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DRAFT 

Terms of Reference for an 

Environmental Impact Assessment of the proposed 

Shiu Wing Steel Work in Tuen Mun Area 38 

SWS - EIA 

1. Background 

1.1 The·. existing Shiu l~ing Steel mill is located on 
the south .estern shores of Tseung Kwan 0 near to the 
village of Tiu Keng Leng (Rennie's Mill). 
Gove.rnment is discussing with the Company on the 
possibility of the latter's relocation to the site 
which could accommodate a larger and modern steel works .ith 
modern environmental control facilities. 

1.2 The Company has agreed to undertake an 
environmental impact assessment (EIA) to ensure that 
adequate environmental protection. and pollution control 
measures can be adopted for the proposed steel works 
dE.'velopment and also that the infrastructure and utili.ty 
services required for the development are acceptable.' 

2. Objective of the Environmental Impact Assessment 

2.1 The objective of the assessment is to provide 
information on 'the proposed Shiu Wing Steel Works in Tuen 
Mun Area 38 and supporting infrastructure in relation to the 
nature and extent of the cumulative environmental impacts, 
marine operationai impacts as well as the land use 
constraints imposed by the proposed development. This 
information will contribute to decisions on :-

(i) 

(ii) 

the conditions 
operation and 
project; and 

for the planning, design, 
development of the proposed 

the acceptability of any adverse environm~ntal 
consequences that are likely to arise from the 
construction, operation and dE.'commissioning of 
the steel works including arc furnace. rolling 
mill and all other related facilitiE.'s. 
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3.1 The scope of the assessment is as fo110.s :-

(i) to describe the characteristics of the the 
proposed steel mill and related facilities and 
the locational requirements for their 
development; 

(i1) to identify and describe the elements of the 
present and planned future community and 
environment likely to be affected by the 
proposed development including potential impacts 
on marine activities, land transportation, 
visibility reduction effects, updrafts caused by 
generation of hot air and effects on performance 
of radio navigational. aids; 

(iii) to minimise pollution, environmental disturbance 
and nuisance arising from the total development 
and its construction, operation and 
decommissioning; 

(iv) to identify, predict and evaluate the net 
. impacts and the cumulative effects, including 
transboundary pollution, if any, expected to 
arise from the proposed steel mill and any 
associated facilities during construction, 
operatiQn and decommissioning .of the development 
in relation to the present and planned future 
community and neighbouring land uses; 

(v) to identify and specify methods, measures and 
standards in the detailed·design, ~hich are 
necessary to mitigate these impacts and reduce 
them to acceptable levels; 

(vi) 

(vii) 

to designL specify requirements for L4.d 
environmental baseline and compliance monitoring 
to be undertaken to ensure that the conditions 
in 3.1(v) above are met; and 

to design£ specify requirements for compliance £~~a 
and post~project audit, ~hich will be undertaken. 
to review the data from 3.1(vi) above to ensure 
that statutory requirements, policies and 
standards are met and the necessary remedial 
works are identified to remedy any unacceptable 
consequential or unforeseen environmental 
impacts of the works. 

4. Requirements of the Environmental Impact Assessment 

I. 4.1 The assessment 
L 

reports should comprise self-contained 
to fully cover the scope of the documents collectively l assessment listed in 3 

(i) a review of available data on steel works and 

above including :~ 

l 
related infrastructure in terms of planning and 
environmental implications; 
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(ii) undertake necessary survey work and baseline 
monitoring to achieve the scope and objectives of 
the assessment; 

(iii) predictions of the long-term and short-term 
environmental impacts arising from the 
construction. operation and decommissioning of 
the total development; 

(iv) recommendations on the likely impacts associated 
with the development; 

(v) proposed measures to effectively mitigate any 
significant environmental impacts in the short 
and long term; 

(vi) functional requirements for environmental 
monitoring .and audit programme to be undertak~n 
by the company so that the cumulative 
environmental impacts of the total development 
can be monitored and assessed; ·and 

(vii) an environmental section for inclusion in an 
operations manual detailing operating guidelines 
and procedures to ensure that the scope and 
objectives of the assessment are met. 

4.2 To liaise with relevant Government departments and 
offices. their Consultants and all other parties inyolved in 
aspects of this and any other projects likely to be affected by 
the development. 

4.3 To provide relevant inputs at specified tim~s as 
required during the course of the assessment. 

4.4 The assessment shall consist of the .. following :-

(i) an Inception Report which includes : 

(a) the methodology for the various items of the 
study; 

(b) a work programme which indentifies and clearly 
describes the major tasks. and clearly defines 
the critical activities i~ the ~rogramme; and 

(c) a schedule for the submission of the reports 
necessary to fulfil the requirements of the 
assessment. 

(ii) an Initial Assessment Report which 

(a) satisfies the requirements of the scope in 
section 3 above; 

(b) provides an initial assessment and· evaluation of 
the net environmental impacts and cumulative 
effects arising from the proposed project 
sufficiept to identify those issues of key 
concern during construction. operating and 
decommissioning phases of the development. which 
are likely to influence decisions on the project; 
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(c) defines measurable parameters likell' to be 
affected by the proposed steel work, and 
identifies any environmental monitoring studies 
which are required both to provide a baseline 
profile of existing environmental conditions 
and to monitor impact and compliance during 
implementation commissioning, operation and 
future decommissioning of the steel work; 

(d) provides an initial definition of environmental 
audit requirements for compliance and 
post-projects audit, which shall include a 
review of the monitoring data both to identify 
compliance with regulatory requirements, 
policies and standards and to define any 
remedial works required to redress unanticipated 
or unacceptable consequential environmental 
impacts; and 

(e)' propos'es a detailed programme of investigation 
and reporting able to meet all other objectives 
and scope of the assessment; 

(Technical requirements for the Initail Assessment 
Report is enclosed in Appendix 1.) 

(iii) 

(iv) 

(v) 

such Key Issue Reports identified as necessary 
through the Initial Assessment Report or the 
ieview of the Initial Assessment Report by the 
Director of Environmental Prot~ction; 

any revisions or supplements to the above as 
might be required to be carried out by the 
Director of Environmental Protection; and 

an Executive Summarv Report (in both English 
and Chinese) highlighting the major aspects of 
the net environmental impacts and the cumulative 
effects including transboundary pollution from 
the total development (if any), the issues of 
concern to the community, recommendations for 
implementation of the steel works and the basis 
for these, as well as their implications. It is 
intended that the information contained therein 
and the way that it is written should assist the 
Government in undertaking any requirement for 
public consultation. 

l I,: 4.5 To produce the following deliverable items to the 
_ Director of Environmental Protection :-

: 
i : 
L 

l 
I 

40 copies of the Draft Initial Assessment Report; 
50 copies of the Final Initial Assessment Report; 
40 copies of each Draft Key Issue Report; 
50 copies of each Final Key Issue Report; and 
100 copies of the Executive Summary Report. 
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completing all aspects of the 
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",,' shall be responsible for 

assessment. 
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5.2 A Government Study Management Group (SMGJ will be 
convened by the Director of Environmental Protection to provide 
guidance to the Company and their Consultants and monitor the 
progress of the project. Meetings will be held monthly or as 
determined by the Director of Environmental Protection and 
should be attended by the Project Director and. when 
appropriate. other representatives of the Company. 

5.3 For the purpose of this assessment. the Company or 
their nominated Conpu1tants should liaise in the first 
instance with th€ chairman of the SMG [Head of the 
Environmental Assessment & Planning Group (E.~PGJ J or his 
nominated representative. 

[J. 
It 

5.4 The Director of Environmental Protection will 
comp1efe an evaluation of the Initial Assessment Report and. 
subject to his amendments. agree a programme for completing the 
remainder of the assessment. The basis of this evaluation shall 
be the completeness and reliability of the initial assessment 
and the extent to which the programme outlined will meet the 
objectives and scope of the assessment. A similiar evaluation 
will be completed for each Key Issue Report ~nd for the 
asse.ssment as a whole. 

f 
l 

5.5 The Director of Environmental Protection will make 
recommendations to the secretary for Planning. Environment and 
Lands and relevant Government departments and offices on the 
findings of the Environmental Impact Assessment study and on 
any'necessary and appropriate environmental control measures. 
These measures will normally be included as conditions in the 
various licences and approvals required for the development. 
The implementation of these measures will be the responsibility 
of the company. 

5.6 The Company and their Consultants will be required to 
brief District Boards and any other boards or committees within 
or outside the Government as deeined appropriate by the Study 
Manag~ment Group. A public relations programme should be drawn 
up to provide information on the EIA study and the proposed 
steel works. to address public concerns and to make 
recommendations for refining the programme in response to 
public demand. . 

5.7 The Company's Consultants will be expected to 

l":'" communicate and correspond direct with other Government 
departments and offices to obtain information in connection 
with the project. copying such correspondence to the SMG 

l: Secretary. Close liaison will however be maintained throughout 
the project with the chairman of the SMG. who will cooperate 
with and assist the Company and their Consultants to obtain 
information and arrange meetings with Government officers. 

I 
Environmental Assessment and Planning Group 
Environmental Protection Department. 
August 1990 
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The Content of the Initial Assessment Ruport should 
include at least the following in outline, with the detailed 
assessments contained in the ~ey Issues Reports:-

1. The existing environmental situation at the site 
including but not necessarily limited to : 

(i) the physical characteristics of the site and its 
surroundings in terms of existing and proposed 
land use, land status, water, climate, landscape 
character, conservation value and sites of 
special scientific interest and sites of special 
archaeological interest; 

(ii) 

(iii) 

(i v) 

(v) 

(vi) 

(vii) 

the ecological characteristics of the site and 
its surroundings including habitats, communities 
and species; 

.the human activity patterns in the area including 
demographic aspects, employ~ent structure, 
transport and mariculture 

infrastructure services in the area including 
electricity, gas, water, sewerage, solid waste 
disposal, finance, education, housing and 
telecommunication; 

social and community services in the area with 
respect to health service facilities, emergency 
services including fire and ambulance and fung 
shui; 

the air pollution dispersion capacity of the site 
and the airshed within which the site is located; 
and 

eXisting levels of environmental pollution at the 
site in terms of air pollution, water pollution, 
noise and existing levels of radioactivity. 

2. Impacts during the construction Phase for the project 
including the quantitative determination of impacts, the 
mitigation effects of proposed control measures, evaluation of 
effects on the existing environment, assessment in view of 
current and impending statutory requirements and an evaluation 
of control procedures for construction of the facility and 
associated infrastructure. The discussion of impacts should 
include, but is not necessarily limited to, the following 
consideration . 

(i ) the method of construction should be analysed and 
potential major sources of dust and noise should 
be identified; 
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(iii) 

(i v) 

( v) 

(vi) 

(vii) 

(viii) 

the impact of dust and noise producing processes, 
plant, vehicles and machinery from activities on 
nearby sensitive receivers should be assessed; 

marine transport and storage of plant, 
materials and equipment and any possible 
interference with normal navigation and usage of 
adjacent facilities in the general locality; 

land transport and storage of plant, materials 
and equipment and its effect on the urban 
transport networks; 

requirements for additional infrastructure and 
utility services; 

the impacts of construction activities on the 
aquatic environment should be considered 
including effects of on site and off site marine 
borrowing, dredging, reclamation, jetty, berth, 
seawall construction, disposal' of dredged spoil 
and effec~s from silty runoff on water quality 
and circulation; 

socio-economic impacts and environmental effects 
on nearby residents and fung shui sensitive uses 
such as temples, places of worship and graveyards 
should be identified and assessed; and 

visual impact of the total facility. 

3. Impacts during the Operating Phase and af'ter the 
decommissioning of the total facility involving normal, 
abnormal, transient and emergency operations snould include, 
but should not necessarily be limited to, the following 
considerations :-

(i) the' direct and indirect environmental impacts and 
cumulative effects on a local and a regional 
scale, due to air pollutants from the proposed 
steel ~orks and associated facilities should be 
determined, including but not limited to S02, 
NOx, particulate's, odour, chemicals, visibility, 
photochemical reactions and other fugitive 
emissions and their synergistic effects under 
normal and abnormal operating conditions arising 
from at least th~ following activities, taking 
into account discharge standards as advised by 
the Director of Environmental Protection : 

(a) steelmaking/refining; 
(b) casting; 
(c) rolling/scarfing; and 
(d) storage, handling and transport of slag, 

scale, scrap and other materials. 

This assessment should consider also the consequences of a 
failure or malfunction, in the air pollution control 
s~'stems and recommend any standby or backup facilities. 
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(i i) aqueous emissions and ~ater pollutants 
including toxic substances arising from at 
least the following activities should be 
identified and quantified with due 
consideration for adequate interception, 
handling, treatment and disposal to comply with 
discharge and disposal guidelines to be 
approved by the Director of Environmental 
Protection and to define the necessary controls 
to minimise marine pollution 

(a) breaking up and cleaning scrap and 
fabricated items for feedstock; 

(b) steelmaking emissions in scrubber waters, 
suspended solids and indirect cooling water 
treatment blowdown; 

(c) ciasting emissions in, direct cooling water 
of soluble and floatable lubricating oils, 
fluorides, suspended solids and scale; 

. (d) rolling emissions in direct cooling water 
of soluble and floatable lubricating oils, 
suspended solids, scale, acids, alkalies, 
heavy metals and metalloids and indirect 
dooling water treatment blowdown; 

(e) sewage arising from on site personnel; and 

(f) surface transport run-off water emissions 
of suspended solids; 

(iii) the disposal of any solid wastes arising from 
the operations including at least the following 
should be ~uantified and the various possible 
methods of disposal and utilisation assessed: 

(i v) 

(a) steelmaking arisings of skimmer, electric 
arc furnace and ladle slag, refractories 
and baghouse dust; 

(b) casting arisings of ladle and tundish slag 
from exothermic compounds, refractories and 
filter cake; 

(c) rolling arisings of mill scale, oily mill 
scale, filter cake and ferrous sulphate; 
and 

(d) surface transport arisings of spillages and 
mud. 

the cumulative impact of noise producing 
plants, vehicles, machinery and noise emissions 
arising from steelmaking, casting, rolling and 
other activities on site, and surface transport 
on noise sensitive re~eivers should be 
assessed. Special consideration should be given 
to nightime activities; 
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(v) - surface transport and storage of plant, 

equipment, raw materials and·finished goods 
effects on the urban transport net~ork with 
special attention to the implications of noise, 
road safety, traffic congestion on the nearby 
residential areas including those along Lung Mun 
Road and Wong Chu Road; 

(vi) surface transport and storage of plant, 
equipment, raw materials and finished goods 
effects on the marine transport net~ork and any 
possible interference ~ith n~rmal navigation and 

(vii) 

(viii) 

(ix) 

age of adjacent facilities; 

the heat effect to be produced by the arc furnace 
on the workers in the vicinity of the steel mill 
and the micro-climate; 

visual impacts of the total facility; and 

any other significant pollutants. environmental 
effects and implications identified in the course 
of the study. . 

4. Emissions should be identified and quantified and 
mitigation measures should be proposed, for all significant 
impacts identified in 2. and 3. above. 

5. Environmental monitoring req'uirements including 
baseline, impact and compliance monitoring .. 

6. Environme·ntal audi t requirements including compliance 
and post-project audit which will review the environmental 
monitoring dat·a to identify compliance with regulatory 
requirements. policies and standards. and any remedial· works 
required to redress unacceptable consequential or un~nticipated 
environmental impacts. 

7. The assessments should be carried out as follows 

(a) construction noise should be assessed in 
accordance with the relevant Technical Memoranda 
issued under the Noise Control Ordinance; 

(b) construction dust should be assessed with 
reference to the relevant Hong Kong Air Quality 
Objectives; 

(c) the impacts due to the aerial emissions from the 
proposed steel work and associated facilities 
should be predicted with the aid of a modelling 
study and mathematical models of which the choice 
of models, parameters to be studied, procedures 
and specifications should be approved by the 
Director of Environmental Protection; 
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(d) the impacts due to the aerial emissions should 

be evaluated with reference to the relevant Hong 
~ong Air Quality Objectives. For air pollutants 
~hich are not specified in the Hong Kong Air 
Quality Objectives or which are considered in 
the context of transboundary air pollution, 
reference should be made to appropriate 
international standards to be agreed with the 
Director of Environmental Protection. 
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(e) the operating and decommissioning assessment 
should be made with reference to the guidelines 
contained in the Environmental Chapter of Hong 
Kong Planning Standards and Guidelines; and 

(fl the water quality impact from any construction, 
solid or liquid wastes, accidental leakages •. 
spillages if any, and cooling water on Hong Kong 
Waters should be assessed using mathematical 
modelling or other techniques approved by the 
Director of Environmental Protection. . 

8. Effective mitigation measures for all significant 
impacts identified in sections 2 and 3 above should be 
proposed to minimise the occurrence and consequences of 
predicted cumulative impacts, both in terms of the layout and 
landscaping of the facilities, equipment selection and design 
and also in terms. of management and operational procedures. 

9. The ErA study should clearly define acceptable and 
measurable limits to emissions of all kinds. The limits shall 
form the basis of the emission standards to be .incorporated in 
appropriate licences. 

10. The results of the environmental monitoring and 
audit programme undertaken by the company should also provide 
information of relevance to any ongoing operational 
assessments of the facility and to help evaluate maintenance, 
operational and after-care requirements of the steel works. 

11. The design and specifications of the proposed steel 
works should comply with the Best Practicable Means as 
required under the Air Pollution Control Ordinance. The 
sufficiency of the Best Practicable Means should be assessed 
and any required additional mitigating measures should be 
identified and specified (please see general guidelines in 
Append ix 2 I . 

**.*. END ·***.* 
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APPENDIX 2 : OCCUPATIONAL HEALTH AND SAFETY 

INTRODUCTION 

Occupational health and environmental protection are closely related. It is valuable 
to plan the working environment at an early stage to prevent damage. Provision of 
adequate lighting, good ventilation, isolation and protection of the worker from 
noise and other nuisances are important. 

Possible hazards are: 

• Physical agents such as falling objects, fire, vibration and unsafe 
equipment. 

• Chemicals used in steelmaking or other sources. 

• Electromagnetic radiation from welding equipment or other sources. 

• Strain due to noise, heat or pressure. 

• Disease due to contamination of water or food . 

SOURCES OF DAMAGE 

At Shiu Wing Steel Mill the following procedures can be hazardous. 

• Steel making. Exposure to iron oxide, lead, alloying additions, carbon 
monoxide, sulphur dioxide, fluorides, combustion products, heat and 
noise. 

• Alloying. Nickel, bismuth, chromium, manganese, tungsten, molybdenum, 
and selenium can be generated as dust or fumes . 

• Re-heating furnace. Carbon monoxide, sulphur dioxide and heat. 

• Hot-rolling mills. Noise and heat. 

• Cold mills. Noise, oil mist, organic solvents and nitrogen oxides. 

• Supporting activities inside the steel plant such as welding and burning, 
laboratory activities, electrical departments etc. 

POTENTIAL HEALTH EFFECTS 

The major health risks are from inhalation of gases, dusts and mists, contaminants 
reaching the stomach, attack or absorbtion of liquids through the skin and 
radiation . Some of the effects are noticed immediately after exposure while others 
tend to cause damage only after a long period of exposure, for example 
carcinogens. 

Shlu Wing Steel MU! (Tue. Mun) Final ErA 
AXTlOOO.APP/053000 
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Some of the physiological effects of the materials are listed below. 

A distinction between respirable and non-respirable should be drawn as the former 
is more hazardous. Some particular dust may cause reduced breathing, cough and 
shortness of breath and in the most severe cases a shortened Iifespan. Iron oxide 
has no adverse health effects but an accumulation of particles in the lungs may 
occur. Manganese in dust may, on chronic exposure, lead to damage of the central 
nervous system, impaired motorfunctions and emotional disturbances. Lead in 
high exposure may lead to anaemia, kidney damage, nervous system problems, 
and emotional disturbances. Silica is known to cause emphysema and silicosis after 
a long period of exposure (10 to 25 years). 

Noise in excess can cause various degrees of hearing loss, damage to the inner ear 
and continuous buzzing in the ear (tinnitus) which is a mental strain. 

