e calibration levels before and after the noise measurement 
agree to wi吐挂n 1.0 dB. 

Noise measurement equipment and necess缸y accessories (such as windshields and tripods) 
shall be carefully looked after and prop佼ly maintained. Prior to noise measurements being 
undertaken, approp叫ate checks shall be made to ensure 由at a11 such equipment and the 
necess缸y power supply are in good working order. 

Monitoring of noise shall be carried out with reference to 由e following documents: 

Technîcal Memorandum on the Assessment o.f Noise from Construction Work other than 
Percussive Piling, HOllg KOllg Government 

How 的 Apply for a Constructioll Noise Pennit, Hong Kong Govemment. 

Technical Memorandum for the Assessment 01 Noise from Places other than Ðomestic 
Premises_ Public Places or Constructioll Sites, Hong Kong Govemment. 

Where a measurement is carried out at a building，自e assessrnent point shall be at a position 
1m 堂。m the exterior of the b世ldi勾起cade at a height of at least 1.2 盟 above ground level. 
Where a measurement is to be made of noise being received at a place other than a buildîn窮，
也e 訟sessment point shall be at least 1.2 m above ground level, at an appropriate point. 1n 
choosing the appropriate point，出eme訟urement position shall be at least 3.5 m from any 
reflecting surface other 由an the ground 組d shall be chosen to give as unob~tructed view as 
po認為le of the landfill Site. In such cases of free-:field measurement, a negative correction 
of 3dB(A) sha11 be applied to 由e performance criteria q叩緝毒 in Appendix 5. 

The microphone of the sound level meter shall be so oriented 位1at it is pointing at 也.e source 
of noise being monitored such 由屁也e microphone diaphragm is perpendîcular 給血色 plane 
of the incident sound waves. 1t shall be protected using an appropriate windsrueld. To avoid 
reflections from the operator's body，出e microphone shall be mounted on a 囡pod， whether 
a臨ch吋 to the sound Ievel meter or not. 

The time of day and period of 白色 monitorìng shalI be appropriate for the exercise and all 
reasonable steps shall be taken to ensure that the restoration or a立eruse phase being 
measured are truly representative ofthe activî討es at the facility. 



23. 

24. 

25. 

26. 

27. 

28. 

29. 

Any noise measurement shall be made in terms of 油eA國weighted equiva1ent continuous 
sound pressure level (LAeq)' Noîse measurem自118 sh訓1 be carried out wi由 an integr的ing

sound level meter using the "fast't response mode. Noise measurem側的 shall be tak:en over a 
3令mi益U紀 period， as defined 抽出e ItTechIÙCa1 Memorandum for 血e Assessment of Noise 
from Places other than Domestic Premises, Public Places or Cons虹uc益。n Sitestl or 5.minute 
period as defined 扭曲e "TechtùcaI Memorandum on Noise from Construction Work other 
血an Percussive Pî1ing lt

• 

Noise measurements shall be rounded to the nearest whole dB , with values of 0.5 dB or 
more being rounded upwards. 

Noise measuremen18 shall not be made 扭曲epreεence of mist, fog or rain or wlth wind at a 
steady speed exceedîng 5 m肉， o.r gusts exceeding 10 rnJ皂，

Measurements shaII not be made during tempera訟支部 outside the range recommended by 世le
equipment manufacturers. 

Noîse measurements shall not be made when other intrusive noise sources (other than 
Inf1uencing Factors) are apparent at the assessment point. If this cannot be practically 
avoided, due account shall be made of such sources in the assessment procedure. 

Reporting 

In recording the results, the following information relating to the monitoring shall be 
presen記述:

• Site n按ne;

﹒ τbe areaof血e Site andlor source andlor activity under investigation; 

• The date 4Ild time period over which 血e mOIÙtoring was undertaken; 

• Det轟iIs of 也e assessment point, including i認 loca誼侃， dista在ce from 白色 landfill activíty 
being monîtored, description of intervening topography, height above ground level and 
distance from any reflecting surface; 

Weather conditions, including wind speed and directi凹， rai路， míst and fog; 

• Dethlls of equipment used, ìnclùding 血em叩ufacturer， modelltype, serial number and 
date of last full calibration by 訟 accredited laboratory; 

• Equipment settings; 

• CaIibration levels before and after measurements; 

• Batt息，ry voltage before and after measurements; 

• Presence of Influencing Factors; 

﹒訂len組ne of the sampling technician; and 

Anyo血er information likely to be appropriate (eg presence of other noise soU!ces during 
由e mOIÙtoring period, acti vitie每位自e site not representative). 