Exposure to heat can cause acute effects such as dehydration, salt depletation, 
cramps, muscle spasms, exhaustion, stroke and in severe cases coma and death. 

Hazardous gases include carbon monoxide, that can lead to headache, dizziness, 
weakness and for very high exposure death; nitrogen oxides, which may give rise 
to lung and respiratory tract problems; and sulphur dioxide, which is an irritant to 
the mucous membranes and can predispose to bronchitis and other lung diseases. 

Extreme light can effect the eyes (inflammation, cataract) and the skin (erythema 
and ultimately skincancer). 

PROTECTIVE MEASURES 

To protect workers from the effect of health hazards there are basic requirements 
such as: 

• Adequate pollution control procedures. 

• Information about dangers in the working environment. 

• Control of exposure to dust and gases within safe limits. 

• Personal protective equipment when it is not possible to avoid exposure to 
health hazards, such as hard hats, safety shoes, ear plugs etc. 

In addition, it is important to carry out effective monitoring, undertake medical 
surveillance as necessary, utilise warning-signs and labels, and keep proper 
records to allow continuous improvement. 

Shlu Wing Steel MU! (Tuen Mun) Final EIA 
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BEST fRACI1CABLE MEANS REOUlREME1'Tl'S FOR IRON AND STEEL WORKS 
. (!:LEcrRIC ARC Ij'URNACE) 

INTRODUCI10N 

These notes list the minimum requirements for meeting the best practicable means for Iron 

and Steel Works (Electric NC Furnace) .. It should be noted that in granting a licence lIndet the 

Ordinance, the Authority. i.e., the Director of Environmental Protection, will also consider all other 

relevant aspects and may impose more stringent and/or additional control requirements by taking 

into account individual process charactcr~tics, local topography wd air quality and any other factors. 

A1ly iron and steel works in which the installed furnace capacity ",,~eds one tonne, or, if 

the mode of operation is continuous, one tonne per hour, and in which a ferrous metal mclling 

process for casting is carried out will be subject to control under the Ail: Pollution Control 

Ordinance. Electric arc furnace process is a large emission sources of dust, metal OlCide fumes and 

smoke if not properly controlled. U.!C. and U.sA. have already imposed emission standarcls for 

these works under respectively the BArNEEC and U5EPA 1'151>5 requirements. 

DESIGN OF CHIMNEY: 

(Chimney includes structures and openings of u>-y l:ind. from or through which air pollutant 

may be emitted.) 

(a) Chimney height: 

To be determined by mathematical or physical dispersion modelling techniques 

acceptable to the Authority. The aims are to ensure:-

(i) the relevant Air Quality Objectives (AQO) will not be threatened; 

(ll) the emission of non-AQO pollutants, in particular, hea")' metals and 

carcinogenic organic compounds, will not cause any adverse effect on 

human health or environment; 

(iii) no undue cODStraint will be incurred to existiDI ane! future development 

or land use. 
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The final chimney height should be agreed with the Authority but as a iClleral 

guidcllDc, the chimney height in • flat terraill situation, should as far as' practicable be at 

least Buildinc Heiibt + 1.5:.: Building Width or Building Height, whicheYOl' is the 'Iessof. 

Suitable adjustment should be made to take into account local meteorological data, local 

topography and background air pollutant concentrations. In any case, the chimDey heicht 

sbaU Dot be less than S meters above ground levc1l11d shall not be less than 3 meters aboYo 

the buildini roof top. 

For lion-combustion processes, the same guideline should be observed as far as 

practicable and in any case, the chimney height shall not be less than 3 metres plus the 

building height. 

(b) 

(c) 

(d) 

Efflux velocity: 

The cmu.'C velocity, whenever practicable, should be at least l.S times of the ytin,d . . 
speed at the chimney top. In any case, it shall not .be less than 15 m/s at full load 

condition. 

Exit temperature: 

For combustion process, the e:o:it temperature should 1I0t be less than the acid dew 

point, alld in any case, it shall not be less than so·c. 

Mode of discharge: 

Reieases to air from chimneys should be directed vertically" upwardS. 'and not 

restricted or deflected by the use o~ for example, plates, caps or cowls. . . 

In order to obtain ma:cimum tbermal buoyancy, hot emissions should ti rar as 

practicable be discbarged from the minimum number of chimneys, i.e., a multi-flue 

chimney design should be used. 
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3. EMISSION LIMITS: 

All omjujons to air, other than steam 01: water vapour, shall be colourless andl'ree from 

persistent mist. 

(al Metal Memns Process: 

Particulates: 

Lead and its compounds (as lead): 

Cadmium and its compounds (as cadmiwn): 

Fluoride (as hydrogen fluoride): 

Sulphur dio:dde: 

Smoke: 

(h) Other Processes: 

Particulates: 

30 mg/m3 

2mg/m3 

lmg/m3 

10mg/m3 

Potential emiSSiOn from 
burnlng of diesel fuel with a 
ma:dmum allowable sulphur 
content of 0.5% by weight.(air 
dry basis) 

Less than RiDge1mann Shade 1 
and no substantially 'Visible 
emission during· lightmg-up 
period 

(Ail figures are expressed at rcfcrOllce condition, O'c, 101.325 kilopasca1s, without 

correction for water vapour cOntent. The introduction of dilution air to achieve the 

emission concentration limits shall not be permitted.) 
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FtJ9mVE EMISSION CONTROL 

(a) 

(b) 

Boundary Ambient Standarw 

Total suspended particulatcs 

Respirable suspended particulates 

Odour 

2GO l4!./m' (24-hour.averago) 

180 I4!.Im3 (24-hour aYerase) 

2 ouour unils 

(Nol~: An odour unit is the measuring unit of odour level lUld./s aDalogous to pollution 

concentration. In this context, the odour level is defmed as the'ratio of the volume 

which the sample would occupy when diluted with air 10 the odour threshold, to 

the volume of the sample. In other works, onc odour 1IlIl't is the concentration of 

odorant which just induces an odour sensation.) 

EngineeriAA Design/Iechnical Reguircm~nts 

To be agreed with the Authority_ As a general guideline, the loading. unloading. 

handling and storage of fuel, raw materials, prcducts, wastes or by·produds shculd be 

c:anied cut in a manner acceptable to the Authority so as to p~nt the release of:-

(i) 

(il') 

visible dust emissions; and/or 

eminions of o'i3nic Vapours; and! or 

(lii) other Do:QOUS or cffensive emissions.. 

Without prejudice to the generality of the above general requirem.ents, the 

following cootrol measures shall be implemented:-

Material Handling 

Dusty malerials, or potentially dUSlY materials, fcr example iton scraps, lime, and 

other steel-making additives should be handled in the totally enclosed system. 

Purpose-built silo should be used ror the storage Qf the dusty materials wheneYcl' 

practicable. 
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5. 

, 

Iron Mclting/Refini!!8. Slagging lnci Molten Steel Tapping 

Fume c.mu.sion from the electric arc furnace durln, the iron melti.nclrc.!iniai 

process shall be collected and vented to suitable arrcstmellt pla.nt to meet the 

emission limits. 

'Doghouse' type total furnace enclosure shall be used to co.ntai.n all emissions from 

the electric arc furnace operation. The contained emissions shall be collected and 

vented to suitable arrcstmcnt plant to meet the emissiOn limits. 

The roof bi.parting doors and all side doors of the 'doghouse' encIo&ure shall be 

closed during the iron melting/refining.· slagging and D!olten s~l tappiag 

processes in such a manner that no visible emission escapes from aiJ.ylealcs or 

openings.. Whenever any roo! bi-parting door or side door is not fuUy closed, air­

CUrtain jets shall be provided and activated to seal the opening of thc 'do8!!.ousc' 

enclosure. 

House Keeping 

A high standard of housekeeping shall be maintained. Adequate prOYision should 

be lIIade fot-the containment. of liquid and solid spillages. All splllages should be 

cleared as soon as possible and in the case of solid D!aterials this should be 

achieved by the use of vacuum cleaning or other appropriate methods. Dzy 

sweeping oC spillages shall not be permitted. 

MATERlAL(FUEL RESTRICITON 

Gaseous fuel is the recommended fuel to be used but ilie Authority may also a=pt the 

use of liquid fuel .".;th the following spccificatioDS:-

Sulphur content Not greater than 0.5% (by weight) 

Viscosity· . G centistokes (at 4O'C) 
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6. 

7. 

8. 

MONITORING REQUIREMENTS 

Parameters ~nd umplinE frequency will be determined by the Authority. ID. any case, the 

emission eC partlculate&, lead, <::ldmium and flueride shall be tested at least anoually •. III addition, 

the Collowing parameters should be menitored continueusly as a minimum requirement-

Ca) 

(b) 

(c) 

In-stack Monitoring 

Particulatc matter (opacity). 

Proccs.~ Moni(oring 

Production ralc and other eSsential operating parameter(s) which may significantly 

affect the emission of air po.llutants. 

Ambient Monitoring 

At site beundary and/or: 
any ether leeatiens 
acceptable to. tbe 
Authority . 

Tetal sU$pended particulates and/or 
respirable suspended partieulatllS 
(at least ene 24-heur sample p~ 6 
<::llenclar days) 

COMMISSIONING' 

Cemmissi~ni~g trials (to be ~tnessed by the Authority wheneVer appropriate) sheuld be 

conducted to demonst.r2te performance of the air pollution control moasur=s and· a report of 

commissiening trial should be submitted to. the Authority within 1 month after completion of the 

trial. 

OPERA nON AND MAINTENANCE 

Requirements include not only the prevision of the appliances, but the proper operation and 

maintenanco of equipment, its supervision when in use and the training and supervision of properly 

qualified stlce. Specilic operation and maintenance requirements may be specified for individual 

equipment. 

Malfunctioning and breakdown of the process or air pollution control equipment which 

would cause exccedancc of the emission limits or breaclle.. of other air pollution control 

requirementJ .should be reported to the Authority within 3 working days. 
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General Guideline On ~ir Pollution Control 
for Iron and Steel Works - Eloctric Ar~ Furnaces 

Furnace Particulate Emission Control 

1. Primary collection and nrfestment devices are required to 
control emissions generated from steel making process of electric arc 
furnace(s), and the extracted emissions shall be vented to a properly 
designed dedusting device, which can meet the prescribed emission 
Hmi t. 

2. 'Secondary collection and arrestment such as 'doghouse' type 
total furnace enclosure are also required to contain emissions 
arising throughout the complete operating cycle of charging, melting 
refining, slagging and tapping processes. The contained emissions 
shall be vented via such system to properly designed dedusting 
device, which can meet the prescribed emission limi t. 

Fugitive Emissions Control for Haterials Handling and Storage 

3. The delivery, handling and storage of raH materials for the 
steel making process shall be controlled in such a manner as to 
minimize emissions to atmosphere. 

Fuel Restriction 

4. Any ancillary conventional f~ssil fuel using equipment for 
the production of steel shall use fuel conforming to the requirements 
as stipulated under the Air Pollution Control (Fuel Restriction) 
Regulations 1990. • 

Chimney 

5. Chimney height for all the relevant pollutant control 
equipment is determined by the maximum mass rate of pollution so· 
generated and the impact on the environment taldng into accoqnt of 
effects like topography, nearby buildings and background emissions. 
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BESr PRAcrrCABLE MEANS 

Steel Production Plant 

Facilities 

• 
1. Electric Arc Furnace 

Furnace Emissions 

Shop Ro?f 

Associated Process 

,,-~, 

Air Pollutants 

Particulate 

Fugitive Part, 

Particula te 

(eg. desulphurisation, refining outside the furnace etc.) 

,--~ 
--~j ~ 

~-~ 

BPM Requirements 

Total collection of 
furnace emission 

30 mg/m3' 

No visible 
emission 

50 mg/m3' 

, All gas volume are expressed as at standard temperature and pressure of 0 d~gree Celsius 
and 101.325 kilopascal, 
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The hei2ht ot chimney sh~ll be nt least J metres ~bove any buildin2 to 
which it is attached or adjacent; and the correspondin2 efflux 
velocity sh~ll not be less than ISm/s at full load operation. 

l'!oni taring /samp1in~ 

6. Regular source testing ond ambient monitoring at site 
boundary shall be conducted and the results be submitted. to the 
Authority for scrutiny. 

• 
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EnvIronmental 

APPENDIX 4B 

METEOROLOGICAL DATA 

Shlu Wing Steet MU! (Tuen Mun) Final EtA 
AXTIOOO,APP/053000 
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AXIS 

Environmental 

APPENDIX 4B : METEOROlOGICAL DATA 

FROM 89. 1. 1 TO 89.12.30 CHEK LAP KOK 

PASQUILL STABILITY CLASS !lA" 
WIND SPEED CLASS (MPS) 

.51 1.51 3. 01 4.51 6.01 7.51 9.01 GREATER 
WIND TO TO TO TO TO TO TO THAN MEAN 

SECTOR 1.50 3.00 4.50 6.00 7.50 9. 00 10.50 10.50 TOTAL SPEED 
._._-----_.-._._ .. _-------_ .. _----- -------------------------------------- ---- ------------------------- ---

NNE .000230 .000000 .OOOOOD .000000 .000000 .000000 .000000 .000000 .000230 1.05 
NE .000806 .000345 .000000 .000000 .000000 .000000 .000000 .000000 .001151 1.29 

ENE .000576 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000576 1.26 
E .000345 .000115 .000000 .000000 .000000 .000000 .DOOOOO .000000 .000460 1.27 

ESE .000345 .000230 .000000 .000000 .000000 .000000 .000000 .000000 .000576 1.38 
SE .000345 .000230 .000000 .000000 .000000 .000000 .000000 .000000 .000576 1.52 

SSE .000115 .000115 .000000 .000000 .000000 .000000 .000000 .000000 .000230 1.55 
S .000000 .000000 .000000 .000000 .000000 .000000 .000000 . 000000 .000000 .00 

SSW .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .00 
SW .000115 .000115 .000000 . 000000 .000000 .000000 .000000 .000000 .000230 1.40 

WSW .000230 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000230 1.45 
W .000115 .000115 .000000 .000000 .000000 .000000 .000000 .000000 .000230 1. 70 

WNW .000345 .000460 .000000 .000000 .000000 .000000 .000000 .000000 .000806 1.49 
NW .000230 .000576 .000000 .000000 .000000 .000000 .000000 .000000 .000806 1.60 

NNW .000460 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000460 1.25 
N .000576 .000460 .000000 .000000 .000000 .000000 .000000 .000000 .001036 1.38 

CALM .000000 
.-.------------------------_.-------------------------------------------------_ .. _------------.----------
TOTAL .004834 .002762 .000000 .000000 .000000 .000000 .000000 .000000 .007597 1.40 

NUMBERS BELOW BASED ON ALL OBSERVATIONS 
NUM8ER OF INVALID OBSERVATIONS = 0 
NUMBER OF VALID STABILITY DEPENDENT OBSERVATIONS = 8688 

PASQUlll STABILITY CLASS "B" 
WIND SPEED CLASS (MPS) 

.51 1.51 3.01 4.51 6.01 7.51 9.01 GREATER 
WIND TO TO TO TO TO TO TO THAN MEAN 

SECTOR 1.50 3.00 4.50 6. 00 7.50 9.00 10.50 10.50 TOTAL SPEED 
-------------------------------------.--- --. -------------------------------------------------------------

NNE .001151 .000806 .000576 .000000 . 000000 .000000 .000000 .000000 .002532 2.13 
NE .002187 .002647 .000345 .000000 .000000 .000000 .000000 .000000 .005180 1.84 

ENE .002647 .001n7 .000576 .000000 . 000000 . 000000 .000000 .000000 .004949 LIT 
E .002072 .001611 .001266 .000345 .000000 .000000 .000000 .000000 .005295 2.32 

ESE .001036 .000921 .001381 .000115 .000000 .000000 .000000 .000000 .003453 2.74 
SE .001381 .000806 .000460 .000000 . 000000 .000000 .000000 .000000 .002647 1.82 

SSE .001151 .000230 .000115 .000345 .000000 .000000 .000000 .000000 .001842 2.08 
S .000691 .000000 .000576 .000345 .000000 .000000 .000000 .000000 .001611 2.89 

SSW .000115 .000115 .000230 .000230 .000000 .000000 .000000 .000000 .000691 3.55 
SW .000345 .000115 .000230 .000000 .000000 .000000 .000000 .000000 .000691 2.12 

WSW .000345 .001036 .000230 .000115 .000000 .000000 .000000 .000000 .001727 2.30 
W .000806 .004949 .006446 .000576 .000000 .000000 .000000 .000000 .012IT6 3.15 

WNW .001957 .008863 .006676 .000345 .000000 .000000 .000000 .000000 .017841 2. 82 
NW .003453 .003913 .002072 .000230 .000000 .000000 .000000 .000000 . 009669 2.23 

NNW .001957 .000460 .000230 .000115 .000000 .000000 .000000 .000000 .002762 1.60 
N .001266 .000921 .000576 .000345 .000000 .000000 .000000 . 000000 .003108 2.35 

CALM .000000 
------------------------------------------------------------------------------------------------------_.-
TOTAL .022560 .029121 .021984 .003108 .000000 

NUMBERS BELOW BASED ON ALL OBSERVATIONS 
NUMBER OF INVALID OBSERVATIONS = 0 
NUMBER OF VALIO STABILITY DEPENDENT OBSERVATIONS = 8688 

Shlu Wing Steel MU! (Tu.n Munl Final EM 
AXTlOOO.APPI053000 

.000000 .000000 .000000 .076m 2.48 
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Environmental 

FROM 89. 1. 1 TO 89.12 .30 CHEK LAP KOK 

PASQUILL STABILITY CLASS "ell 

WINO SPEED CLASS (MPS) 

.51 1.51 3.01 4 .51 6. 01 7.51 9.01 GREATER 
WINO TO TO TO TO TO TO TO THAN MEAN 

SECTOR 1.50 3.00 4. 50 6. 00 7.50 9. 00 10.50 10.50 TOTAL SPEED 
--- ------------------- ---- -- ------------- --_. _._-- -- --- -_._._-------------------------------- -- -.--_._. _-

NNE .000000 .000921 .002878 . 00115 1 .000000 . 000115 .000000 .000000 .005064 3.95 
NE .000000 . 001036 .002647 .000460 .000115 .000000 .000115 .000230 .004604 4. 21 

ENE .000000 .001036 .002993 . 000806 . 000115 . 000000 .000000 .000000 .004949 3. 83 
E .000000 .000576 .003568 . 003338 . 001957 .003338 .001036 .001151 .014963 6. 44 

ESE .000000 .000115 .001381 .002762 .003338 .001496 .001266 .000576 . 010935 6.76 
SE .000000 .000115 .000691 . 000460 .000576 .000115 .000000 .000115 .002072 5.59 

SSE .000000 .000115 .001842 .000460 . 000460 .000115 .000000 .000000 .002993 4.60 
S .000000 . 000230 .002072 . 002878 . 001381 .000460 .000000 .000000 .007021 5. 25 

ssw .000000 .000345 .001036 .001036 .000576 .000000 .000000 .000000 .002993 4.67 
SW .000000 . 000230 .000576 . 000345 . 000000 .000115 .000000 .000000 .001266 4.35 

WSW .000000 . 000460 .000806 .000345 .000691 .000345 .000000 .000000 .002647 5. 19 
W .000000 . 001611 .004834 .000921 .000000 . 000000 .000000 .000000 .007366 3.62 

WNW .000000 .000576 .006906 .001611 . 000115 .000115 .000000 . 000000 .009323 4. 03 
NW .000000 . 001151 .003108 .002072 . 001151 .000460 .000460 .000345 .008748 5. 24 

NNW .000000 . 000230 .001036 .000460 .000460 .000115 .000115 .000000 .002417 4.94 
N .000000 . 000921 .002993 .001496 .000345 .000230 .000000 .000000 .005985 4.28 

CALM .000000 
-- ---------------------------------- --. -. ---.-- ---.-.-------- ------- -- --------------------- ------- ---- ---

TOTAL .000000 . 009669 .039365 . 020603 . 011280 .007021 .002993 . 002417 .093347 5.05 

NUMBERS BELOW BASED ON ALL OBSERVATIONS 
NUMBER OF INVALID OBSERVATIONS 0 
NUMBER OF VALID STABILITY DEPENDENT OBSERVATIONS = 8688 

PASQUILL STABILITY CLASS 110 11 

WIND SPEED CLASS (MPS) 

.51 1.51 3.01 4.51 6.01 7.51 9. 01 GREATER 
WIND TO TO TO TO TO TO TO THAN MEAN 

SECTOR 1.50 3.00 4.50 6.00 7.50 9. 00 10 . 50 10.50 TOTAL SPEED 
--- ------ --- -------_._._-- --- ---- --- -_._.- --- ----------- --------------------------.--------.----- -- --- ---

NNE .000576 .003683 .014157 .018992 .009208 .004144 . 000576 .001266 . 052601 5.44 
NE . 001842 .003108 .010935 .008172 .004489 .003453 .001266 .002072 .035336 5.48 

ENE .001727 . 001957 .009899 .008287 .005755 .004949 . 002187 .002878 . 037638 6.05 
E .001842 .002762 .012431 .024632 .035797 .036372 . 030041 .034415 .178292 8.13 

ESE .000806 .001496 .010014 .023941 .030157 .017610 . 010359 .010589 .104972 7.25 
SE .000806 .000345 .004949 .003798 .004719 .002993 .001381 .002072 .021064 6.46 

SSE .000230 . 000921 .003913 .001381 .002302 .000576 . 000000 .000000 .009323 4.93 
S .001266 . 000806 .009208 .009784 .005410 .001496 . 000115 .000115 .028200 5.06 

SSW .000691 .000806 .008402 .003798 . 001036 .000345 .000000 .000000 .015078 4.31 
SW .000576 .000230 .003453 .001842 . 000806 . 000115 . 000000 .000000 .007021 4.32 

WSW .000806 .001036 .004604 .001036 . 000230 .000000 . 000000 .000000 .00n12 3.66 
W .001266 . 002072 .004259 .000806 . 000460 .000115 .000000 .000000 .008978 3.51 

WNW .001036 .001151 .008057 . 003108 .000921 .000230 . 000000 .000345 .014848 4.33 
NW .000806 .001036 .006331 .010474 .009093 .004604 .002417 .001266 .036027 6.18 

NNW .001266 .001036 .007136 .006215 . 003913 .000806 .000576 .000345 .021294 5.01 
N . 000460 . 001381 .008402 .011855 .010474 .002878 .000921 .000000 .036372 5. 52 

CALM .000000 
--- ---- ----- ---- --- ------------------ ---- --- -- --- -_ ... ----_._._--------------- ----- ---- ----- -- -----------

TOTAL .015999 . 023826 .126151 .138122 .124no 

NUMBERS BELOW BASED ON ALL OBSERVATIONS 
NUMBER OF INVALID OBSERVATIONS • 0 
NUMBER OF VALID STABILITY DEPENDENT OBSERVATIONS' 8688 

Shlu Wing Steel MllI rruen Mun) Final EIA 
AXTIOOO.APP/053000 

.080686 . 049839 . 055364 .614756 6.49 
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FROM 89. 1. 1 TO 89.12.30 CHEL LAP KOK 

PASQUILL STABILITY CLASS "EII 
WINO SPEED CLASS (MPS) 

.51 1.51 3.01 4.51 6.01 7.51 9.01 GREATER 
WINO TO TO TO TO TO TO TO THAN MEAN 

SECTOR 1.50 3.00 4.50 6.00 7.50 9.00 10.50 10.50 TOTAL SPEED ______ a_. ___________ ._. _______ ____ __ _____ ____________ _____ __ _______ ._. __ ___ ••••• __ ••••••• __ _______ __ _____ 

NNE .000000 .004489 .002762 .001151 .000000 .000000 .000000 .000000 .008402 3.25 
NE .000000 .004489 .002647 .000576 .000000 .000000 .000000 .000000 .00n12 3.16 

ENE .000000 .003223 .003223 .000921 .000000 .000000 .000000 . 000000 .007366 3.26 
E .000000 .002993 .004604 .002647 .000000 .000000 . 000000 .000000 .010244 3.69 

ESE .000000 .001842 .009899 .002762 .000000 .000000 .000000 .000000 .014503 3.85 
SE .000000 .000576 .001842 .000115 .000000 .000000 .000000 .000000 .002532 3.55 

SSE .000000 .000345 .001381 .000000 .000000 .000000 .000000 .000000 .001727 3.41 
S .000000 .001266 .005525 .001036 .000000 .000000 . 000000 .000000 .007827 3.70 

SSW .000000 .001496 .004489 .000576 .000000 .000000 .000000 .000000 .006561 3.59 
SW .000000 .000345 .001036 .000345 .000000 .000000 .000000 .000000 .001727 3.70 

WSW .000000 .000806 .000576 .000115 .000000 .000000 .000000 .000000 .001496 2.99 
W .000000 .001266 . 000345 .000000 .000000 .000000 .000000 .000000 .001611 2.70 

WNW .000000 .001151 .001151 .000115 .000000 .000000 .000000 .000000 .002417 3. 20 
NW .000000 .001036 .000806 .000345 .000000 .000000 .000000 .000000 .002187 3.39 

NNW .000000 .001151 .001727 .000230 .000000 .000000 .000000 .000000 .003108 3.33 
N .000000 .001727 .001727 .000691 .000000 .000000 .000000 .000000 .004144 3.47 

CALM .000000 
----.--- .-.-.----_. _._._---- .------- ----------- ------- --------- ---------------------------_. __ ._---------
TOTAL .000000 .028200 .043738 .011625 .000000 .000000 .000000 .000000 .083564 3.49 

NUMBERS BELOW BASEO ON ALL OBSERVATIONS 
NUMBER OF INVALID OBSERVATIONS = 0 
NUMBER OF VALID STABILITY DEPENDENT OBSERVATIONS = 8688 

PASQUILL STABILITY CLASS 'IF" 
WIND SPEED CLASS (MPS) 

.51 1.51 3.01 4.51 6.01 7.51 9.01 GREATER 
WIND TO TO TO TO TO TO TO THAN MEAN 

SECTOR 1.50 3.00 4.50 6. 00 7.50 9.00 10.50 10.50 TOTAL SPEED 
-------- - ---------------------------------------- ~---- ----.-.-. - ------------------------------ - ----------

NNE .003568 .002072 .000000 . 000000 .000000 . 000000 .000000 .000000 .005640 1.50 
NE .006215 .003338 .000000 .000000 .000000 .000000 .000000 .000000 .009553 1.44 

ENE .006561 .007366 .000000 .000000 .000000 .000000 .000000 .000000 .013927 1.65 
E .009669 .006446 .000000 . 000000 .000000 .000000 .000000 .000000 .016114 1.52 

ESE .011050 .005410 .000000 .000000 .000000 .000000 .000000 .000000 .016459 1.43 
SE .010359 .002878 .000000 .000000 .000000 .000000 .000000 .000000 .013237 1.29 

SSE .007482 .001496 .000000 .000000 .000000 .000000 .000000 .000000 .008978 1.26 
S .005870 .004604 .000000 .000000 .000000 .000000 .000000 .000000 .010474 1.62 

SSW . 003453 .001842 .000000 .000000 .000000 .000000 .000000 .000000 .005295 1.50 
SW .002187 .001611 .000000 .000000 .000000 .000000 .000000 .000000 . 003798 1.52 

WSW .003223 .001151 .000000 .000000 . 000000 .000000 .000000 .000000 .004374 1.30 
W .003108 .001496 .000000 .000000 .000000 .000000 .000000 .000000 .004604 1.36 

WNW .002647 .000576 .000000 .000000 .000000 .000000 .000000 .000000 .003223 1.24 
NW .001727 .000230 .000000 .000000 .000000 .000000 .000000 .000000 .001957 1.18 

NNW . 002072 .000921 .000000 .000000 .000000 .000000 .000000 .000000 .002993 1.47 
N .002532 .000806 .000000 .000000 .000000 .000000 .000000 .000000 .003338 1.31 

CALM .000000 
-.-----------------------------------_.--- ------ ---.----._----------.--.------------------------------.--

TOTAL .081722 .042242 .000000 .000000 .000000 

NUMBERS BELOW BASED ON ALL OBSERVATIONS 
NUMBER OF INVALID OBSERVATIONS • 0 
NUMBER OF VALID STABILITY DEPENDENT OBSERVATIONS = 8688 

Shlu Wing Slttl MU! (Tuen Mun) Final BIA 
AXTlOOO.APP/05JOOO 

.000000 .000000 .000000 .123964 1.45 

I 
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FROM 89. 1. 1 TO 89.12.30 CHEK LAP KOK 

PASQUILL STABILITY CLASS "G" 
WINO SPEED CLASS (MPS) 

.51 1.51 3.01 4.51 6.01 7.51 9.01 GREATER 
WINO TO TO TO TO TO TO TO THAN MEAN 

SECTOR 1.50 3.00 4.50 6.00 7.50 9.00 10.50 10.50 TOTAL SPEED 
-------------------------------------------------------------------------------------------_._--.--------

NNE .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .00 
NE .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .00 

ENE .000000 .000000 .000000 . 000000 .000000 .000000 .000000 .000000 .000000 . 00 
E .000000 .000000 .000000 . 000000 .000000 .000000 .000000 .000000 .000000 .00 

ESE .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 . 00 
SE .000000 .000000 .000000 . 000000 .000000 .000000 . 000000 .000000 .000000 . 00 

SSE .000000 .000000 .000000 .000000 .000000 .000000 . 000000 .000000 .000000 . 00 
S .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .00 

SSW .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .00 
SW .000000 .000000 .000000 .000000 .000000 . 000000 .000000 .000000 .000000 .00 

WSW .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .00 
W .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .00 

WNW .000000 .000000 .000000 .000000 . 000000 .000000 .000000 .000000 .000000 .00 
NW .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .00 

NNW .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .00 
N .000000 .000000 .000000 .000000 .000000 .000000 . 000000 .000000 .000000 .00 

CALM .000000 
-----------------------------------.---.---------------------.-------------------------------------------

TOTAL . 000000 .000000 .000000 .000000 .000000 .000000 .000000 . 000000 .000000 . 00 

NUMBERS BELOW BASED ON ALL OBSERVATIONS 
NUMBER OF INVALID OBSERVATIONS = 0 
NUMBER OF VALID STABILITY DEPENDENT OBSERVATIONS = 8688 

ALL PASQUILL STABILITY CLASSES 
WINO SPEEO CLASS (MPS) 

.51 1.51 3. 01 4.51 6.01 7. 51 9.01 GREATER 
WINO TO TO TO TO TO TO TO THAN MEAN 

SECTOR 1.50 3.00 4. 50 6.00 7.50 9.00 10.50 10.50 TOTAL SPEED 
----------_. _._------------------ --- --- ---------------------_._-_._._ ------------------------------------

NNE .005525 .011971 .020373 .021294 .009208 .004259 .000576 .001266 .074471 4.67 
NE .011050 .014963 .01657S .009208 .004604 .003453 .001381 .002302 .063536 4. 13 

ENE .011510 .015308 .016690 . 010014 .005870 .004949 .002187 .002878 .069406 4.37 
E .013927 .014503 .021869 .030962 .0377S3 .039710 .0310n .035566 .225368 7.19 

ESE .013237 .010014 .02267S .029581 .033494 .019107 .011625 .011 165 .150898 6.13 
SE .012891 .004949 .007942 . 004374 .005295 .003108 .001381 .002187 .042127 4.26 

SSE .008978 .003223 .007251 .002187 .002762 .000691 .000000 .000000 .025092 3.23 
S .007827 . 006906 .017380 .014042 .006791 .001957 .000115 .000115 . 055134 4.17 

SSW .004259 .004604 .014157 .005640 .001611 .000345 .000000 .000000 . 030617 3.69 
SW .003223 .002647 .005295 .002532 .000806 .000230 .000000 .000000 .014733 3.38 

WSW .004604 .004489 .006215 .001611 .000921 .000345 .000000 .000000 . 018186 3.10 
W .005295 .011510 .015884 .002302 .000460 .000115 .000000 .000000 .035566 3. 08 

WNW .005985 .012n6 .022790 .005180 .001036 .000345 .000000 .000345 .048458 3.41 
NW .006215 .007942 .012316 .013122 .010244 .005064 .002878 .001611 .059392 5.07 

NNW .0057S5 .003798 .010129 .007021 .004374 .000921 .000691 .000345 .033034 4.19 
N .004834 .006215 .013697 .014388 .010820 .003108 .000921 .000000 .053983 4.70 

CALM .000000 
---------------------------------------------------------------------------------------------_._._-------

TOTAL .125115 .135820 .231238 .173458 

NUMBERS BELOW BASED ON ALL OBSERVATIONS 
NUMBER OF INVALID OBSERVATIONS' 0 
NUMBER OF VALID OBSERVATIONS • 8688 

Shlu Wing Sleel MU! (Tuen Mun) Final EIII 
IIXTIOOO.IIPPI053000 

.136050 .08n07 .052831 .05n81 1.000000 5.14 



r 
/"'---II-r\. AXIS 

Environmental 

FROM 90 . 1. 1 TO 90.12 .30 CHEK LAP KOK 

PASQUIlL STABILITY CLASS 1104" 
WINO SPEEO CLASS (MPS) 

.51 1.51 3.01 4.51 6. 01 7.51 9.01 GREATER 
WINO TO TO TO TO TO TO TO THAN MEAN 

SECTOR 1.50 3.00 4.50 6.00 7. 50 9.00 10.50 10.50 TOTAL SPEEO 
..... . ...... -- ........... -. ----- ------ -- --------- ------- --- --_ .... _---- --- .-.------------------------ ----

NNE .000000 .000232 .000000 .000000 .000000 .000000 .000000 .000000 .000232 1.70 
NE .000349 .000465 .000000 .000000 .000000 .000000 .000000 .000000 .000813 1.46 

ENE .000349 . 000465 .000000 .000000 .000000 .000000 .000000 . 000000 .000813 1.51 
E .000116 .000000 .000000 . 000000 .000000 .000000 .000000 . 000000 .000116 1.50 

ESE . 000000 . 000000 .000000 . 000000 .000000 .000000 .000000 . 000000 .000000 .00 
SE .000232 .000000 .000000 . 000000 .000000 .000000 .000000 . 000000 .000232 1.10 

SSE .000116 . 000000 .000000 .000000 .000000 .000000 .000000 . 000000 .000116 1.00 
S .000232 .000000 .000000 . 000000 .000000 .000000 .000000 .000000 .000232 1.05 

SSW . 000116 . 000116 .000000 .000000 .000000 .000000 .000000 .000000 .000232 1.60 
SW . 000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .00 

WSW .000116 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000116 1.00 
W .000232 . 000349 .000000 .000000 .000000 .000000 .000000 .000000 .000581 1.50 

WNW .000349 .000232 .000000 .000000 .000000 .000000 .000000 .000000 . 000581 1.36 
NW .000813 .000349 .000000 .000000 .000000 . 000000 .000000 .000000 . 001162 1.32 

NNW . 000232 .000232 .000000 .000000 .000000 .000000 . 000000 .000000 .000465 1. 57 
N .000813 .000000 .000000 .000000 .000000 . 000000 . 000000 .000000 . 000813 1. 21 

CALM . 000000 
----- ------------------- ------ --- . -- -- -------------------------------------------------------------------
TOTAL .004067 .002440 .000000 .000000 .000000 .000000 . 000000 .000000 .006507 1.38 

NUMBERS BELOW BASED ON ALL OBSERVATIONS 
NUMBER OF INVALID OBSERVATIONS = 130 
NUM8ER OF VALID STABILITY DEPENDENT OBSERVATIONS = 8606 

PASQUILL STABILITY CLASS "B" 
WIND SPEED CLASS (MPS) 

. 51 1.51 3.01 4.51 6.01 7. 51 9.01 GREATER 
WINO TO TO TO TO TO TO TO THAN MEAN 

SECTOR 1.50 3.00 4.50 6.00 7.50 9.00 10 .50 10.50 TOTAL SPEED 
----------- -------------_ . _. __ . _._-- ----_._._------- --- --------------------------------------------------

NNE . 000813 .000930 .000349 .000000 . 000000 .000000 .000000 .000000 .002092 2.03 
NE .003021 .003835 .000930 .000232 . 000000 .000000 .000000 .000000 .008018 2.03 

ENE .001278 .003254 .001162 . 000000 .000000 .000000 .000000 .000000 .005694 2.37 
E .000697 .002208 .001627 .000349 .000000 .000000 .000000 .000000 .004880 2.84 

ESE .000697 . 001046 .000116 .000349 . 000000 .000000 .000000 .000000 .002208 2.49 
SE .001278 .000232 .000116 .000349 . 000000 .000000 .000000 .000000 .001975 2.00 

SSE .000000 .000465 .000697 .000232 . 000000 .000000 .000000 .000000 . 001394 3.36 
S .000581 . 000581 .000813 .000813 . 000000 .000000 .000000 . 000000 .002789 3.27 

ssw . 000232 .000581 .000465 . 000116 .000000 .000000 .000000 .000000 .001394 2.74 
SW . 000581 .000349 .000116 . 000116 . 000000 .000000 .000000 .000000 .001162 2.24 

WSW .000930 .002208 .001394 .000116 . 000000 .000000 .000000 .000000 . 004648 2.60 
W . 001278 .006507 .005926 . 000930 . 000000 .000000 .000000 .000000 .014641 2.99 

WNW .002905 .011039 .007437 .000349 . 000000 .000000 .000000 .000000 .021729 2.68 
NW .002789 . 005113 .002440 .000465 .000000 .000000 .000000 .000000 .010806 2.37 

NNW .002092 .001627 .000232 .000116 .000000 .000000 .000000 .000000 .004067 1.73 
N . 003137 .001394 .000232 .000000 . 000000 .000000 .000000 . 000000 .004764 1.50 

CALM . 000000 
-------- -- ------ ---.- ------------- --- -_ .... _--. --------- -- --- ------------------ --- . ------------- ---- -. . . -

TOTAL . 022310 .041366 .024053 .004532 .000000 

NUMBERS BELOW BASED ON ALL OBSERVATIONS 
NUMBER OF INVALID OBSERVATIONS • 130 
NUMBER OF VALID STABILITY DEPENDENT OBSERVATIONS' 8606 

Shlu Wing Sleel MW (Then Mun) Final ErA 
AXTIOOO.APPI05JOOO 

.000000 .000000 .000000 . 092261 2.51 



r--II-I-"\ AXIS 

Environmental 

FROM 90. 1.1 TO 90.12.30 CHEK LAP KOK 

PASQUILL STABILITY CLASS IICII 

WIND SPEED CLASS (MPS) 

.51 1.51 3.01 4.51 6.01 7.51 9.01 GREATER 
WIND TO TO TO TO TO TO TO THAN MEAN 

SECTOR 1.50 3.00 4.50 6.00 7.50 9.00 10. 50 10 . 50 TOTAL SPEED 
---- ----------- -----_._ . . _.---- .... _---- --.-.----------- -.-----------------------------------------------

NNE .000000 .000697 .002324 .001046 .000232 .000000 .000000 .000000 .004299 4.08 
NE .000000 .001627 .002673 .000232 .000000 .000000 .000000 .000000 .004532 3.28 

ENE .000000 .000465 .002324 .001511 .000697 .000232 .000116 .000116 .005461 4.85 
E .000000 .000813 . 003370 .003254 .002324 .001975 .001627 .001859 .015222 6.74 

ESE .000000 .000465 . 001859 .002673 .002208 .001511 .000813 .000349 .0098n 6.34 
SE .000000 .000349 .000581 .000349 .000349 .000232 .000000 .000116 .001975 5.52 

SSE .000000 .000581 . 000465 .000465 .000000 .000000 .000000 .000000 .001511 3.87 
S .000000 .000349 . 001743 .002092 .000232 . 000000 .000000 .000000 .004416 4.55 

SSW .000000 .000349 .002092 .000697 .000000 .000000 .000000 .000000 .003137 4.08 
SW .000000 .000232 .001511 .000465 .000000 . 000000 .000000 .000000 .002208 3.96 

WSW .000000 .000813 .001511 .001394 .000349 .000000 .000000 .000000 .004067 4.16 
W .000000 .001975 . 008831 .000930 .000116 .000000 .000000 .000000 .011852 3.56 