In presenting the results, the Contractor shall demons住ate 血at the noise levels obtained are 
reasonable having regard to 自己 activìty being monitored. 明白 may be done by (a) 
comparison with previous 草制dies at the assessment point of the same activity or (b) by 
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34. 

35. 

36. 

37. 

38. 

predicting 位le likely noise leve~ using the information and procedures detailed in the 
IITechnical Memorandum for the assessment of Noise from' Places other than Domestic 
Prerr自峙， PubIic Places or Construction Sites." 

Monitoring Protocol - Landñll Gas 

Additional monitoring was recommended in previous Worldng Papers. Specific monitoring 
wiI1 be required to as認錯 the effectiveness of the gas management and utilisation systems 
ìnstalled at 恥，e PPVL Appropriately spaced drillholes wiU need to be regularly sampled to 
allow for the early detection of any LFG migration which may constitute a 
safety/environmental risk to nearby developments or to uses on 白色 restored sites. 

Before and during the restoration pha銬， continuous monitoring for landfill gas wilI be 
req叫red扭曲e existing LFG moni鉛ring points and in the vicinity of g諮ωventing 虹enches (if 
any)，如 check compliance wi血 performance crî記ria given in Appendix 5. Regular sampling 
should 在Iso be conducted on a weekly b諮îs of peripheral drillholes and on-site probes 
following the emplacement of the landfill cap during the restoration phase. 

During 血e operational phase routine monitoring of LFG should continue at the same 
frequency as specified for routine monitoring prior to restoration. In addition, routine 
monitoring of ambient LFG over the cap is considered necessary to detect any vertical 
migration of gas. Walkover surveys on a six monthly basis were recommended over 也e
general cap area with three monthly walk-overs adjacent to passive gas venting 缸enches.
Peripheral drilIholes should be monitored on a monthly basis during the afteruse phase, 
where bulk gas samples are taken on a yearly basis for verification purposes. Qu紅terly
monitoring of internal building structures was recommended for the detection of LFG 
accumulation, in addition to the installation of LFG detection systems where necessary. 
Provisions for monitoring of underground structures (e.g. manholes, drainage systems), 
upon the commencement of any maintenance work were also made to detect LFG 
accumulation. Any underground structures or manholes would be rou位nely insI給cted on a 
monthlyb在sis ， and again before any underground work commences to check for the presence 
of LFG. If necessary areas should be fully ventilated prior to work commencîng 缸ld workers 
should receive 是ppropriate breathing apparatus. In the event of excessive concen住ations of 
LFGbeing d 

The Contractor should ensure th叫血e equipment used îs 益εsigned in such a way as to red誰也
聽e effect of humidity and temperature changes 的 2%of如11 scale deflection. 

Where methane levels below the Lower Explosive Linút of methane in air (LEL) are 
expected the detectors used for monitoring should oper最te on the principle of catalytic 
combustion. For higher methane concentratioI嗨， the detectors used should operate on the 
principle of血ermal conductivity. 

For methane and oxygen 血easurement， monitors used for gas detection should be the Gas 
Mωsurement Ins控uments (GMI) Oxygen G路coseeker or Gas Surveyor or similar approved 
by the Employer. For pressure measurements the Air Neotro啞的Micromanometer or 
similar approved should be used. 

For carbon dioxide measurement, monitors used for gas detection should operate on the 
principle of Infra Red. A detector such 抓住le LFG 1 0 manufactured by Analytical 
Development Company or similar approved by the Employer should be used for this 
purpose. 

As an alternati ve 鉛 the above, the Contractor may monitor gas çomposition wîth 血e
permanent monitoring holes and piezometers using an automated sampling/gas detection 
system certi在ed by the Independent Consultants and subject to the Employer's consent. 
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尋5.

τbe Conrractor should measure'surface emissions of landfill gas at the ground surface, on
site in enclosed spaces and manholes and 0俗話te at ground level as part of the assessment of 
vegetation s前ess. A 闊別ne Ionisation Detector such as Gastec manufactured by Research 
Engineers Limited or simîlar acceptable system should be used for 出is purpose. 