WNW .000000 .001394 .007553 .002789 .000465 .000116 .000000 .000000 .012317 4.04 
NW .000000 .001859 .004416 .001859 .000465 .000232 .000232 .000000 .009063 4.25 

NNW .000000 .000465 . 001511 .000000 .000116 .000116 .000116 .000000 .002324 4.01 
N . 000000 .000581 .001859 .000581 .000232 .000116 .000000 .000000 .003370 4.14 

CALM .000000 
-------------------------------------_._._------------.---------------------_._-.---------. --- -----------

TOTAL .000000 .013014 .044620 .020335 .00n85 .004532 .002905 .002440 .095631 4.74 

NUMBERS BELOW BASEO ON ALL OBSERVATIONS 
NUMBER OF INVALID OBSERVATIONS = 130 
NUMBER OF VALID STABILITY DEPENOENT OBSERVATIONS = 8606 

PASQUIll STABILITY CLASS 110" 
WIND SPEEO CLASS (MPS) 

.51 1.51 3.01 4.51 6. 01 7.51 9.01 GREATER 
IJINO TO TO TO TO TO TO TO THAN MEAN 

SECTOR 1.50 3.00 4.50 6.00 7.50 9.00 10.50 10.50 TOTAL SPEEO 
-- ----- --.-- ------------------------------------------------_._---------- -------- -_._._----------.-.- ----

NNE .001278 .004648 .015222 .010458 .004997 .003021 .000581 .000581 .040785 4.84 
NE .002324 . 003951 .008947 .004764 .001394 .000581 .000581 .000581 .023123 4.21 

ENE .001278 .003602 .011620 .011736 .008250 .004880 .002208 .003370 .046944 5.84 
E .001511 .003602 .014757 .036021 .041366 .037997 .033000 .043690 .211945 8.18 

ESE .001394 .001278 .010690 .021380 .021729 .018940 .009993 .008482 .093888 7.13 
SE .000581 .000465 .003835 .003254 .002673 .001975 .000232 .000232 .013247 5.49 

SSE .001162 .000349 .004183 .001394 .000232 .000349 .000116 .000232 .008018 4.30 
S .000697 .000813 .005113 .008482 .001859 .001162 .000000 .000000 .018127 4.94 

SSW .001046 .001162 .006158 .003835 .001859 .000697 .000000 .000116 .014873 4.46 
SW .000581 .000349 .005578 .003602 .002324 .000581 .000465 .000000 .013479 4.97 

WSW .001046 .002324 .003370 .003602 .001627 .000349 .000232 .000000 .012549 4.37 
W .001743 .001743 . 003602 .002556 .001278 .000581 .000232 .000349 .012085 4.39 

WNW .001162 .001627 .004183 .001859 .000813 .001162 .000581 .000349 .011736 4.82 
NW .001046 .002440 .006623 .008018 .005926 .004067 .003254 .001627 .033000 6.18 

NNW .000232 .001859 .008134 .003486 .004067 .001278 .000697 .000349 .020102 5.14 
N .001975 .001743 .009412 .008366 .005578 .001743 .000232 .000000 .029050 4.87 

CALM .000000 
.- --- -------- ---_._ ._----------- --- ------------ --_._.----------------------------------------------------
TOTAL . 019056 .031954 .121427 . 132814 .105973 

NUMBERS BELOW BASED ON ALL OBSERVATIONS 
NUMBER OF INVALID OBSERVATIONS = 130 
NUMBER OF VALID STABILITY DEPENDENT OBSERVATIONS = 8606 

Shl. Wing Steel Mu/ (f •• n Mun) Final ElA 
AXTlOOO.APPlOSJOOO 

.079363 .052405 .059958 .602951 6.50 

I 
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Environmental 

FRC»I 90. 1. 1 TO 90 . 12.30 CHEK LAP KOK 

PAsaUILL STABILITY CLASS liE" 
WINO SPEED CLASS (MPS) 

.51 1.51 3.01 4. 51 6.01 7. 51 9. 01 GREATER 
WINO TO TO TO TO TO TO TO THAN MEAN 

SECTOR 1.50 3 .00 4.50 6. 00 7.50 9. 00 10.50 10.50 TOTAL SPEED 
..... ----- -- --- -------- -- ------ ------ ...... _-- ----------------------------------------- -- --.-------------

NNE .000000 . 003486 .003486 .001162 .000000 .000000 .000000 .000000 .008134 3.44 
NE .000000 . 003718 .002208 .000697 .000000 .000000 .000000 .000000 .006623 3.12 

ENE .000000 . 004648 .006739 .001743 .000000 .000000 . 000000 .000000 .013130 3.43 
E .000000 . 003835 .008134 .002208 .000000 .000000 . 000000 .000000 .014176 3.65 

ESE .000000 . 002556 .008831 .002673 .000000 .000000 . 000000 .000000 .014060 3.79 
SE .000000 . 000930 .001162 .000116 .000000 .000000 .000000 . 000000 .002208 3.33 

SSE .000000 .000232 .000232 .000000 .000000 .000000 . 000000 .000000 .000465 3.05 
S .000000 . 000581 .001975 .000930 .000000 .000000 .000000 .000000 .003486 3.70 

ssw . 000000 .001278 .004416 . 000465 .000000 .000000 . 000000 .000000 .006158 3.58 
SW .000000 . 000697 .003486 .000465 .000000 .000000 . 000000 .000000 .004648 3.71 

wsw .000000 .000813 .001394 .000116 .000000 .000000 . 000000 .000000 .002324 3.27 
W .000000 .001394 .001627 . 000116 .000000 .000000 .000000 . 000000 .003137 3.22 

WNW .000000 .001162 .000465 .000349 .000000 .000000 .000000 . 000000 .001975 3.15 
NW .000000 .001278 .001162 .000465 . 000000 .000000 .000000 .000000 . 002905 3.40 

NNW .000000 .000349 . 000930 .000349 . 000000 .000000 .000000 .000000 .001627 3.51 
N .000000 .001627 . 001394 .000232 .000000 . 000000 .000000 .000000 .003254 3.40 

CALM .000000 
-------------------------.------------- ------- .-- .--.-----------.------------- ---- ---------------- --- ----
TOTAL .000000 .028585 . 047641 .012085 .000000 . 000000 .000000 .000000 .088310 3.51 

NUMBERS BELOW BASED ON ALL OBSERVATIONS 
NUMBER OF INVALID OBSERVATIONS = 130 
NUMBER OF VAL ID STABILITY DEPENDENT OBSERVATIONS = 8606 

PASQUILl STAB ILITY CLASS "F" 
WIND SPEED CLASS (MPS) 

.51 1.51 3.01 4.51 6.01 7.51 9. 01 GREATER 
WIND TO TO TO TO TO TO TO THAN MEAN 

SECTOR 1.50 3.00 4.50 6.00 7.50 9.00 10.50 10.50 TOTAL SPEED 
-- ----------- ----- -- ---- ---_._._--------- --- --_._._ ------ --- --- -- ---- --------------------------- ---------

NNE . 001627 .003602 .000000 .000000 .000000 .000000 .000000 .000000 .005229 1.90 
NE .004067 .005229 .000000 .000000 .000000 .000000 .000000 .000000 .009296 1. 71 

ENE .005113 .006391 .000000 .000000 .000000 . 000000 . 000000 .000000 .011504 l.n 
E .005810 .007320 .000000 .000000 .000000 .000000 .000000 .000000 .013130 1. 71 

ESE .005578 . 003951 .000000 .000000 .000000 .000000 .000000 .000000 .009528 1.60 
SE .005810 . 001975 .000000 .000000 .000000 .000000 .000000 .000000 .007785 1.37 

SSE .004183 .002208 .000000 .000000 .000000 .000000 .000000 .000000 .006391 1.45 
S .003370 .003254 .000000 .000000 .000000 .000000 .000000 .000000 .006623 1.60 

SSW .001975 .001627 .000000 .000000 .000000 .000000 .000000 .000000 .003602 1.67 
SW .001975 .002440 .000000 .000000 .000000 .000000 .000000 .000000 .004416 1. 70 

WSW .003021 .002789 .000000 .000000 .000000 .000000 .000000 . 000000 .005810 1.65 
W .002673 .003254 .000000 .000000 .000000 .000000 .000000 .000000 .005926 1. 74 

WNW . 003486 .001627 .000000 .000000 .000000 .000000 .000000 .000000 .005113 1.48 
NW .001162 .000697 .000000 .000000 .000000 .000000 .000000 .000000 .001859 1.60 

NNW . 001394 . 000813 .000000 .000000 .000000 .000000 .000000 .000000 .002208 1.35 
N .014641 . 001278 .000000 .000000 .000000 .000000 .000000 .000000 .015919 1.10 

CALM .000000 
-- ------ ------------------------------------------- --- --- ------- ---------------- ---------_._._- --- -----.-

TOTAL .065884 .048455 .000000 .000000 .000000 

NUMBERS BELOW BASED ON ALL OBSERVATIONS 
NUMBER OF INVALID OBSERVATIONS • 130 
NUMBER OF VALID STABILITY DEPENDENT OBSERVATIONS . 8606 

Shlu Wing Steel MUI (Tu,n Mun) Final "IA 
AXTIOOO.APP/OSJOOO 

.000000 .000000 . 000000 .114339 1.56 



AXIS 

Environmental 

FROM 90. 1. 1 TO 90.12.30 CHEK LAP KOK 

PASQUILL STABILITY CLASS "G" 
WIND SPEED CLASS (MPS) 

.51 1.51 3.01 4.51 6.01 7.51 9.01 GREATER 
WIND TO TO TO TO TO TO TO THAN MEAN 

SECTOR 1.50 3.00 4.50 6.00 7.50 9.00 10.50 10.50 TOTAL SPEEO 
-----------------------------------------.---------------------------_._._------------------------------ . 

NNE .000000 .000000 .000000 .000000 .000000 .000000 .000000 • 000000 .000000 .00 
NE . 000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .00 

ENE . 000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .00 
E .000000 .000000 .000000 . 000000 .000000 .000000 .000000 .000000 .000000 .00 

ESE .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .00 
SE .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .00 

SSE .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .00 
S .000000 .000000 .000000 .000000 . 000000 .000000 .000000 .000000 .000000 .00 

SSW .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .00 
SW .000000 .000000 .000000 .000000 . 000000 .000000 .000000 .000000 .000000 .00 

WSW .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .00 
W . 000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .00 

WNW .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .00 
NW .000000 .000000 .000000 .000000 . 000000 .000000 .000000 .000000 .000000 .00 

NNW .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 . 000000 .00 
N .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 . 000000 .00 

CALM .000000 
----------------.----------- .-.- ------------- -- ----------------------------------------------------------
TOTAL .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .000000 .00 

NUMBERS BELOW BASEO ON ALL OBSERVATIONS 
NUMBER OF INVALIO OBSERVATIONS = 130 
NUMBER OF VALIO STABILITY OEPENDENT OBSERVATIONS = 8606 

ALL PASQUILL STABILITY CLASSES 
WIND SPEED CLASS (MPS) 

.51 1.51 3.01 4.51 6.01 7.51 9. 01 GREATER 
WINO TO TO TO TO TO TO TO THAN MEAN 

SECTOR 1.50 3.00 4.50 6.00 7.50 9.00 10.50 10.50 TOTAL SPEED 
---._------ ------------ -------.-._._------ ----------- -------.- _.----------------------------------_._._--

NNE .003718 .013595 .021380 .012666 .005229 .003021 . 000581 . 000581 .060m 4.24 
NE .009761 .018824 .014757 .005926 .001394 .000581 . 000581 .000581 .052405 3.17 

ENE .008018 .018824 .021845 .014990 .008947 .005113 . 002324 .003486 .083546 4. 55 
E .008134 . 01m8 .027888 .041831 .043690 .039972 .034627 .045550 .259470 7.42 

ESE .007669 .009296 .021497 .027074 .023937 .020451 . 010806 .008831 .129561 6.22 
SE .007901 . 003951 .005694 .004067 .003021 .002208 . 000232 .000349 .027423 3.86 

SSE .005461 .003835 .005578 .002092 .000232 .000349 .000116 .000232 .017894 3.12 
S .004880 .005578 .009644 .012317 .002092 .001162 .000000 .000000 .035673 3.99 

SSW .003370 .005113 .013130 .005113 .001859 .000697 . 000000 .000116 .0293.98 3.79 
SW .003137 .004067 .010690 . 004648 .002324 .000581 . 000465 .000000 .025912 3.98 

WSW .005113 . 008947 .007669 .005229 .001975 .000349 . 000232 . 000000 .029514 3.43 
W .005926 .015222 .019986 .004532 .001394 .000581 .000232 .000349 .048222 3.33 

WNW .007901 .017081 .019637 .005345 .001278 .001278 .000581 . 000349 . 053451 3.35 
NW .005810 .011736 .014641 .010806 .006391 .004299 .003486 .001627 .058796 4.80 

NNW .003951 .005345 .010806 . 003951 .004183 .001394 .000813 .000349 . 030792 4.20 
N .020567 .006623 .012898 .009180 .005810 .001859 .000232 .000000 .057169 3.36 

CALM .000000 
-------- .. --.------------_._._-- .... _----------------------_ .. _._._ ------ --------------------------------
TOTAL .111318 .165815 .23n41 .169765 

NUMBERS BELOW BASED ON ALL OBSERVATIONS 
NUMBER OF INVALIO OBSERVATIONS' 130 
NUMBER OF VALID OBSERVATIONS • 8606 

Shlu Wing Steel MUI (Tu.n Mun) Final EIA 
AXTlOOO.APPIOSJOOO 

.113758 .083895 .055310 .062398 1.000000 5.10 
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BASIS FOR TSP EMISSION RATES 

Shlu Wing Steel Mu/ (Tuen Mun) Final E/A 
AXTIOOO.APPl053000 
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APPENDIX 4C ESTIMATED TOTAL SUSPENDED PARTICULATE EMISSION RATES 

This appendix provides information on how selected emission factors used to estimate emission 
rates have been developed. 

Slag handling 

An emission factor of 0.13 kg/t has been assumed. 
(AP-42) batch loading equation: 

s u H k x 0.0009 (-)(-)(-) 
E 

5 2.2 1.5 
= ----;r-.... --

( __ ~_.)"_33 (M )2 
4.6 2 

k = particle size multiplier, 
s = silt content (%), 
u = wind speed(m/s), 
H = drop height (m), 
Y = capacity of dumping device (m '), and 
M = moisture content (%). 

This has been derived from the US EPA 1985 

The following values have been assumed: k=0.73 (US EPA), u=5.14 mls for Chek Lap Kok in 
1989, H=2 m, s=80% (the slag at the existing plant has some solid lumps in it but is otherwise 
very fine), Y=4.6 m' and M= 1 % (watering of the slag will be undertaken to maintain a moisture 
level of at least this value). This gives an uncontrolled emission factor of 0.13 kg/to 

If 30,000 t of slag are generated per year then the total uncontrolled emission will be 3,900 kg 
[30,000 tla x 0.13 kg/t]. If the plant operates 300 days per year the maximum emission rate 
averaged over 24-hours would be 0.15 g/s [(3,900 kg x 1000 g/kg)/(3oo days x 24 h/day x 3,600 
s/h)]. This dust emission could be controlled to approximately 70% by partial enclosure of the 
working area leaving an emission of 0.045 g/s [0.15 g/s x 0.30]. 

Vehicle movements 

The US EPA's emission factor equation for industrial roads is: 

E = 0.022 I (~)(....:.)(...£.)(~)"' 
n 10 280 2.7 

I = industrial augmentation factor, 
n = numberoj/anes, 
s = sUrface material silt content (%), 
L = sUrface dust loading (kg/km), 
W = mass of average vehicle (t). 

Shlu Wing S/et/ Mu/ (Tuen Mun) Final EIA 
AXTIOOO.APPI053000 

I 
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The values assumed for the above variables are: 1= 1 (see US EPA (1985) - page 11.2.6-2), n=2, 
s= 12.5% (see US EPA (1985) - Table 11.2.6-1 entry for iron and steel production), L=485 
(reference as for s) and W=27 t (20 t payload and 7 t vehicle mass). 

Approximately 24,375 return trips will be generated by export of 75% of 650,000 t of product in 
20 t trucks assuming a 0.257 km return trip on-site the VKT/a value will be 6,264 km/a and 
emission will be 3,050 kg/a [(650,000 t/a x 0.75)/20 t/trip x 0.257 km/trip x 0.477 kg/VKT] or 
0.115 g/s hourly average based on 300 days operation per year. 

For the 25% distributed by sea the emissions from site handling are estimated similarly, but the 
assumed return trip is 0.240 km. Dust emission is 949 kg/a [(650,000 t/a x 0.25)/20 t/trip x 
0.240 km/trip x 0.477 kg/yKT] or 0.036 g/s (hourly average based on 300 days/a operation). 

In addition 30% of scrap will be received by road with a return trip of 0.200 km. Emission from 
on-site transport of scrap is estimated to be 950 kg/a [(650,000 t/a x 0.30)/20 t/trip x 0.200 
km/trip x 0.477 kg/yKT] or 0.036 g/s (hourly average based on 300 days/a operation). 

Scrap Handling 

There are no emission factors for the handling of scrap iron. Particulate emissions will depend on 
the degree of iron oxide formation and cleanl iness of scrap, and will be easily controlled to 
negligible levels by the application of water sprays. For the purposes of modelling it has been 
assumed that the particulate emission will be one tenth that which would occur from an excavator 
loading a dry soil-like material. The emission factor assumed was 0.002 kg/tonne of scrap. 
Approximately 650,000 t/a of scrap will be processed so the annual emission of particulate matter 
will be 910 kg/a [650,000 t/a x 0.70 x 0.002 kg/t] for the 70 percent of scrap that comes by sea 
and 390 kg/a for the 30 per cent received by road. These are equivalent to 0.035 and 0.015 g/s 
respectively based on 300 days per year. 

Shlu Wing Sltel MU! (Tuen Mun) Final EIA 
AXTlOOO.APP/053000 
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Shiu Wing Steel Ltd SWK 
Steel Works at Tuen Mun Area 38 
Sediment Quality Report 

1. Introduction 

Shiu Wing Steel Ltd are required to vacate their present mill at Junk Bay which is 
to be redeveloped. The proposed steel works site is located at TMTL372, Tuen 
Mun Area 38. 

The northern portion of the site is on existing reclamation while the southern 
portion of the site has to be reclaimed to make up a total site area of about 8.6 
hectares. A main vertical seawall along its southwestern boundary and a temporary 
sloping seawall along its southeastern boundary will be constructed to contain the 
reclamation fill. Marine deposits will be dredged for the whole site. This report 
contains an overview of the sampling and testing of marine deposits and an 
assessment on the quality of the marine deposits. 

2. Sampling and Testing of Marine Deposits 

A marine site investigation was conducted in September 1991 and a total of 13 
drillholes were put down. Piston samples of marine deposits were taken at the time 
of drilling. In August 1992, the piston samples of 9 selected drillholes were 
inspected by EPD and were confirmed suitable for laboratory analysis for 
concentration of heavy metals. Twenty five marine deposit samples were extracted 
Jrom those piston samples for testing. 

Additional marine deposit sampling comprising nine surface grab samples at the 
drillhole locations and three vibrocores were carried out in October 1992 so that a 
full coverage of the site was made. Twelve marine deposit samples were extracted 
from the three vibrocores in accordance with the sampling schedule detailed in 
Appendix 1 of Works Branch Technical Circular No.22/92 Marine Disposal of 
Dredged Mud. 

A schedule showing the marine deposit samples with depths and Drawing No. 
90831/031 showing the location of the samples are attached as Appendix A. 

The laboratory analysis of the marine deposit samples were also carried out in 
October 1992 to determine the concentration of cadmium, chromium, copper; 
mercury, nickel, lead and zinc in accordance with the analytical methodology 
detailed in Appendix 1 of Works Branch Technical Circular No. 22/92 Marine 
Disposal of Dredged Mud. The results are attached as Appendix B. 

1 



li 

[ 1 

[ 

[J 

n 
I. 

I , 
I ' . , 

l_ .' 

l 
l~ 
I 
I 

i ' 
!. 

3. 

TCT/jm 

Assessment un Quality uf Marine Depusits 

Marine deposits are classified based on their level of contamination by the seven 
heavy metals into Classes A, Band C in accordance with the Environmental 
Protection Department Technical Circular No. 1-1-92. Class of the marine deposits 
are detailed in Appendix C. Classes A and B material are taken as uncontaminated 
material while class C material is taken as contaminated material for the purposes 
of disposal site allocation. 

The surface of the sea bed are likely to be contaminated by copper at the 
southwestern half of the site as indicated by the marine deposit samples. 

Although the samples D7-2.5m and Dll-1.5m contained high concentration of 
nickel, there is no other marine deposit sample having significant nickel content. 
It is therefore considered that the likely contamination by nickel is very localized 
and is not a cause for concern. 

The extent and depth of contaminated mud designated by EPD as environmentally 
unacceptable to be disposed of at the gazetted spoil ground deposit samples and is 
delineated on Drawing No. 90831/031D in Appendix D. 

The'volume of contaminated marine deposits to be dredged for seawall and 
reclamation and requiring disposal is estimated to be 20,000 m' while that of 
uncontaminated marine deposits is estimated to be ~20.,OOO m'. 

Updated 12 J anaury 1993 
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Shiu Wing Steel Ltd 
Steel Works at Tuen Mun Area 38 
Schedule of Marine Deposit Samples' 

Sample 
depth below sea bed (m) 

D2 

Surface grab samples ./ 

0.0 - 0.1 

0.0 - 0.5 

0.0 - 0.7 

0.9 - 1.0 

1.5 ./ 

1.9 - 2.0 

2.2 

2.5 ./ 

2.9 - 3.0 

3.5 

4.0 

4.9 - 5.0 

5.0 

5.9 - 6.0 

6.5 

7.5 
--------

Drillhole 

D3 D4 D5 D7 D8 

./ ./ ./ ./ ./ 

./ ./ ./ ./ 

./ ./ ./ ./ ./ 

./ 

./ ./ 

.I 

.I 
-- -----

i ] I J ._1 I J ,--__ J , __ J .~ :=:=J c:-

Vibrocore 

D9 Dll D15 SI SIA S2 S3 

./ ./ ./ 

./ ./ 

./ 

./ 

./ ./ 

./ ./ ./ 

./ ./ 

./ 

./ ./ 

./ ./ 

./ ./ 

./ 

./ 

.I 
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Geotecl'rical Contracting Department 

Results : 

--------------------------------------------------------------------
Sample :Cadmium:Chromium:Copper :Nickel 
Identification content:content :content:content 

mg/kg mg/kg : mg/kg : mg/kg 

D2 1. 5m < 0.1 18 

D2 2. 5m 0.4 10 

-------:-------
9 I 

I 13 
-------:-------

9 11 

Lead 
content 

mg/kg 

19 

4 
-------------- ------- -------- ------- ------- -------I, 

:D3 1. 5m < 0.1 23 25 
:--------------,------- -------- -------
:D3 2.5m : < 0.1 33 11 

17 

24 , 
I 

42 

23 
--------------1------- -------- ------- -------:-------
D3 4.0m : < 0.1 13 9 9 : 14, 
--------------:------- -------- ------- -------:-------
D4 1.5m : < 0.1 17 23 14 I 

I 41 
--------------J------- -------- ------- ----- ..... -l-------
D4 2.5m : < 0.1 17 14 16 : 28 
--------------l------- -------- ------- ------- -------
D4 4.0m : < 0.1 16 11 1S 20 
--------______ 1 ______ -

1 ' 

D5 2.5m : < 0.1 39 
I, --------------1-------

D5 3.5m : < 0.1 17 
--------------:-------
D5 5 • Om : < O. 1 19 

,--------------:-------
: D5 7. 5m : < O. 1 12 , 
:--------------:-------
:D7 1.5m : < 0.1 , 30 

-------:-------
24 : 20 

-------:- .... -----
12 : ' 13 

-------:-------
12 : 14 

-------:-------
8 , 

I 10 
-------:-------

58 : 22 

36 

24 

25 

17 

47 

Zinc :Merc 
content:cont 

mg/kg I mg/ I 
- ______ 1 ___ -

44 O. 
-------

28 O. 
-------

72 O. 
-------

47 O. 
-------

35 O. 
-------

52 I o. 
-------1----

10 I O. I I 

-------1----
45 I O. I 

------- 1 

22 O. 
-------

60 O. 
-------

61 O. 
-------

44 O. 
-------

123 O. 

I 
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Gammon Construction Umited 

Geotocmlcal Contracting Depao1ment 

Matenal.;d) 

Results : 

---------------------------------------------------------------------
: Sample Cadmium 
:rdentification content 

mg/kg 

D7 2. 5m.- < 0.1 

D8 1.5m < 0.1 

Chromium:Copper :Nickel ~ Lead: Zinc 
content :content:content content:content 

mg/kg : mg/kg : mg/kg mg/kg: mg/kg 
--------:-------:------- -------:-------

36 : 20 : 45 55 : 70 
--------;-------l------- -------,-------

17 : 21 14 38 49 
--------:------- -------

Mercu 
conte 

mg/k 
-----

0.1 
-----

0.1 
-----

D8 2. 5m < 0.1' 11 : 8 9 15 37 0.0 

D9 1. 5m < 0.1 

D9 2.5m < 0.1 

D9 . 4. Om < 0.1 

D9 6.5m < 0.1 

:D11 1.5m < 0.1 
:---------~---- -------
: D11 2. 2m I < 0.1 
;--------------
:D15 1.5m 0.1 , ' 1--------------
:D15 2.5m < 0.1 
:--------------
:D15 4.0m < 0.1 

--------l------- -------
25 : 25 15 46 89 

19 24 17 41 
-------- ------- ------- -------

59 16 
I 
I 
I 25 28 

-------- -------:------- -------
14 15 I 

I 14 39 
--------'-------l-------:-------

66 53: 90': 46 
-------- -------:-------l-------

13 12: 10 23 
-------- -------l------- -------

84 

63 

76 

116 

52 

24 54 : 23 60: 163 

-----
0.1 

-----
0.1 

-----
0.1 

-----
0.0 

----_. 
0.1: 

----_. 
O. O· 

----_. 
0.21 

-------- -------l------- -------~-------!-----. 
27 44 : 18 58: 126 : 0.1· 

-------- -------;------- -------;-------:----_. 
9 8 : 7 15:, 34 : 0.0: 

K.F. Wong 
Supervised by Certified by : 

Appro ed Signature K.M. 

Date 
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Geot"drical Contracting Department 

Results 

Sample Copper Cadmium 
Identification content, content, 

mg/kg mg/kg 

SI 0.0-0.7m 23 <0.1 

SlA 0.0-0.5m 13 <0.1 

S2 O.O-O.lm 70 <0.1 

S2 0.9-1.0m 58 <0.1 

S2 1. 9-2. Om 24 <0.1 

S2 2.9-3.0m 9.9 <0.1 

S2 5.9-6.0m 4.1 <0.1 

S3 O.O-O.lm 28 <0.1 

S3 0.9-1.0m 42 <0.1 

S3 1.9-2.0m 8.4 <0.1 

S3 2.9-3.018 5.4 <0.1 

S3 4.9-5.0m 2.1 <0.1 

D2 65 <0.1 

D3 73 <0.1 

D4 56 <0.1 

D5 63 . <0.1 

D7 72 <0.1 

D8 60 <0.1 

D9 74 <0.1 

D11 68 <0.1 

D15 62 <0.1 

K.F. Wong 
Supervised by : 

Materlahab 

Chromium Lead Nickel Zinc Mercury 
content, content, content, content, content, 
mg/kg mg/kg mg/kg mg/kg mg/kg 

14 30 9.8 67 0.07 

8.6 36 5.5 45 0.06 

39 48 32 170 0.18 

30 45 25 130 0.19 

21 46 15 95 0.13 

13 21 9.7 59 0.05 

6.1 13 1.1 14 0.26 

20 29 28 98 0.27 

24 70 19 130 0.15 

9.4 35 7.5 38 0.05 

5.6 12 2.5 16 0.03 

<1 13 <1 14 0.01 

26 41 19 120 0.14 
'. 

27 45 21 140 0.16 

25 39 19 120 0.13 

23 40 18 120 0.17 

26 42 20 130 0.16 

23 39 17 130 0.14 

25 42 20 130 0.14 

27 41 20 130 0.14 

24 40 19 140 0.13 

I (( It\1 A ---------Certified by : < 
Approve Signatory : K.M. Ho 

-Date . 
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Shiu Wing Steel Ltd 
Steel Works at Tuen Mun Area 38 
Contamination Class of Marine Deposits 

Sample 
depth below sea bed (m) 

D2 D3 D4 D5, 

Surface grab sample qCu) qCu) B(Cu) B(Cu) 

0.0 - 0.1 

0.0 - 0.5 

0.0 - 0.7 

0.9 - 1.0 

1.5 

1.9 - 2.0 

2.2 

2.5 

2.9 - 3.0 

3.5 

4.0 

4.9 - 5.0 

5.0 

5.9 - 6.0 

6.5 

7.5 

NB 1. ClassA 
Class B 
Class C 

A A A 

A A A A 

A 

A A 

A 

, 

A 
-- --_.- -----

Uncontaminated material 
Moderately contaminated material 
Seriously contaminated mateial 

Drillhole 

D7 

qCu) 

B(Cu) 

qNi) 

~, 

~.] :--::J ~-, 

.. _J ~::J ~~l :--] 

Vibrocore 

D8 D9 Dll D15 SI SIA S2 S3 

B(Cu) qCu) qCu) B(Cu) 

qCu) A 
B(Zn) 

A 

A 

B(Cu) B(Pb) 

A A ~Wg B(Zn) 
B Cr 

A A 

A 

A A A 

A A 

B(Cr) A 

A 

A 

A 

2. The marine deposits are contaminated by the heavy metals shown in the bracket (Cu-coooer. Zn-zinc. Ph-lead. Ni-ni"kpl Cr-chromium) 

" 
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Shiu Wing Steel Ltd SWK 
Steel Works at Tuen Mun Area 38 
Draft Specification Clause for Disposal of Contaminated Mud 

8.43 Contaminated Marine Mud 

(a) Marine mud has been classified as uncontaminated or contaminated 
according to the levels of metal concentration. Uncontaminated marine 
mud does not require special dredging, transport or disposal methods while 
contaminated marine mud requires special care during dredging and 
transport, and must be disposed of in a manner which ensures effective 
isolation and minimum loss of pollutants. 

(b) Dredging of contaminated marine mud shall be by methods which will 
minimize contaminated of the water column and be subject to the 
conditions laid down in the dredging permit by EPD and other relevant 
requirements. Additional water quantity monitoring points in the vicinity 
of the site shall be implemented to monitor the turbidity and dissolved 
oxygen level in the water in accordance with the requirements of EPD. 

(c) The Contractor shall note that the Government is unable to allocate a 
marine disposal site for contaminated mud for this project at this stage. 
The Contractor shall accordingly make his own arrangement for disposing 
the dredged contaminated mud. 

(d) 

(e) 

The following particulars of the proposed arrangement of disposing the 
dredged contaminated mud shall be submitted to the Engineer for 
agreement at least 14 days before dredging of contaminated mud starts: 

the location of disposal site; 
details of Constructional Plant and transport; 
methods of dumping; 
sequence and rate of working; 
the dumping permit and/or written agreement from relevant 
authorities controlling the disposal site for contaminated mud; 
the dredging permit from EPD. r 

The Contractor shall comply with all the conditions stipulated in the 
dumping permit and/ or written agreement from relevant authorities. 
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SEWAGE ARISINGS CALCULATIONS 
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APPENDIX SB: SEWAGE ARISINGS 

Sewage Volume 

Toilets: 60 litres per employee per day x 400 employees 
Showers: 60 litres per employee per day x 400 employees 
Kitchen: 500 Iitres/m2/day x 40m2 

TOTAL 

BOD load 

Toilets: 23g per employee per day x 400 employees 
Showers: 3g per employee per day x 400 employees 
Kitchen: 300g/m2/day x 40m2 

TOTAL 

Suspended Solids load 

Toilets: 23g per employee per day x 400 employees 
Showers: 3g per employee per day x 400 employees 
Kitchen: 300g/m2/day x 40m2 

Shlu Wing S/et/ MU! (Tu.n Mun) Final EIA 
AXTIOOO.APPI053000 

TOTAL 

= 24m'/day 
= 24m'/day 
= 20m'/day 

68m'/day 

= 9.2kg/day 
= 1.2kg/da 
= 12kg 

22.4kg/day 

= 9.2kg/day 
= 1.2kg/day 
= 12kg 

22.4kg/day 

, 
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APPENDIX SC 

EPD CONTAMINATED MUD DISPOSAL CONDITIONS 
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APPENDIX B 

REOUIRE.';TE:"ITS OF' THE CONT.J...';flN.J..TED MUD PIT MANACE~IENT SCHE~IE 

The Conl.;lminated :-'Iud Pit :-'I"nagcmcnt Scheme is administered by the Chief EngineerfPort Works, of the 
Civil Engineering Dcp"rtmenL User; are required to comply with the following ;. 

(a) Notification of dumoinq. The resident engineer or his represenl.;l tive shall iniorm the control office 
by telephone (No. 943::9159 or 949;053-1) within a period of 1 and 3 hour; before the scheduled time of 
arrival at the disposal area. The following information shall be provided in the telephone notific:!tion ;. 

(i) dumping licence number, 
. (ii) dredging 10c:!tion; 
(iii) tug number/name; 
(iv) barge number/name; 
(v) quantity of conl.;lminated mud to be dumped; 
(vi) time leaving the dredging site and the anticipated arrival time at' East Sha Chau 

The above information should also be entered in the standard form (attached) and submitted to the 
control office when the barge reports there. , 

. (b) Reaor!inlr to the site control office· On arrival, the barge operator shall fIr.;t report to the control 
offIce hefore commencing any dumping operation. After verification against the notification received, the 
barge operator will be informed of the location of dumping or, if it is necessary for the barge to wait, the 
queuing area. 

(c) Dumoinlr' After r.eceipt.9.f permission from th-=_c9.ntrol. office tc? pro£eed with dumpi!).g, the barge. 
operator should, with the aid of instruction given by the management team staff, manoeuvre the barge into 
the dumping site which is enclosed by silt curtains. Dumping should proceed slowly and steadily, in such 
a way that the silt curtains will not be unduly displaced. Dumping'will be stopped immediately if the silt 
curtains are found to have been dislocated or damaged. The barge operator will be held responsible for 
their repair or replacement as appropriate. ' .. _ .. .. ._.- ... 

(d) Barlres arrivinlr 'without licence· Barges without valid dumping licence shall be advised to leave 
the pit area and the relevant det:lils will be recorded. 

(e) Barges arrivinlr without prior notification· Barges with valid dumping licence but arriving without 
prior notification as required in para.1. shall be required to wait until all relevant details are provided and 
verifIed. 

(I) megal dumoing· If barges are found to disobey instructions and proceed with illeg:1.l dumping, their 
details wiII be recorded . . Appropriate action will be t:lken by EPD, Marine Police or Marine Department 
as appropriate. 

(g) Leaving the nit· After discha rging, the barge oper:llor shall inform the control office of completion 
of dumping before leaving the pit. 

(h) Clnsure of Pit· The dumping "re"s will be closed when Typhoon Signal No. 3 is hoisted. in 
adverse weather or other conditions when the te~m con~iders that its management duties C:lnnot be 
disch~rgcd properly . There is no gU:lrantee that prior notice can be given. Any barges arriving when the 
pil is clo~e<.l will hc ~dvised to Icave the dumping arc~ immediately. 

(i) Checking nr licensed .lnd :lii<'coied volume· The resident engineer should keep a running t:llly o( 
the vo lu me dumped un<.ler both the ticence "nd lhe allocation. If <ither the licensed or lllocated volume 
is reached. he should notil'y ihe tC:lm Jnd Jlso stop scn<.ling the b~rge to the <.lumping ground. 

F.\(C Ge//eral AII{)t'i/lio// C{)//ditiu", : 26·10-9J 
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APPENDIX 5D: COOLING WATER CALCULATIONS 

Steel Mill will discharge 100,OOOm'iday 

= 1.157 m'isec of process water at temperature lOO above ambient. 

Receiving Water: 

In Hong Kong wet and dry season cases are usually considered. In this case, discharge will be to 
the surface layer. Typical values of salinity and temperature are: 

wet 18ppt 26°C 
dry 32ppt 18°C 

Density of receiving water from attached chart is: 

wet 
dry 

I,Ol2kgim' 
I,023kgim' 

Effluent Density 

For lOO increase in ambient temperature, effluent values for salinity, temperature and density are : 

wet 
dry 

19ppt 36°C 
32ppt 28°C 

Form of discharge 

l007kgim' 
1020kgim' 

To achieve WQO of less than 2°C increase in ambient temperature of sea water, a I : 5 x dilution 
is required. It is considered that this would be most reliably achieved by a submerged discharge 
pipe. 

Initial Dilution Calculation (Cederwall Equation) 

For the mean low low water (MLLW) scenario, a discharge pipe at -2.4 mPD (invert level) and 
with O.9m diameter horizontal discharge will give: 

Dry Season 
Wet Season 

3.82 x Dilution 
3.13 x Dilution (see attached calculations) 

by the time the submerged discharge has reached the surface of the sea. 

Far Field Calculations (Brooks Method) 

The attached calculations show that at 25 metres from the discharge position, further dilution is 
sufficient to have resulted in the following small temperature rises at current of I mis: 

Dry Season 
Wet Season 

O.15°C 
O.28°C 

and thus WQOs are satisfied, within the agreed lOO metre mixing zone. 

Shlu WI.g Steel MW (Tue. Mu.) FI.al EIA 
AXTIOOO.APPlO5JOOO 
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acer Client: Axis Project: 053000 
Job: Shu Wing Steel Mill Job: 

Section: Oulfall Sheet 1 Division: Water 

Office: MWU subject: Initial Dilution Wet Season O.gm Drg No. 

Designed by: Date: Checked by: Date: 

shuwdllw.mcd 

Initial dilutions will be calcu[ated using the methods recomendad in the WRc Design Guide 
for Marine Treatment Schemes Ch 6. These recomendations are to use Lees method in the 
Bouyancy Dominated Far Fie[d (BDFF) ,where current effects dominate mixing and the 
Cederwali equation in the Bouyancy Dominated Near F[e[d (BDNF l. where current effects 
ere minimal and mixing [s dominated by plume \]puyancy. 

Input Data 

Tota[ F[ows In Outfali Qj := m3/s 
j 

1 1.157 

2 0 

3 0 

4 0 

5 0 

6 0 

7 0 

8 0 

9 0 

10 0 

No of Jets N :;: 1 
Dia of jets Dia·:= 9 m 
Level of jets .n. :=-1.95 mPD 

Dens[ty 01 effluent QO:= 1.007 kg/m;) 
Density of seawater ".:~ 1.012 kg/m3 g :=9.81 

Tide levels and Currents No of cases i := 1..4 (Max no 10 l 

Tt.:= U •. := , , 
MHHW 

m ~ MLHW 1.6 

MHLW 1.1 

MLLW 0.6 

of 5 
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l;I,tmt: AXIS I I UJt11.oI. o,Jvvv.., 

Job: Shu Wing Steel Mill Job: 

Section: Oulfall Sheet 2 Division: Waler 

Office: MWU Subject Initial Dilution Wel Season Drg No. 

Designed by: Date: Checked by: 

Calculations 

Flow per jet 

Jet velocity 

Denslmetric Froude No 

Bouyancy Flux par Port 

Q. 
q :=--1 
J N 

m/s 

vj. 
~: --_!..' --1 

(
Qa-QO .,\2 

Qa .g.D" 

B :=g.q .. (Qa- QO) 
J , Qa 

Water Depth H. :=n..- JL m 
j j 

Initial dilution from Lees equation for BDFF case 

Initial dilution from Lees equalion for BDNF case 

Date: 

0.27.U."(HJ 2 
SLF .. :- '-1., q. 