The Contractor should monitor buildings for 血e presence of landfill gas within the Site 
where daily or continuous measurements 缸e required using a permanent gas detection 
system. The Contractor should ensure that 白色 following Design criteria are met by 血e
detection system: 

• Detector heads should be located within al1 Site buildings. 立了le locations shoul益 be
concen比ated close to service entry points or other areas where gas ingress or gas 
accumulation may occur. 世le detectors should have two preset al紅m levels and should 
be fi挂.ed with audible alanns. 

There should be a ßlain control box which houses the individual con甘01 cards for each 
detector head. These should indicate the concentrations of me由ane being detected at 
each detector head which require to be manually reset fol1owiug triggering. 

• A central control panel which should alert Site personnel, visually and wi出 an audible 
到ann， when the gas concen甘'ation at any detector reaches one of the threshold levels, 
should be located in the office of the agent responsible for Operation or another Site 
building which is continually occupied. 

The system sho垃ld include an auto dial吋ut facîlity to enable approprîate personnel to be 
ale抗ed if detectors are trîggered outside 血e hours of Operation. 

The alarm system should have a sensitivity of也tec討ng methane of a concentration not 
higher than 1 % by volume. 

Stainless st記19孟s cy1inders, glass gas bombs or 10 li甘e Tedlar bags should be used to obt剖n
landfill gas samples for Gas Chromatography analysis, wi出 appropriate analytical detector. 
For bulk gas component analys詣， flame ionisation detectors would be an acceptable method , 

except for carbon clioxide analysis where a 也￠口nal. conductivity de記ctor should be used. 

The Contractor should fol1ow the manufacturer's recommendations for calibration and 
maintenance. Notwi出st組ding this requirement, ins世怯認ents should be calibrated and 
m副nt組ne往 by the manufacturer at least once every 6 months. In addition，皂岱 detection
equipment should be checked with calibration gas before and after use and any devia討0泣。f
the readings from within 自己$泌的d accuracy for the approprîate range should be noted wi岱
the results and the instrument calibration coπected. 

For g部 detectors installed wi血in buildings, a six monthly calibration by the 姐姐ufac心rer
should be undertaken. 

Monitorîng of landfill gas should be carried out in accordance with the following documents: 

Waste Management Paper 27: The Control ofLanct月llGω; HMIP 1989 

Measurelnent of Gas Emissiolls from Contamillated Land, UK Building Research 
Establishment Report 1987 

Health andS堯舜ty Executive (HSE) EH 40/93 Occupational Exposure Limits 

前le Contractor should undertake landfill gas monitoring using suitably competent and 
trained 到aff.
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Surveys 0/ sUJface gas emissions 

The Contractor should undertake the gas survey concentrating on areas identified as being 
p紅ticularly at risk from occurrence of gas emissions. A walkover survey should be 
undertaken at a slow pace with the inlet tube of the meter probe a few centime佐es only 
above ground level. Measurements should be taken in areru可 0缸'-site where there is visible 
vegetation stress or die back which may be caused by depletion of soil oxygen and 
accumulation of toxic gases or vapours in the root zone, together with on-site in cracks or 
areas of settlement, surface drains, subsurface service entries to buildings 位ld any 0出er
enclosed spaces. The Con虹actor should note that flame ionisation detectors are not 
intrinsically safe 剖ld should not be used in areas where naked flames are prohibited.τlley 
should not be used in confined areas or buildings without first checking for the presence of 
flammable gases using intrinsica]ly.safe instruments. 

Monitoring 0/ monitoring hole olld piezometer illstallations 

Monitoring of the efficiency of the gas control system both wi岱in and beyond the Permitted 
Waste boundary should be achieved by monitoring holes and piezometers along the 
boundaries. 

The Contractor should monitor pressure at any installation where methane was present on 
the previous monitoring occasion. Monitoring of pressure should be followed by methane, 
oxygen, and carbon dioxide for 血e purpose of accuracy and safety. 

Zero checks should be carded out on 10% LEL and any other scales at 出e bottom Of i:he 
range which can be adjusted on 出巳 instrument itself. Oxygen should be checked on arrival 
on site and on every occasion when readings less 由缸1 20% oxygen are obtained. These 
checks should be carried out in 企esh air, away from any possible gas emissions. Where gas 
is detected, the instrument should be completely pumped through with fresh air between 
readings. 