) 

£ 
Initial dilution from Cederwall's equation for BDNF case se .. := 0.54· F.' 1 + 0.66 

(

0.38'H. )3 
. I.) J Di •. F. 

J 

Plume Diameter m 

Depth of 6urface field m 

of 5 
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Division: Water 

Office: MWU 

Designed by: 

Client: 

Job: 

Section: 

Subject: 

Date: 

AXIS 

Shu Wing Staal Mill 

Outfall 

Initial Dilution Wet Season 

Checked by: 

Results t Lee's equation 

2 ~ 0 for 6DNF case & z - 1 for BDFF case 

Tide Cases 

I~ I ult;;: .... ~. """,,"',",U\oI 

Job: 

Sheet 3 
Drg No. 

Date: 

Total outfall flows m 3/5 

i 

i 

Water Ambient 
Depth Current 

m 

H. 
• 

4.15 

3.55 
3.05 

2.55 

m/s 

Tide Cases 

Water Ambient 
Depth Current 

m m/s 

H, Uo. 
! 

I' 4.15 

3.55 
3.05 
2.55 

Total outfall flows 

Q6 = 0 Q = 0 7 Q8 = 0 

SLI6 z'6 SL. 6 z'6 

I' 11'1 r 

Q = 0 4 

~. 3 SI... 4 

~ ~' 

m3/s 

Q9 = 0 

7. j s SL;.9 

0 0 
0 0 

0 0 
0 0 

o 
o 
o 
o 

Zi. 9 

0 

0 

0 
0 

QIO = 0 

1'1 

of 5 
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Division: Water 

Office: MWU 

Resulta 2 

\juent: AXIS 

Job: Shu Wing SI881 Mill 

Section: Ou\lall 

Subject: Initial Dilution Wet Season 

Date: Checked by: 

Cederwall's equation for BDNF case. 

r IUJt:II~L. v..,...,.., .... '" 

Job: 

Sheet 4 

Drg No. 

Date: 

TideCas .. s 
Total outfall flows m3/s 

Water Ambient 
Depth Current 
m m/s 

Q
1 
= 1.157 Q2 = 0 Q3 = 0 Q4" 0 Q "0 5 

i H Us, SC" zi I se.? z.2 

1"'1'1'"' 
?i 4 se. 5 zi.S I 

r~ 
" 

I 
4.15 

~ 
3.67 0 0 0 

~ 3.55 3.46 0 0 0 
3.05 3.3 0 0 0 
2.55 3.13 0 0 0 

Water Ambient 
Depth Current 
m m/s 

Q6· 0 Q7 " 0 Q ,,0 Q9 '" 0 QIO" 0 s 

i H. Ua, 

r 
Zj t se. 7 Z·7 SC. 8 z. S se. 9 Zi.9 

"I 
I 

~' ~ I" ~ i' i 
4.15 

i 
0 0 

3.55 
0 0 

3.05 
0 0 

2.55 
0 0 

of 5 
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acer 
DMsion: Water 

Office: MWU 

Designed by: 

Tide Cases 

Water 
Depth 

rn 

H. 
I 

i 
4.15 
3.55 
3.05 
255 

vllcnn. "".~ 

Job: Shu Wing Sleel Mill 

SecUon: Out1ali 

Subject: Inlllal Dilution Wet Senon 

Date: Checked by: 

Flow Jet Velocity Fraude No 
mS/s rnls 

Q. vi F. 

1.157 1.819 8.7 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 O· 0 
0 0 0 

Plume Diameter 
m 

Depth of Surface Field 
m 

Ws. bs. 
• • 

1.079 0.54 
0.923 0.462 
0.793 0.397 
0.663 0.332 

•. "'J"'- •. .... _----
Job: 

Sheet 5 of 5 
Drg No. 

Date: 
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al.:~l· Client: Axis Project 053000 
Job: Shu Wing Steel Mill Job: 

Division: Water Section: Outfall Sheet 1 
Office: MWU Subject: Inilial Dilution DrySeason a.gm Drg No. 

Designed by: Date: Checked by: Date: 

shuwdllw.mcd 

Initial dilutions will be calculated using the methods recomended in thG WRc Design Guide 
for Marine Treatment Schemes Ch 6. These recomendations are to usa Lees method in the 
Bouyancy Dominated Far Field (BDFF) ,where current effects dominate mixing and the 
Cederwall equation in the 80uyancy Dominated Near Field (BDNF ). where current affects 
Bra minimal and mixing Is dominated by plume bouyancy. 

Input Data 

Total Flows In Outfall Q
j
:= m3/s 

j 

1 1.157 

2 0 

3 0 

4 0 

5 0 

6 0 

7 0 

8 0 

9 0 

10 0 

No of Jets N :;: 1 
Dia of jets Di.:= .9 m 
Level of jets Jl~ :=-1.95 rnPD 

Density of effluent QO:= 1.020 kg/m3 

Density of seawater Qa:~ 1.023 kg/m3 g :=9.81 

Tide levels and Currents No of cases i := 1..4 (Max no 10) 

TI., := Ua,:= , I 

MHHW 

I ~ MLHW 1.6 
MHLW 1.1 

MLLW 0.6 

of 5 
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Division: Waler 

Office: MWU 

Io.JIlt;lH. 

Job: 

Section: 

Subject: 

""A,'\J' 

Shu Wing Steel Mill 

OUlfall 

Initial Dilution 

Designed by: Date: Checked by: 

Calculations 

Flow per Jet 

Jet velocity 

Densimetrlc Froude No 

Bouyancy Flux per Port 

Q 
q. :=..:J. 

J N 

m/s 

vjj 
R
J 
:=----'---

1. 

(
Q8- QO D.)2 .g. Ja 

Q3 

Water Depth H. := 11.. - Jl.. m , , 

Initial dilution from Lees equation for BDFF case 

Initial dilution from Lees equation for BDNF case 

Inlllal dilution from Cederwall's equation for BDNF case 

Plume Diameter m 

Depth of surface field lis, :=O.Ll,H, , , m 

-, .. - - - - - -

Job: 

Sheet 2 of 5 
Drg No. 

Date: 

2-

( )

3 0.38·H1 . 
se .. := 0.54-1',- --T 0.66 

I,) J Dia.F 
J 



Division: Water 

Office: MWU 

Client 

Job: 

Section: 

Subject: 

AXIS 

Shu Wing Steel Mill 

OUllall 

Inlllal Dilution 

r I VJt;",,~. "''''' .... ''''v'"' 
Job: 

Sheet 3 
Drg No. 

'1 Designed by: Date: Checked by: Data: 

] 

] 

[] 

] 

] 

] 

.]" 

'. 

o 
j 

] 

] 

i 

i 

I 

Results 1 Lee's equalion 

z ~ 0 for BDNF case & z ~ 1 for BDFF case 

Tide Cases 

Water 
Depth 

m 

Hi 

4.15 
355 
3.05 
2.55 

Ambient 
Current 

m/s 

Tide Cases 

Water Ambient 
Depth Current 
m rnls 

H. Ua. , , 
4.15 

i 3.55 

3.05 
2.55 

Q6 K 0 

SL. 6 

i' 
~i 6 

0 

0 
0 
0 

Total oulfall flows 

Q ~ 0 
J 

Total outfall flows m3/s 

Q7 " 0 Q8 " 0 Q," 0 QIO" 0 

SL. 6 l. j 6 

r 
Z. A sr.. 9 Z. Q SL. 10 ' .. 

i' ~ i'll' I" 
0 
0 o 0 . 0 0 0 
0 o 0 000 
0 o 0 000 

of 5 
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1 Division: Water 

Office: MWU 

L.llont: 

Job: 

Section: 

Subject: 

AXIII I IVJ~""~' 'W oJ_v ""'v 

Shu Wing Steel Mill Job: 

QUlfall Sheet 4 

Inillal Dilution Drg No. 

] Designed by: Date: Checked by: Date: 

') 

] 

1 

'} 
,-

] 

o 
o 
] 

i] 

J 
J 

i 

I 

Results 2 CederwaU's equallon for aONF case. 

Tide Cases 

Water 
Depth 
m 

Hi 
4.15 
3.55 

3.05 
2.55 

Water 
Depth 

m 

H. • 
4.15 
3.55 

3.05 
2,55 

Ambient 
Current 

rnls 

Ambient 
Current 

m/s 

u •. 
I 

; 
Q6 = 0 

se. 6 

~'. 

Total outfaU flows 

Q = 0 
7 

Qa ~ 0 Q
9 
~ 0 Q10 = 0 

Zj 1 

f1 
I'" .... $C... \. sc •. " '. " 0 00000 0 

0 : ~ ~ I ~ : 0 
0 00000 0 

of 5 
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[1 acer 
Division: Waler 

Offioe: MWU 

n Designed by: , 

): 

[i 

Tide Cases 

r I 
,--" Water 

Depth 
m 

H. 

I 
I 

4.15 
3.55 

3.05 

2.55 

I , -

vlltlll~. ""I~ 

Job: Shu Wing Steel Mill 

Seotion: OuUaU 

Subject: Initial Dilution 

Date: Checked by: 

Flow Jet Velocity Froude No 
m3/s m/s 

Q- "l. F. 

1.157 !.Sl!) 11.3 
0 (\ 0 

0 0 0 

0 0 0 
0 0 0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

Plume Diameter 
m 

Depth of Surface Field 
m 

Ws. hs. 
I I 

1.079 0.54 
0.923 0.462 

0.793 0.397 
0.663 0.332 

, . -J--'. ---- --
Job: 

Sheet 5 of 5 
Drg No. 

Date: 
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acer Client: Axis a.gm Project 053000 
Job: Shu Wing Steel Mill Job: 

Division: Water Section: Oullall Sheet 1 
Office: MWU SUbject: Plume Temp Wet Season Drg No. 

Designed by: Date: Checked by: Date: 

shubrok.mcd 

Calculation of temperature 0' plume using Brooks method ( Ref Grace Marine Outfall 
Systems Chn 
The method Is considered conservative for tidal currents and the Richardsons Law (413 Law) 
is considered the most appropriate of the 3 options given .. 

Temp of effluent Te ;=28 deg C 

Temp Of seawater Ts := 18 deg C 

Initial Dilution ID := 3.13 Times 

Temp ofsufacefield T.ur:- Te+T.·(lD-ll 

Initial width of field 

k :=1..4 

Current velocities 

Distance downstream 

No of Increments 

Length of increment 

ID 

B :=0.663'10
2 

cm 

~
"I 
0.2 
0.5 
1.0 

i :=1..10 

1 :=25 m 

x. , 
2.5.103 

5.103 

7.5.,03 

1.10' 

1.25-10' 

1.5.104 

1.75·10' 

2·10' 

2.25·10' 

2.S·10' 

T.ur - 21.195 deg C 

of 5 
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Calculation of diffusion coal 

Richardsona Law Power 
4 

nojllll!.-

3 

Constant (Grace Page 319) average value a. :- 0.03 cm2/3/s 

Diffusion coat 

Calculation of plume width 

Plume width 

Distance 
downstream 

cm 

x. 
I 

2.5'103 

5.103 

7.5.103 

1-104 

125'10' 

1.5'10' 

1.75·10' 

2'10' 

225·10· 

2.5·10' 

667.542 

1.593.103 

2.752'103 

4.105,103 

5.628,103 

7.302,103 

9.116·10' 

1.106·10" 

• 1.3J2·10 

1.53-10' 

1 

~.I :=[[ (1)'~k'~] ~ 1 rB cm 

Plume widths cm 

I _ .... --
315.872 151.197 105.882 

667.542 256.606 151.197 

1.097.10' 379.107 201.595 

1.593.103 

2.146.103 

516.58 
667542 
830.881 

256.606 
315.872 
379.107 

2.752.103 
1.006·10 3 446.075 

3.406·10.1 

4.105·10' 
J 4.846·10 

1.191·1Q' 

1.387.103 

1.593·10' 

516.58 
590.451 
667.542 

5.628·10 
, 

Page 2 015 
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] 

] 
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.J 
n 
J 

, I 
.~J 

] 
'. '! 
'. 

Plume 
width 

cm 

Lx., 1 

2'10· ,-----r---"T----.---,---.., 

5000 

... ---OL-~~d-~~~-~~'~~~~-~-~~'~--~~-
o 50 100 ISO 

i 
100 

Downstream 
distance 

m 

200 250 

Calculallon of plume concenlratlon 

x. 
Time from discharge t :=-_' - cm/s 

k.l ,\,102 

Ratio of concentration cmaxlco is given by 

3 

2 

"k.;:= "'-[ (1 +~--=--'~k,~)---=-3 - 1] 

2 r~,i 2 

erfk•i := r'J, ea' dt 
AJlt 0 

Initial concentration co :=..!... 
ID 

J 

2 

Max concentration at position x downstream 

Min lotal dilution at position x downstream 

(Grace page 323 ) 

anax. ;=m .·co --Ie,1 k.1 

Dilk . :_ 1 .ID 
,I cmil"k' 

.1 

"'age a ot!) 
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Distance 
downstream 

m 

"I 

100 

25 
50 

75 
100 
125 
150 
175 
200 

225 
250 

PiI , 
I.. 

71.377 
170297 

294.255 
438.938 
601.714 

780.757 
974.705 

1.182.103 

1.403.103 

1.636,103 

Total Dilution 

Dil2 . 
,..! 

~.785 
71.377 
117.32 
170297 
229.472 
294.255 
364.196 
438.938 

518.192 
601.714 

,....., .. -
16.276 
27.457 
40.541 
.15.237 
71.377 
88.842 
107536 
127.38~ 

148.322 
170,297 

u ~ I 
4 

.' 
11.722 
J6.276 

21.597 
27.457 

33.785 
40.5~1 

47.7 
55.237 

63.1 35 
71.377 

Page 4 of 5 
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Total 
Dilution 
(min) 

15UU 
Dil1,i 

Dil2., 
- - lQOO 

Di13,i 

SUU 

Temp of plume (Centreilne) 

Increase in temp over ambient sea 

. ' 

~ 
lOO 

Distance 
Downstream 

m 

200 

DiIk . . ' 

oT
k 

. := TmllXk . - Ts 
,I ,I 

250 
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Results 

Distance 
downstream 

m 

x. 
I 

100 

25 

50 

75 
100 

125 

150 
175 

200 

225 
250 

Increase 
in Temp 
degC 

ul ~ 0.1 

bT . 
I .• 

0.045 

0.019 
0.011 
0.007 

0.005 

0.004 

0.003 
0.003 

0.002 
0.002 

0.3 

aT . 
_1,1 0.2 

.5T2 ,i 

aT . 3,1 

liT""i 
0.1 

0 

page ~ at ~ 

Increase In sea temp Deg C 

u2 =0.2 "3· 0.S u", &' 1 

liT •• ! liT . 
3,1 

liT 
4.1 

0.095 0.196 0.273 

0.045 0.116 0.196 

0.027 0.079 0.148 

0.019 0.058 0.116 

0.014 0.045 0.095 

0.011 0.036 0.079 

0.009 0.03 0.067 

0.007 0.025 0.058 
0.006 0.022 0.051 

0.005 0.019 0.045 

I I I I 

\ 

\ 
- -\ "-

\ "-
\ '-

'- "- ...... -"- ---...... --..... -- . --- . ----... ---. ~ - ~ 
• .... L ... 

0 50 100 ISO 200 250 

'1 
100 

Distance 
Downstream 

m 
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acer Client: Axis Project: 053000 

Job: Shu Wing Steel Mill Job: 

Section: Oulfall a.gm Sheel 1 Division: Water 

Office: MWU Subject: Plume Temp Dry SelSon Drg No. 

Designed by: Date: Checked by: Date: 

shubrok.mcd 

Calculation 01 temperature 01 plume using Brooks method ( Ref Grace Marine Outfall 
Systems Ch 7) 

The method Is considered conservative for tidal currents and the Richardsons Law (4/3 Law) 
is considered the most appropriate of the 3 options given .. 

Temp of effluent 

Temp of seawater 

Initial Dilution 

Temp of suface field 

Initial width of field 

k:;1..4 

Current velocities 

Distance downstream 

No of increments 

Length of increment 

Te :=28 deg C 

Ts:=18 deg C 

10 :=3.82 Times 

... ._ Te+Ts·(ID-ll 
Jsur ,-

ID 

B :~0.663·102 cm 

"k:- mls 

1
·1 
.2 
.5 

l.0 

j := 1..10 

1 :=25 m x. :=H·I02 
1 

x. , 
2.5.103 

5.103 

75.103 

1·10' 

1.25·10' 

1.5·10' 

1.75.\ a' 
2'lO' 

2.25·10' 

2.5'10
4 

Tsuc ; 20.618 deg C 

cm 

of 5 
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Calculation 01 diffusion coel 

Richardsons Law Power 

Constant (Grace Page 319) average value a := 0.03 cm2J3/s 

DIffusion coet e :=a·BIIO 

Calculal/on of plume width 

Plume width 

Distance 
downstream 

cm 

x . 
• 

2.5,103 

5.103 

7.5-103 

1-10~ 

1.25.104 

15·10· 

1.75.104 

2·10" 

2.Z5·10~ 

2.5·10' 

•• 
667.5~2 

1.593.103 

2.752·10' 

4.105,103 

5.628.103 

7.302.103 

1).116.103 

1.l06·10· 

1.312·10' 

1.53'10
4 

12'E 
13 :=--

k ~'lif'B 

1 

~.I :=[[ (~)'~k'~]~ 1 rB 

Plume widths cm 

• .. 
315.872 151.197 

667.5'12 2..';6.606 

1.097.103 379.107 

3 1593·10 

2.146.103 

516.58 

667542 
830.881 

2.752,103 
1.006.103 

3.406·10) 1.191-103 

4.105.103 
1.387.103 

4.846' 103 
1.593.103 

5.628.103 

cm 

u = I 
4 

105.882 
151.197 

201.595 
256.606 

315.872 
.179.107 
446.075 

516.58 
590ASl 
667.542 
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(Grace page 323 ) 
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TESTING ~ HAZ..IJUlXS MSTES TO ASSESS 

mElR SUI TAB I LI TV FCR UWfl LL or sPOSAl. 

P.J. Young and D.e. ~11.on 

I.a.£ - R 10737 

The lI'.ste Research Unit or the H."",U La!>9retory ha. for ,;~e",l .l'ea~ been 
developing testing method. on behalr of the lJK D<partment er ale Env:'~t. ",it.~ the 
pragmatic aim or assessing the suitability·Of a ~pecirlc ba28rdOUS ~ste for dlsposal at a 
p.&rtJ.cular landflll sI t.e. The approach is bas~ on t1easur11'l8' the rectu~tio" uf conc..::.minunr. 
ccncentrations In leachate due to one or more sp~clrlc ~hanlsws. 

. \l:ch attent:'on has been de"'ote-d to !:':ea:;urir~ attenua.ticn due to !nit.ial lei:c:'H'-5. o.Jr 
1~3c"'llng test 1.5 vo:!ry sLJnpl~. ahd 1.5 b25ed on r-e-pttltivoe ~xtrz.Ct10n csin,g a very high :i"vlJ.d 
to !J.quid ratio. deri:'led ~n such a way a:! to 3l!c-w- cOrr~!atiC'n .... ltll e'{pe~ted f£~ld 
:::o:>hI!VIOUr QV,!!" tUi'l!!. Valldatlon e-.;.tJerllTlent5 U:51f'.g lartE: !~bor~tor) .co!c:::::s to ;;.i..."':':l.:t le:: 
lCJChate gencr3tlon 1n a !.3.ndfill ha,·,! yid~'!d 3u!",,;)ri.5ing r-e:5u!ts, a:~'1 ~~'!icn.str-;l.::'·~ t;."';~ 

nt!'C".!~~lty to verilY any :imall s.calc t~st by C,-'Vnp..i;-l:i",n ... 1l.h fi":ld, 0,);- ;;"':;'l,.!l,lt~-: (l::.!.·j. 

t'.\,PO;?i!.,,:,.cnt.:i of thi:i t;·pc. 

In .!i1dition to specif1C measur~nt-5 of one att.ef'!uLltion :neci~an.:..=m In i501 .... ~!~nr t~t: 

tnlt 15 cwrrently d-e"elopirl8' test meL~od5 to Sl!Tl.!~!te cr~!s;i·.:>s!ll of ha::cro:l'v:..'~ wi~" 
munic1pal ...-ast>;:'s on 2. laboratory scale. ThiS wor" 15 illu~trate-d by a 5~rl-e:: of lClr-~'e 
co!;,;r.:n e.'l:per!.r.lents cont.dinin,g a 'sanCw1ch f11li.i'.gt of four I!UTr:rent pe:H.H:ide ,va=t'~s. 

_.Et.:.\,;!., '0' .: .. ·r~ .... t...: ~::'.I.~ _____ _ 
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I. Introduction 

Waste producers, dlspo5al contractors and controlling authorities are all called upon 
to 8s!!lle:U the most .-ultable lUI\8.gement options (or particular- _.risings of "hazardous" 
wa.te. The choice is a ccrnpiex one, requiring a trade-<:>ff Ix:t:wttn "'ny, often confl1ctlng 
objectives of e-concn.1cs, resource cOf\5crvat1on, sa.fety and cCT.tlrorocnt.a.l health. for' 
wa.te dhp"'ol authorities and for dbpo.al site operato ... , the re.ulu or the .. del1bera­
tions need to Ix: translated into .uitable llce~e conditions for individual landflll or 
waste treabnent slte~, giving for each a list of acceptable ~stes wl~ suitable quantity 
and concentration IJ.A1ts and otl\er caveats. There Is at present cONiiderable support for 
regional plaonlng, of which coordl""tion of Individual oite Hcenee conditions to enolure a 
coherent whole is one vltd a.~t. H",""ver, this paper addr ..... a problem encountered 
Ulch earlier in the logical sequence of planning: declsioruJ, J~t h()lrof do we asse!5S or 
_ea!!llure the "suitability" of • specific hazardous waste (or dLs~al at a particular 
landf11l sitef·" " .. , - ", .. ,,'. .,.. .. '" '.'~.,- .. '-."~.' ~...,: ...... , .. 

! 
-~.-, ". TwIi·'"Points need to be aade at u... outset: rlrst,lU>dr11l IIu be= chosen not 

becau.e it'!to the preferred _""""'t option ror -t- -.teoIr- wt beeause..:ih.practlce it 
;"ill be one ot the'flrst'.,pUon. eonsidered·-""l( landflll!to accepta.ble t-o-the 
autiloriU .. , w11y shoulc1 a producer pay ..are ror a ~~ted treat.ent process 
(alU>ough Doe 'should'nOte 'that landf111 J.5 not always. the. cheape.t option). Second, this 
paper is a1med at testil'€ the sulta.bllity of -..uteol CO<' dlsposal Or ,treatment. It is not 
concerned with whether'or not a W15te happens to be deCined, as '.~1a1., as that definl­
Clan and the as.Ociated t..ts are directed priaarl1,y at pnn'entlnl haUrds to children 
following 'pillage in transport or 111egal ny-tippirqs or the ..ute (!I'll.on, 1982). l'It1en 
considerlnl the .uitabil1ty OC a hazard""" wute ror landClll disposal, three genenol 
criterIa have to be c~idered:- • I 

• 
(1) the health and saCe!;)' of .Ito persoonel and or 1oc&-1 residents; 

" 

(H) the long tera persutence oC the wa.te, which .could adversely arrect tutu;e. 
reu.e oC the land; 

(l1i) the potential for pollution of .urface or ~ter' re';oun:e •• 

'The. Waste Research Unit (WRU) or the Harwell laboratory ha!, for the Last eight 
y~ars, been developing sLmple testing method~ to measure performance against variou5 
a5pcCt5 of these criteria. For example. with re!pect to the health and safety of tho~e 
adj,cent to 13ndrilling operations, a flllmlabiiity test suitable for use In the fleld 
lW:1ring and. Hud50n, 1979) and procedures to measure the rate of vaporisation of solvent5 
a0'50rbed on SOlid w-aste (Jones and ~Gugant 1978), have been reported. More reCl!ntly the 
6't!neral impact of the vapours relea:i~ Crom landrilled W"a5tes has also been in ... e:5t~)ted 
(Young and Parker, 1982). With regard to per-sistence of the waste and ·after-use, a number 
or gas works site!; have b~n investigated and the impact of the wide range of wastes 
associated with this industry asse"ed (Wilson and Stevcns, 1981). HOoofcver, it i3 tile 
third criterion, that 'or the threat to water pollution, which is normally or Lmmediate 
concern in d~ciding whether iandflll disposal of a given hazardou! waste 13 acceptable. 
In order to make thi! deci:Jion correctly, tcstin,g of the waste may be nece:Jsary to ht:lp 
quantify any contamination of the acquirer, and it is with th~ aspect that the paper 1s 
mainly conceri1ed. ... . 

2. The Need to Te.t Hazardou, If .. tos 

To answer the que.tlon "Can W. ""st. be sarely dispo.ed or at thls particular 
landrill .ite without cau.ing water pollution?" The appl'1catlon of any te'st procedure 
mu~t be rlexibl~ to account for the indlvidual nature of each case. In order to achLeve 
thl:J, we have developed a general framework for decision making, within which the t~~t5 
are deSigned. This framework. may be illustrated schematically as an "attenuation map!! 
(figure 1). Many mechanism3 !erve to reduce conLam!nant concentrations In leachate rrom 
those present in the original depo.lt or hazardous wa.te (Department of the Environment. 
1978). for example, figure I depicLs co-di.po.al of haZardous with muniCipal wa.te at an 
unsealed site underlain by an unsaturated zone. AtteraJatlon at such a .He may be due to:-

the ~lt1a1 Ieach1rc oC the con~inant r .... the ~~It of hazardous ...... te 

proce".s within the !runlclpal ""'ste, including blodegntlon, sorption, chemical 
interactions 6ud\ a.s neutralisation, oxidatIon-reduction and preCipitation 

- 3 -
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proce5:S~9 at Clle base of t..he landrll1, notably dilution with leachate fran other 
arcB..S of the landfill and co-prec.ipltation of ITW!tal ions wit.h ferriC hydrox.ide 

proce:sse5 occurring in the unsaturated zone, including physical filtration, 
dlspersloo, dl1ution, biodegratioo, SOf1)tion and Ion-exchange 

proce5se~ within the saturated lone (gfoundwater aquifer). notably dlsp~rsion and 
dilution. 

These meehanlsms. either slngly or in combination, serve to reduce the concfntration or 
coot3.ntlnants by many orders of magnitude ~rore surface water or a groundwater abstraction 
point 1~ reached .. for example, if the criterion 1s taken that the drink.ing water standard 
for contaminant X (i.e. concentration (8) In figure 1) must not be exceeded at the a~trac­
tlon point, then it Is necessa~ to show in any particular case that attenuation of X fno. 
concentration (2) to cooceI1tration (a) will occur. Our testing methods are deSigned to 
measure attenuation due to initial leaching or to specific mechanl~ms wIthin the landfill. 
When these are combIned wIth infon»atlon on rainfall infiltration and on the quantities or 
waste deposited (and thus on dilution by leachate rrom the rest of the site), and on the 
hydrogeology of the site (yIelding an estimate of attenuation beneath the site), an 
estimate can be made of the likely concentration of X at the ~ter ab, traction point. Ir 
this 15 less than the drinking water standard. then disposal or that waste, in that 
quant\ty and at that 'ite, w1.ll not adve~ely arfect the water supply. As measurements 
are usually restricted to a few or the most important attenuation mechanisms, leaving 
attenuation due to many other mechanisms unquantiried, this decision making procedure 
In::orporates a built-in safety factor. 

Figure I was deliberately drawn to include a wide range of attenuation mechanisms. 
Slmllar diagrams can be constructed ror different modes of iandfill: ror e~ample. at a 
sealed site consideration of attenuation beyond the landfill boundary is inapplicable ar~ 
the comparison is made between concentrations in the collected leachate (S) and an 
appropriate standard, such as that for discharge or trade errluents to sewer. A similar 
a~proach can al~o be used ror a chemlcal landfill site using the app~opri~te attenuativ~ 
rac tors. 

In order to qUantify c.."e 3tt!!r.t..Jt!..Jn r.li:tor COt.llflt!d by th~ ·1n11::1..11 l~JCl'lL.-.s r .... x :,-~ 
waste l31. tho::r'! 15 ~ nt!~ for 3 5unpt'! l.lOor..llory te::t_ Such 3 tc:;;t 1:$ Ij~::i.:rl:'-:!'J h:r,=. 
A ::icc-:::ml test 1..:i adO ..1escrltled orH~r1) ;.,h1Ch i:'loJels t:;c tOt.:!.! .ltte~U.l~i.on J·":lll.l~l= 1,- ~ 
CO-.h~p·)::ia 1 :H te. 

3. 

The init1al lcachl'~ of th~ tuX1C components rrom a waste a~ d'!pu~Lted oftc~ 
provLd:e:i a 31gn!rlC~nt tjegr~e of attenuation, and i:5 relatively easy tJ quantiry. 
There has been much 1nternational interest in small-scale le~ch1ng te:its 
(e.g. lQo.otenbach, 19;8; Arlderson et aI, 1979; Perket and Webster, 1981). but much :.!" 
or this has been direCted primarlly at legal derinition of what con5tltut~S a 
"hazardous" or IItox;ic" waste. In contrast the ""'RV leaching test was dcveloperl t.o 
provide a simple method. or quantifying the in1t1al leaChing from a ·..raste to help 
asse::iS any limitations which should be impo:ied on Landfill dl.5pO:5al. The object.1.·#"!":f, 
or the test may be derined thus:-

(l) easy int.l!rpretJ.tion of result::i ror U3t: in deCl::iion ffidIo...1r..g: 

(ii) accurate predIctIon or the pattern ·or l.,.,chir." beh.1VLour OVer t:'':1e; 

(iii) validation or the reSUlt; again;t rIeld behaVIour; 

(Iv) a relatively 5hort te~t duration; 

(v) u~ophi5tlcated laboratory requirements. 

~.2 Outline or the te:St prQcedure 

A rull e:\pc:runenul procedure Cor the test is given 1n the appendl,'<, to;:,='..I I '-;( 

wlth ,1 ..... orked >!'.l1Tlpl:: to Ih~'non::itr'Jte hOW' the r~sIJlt~ frem r.he test are 1ncorpoM' ..... 
lnto the o-=I\t;!r~l Cr.lIn~work Cor t.I!'>::i~:Hlng lh~ ";Ull.IDlllty or J; n.lt.lr'Jous 1Y.l.:itl.:!' r Jr" 

.. 
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landfUl di.posal. The object or the ... In te>t is to rutline Ole test ItseH and to ' 
brierly h1&hllght how the condition. chosen were select.d and validated. 

The MW leaehlng te.t Is ba.leolly very .l.wple. It Is • ,""petlLlve batchwlse 
ahatin&' te3t. U!lng elt1ler dl5Ulled wate:r or dIlute, burfered acetic acid as the 
leaching fluid. The duration or each e>tractlon is determined rrm a pre!!Jn.I1la ry 
equllLbrhn Ust. The novel reature of the test procedure 1., the hlgh ,cUd to 
liquid ratio based on the concept or bed volume. The bed volume of a. ,..-ast.e 1, a 
mea.ure of its void 'pace, or Ole volume of liquid required to Ju.t .aturate it. It 
is denned in the laboratory .. Ole vol .... of leac:!tW fluId required to Ju.t cover 
and render IDOblle a .ample or ..ute of known weight. 

A sample or waote is shaken with one bed vol.- or fluid, .... 11 .ample. being 
U""n (and replaced by fr""h (luld) .fter I, 2, 3, 4, e hours etc. In ""'flY ca.e. pH 
&n<i-conductJ.vi~ .... uur=enu 1<111 give an adequay ~Ide as to whether equllibriUOl 
i.I ~ln« approacl>ed. oOler ualytlcal .., .. urooenu at Olis .tage being confined -
eiOler to 'ea.U;Y deteoo1ned"or'to runda..ental t.ox.1C', '.peci~. For .... n,y ~tes, a 
.haking period of a few !>ours is adequate to atUln, equillbriUIII, but in a ""r.t ca.e 
equ1libriUla has not' been att.ained even after eo houN. A very long "equlllbrl .... 
time" _y Indicate Iclnetlc control of leac:hlnlr: in such ca.e. Ole t!Joe chosen .hould 
be ba.ed on a balance bet.een the observed behaviour and tlle degree of contact 
between the wa..te and percolating leachate ex:pecte<l..in prsctlce. 

" 

When Ole appropriate .hating t!Joe ha. been deteoo1ned by the equlllbrllD te.t a 
new ''''''ple of d.te is extnlcted flve L!Joe. with fre.h fluid to provide leachate 
.ample. corre.pond.!f,g to .ucc ... lve bed voluoes. A portion of the l"qn.alnlng Wlute b 
Olen depleted uoing ten bed volume. of leaching· rluld, to giVe:" an average of the 
leachlng e,<pected beo-reen .Ix and Hfteen. bed voll-e5. Depending on the analytical 
re5ults the test my be extended to ,lOOy either very rapid leaching, by ,""placing 
the wo.te rather t.'>an the le.clling flUid, or 01"", leaching, by carrying out further 
extractions, with a low solid to !iquId ratio. . 

r~au applicatlocu or the te5t procedure to many W'8.~te!!l, three different. ?atterns 
of leac!lino behaviour with time m:c.y be dlstingul.shed:-

(i) the ,"ost Cocr:non .[lU,tlon i, where the repetitive test doe. indeed looot .. 
the rn3:c:i.mur.;" cor.centratlon within" the first 5 bed volumes (Fig-.Jre 21) ," :'\·)t~ 
thJ.t a single shaker t~:lt with solid to liquid ratio of 1: 10 lo'Iould .~r·t,j::ij~~' 

l!nl.1eres tim,(l te such a ma~ !:num. 

(ill the ""'>: iJn= conccntra tion ,om< times correspond. to the fir,t bed vO [''';::'' ,.,f 
leaChi~8 fluid. In such a case, the true maximum in the field cou11 ~~ 
much highet', as all that has ~en measured is an averi3ge over the rir'St. ~-<d 
volume. In this case, the. test should be repeated, ey.trapolating to C:';I!:'l 

high~r solid to liquid ratio~ by replacing the waste rather than the 
I.e.chin.; fluid at each stage. The ex:unple of leaching frcm a phec,ol I~"'e 
sllJdge is shOn'Tl 1n Figure 2b. 

(111) ?fter the nor-rrnl procedure of ex.tractions over 10 bed volunes. concentr3.­
Lions may !till be increasing, or no maximum may be indicated 2~ 31i. In 
such ~~~e~, the test should be extended by depleting the waste with further 
samples or 10 bed ·,olume. of leaching fluid (figure 2c). 

3.J L!se of bed vollsne and interpretation of test results 

Bed volume, descrIbed above as the volume of leaching rluid reqUired to ~Jtu;lt~ 
a \II"3ste, 15 de:iigneC1 as a par~ter whlCh can be easily detennined in the labor:Jtvry. 
Th~re are three important benefit3 to be gained from u,ing bed volumes to dejCrl~ 
the leaching of a waste:-

(1) The bed volume I •• property of the "".te a. received and depo.lted. For 
example & sludge which arrives drier in '~r than In winter will have a 
laller bed yohme in Sl;"mer and the leach.!", pro~rtie, wi!;. vary 
accordIngly. Bed volume' are thus more ItnJltlve to the nature of the 
~5te than leaching ~h3Vlour based on a rixed soLid to liquid r~tio. 

- 5 -
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Bed voltne5 represent rel.tlvely hlgh solid to liquid ratlo. (normally not 
le •• than 1: 1). The use or much lower .olid to liquid r.tio. (many authors 
advocate I:S or 1: 10) C<ln lead to gro •• underestim.tion or the leachlng 
immediately following deposltion. 

The bed volume or a ~ste Is a~ easily calculated ror a waste in the rield 
as in the laboratory, and the scal1ng up or laboratory results 15 thererore 
rei!.ble and rel.tively .tr.ightfo ....... rd. 

" .. 
The worked example in the appendix demonstrate. how specirlc results are .caled 

up using the concept or bed yoltune . . ~ As a more general exa;nple t consider a waste with 
• void .pace or saf" giving a' bed volume of .bout 1 lltre/kg of waste. If the waste 
15 depo.ited in a layer 1 metre thick, with a rainfall infll tration ra_~e_oL25"c:m/ 
annUlI>, then one bed volume of leachate corresponds to ....!'-b;<>Ut~.y~~.1n the field. '-If 
the leachirc te.t pve mad'; .. concentrations .fter two bed vol"" .. , thi. will 
corre.pond to about elght year. in the field. K","",ver, if the wa.te is .pread on 
deposition to a thickness of about 25 011, then the maximum leachate concentration 
will OCCUr after two years, although other attenuation mechanlslltS may possibly be 
enhanced, leadlng to a l.,....,r maximum concentration observed at the base of the 
landfill. [It is ...,rth noting that for a 1 ""'tre deposit in thls example, the 
application of a leaching te.t with a .olid to liquid ratio of 1:10 would indicate an 
lverage of the leaching over the f irot forty year •• } Clearly .uch vague information 
would be inadequate to decide >ohether or how the wi.te should be landrnled • • 

3.4 Choice of leaChing fluid' ::: 

The leaching fluid i. chosen according to the landfill situation which is being 
modelled. Distilled WUer is u.eful both for canparative purpo.es and for the case 
of mono-dispo.al of a bulk wa.te. for co-d15posal of hazardous with municipal wa.te, 
a simulant for municipal reru~e leachate is required. In a very extensive series ot 
trials, we te.ted a total of ten leaching rluid. by carrying out the leaching test on 
a .ynthetic metal hydro,ide .ludge and comparing the leaching prorile. ror nine metal 
5pecies. The leaching flulds comprised:-

(i) distilled "'ter; , 

lill .5O:X) p~ ac~tic aCld, buffered to pH; 3. 4-, 5, 6 and 7 W1.th so.1.1.u.:n 
hydro'o.de; 

(ill) an anaerobic model Leach~te developed in the: rni.ted Stat~:; 'on b~n31f of t.he 
[PA, compri:iing buffered acetic acid (pH 4.5) with add~d glycLne,. 
pyrogallol and ferrou:; sulphate to model both the red~~ potential and 
canple:dng effects or feal leachate (Stanforth et al. 1979); 

(iv) two aerobic model le.lchates. "'ne oeing a.5 above but remo,,"ing the ferrou'5 
sulphate and replacing pyrogallol by salicylic aCid; aod the second a 
complex mixture of organic acids and inorganic salt3, burrered to pH 5.S. 
developed by the Dutch In.tltute or Waste Disposal (SV,"', 1979);' 

(\') a sample or real leachate collected rran a landrill cell cont.ining 
BOO tonne~ of two year old refu$e (total fatty acid concentration about 
2.5$\. 

The re.ults for each met..ai generally roll"",ed a similar pattern (Figure 3). TIle 
three model l~ach~tt:5, and J.ct:tic aci.d at pH :5 or 4, invariably gave vigorous 
leaching, yieldlng a massive early peak. In partlcul~r the twO aeroDic model 
leachate, gave very high initiaL leaching and led eventually to the complete ~L~501u­
tion of the sludge by the end of the ~~periment. BoLh acetic acid at pH 5 anU real 
Leacha te showed le:u v igorou:5 behav lour, generally y le Idlng I LmiIar, much lO'Ner peaks 
over a longer time period. ACetic acid at pH 6 or 7. and di~tilled ~~ter, were non­
&&gres.iv., orten .howing nesligible leaching. on the bali. of the.e relults, a 
lolut!on or soco PP'" acetic acid buffered to pH 5 wu cholen .. a .impl. but 
efrective model or municipal refu.e le.chate. 



J 
] (;;, 

'1 
) 

1 
, J 

] 

] 

0 
l 
] 

-1 
'--' 

'1 

J 

J 
0 
0 

• 

J 
] 

-] 

] 

J 

~; .... - .... 
~"""'w __ ,·"..· '-"': 

3.5 \-Valtdat1on ex~rlment. 

At the development .tage, it i, nece •• ary to validate a~ small .cale leaching 
test against re.ulU from real life in order to ensure that the mu.lmula concentration 
ha. indeed been estimated reliably. Too often leaching le.ts .ppear to have been 
developed in !solation (Arder.on et aI, 1979), with the ju.tIr1catlon that the 
conditlo~ of the test are 50 strenuous that only an ove~jtimate or the problem 
could rcsul t. 