Portable instruments are particularly susceptible to water ingress. Where there is any 
possibility of the presence of water within the sampling point the instrument should be held 
well above the monitoring point to reduce the chance of water reaching the inlet port. Where 
血e instrument is hand pumped and where the bulb wil1 not inflate, the inlet tube should be 
immediately disconnected to prevent water being drawn up the sample tubing. 

Surveys o[ Site Buildings and other cOl1fined spaces 

Procedures should be set up for investigating gas ingress into site buíldings, manholes, 
trenches, below ground utilities and ductings or other confined spaces where the lower gas 
threshold of 10% LEL is reached and for evacuation where the upper gas threshold of 20% 
LELis 主e兔ched.

Analysis Suites 

The Contractor should monitor the following parameters relating to surface gas emissions: 

• Me由ane
• Flammable G路

TheCon甘actor .should monitor the following p紅ame把諮詢 monitoring holes and pìezometer 
instaIlations using portable equipment: 

• Pressure (wi血in installations, relative to atmospheric pressure) 
• Meth缸le
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58. 

• LEL 
• Carbon dioxide 
• Oxygen 

The Con虹actor should colIect and submit bulk gas samples from monitoring holes for 
confirmatory laboratory analysis by gas chromatography for the fol1owing parameters: 

• Me由缸le
• C缸bon dioxide 
• Oxygen 
• Ni佐ogen
• Hydrogen 
• Aammable gas 
• Carbon monoxide 

Frequency 01 Sampling 

The frequency of monitorîng should be according to Appendix 5 and should be increased 
during any of the following situa世ons:

• Increase in gas pressure or qua1ity found during routine monitoring; 

• Control systems being amended by the Con住actor;

• Capping of part ùr all of the Site; 

• Pumping ofleachate ceases or starts~ or leachate leveIs rise within the Permitted Waste; 

Ex住emities of climate (eg barometric pressure dropping rapidly). This can significantly 
affect gas rnigration; and 

Building development taking place on or adjacent to 血e Site. Additional monitoring 
points should probably be required if 出is occurs. 

Reporting 

Surface Emissions 

TheCon仕actor should monitor the background concentrations of parameters in the ambient 
air on and in the vicinity of the site. As flame ionisation detectors are not specific to 
methane~ the Contractor should take care with 由.e interpretation of the resul臼 and notes 
should be made of all possible sources of f1ammable hydrocarbons wherever positive 
readings are obtained. Where fluctuating readings are obtained, for instance where air 
movement cannot be e1iminated, the results should be noted as a range, or specified as 
maximum peak readings. For the quarterly surveys of vegetation stress beyond the site 
boundary, measurements of surface emissions obtained should be noted together with a 
description of由e location, type of vegetation and stress observed. 

Permanent gas detectioll system 

The Contractor should record any events which involve triggering of any detector head. 
These should be downloaded frolll the gas detection system software into the environmental 
monitoring data-base. 

Monitoring holes and piezometers 

The Contractor should record all resu1ts, stating 血.e manufacturer's stated acc叮acy for each 
scale. Readings at 血e bottom of the scale should be recorded not as 0. but as <1 % or <0..5% 
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LEL, as appropriate, according to the accuracy of that sëale. Results should be recorded as 
peak, steady, rising or falling. As a number of parameters should be monitored on each 
occ揖ion from each instaIlation, the parameter and appropriate scaIe (ie益 LEL or % methane 
by volume) should be clearly recorded in sep紅ate co1umns. Units should be stated clearly 
on tables used for recordîng the results and these shou1d be consistent 叮叮oughout the 
monitoring period. The type, model and 部討a1 number of instruments used for monito吋ng
should be recorded with each set of resu1ts. In 益ddition， the results obtained when 
calibrating each instrument following use should be recorded. Although on site, it may be 
more practical to record 血e monitoring resu1ts on paper, these should be tra鼓掌ferred
regular勻的白色 Con甘actor's Site computer system containing the environmentaI d滋abase.

Monitoring Protocol - LandfilI Gas Flare Stack 

It should be specified that three -ports 缸e inserted into the side of the flare at various levels. 
A stairùess steel and neoprene sampling line should be used to ensure no reactions with flare 
gas exhaust emissions. The samp]e should be taken using a pump and analysis by: 

a portable hand held equipment - bulk gases 

•. flame ionisation (portable on州site 呵uipment)

• mass-spectrometer/gas chromatography. 

Monitoring should ensure compliance, as a minimum but not limited to, the recommended 
flare emission standards u認d as 血e basis for 也，e Initial EnvironmentaI Impact Assessment. 
The detailed monitoring requirements could be established by the Restoration Con缸actor ac: 
P缸t of the Detailed Environmental Impact Assessment. Compliance monitoring should be 
carried out on a weekly basis for the first 2 mon血s of operation, and thereafter 缸子懿on出
intervals. 

Reporting 

In recording the results, the following information relating to th巴 monitoring shall be 
prl的ented:

• Site name; 

• Weather cond話。ns;

• The location and/or source under investigation; 

Detai1s of equipment used, including the manufacturer, modelltype, seriaI number and 
date of1ast full calibration by 組 accredited laboratory; 

• Instrument calibration details; 

.The date and time period over wh1ch the monitoring w在s undert此間;

• The laboratory report and the methodo1ogy uSed; 

• The measured pollutant 1的你的 be expressed in terms of mg/m 3 at 3 vo1 % 02 (，社y;

• Any other information Iikely to be appropriate (eg flare performance); 在nd

• The name(s) of由e monitoring personnel. 

Monitoring Protocol . Odour 

The principal problem of odour monitorin忠 is the characterisation and perception of odour 
and the wide r:鑫nge of individual sensitiviti你自at are experienced in smelling 自己題. In the 
case of refuse odours, these can arise 宜。m a combination of chemicals which can have 
additive, synergistic or suppressant effect草. Instrumental methods for low level odour 
detection may also be less sensitive 血路 the human nose. The identification of the precise 
re臼se related malodorous compound is therefore difficult and costly. 

、.、
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甘le enyironmental performance criterîa (see Appendix 5) stipulates that a level of 2 odour 
units shall not be exceeded at the site boundary during the operational and afteruse ph的a
superimposed on any prevai1ing ambient odour. Odour monitoring should be conducted on a 
weekly basis during the restoration phase and quarter1y during 誼le afteruse phase, or more 
frequent1y upon receipt of any odour complaints. 

The contractor should employ an independent consultant to undertake regular patrols and 
sensing of the site boundary followed by recording and reporting of 白le results and 也eir
likely source. Any necessary remedial actions can then be implemented. Odour pa1虹ols by 
operating personne1 shou1d be avoided as their perception of the odour would be masked by 
odour fatigue from their 宜equent work exposure. 

Compliance monitoring of persistent odour incidents should be conducted using EPD's odour 
panel monitoring approach. 

Monitoring Protocol .. VOC För Ambient Air 

Monîtoring for ambi己nt concentrations of volatile organic compounds (VOCs) which 
originate from Permitted Waste deposited in the landfill shall be carried out with reference to 
出.e following documents: 

Brookes B 1 and Young P J， η'le Developmellt 01 Sampling and Gas Chrol1Ultography and 
Mass Spectrometry Allalytical Procedures 的 identifY and Determine the Minor Orgallic 
Components o.f Landfill Gas, Talallta, Vo130, No 9, pp 665 - 676. 

Young P J and Parker A, Vapours, Odours and Toxic Gas叫from Lan你lls， Proceedings of. 
ASTM Intemational Symposiwn of 11ldustrit.:l and Hazardous Waste, March 1983. 

Scott P E, The Characterisation and Identification of Potentially Toxic and Odorous Trace 
Components in Landfill Gas, Waste Research Unit, Ellvironmental Safety Centre, AEA 
Technology Hal、vell， March 1990. 

Compendium 01 Methods for the Determination of Toxic Organic Compounds in Ambient 
Air, Enνironmental Monito.ring Systems Laboratory, 1989, USEPA. 

Testing Guidelilles戶rActive Solid Waste Disposal Sites, 1986, Air Resource Board, State of 
California. 

On each monitorîng occasion, as a minimum requirement, four sample locations including 
upwind and downwind ambient air samplíng sites at the landfill boundary and the likely 
affected air sensitive receivers (ASRs) shal1 be selected. In adclition, ambient air shall be 
collect倒， as a minimum requirement, at 2 facilities/locatîons opened to the public wi血泊血e
restored landfiI1s having maximum predîcted air toxic levels and high utilization rates. 
Representative sanlple of LFG shal1 also be collected from gωcollection system or in-site 
boreholes for analysis of VOCs and nlethane.τhe monitoring locations chosen shall depend 
upon the following factors (to be logged on each sampling occasions). 

• The location and sources of VOC emissions from the site. 

.τbe proximity of vehicular traffic whose exhaust emissions would interfere with the 
morútoring results. 

.The location of the nearest sensitive recei vers likel y to be a首ected.

• Weather condîtions , particularly the prevaiIing wind direction，的 the time of samplîng. No 
sampling is allowed during rain. 

The monitoring locations shal1 be located as close as possible to the breathing zone, be 
adequately secured and free from interference likely to affect the collection efficîency of the 
VOCs. 

The measurement technique for VOCs shall be adsorption tubes containing a solid/charcoal 
住apping medium. For ethanethiol and butanethiol the equipment specified 1n the N ational 
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Institute for Occupational Safety and Health (NIOSH) :rv.tëthod 2525 sha11 be used. For 
me出ane廿1Îol 血eεq程ipment specified in the Occupation Safety and Health Administration 
(OSHA) Method 2至品的1 be used. Methane 8ha11 be trapped using a Iow flow-rate pump to 
cap個re ambient air in a Tedlar bag for direct analysis on 在 gas chromatography. 

The sampling methodology for the VOCs shall be based on established and validated 
pro認為res related to the type and quantity of adsorption material used and the requlred 
de能ction limits. 前le sampling volume and flow rate sh剖1 be related to 血e type and quantlty 
of adsorptlon material used. The air flow rate，的 índicated by a rotameter connected in series 
between the pump and the adsorption tubes, shall be recorded as a 棋組dard both before 誼ld
after sampling. In event of any significant difference between initiaI and final sampling flow 
rate8，也e sampling shall be repeated. Some procedure shall be taken to ensure 甘1at 由e
sampling volume does not exceed the retention volume with an adequatβsafety margin to 
prevent break 也rough. Two adsorption tubes linked in series shaIl be employed for 的ch
sample，甘le second tube acting- as a back-up to trap any VOCs not retained in 血e first 
duplicate. DupIicate samples shalI also be simult真neously collected at each location for 
duplicate analysis preferably collected at dîfferent flow rates. Travel blanks and spíked 
samples sha11 be employed to check for contamination of the samples during tr臨鈍，卻d to 
check recovery of the trapped V OCs r的pectively. Methane sample bags sha11 be sealed 
immediately followinεcol1ection. 

The air pumps and rotameters shall be regularly serviced and calibrated in accordance with 
也e manufacturer's. instructlons. The calibration of rotameters, pumps and any other sampling 
equipment used sha11 be checked prior to, and after εach monitoring períod and any 
difference noted. 官le power supply for pumps shall be checked prior to monitoring to ensure 
that the equipment can function for the required operating period. In all instances, sampling 
equipment shall be treated and maintained with care. 

Samples sha11 be properIy stored and marked together with prompt dîscharge and analysis of 
samples. 

Analysis of samples shall be performed by a laboratory equippeò with a capìllary gas 
chromatography linked to a m部s spe~troTe.ter. Analy~~a]_ in~trumen!~ sh~lI ~~ p~ope~}y 
ca1îbrated with authentic VOC standards. Labor 

Me血ane (300) 

τhe required detection 1imits for the above compounds should be 0.2 ppb, except for me由如e
which shaII be 300 ppb (in brackets). 

This suite of analysis shall be subject to annual review between 甘le Employer and the 
Contractor. Equipment and methods shalI vary depending on the compounds to be 
determined and therefore may 悅 subject to anlendment. 

Monitoring of the sampling locations shall be performed on a quarterly basis during the after愉
care pe討od for three con認cutlve years and thereafter subject for a review for longer period 
of monitoring. 'The frεquency of monitoring should be increased in the event of complaint. 

1n recording the resul怨， the following information relating to the monitorin鑫 shall be 
presented: 
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.τlle sampling location for each adsorption 鉛be.

• Details of all 誼le e有uipment used, încluding manufac絲路笠， modelftype, and date of last 
full ca1ibration. 

Any difference in caIibration checks performed before and after monîtoring. 

• The date and times 缸暫hich sampling was undertaken. 

• Weather con湛藍ons during 品亞pU時， incl uding wÌnd speed, direction , r剖跤， mí肘，
能mpera臨時，皂tc.

Flow rates at the start 組.d fihlsh of 扭曲 samplin鑫 period~ 位le duration of sampliI嗨，社le
average flow rate, and血e volum~電 of air sampled. 

• The laboratory report which is to specify the weight of each VOC determined on each 
adsorption 恥悅，出e an剖ytical detection limit for each V OC, and the percentage recovery 
ofspîkes. 

• The concentration of each VOC 泣 each 純mpling locatio路， adjuste社 for any loss during 
anaIysis or any contamination during 住組sit.

• Any other relevant informa泣。n (eg the presence ofn叫rby vehicul缸 movements).

Monitoring Protocol- Water Quality 

Monitoring of leacha始，缸oundwater and surface water shall be carried out prior to 血e
commencement of the re討oration phase to províde fur甘ler baseline monitoring data，叫d
both during 控le restoration and afteruse phases of the development. The purpose of water 
quality monîtoring will be to: 

Togiv思 a profile of groundwater and surface water quality at e發ch monitoring point such 
t11at any pollution can be accurately defined with respect to 忌器eline data; 組d.

• To provide 血ta to assess the impact on the nearby water bodies quality of leachate 
migration or liner failure. 

S缸npling should be carried out at a frequency and extent 始 indicated in Appendix 5. 

Theo秒site 益結npli說gm皂白od for 在urface water should follow 也e Bri由h Standard BS6068: 
P紅t6: S的位on 6.1: 1981. Each water sample is ∞n缸ted by irr單位主ing into 位le s的備surfac結
water wi街(i.e. 啦啦in 500 mm below wa盟主 surf主ce) 扭扭建eroropen“mou位1 PE bottle wì由
its opening poin拉拉鑫 U伊拉侃侃 Each 結mple bottle sho越是 b皂 fullY filled 抽.d se組成

Each sample for groundwater and leachate should 孟s far as possible be truly representative at 
the point from which it is 認ken， without di1\ition or contamination by water from other 
S的urces or by other material. Subject to the 祖.vailability of water i酪ide the holes, at le鑫st 3 
times the liquid volume of the dril1hole should be pu盟ped out for purging pu中ose prior 給
毛線ing the groundwater and leachate sampl也a 軍lew主.ter sample車{建out one litre) sh∞ld be 
kept in a clean and suitable gas-tlghL and wat，皂:rti主htcon臨Înεr. The bo位1巴拉d stopper shou1d 
be 吋nsed 設lree times wi血 the groundwater or leach矗te b皂急起草lling with the 認mples. The 
containers should be well capped to prevent any 108S of 草書mple and be completely filled with 
the sample. 

Once collected and labelled the water sampl怨我ould be kept in cool boxes or other suitable 
containers for onward deli v位y to laboratory. It is 登皂白惡毒斑Y to take a sep是rate sub帝ample

for each determinand 'which requires a different p給serv龜.tion method. Sample pre8ervation 
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details should be clearly recorded on the s在其中1e l'abe1 and in the accompanyin萃
documentation. The sample shall be transferred to the container with mînimum agit位ion to 
minimize loss of dîssolved gases. 

Before taking a groundwater or leachate sample, the water level sho泣ld be 控leasured using a 
dîp meter. Attention should be paid to record any false 臼gnal due to 也e moist LFG escaping 
from the hole. 

After collectîr豆豆 a surface water, groundwater and leachate samp1e, some on-site 
measurements should be carrîed out (i.e. pH, tempera妞兒， dissolved oxygen and elec控ical
conductivity). All 甘le on-site measuring equipment should be calibrated wîth standard 
solutions 悅fore and after taki ng to the 主e1d. Moreover, on-sÎte ca1ibration should a1so be 
c訂ried out if necessary. 

Those p缸缸netersωbe test 認 specified in Appendîx 6 should be 位etermined as quîc姐yas
possîble in 由e 1aboratory using standard or acceptable methods (e.g. American Society for 
Testing and MateriaIs (ASTM) or American Publîc Health Association (APHA) - American 
Water Works Association (A WW糾紛 Water Pol1ution Control Federation (WPCF) 
standards, etc). 

Sample containers shall be clearly marked to show the following: 

• Site name; 

Unique samp1ing lvcation reference (indudîng depth); and 

• Date 組d time of sample collec討on.

Reporting 

Anor卜Site sampling report shall include: 

• Sîte name; 

• Any 路部ple preservation; 

• Unique sampling location reference; 

• The sampling device used; 

Time and date of sa紋plìng;

• .The name of the sampling techn.ician; 

Tidal ac討vity (only apply 的 the location close to the sea); 

The appearance, condîtion and 語言lperature of the water body; 

• Weather condîtions and aîr temperature; and 

• Any storage requirements. 

Monitoring Protocol . Slope Stability 

Slope monitoring should be conducted according to the frequency and extent gi ven in 
Appendix 5 for the restoration and a耽eruse phases of血.e landfilIs. 
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Slopes should be inspected by suitably experienced and咽qualified persons on a regular basis 
during the restoration and afteruse phase. Where actual ground conditions encountered 
differ adversely from the assumptions on which the design was based, the restoration design 
should be reassessed. Where slopes exhibit signs of failure or s住ess， emergency remedial 
works should be immediately carried out to restore stability, and the design of the slope 
should be reassessed. Where ground conditions, slope f:函lure or slope distress necessitate 
reassessrnent of the design, a submission should be made to the Geotechnical Engineering 
Office of the Hong Kong Governrnent (GEO) in accordance with the procedures in Lands 
and Works Branch Technical Circular 3/88 (or subsequent circular updating these 
requi記ments).

1n addition, consideration should be given to the installation of instruments (e.g. 
piezometers, inc1inometers etc) which may give w缸ning of an imminent sIope failure and 
allow remedial measures to be undertaken before such a failure occurs. 

Design of all slopes should be undertaken in accordance with the following docurnents: 

Geotechnical manual for Slopes, prepared by Geotechnical Engineering Office, Civil 
Engineering Department, Hong Kong Goverllment. 

British Standard BS 6031:1982, Code of Practicefor Earthworks. 

Geotechnics of Was仿 Slopes. ASTM 1990. 

Model Specificαtion戶r ReÍl~forced Fill Structures, prepared by Geotechnical Engineering 
Offi侃， Ciνil Engineering Departmellt, Hong Kong Goverllment. 

Geoguide 1: Guide 的 Retainillg Wall Design, prepared by Geotechnical Engineering Office, 
Civil E1lgi1leering Departmellt, Hong Kong Government‘ 

Works Branch Tecllllìclll Circular No 19/91: Perm.allent Reinforced Fill Structures, 
November 1991, Works BrancJz Hong Kong Government. 

and any other standards as may be set from time to time by the Geotechnical Engineering 
Office (GEO) of the CiviI Engineering Department or Works Branch of the Hong Kong 
Government. 

A review of slopes constructed on the site should be undertaken on 個 annual basis. The 
review should demonstrate 血at the design standards are being met and should include a 
review of 泣起 slope performance including the effects of measured fluid levels and measured 
movements. A copy of由is review should be submitted to GEO. 

Monitoring Protocol . Settlement 

Settlement monitoring should be conducted according to 也e 宜'equency and extent specified 
în Appendix 5 for the landfill afteruse phases. 

Settlementlmovernent markers should be cons缸ucted on the surface of the restored landfill. 
The markers should be constructed at a maximum spacing of 100 m and should be 
constructed immediately following cornpletion of restoration in any speci自己d area. The 
levels of the markers should be determined to the nearest millimetre. Co-ordinants should be 
rneasured to the nearest centirnetre in order to monitor for lateral movement. Fixed level 
markers constructed in form stable ground level should be used as fixed points for the 
purpose of these measurements. 

The levels 組d locations of the settlemen的 markers should be determined on a monthly basis 
following 甘leir installation, wi也 the fol1owing information being recorded: 

• date; 
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level in mPD to the nearest milHme住院

• co-ordinates to the nearest centimetre; 

• difference 宜。m previous reading; 

• difference 企om initial reading; 

• depth of waste below marker; 

• age profile of wastβbelow marker; and 

• percentage sett1ement since initial reading. 
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