Apart fren a "",re accurate ",odelllng of field bcluIvlour being desirable, our 
experience with the testing carried out with other model leachate. indicated a~other 
potential probl~ of assuming that an overest~ce is a pes,imlstic est~te. for 

, """"",le, consider the application of the re.ults for zinc in Figure 3. Using the ..:-L ae",}lie "",del leaChate. the ~ak or the zinc release would be expected after four be<! 
--, '-volumes, perhaps eorrespor>:!ing eo four yearsln the rleld. If the w ... te b depo.lted, 
,,--,-I' and the .tte leachate then IIOC\ltored"(or';tlnc eoo:::entratlons, to see the' effect of the .. r--T deposltlon, ';;ith'a'vi~'tO ~-.es-sr«<'''the'-.u1tablllty'ot':1.andrll1.' dlspo~, ,.a serious 
-'~' proble!ll could result;:, After four be<\c,vol""",., ..nlch equates to four years In''the,',' 
, 't-'.f1eld, the real 'leachate"~rep/l In:f.igure :5 'd""""",tiates that"Yery little ,release, , , 
, 'r"-::WOOid have occurrecs. ,u*",",ver; the"leaclling 'to't. carried '''' .. it- with ,the" aerobIc .. O<1e1-'-:' ,,-"~ 
.. ' ' leachate would IJoply' thiot :er.e'.'peali -release'had nc..'-oecurred'ari:l-'that'addit,lonalc:," ",'"'' <' 
.. ,-'" attenuation of perhaps 30 to lOO .... occurring in the tite. On thl.s bAsis t'u'rther 

tr.'.:< .• _ 
, depo.ltlon oC the .... te .lght be .authorised. However, .fter ten years when the tNe 
o'~'c .. ",peak release of z!ne is reached, a conslderable quantity ot the waste !tight be In the 
- ';;'::' .. _,ite',.:and consequently the leachate would attaln zinc: eo/lcentraUons well above those 
, "·r,;'" on'Whlch the decislon to proceed .... based. Th;ls demonstrates the "J..,portance ot' 

",modellIng not only the pea.!< but 'a!so the tlmescale or l~chlng· reliably, it the 
results of the test are to be used'succe"fully to uke pnl&""'tlc dec1510ns on the' 

'. 

d1sp~~a1 ot' the wa. te. • " .. . . 
In attenpts t.o validate the small-scale t.ests, It. is difrlcult to obtaln 

reliable field result.. The leachate from a landflll is .ubject to ~ attenuatlon 
mechanis~ o~her than initial leaching, and observed concentrations are thus almos~ 
~lway! lower than a ~mall scale leac~ test would suggest. Our solution ha~ been 
to 1S6 m1!!E.JIl@ij9l!!¥.~wto. late just the primary leaching proce;; in the 
field ::iituatlon. 

A series of IS cm diameter COlumn5 were packed wiLh 5-15 cm ·of a hazardous 
wa5t.e, foLLo ...... ed by 100-150 cm of pulverised dome~t.ic refuse. The column..:s wt!r:! irri­
gated with watt!r at a natural rainf311 rate and. allowed to follcw their natural 
degradation cycle. The progres.:; of the columns was rollQ¥\'ed by monitoring g.l5 
evolution: although some air ingress did 'equilibrium levels of 35-45~ were 
attained for both carbon dioxide and about 150-200 

of hazardous waste. The comparison of results rrom these column experiments with 
those from the .ha~ ~esU proved to be moot. instnJctlve, and Indeed it was thh 
comparison which led to the leachlng test procedure being extended to cover the ca.es 
of both early and delayed leaching. Some of the early laboratory te.ts under­
estimated Observed ieaching in the columns by a factor of up to lOO, but improvements 
in the protocol have eliminated 3uch gros9 discrepancies. A compilation of leaChing 
test versu~ column results is shown in Figure 4. The general correlac~on i5 good. to 

. within a factor of 3. (It should be remembered that atte.nuation factor, are 
gen~rally mea=ured as powers of ten). Remaining undere3timates by the l3boratory 
test CJn generally be explained either by very early leaching, or by e~perunenLal 
error (the test5 were carried out over a four year perlod and conditions did not 
alwa)" corre.por>:! exactly). 

T~e major conclu.lon froM these validatlon ex~rUoentl ls simple: any smail 
.cale laboratory test .ust be verified by compari.on with fleld, or ,lmuiated field, 
behaylour. 
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The WRU leachIng test Is one example of • test method designed to measure attenuation 
due to a slrl81e mechanism. We have al~o been worklf'g for several years with varloo'J 
experimental systems designed to measure atteouatlon of components of hazardous waste 
within a municIpal ~5te landfl11 sIte as a ~hole. These systems are all ba~ed on 
laboratory columns. ranging In size from 50 0tI :< 10 cm internal diameter to 150 on .... IS on 
internal dl~ter. The wastes studied have included mineral acids, heavy metals and 
pe.Ucides. 

~ an example of thi, work, a scries of six large column e:<~erLment5 will be 
de.cribed j>rierly. Each contained a "sandwich" rUl ing or pesticide waste between layers 
of pulverised dc:rne:stlc waste, the collJ11os being irrigated at a natural rainfall rate. 
Leachate ..... s collected both at the column base and about' ,. above, just below the pesti­
cide layer. Three or the pe.ticlde. studied (atrazlne, gamma-HCH or lindane, and 
plrimlpho.-methyl) errectlvely did not leach, while relatively high level. of the 
oupposedly non--pen15tent ICPA were .till being leached arter two years. Thu •• olublli ty 
or the pesticide seeas to be t:J\e dadnant Dechanisn affecting leachate concentratlOM. 
These experiments have also yielded information on any effect of the pesticides on the 
.Jcroblology within the rer~se, and destructive sampling to examine persistence is 
currently being caopleted (Stevens, Jen.\:lns and WHson, 1982) • 

• S. Conclusions 

The Waste Reo.arch Unit at Harwell has developed a variety of simple tests ror 
hazardous wastes prior to landrlll disposal. All the testg have been developed within a 
r~rk rcr practIcal decision maklng, and attention has been paid to verifying the 
resul~ against field behaviour. In particular, a simple laboratory leaching test has 
been developed which can be used by both land rill operators.and controlling authorities to 
provide valuable information on the attenuation provided by initial leaching. This 
information can then be applled to an individual site considered for disposal, and used tc 
a5se~~ the effect di~posal o( the wa~te will have on leachate Quality. Any further 
infonmation on attenuation mechani!~ operating in the site should be included in this 
a3;geSSment., and it 1s hoped to e"<tend and develop the tests de:scr1bed here to cover a 
w1der range of th~5e mechan1~ms 1n th~ futu~. 

Thi.3 work. has been sponsore-j by the? LX ~PJrt::'~:1t o( the EnVlr?r~"!"~nt. n-~ .!ut!",ors 
are ~ratet\Jl to th~lr ~any cvll~..!;-..:-=~ .... 110 h.J\'e cont:-.:.~uted to t:";·! pro-?i',i..-.. ;:~! r·=tJbly 
Dr. J. Bromley, Or. S. warlt'l.;. Dr. C.J. Jon~:i. Dr. C. Stevens, ~Ir .. S.C. Hu:..i:i\"'r, ~nd 
\lr. G. Baldwin. Particular menuon should b~ r.13.de ~r our DoE project o(f':'~er f.)r il.Uch of 
the progr3tTrne. the late 'fr. D.E. Bond. The paper i:i published by per.nt::.:5iun or. the 
Director of the Harwell laboratory. 
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• APPENO[X 

~~perLmental Procedure ror the Waste Re3earch Unit tabOratosr 

LeaChil'\S' Test and a Worked E.'(3Jnpte to Illustrate Les Applicati.on 

A Introductlon 

~s procedure is de.lgned to provlde complete laboratory directlons far carrying out 
the leaching test. A typical wc!.5te will require aboot a. week. to be tested, assumlng two 
four-hour repetitive" shake tests can be"carried out in a day. A list of apparatus which is 
re'lUired 15 given in Section E, and lt is anticipated that beyond the analytical require­
_nto even the DOst buic labo.-ata<:Y "nl already contaln the necessary .Lt...... nte two 
leach.Lng rluld!s used are distilled Water an<! buffered acetic ac.Ld. ~5 test 1s ba.ed an 
the concept of a bed vol",," ...tIlch is a ... asure or the vol...., of ll'lUid reQUired to saturate 
a waste. It is therefore d.Lrectiy related to the pore voiune of the waste as deposited on 
site. nte definition of a bed volume is as follow.:-

"ll\e. voll.l'fte of llquid required to just cover and render mobile a given sample o( , 
W8.:5te" 

The bed volume 15 therefore proportional to the Quantity of waste, rar example ir the bed 
volume of 100 g of waste 19 60 ml., then the bed volume of 50 g of the same waste is 
30 mls; it has a bed volune of 60 ml per 100 g. 

B Preparation of 5amole 

The leaching test involves ewo stages. each requ.l.rlng about SO to 100 an3, of waste. 
Slnce most wastes have a specific gravity or 1 to 2, 100 g wilL often be a suitable 
quantity. The sample3 should represent the most to~ic portions or the waste, and not 
nl!'Ce::isarily the bul)(;. ~ince the Object of the test. i3 to estimate thc!"maxUnu.l li)(;ely 
L~ach~ng Crom the "Q~te follvwino di3po~aL. Two types of waste wll1 requ~re additlonal 
preparation following sampling:-

(L) SOLld, massive .... "a:ite:i: the W3::;:te :ihould ~c! cru.;ih~d to the :i1.ze of peJ.-3'r3.v~L or 
smaller; 

( Li I 5lud.ges or other V'I:!r)' W'!t was te::;: 
Wh3.tman no. S~I filter paper. The 
tne same analysis as thOSe! samplei 

the was te~ Should be V3C\.!ll."l'l f il t~red through a 
filtr3te should be collected and ~ubJect~d to 
obc.a.ine-d from the equilibrlum t'l:!5t. 

C Eauil1.brium sh3ker test (~uration 4 to SO hours) 

1. PUce a suitable 3ampLe of waste (e.g. 50 to 100 en.)} into a 5CX) ml wide-necked rta:ik. 

2. Add one bed volume or model leachate from a measuring cylinder, this should be about 
JO to 100 mls. Two model leachates are suggested; for mono-di3posal of the waste, 
di5tLlled water should be: u:;ed a5 a siJmJlation of ra1.nfa11, but lr co-di.5po-sal with 
domes~ic refuse i~ con3idered. SOOO ppm acetic acid buffered to pH5 with .5odium hydroxide 
should be u:ied, to simulate lartcf1.lL Leachate. 

J. After adding the mod~l l~achate, 5topp~r the fLa-sk lnd shake On a mechanic~l flask 
ih3.ker for one hour. The"5hak1.ng should be v1.30rou-s enoU;h to thoroughly mix th~ cont~nts 
of th~ flJ.;ik, abou~ ten cycl~~ per second for a mechan1.cal sh~k~r. 

4. After one hour a :witable quantLty of the liquld. needs to be recovered for analY:3i3. 
Tni5 5hould prererably be no more than Io.~ of the volume of model leachate auded lfl ~tep 2. 
In order to r~cover thi3 liquid it will usually be necessary to filter a portion of the 
rlask's conten~. A Whatman no. 541 filter paper inserted in a Buchner runnel, with a 
lide-ara te,t tu~ or vacuum rla~kt connected to a ,uctien device 15 ~uitable rei thi, 
purpose. Particularly intractable wastes ~UCh ~ ,~e sLudge, may require centrifuging 
befor: attempting ta filter, and miLlipore apparatu, may be u,ed to ronove 5mall particle5, 
If the initial rlLterLng doe5 not SLve a rea,onabLy cie6r ~olution. 

S. .l.p3.rt frem the iiqul,j ;ampl~, the ~ntlre cOntent:i :ihould be replaced 1n the fl3.5k 
to~~th~r with enougn mo1el L~jch~te to r~pL~ce the ~olume e~tr~ctcd fur ;ampllng. 
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6. The procedure outlined In ,te"" 3, 4 and S ,hould be repe •. ted at hourly lnt.ervals 
until four ,ample, have been collected. It Is then ,uggested that the fla,k 1, ,haken for 
the re,t of the day (e.g. another four hour.) and that analy,l,. of the samples coliected 
,0 far ,hould proceed. 

1. If no equilibr,um I, apparent fra. the fir.t day', ,amples, further ,ample, .hould be 
taken after ,haklng for 24, 32, 48, 56, 72 and 80 hour, (i.e., morning and afternoon for 
three day,). 

8. Analnis Suitable analy.l, will depend 00 the .pecle, of interest fa:" the 
particular ...... te which is under te.t. H""ever it is .ugge,ted that pH and cooductlv ity 
give a good general guide and that ooly very important toxic ,peeie. and ea.lly determined 
,peeie. are analy,ed individually at this ,tage. For example, only one or two &>etal 
,pecies 1r It-sludge frCD an eiectroplating ,hop is being tested. AA at<a.1c ab,orption 
lpectrophotomet.er is a .uitable tA>Ol for rapid analysis of .. tab, .tUch requil;es very 
llttle ,ample. 

9. Interpretation ManY wa,t.e. will be found to give .teady vduO$ of pH, conductiVity 
and .pecie, in .olution within a few hours-of ,halc.ing. A. shaking tlae which is .ufficient 
to allow eQu1l1britD to be e.tabli.hed with the wast.e should then be ,elected for the 
repetitive ,haleer te,t. A. period of two to four hours is IOOSt usual. A....all number or 
waste, will require up to al hour. before the ,amples taken are found to give. consi.tent 
re,ult, ind1cating. eQullibrltD. For the.e wa.te" a longer repetitive ,haklng time will 
be required, and for thi, re .. oo the test procedure wUl take ah extended tilDe to 
complete. A. ma.tiJrun shake tilDe of al hours is sugge'~ed, not only due to "tl>e practlcai 
problems of such an extended test, but also because percolation rates 1n a landflll would 
not normally allow estabU,ment of equlltbriln -condltlons, If that 'CaMOt be achieved 
within 80 hour' in a vigorous .haking te.t~ For such waste, the leaching will be con­
trolled by klnetlc factors and the detenninulon of an accurat.e equllibrllD time 1, not 
necessary. In order to maintain a worst case under these c.ln:ullt:stance:s, a repetitive" . 
shaking time should be cho,en which corre,ponds to the .... x.1JIua corceru:r-ations observed in 
the model ieachate during the al hour equilibrium test. 

10. The repetitive shaker te::5t can n(7oof be carried out..f' 

o R~pet.itL"'·e 5hJk~r test (time reg\ured nonnaLlv 2 eo 9 days) 

1. Sec up the f13.::ik a$ for the equllibr-i.um test, so that it contairu: the sample of .... .-.:I.:ite 
lnd one bed volume of 5ultable model le~Chate. 

2. Shake for the time determined by the equilibrium test. 

3. After shaklng the leachate need~ to be separated for analysiS. ~onnally the f135\.;.'5 

content:i can be ,uccessfully vacuum-filtered through a Whatman no. 541 filter paper. As 
with sampling during the equilibrIum test, this may be supplemented by prior'centrifuging 
of the r13.3l<'3 con~ent3 and sec,ondary filtering through mlllipore equipment when necessary. 

4. Return as much of the rlltered ~~te as is practical to the flask. If the experiment 
is to be lert overnight it should be at thi3 stage berore the next bed volume or model 
LeaChate is added. 

S. The next bed voLume of model leachac.e should be added to the waste. In.mo5t cases 
~hi3 will be the 3ame volume as used orlginally, but for wastes which arc highly 30luble 
or W"\dergo sub'3tantLJl phY:iLcal chan.ge!l Lt i:5 advisable to use the crlteria of Just 
COVer1l1.g the waste returned to the flJ.s\(, Ln3t-'!ad or automac.ically adding tht! ;:iOl!ne volume 
agaln. Thi:3 approach can aL~o be U,;3l!'u to allOo't cont..Lnuatlon of the te:it If :iome of the 
waste i:3 lost during the fUtering operation. The volune of model leachate added le. each 
stage :ihould be recorded ~o that total releaje~ of contaminant can be calculated from the 
c~ncentration3 In the leachate sample,. 

8. Step. 2 to 5 ,hould be repeated '0 that leaching over a total or five bed volume. is 
carried out: . AItI!r separating tJ\e n.rtJ\ bed volume or lea.cl\ate, a quantity ,Jf the waste 
equivalent to only one tenth or that orJ..Jinally u,ed ,hould be returned to the fla.k.. 

7. Ten ~d YOi1.JLI)e3 5hould be added to the wa ~ te in the r la:sk., which _U1 nonro lly ~:ln 
addin& the :lame volun.e of raod~ L le4ilcnate .1:1 wa~ done Cor we fir!lt bed voium~. A.J, b~r!Jr~, 
wa~te~ ~h..LCh have undergone OOVlOU3 phyjL~31 ch~nge3 ,hou1d have th~lr bed volum~~ 
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redetenlllne<! at thls .tage, especially since ten, rather than one, bed 'volume;; 'are added; 
The fla.k .hculd then be .ealed and .haken a. before. After .haking, the content. should 
be .ep.ra. ted and the .... te re turned to the na.k. 

8. The leachate collected after thl •• tage repre.ents the avera,e leachln& Over six to 
firteen bed volume., and can be considered as givin& an estimate or the le.chln& after ten 
bed volumes. It is now advi~able to analyse the ~L~ sampleJ coll~cted at th!~ stage, 
together wlth alVl nuid removed, (rOnl the waste during the preparation .tage. 

9. Ir rurther ~nitoring Over a lon&er period of leaching 15 required, step 7 can be 
repeated to ,lve s...,le. indicative of leaching arter 20, 30, 40, etc, bed vol ......... 

10. AnalVls The .olutions obtalned can be analysed for alVl .pecle. or propertle. 
likely to be of concern. Since a l1uch larger vol .... of liquld i.o retaine<! than In the­
equlllbrlla test, a IIOre comprehenslve analysi.o _y be carried out and it is these results 
IOIIlch _y be used to predlct the suitabillty of the waste for !andflil d15p05al. With 
d.l\Y .... te. the leac.'tlng over t~ bed val""e' wlll be'round to have reduced all 'pecies to 
insl.gniflcant levels, but longer tena leaching can be carried out by repeatin& .tep 7 for 
.. long as 1. thought necesury. 

11. ,Interyretation "'e re.ults may be expre •• ed a. a plot of coocentratlon against bed, 
voh.me.s leached if the ma.x..!..auit. concentration or the contaminant' 1n the leachate 1s . 
requlred. Alternatively,· the tooal release may be significant, and a histogram of 
ab.olute release. in mg/kg of waste 1. then most approprIate. In order to plot the latter 
ehe vol~ or each bed volume l! required to convert concentratio~ to abJoLute quantities 
of contaminant (see .tage 5). Any interstitial fluid recovered from the waste during 
preparatIon may be plotted as that leached after zero bed volune., i.e., before any 
le.chate has interacted with the wasee. 

Attenuation ractors may be calculated as the ratlo of the concentration in the waste 
as deposited to the maxilrum concentration in the leachate. The5e m.ly then be u:sed in 
conjunction with other attenuation factors appropriate to the partlcular landfill site to 
declde whether deposition or the wa~te is gOLng to adversely affect the leachate quality. 
The concentration (actors can a1:50 be U:i~d to estL'T';.3.te the quantlt)" QC ""a:it~ .... hich can be 
tot~rJ.tt:oj at th~ 'Site to KI:!t::P tht: le3.chac.1! quality .... lth.1n tJ.t"gec. \JQJ~ctl\o·e:i. A wot"ked 
ex.ample illu:itrating thl! int~rprl!tac.ion or thl! l~achi.C"6' test r~~ult:i LS 3'i .... ~n lC'\ :i~ction F. 

E ApD~rac.us requir~d for c.~~t 

E:isent131: 50J ml wid~ n~c!"'!d fl.l::ik ... ·Lth bun; (Iln~ pet" ·".J.:;t!'! ~\J.t:!t lr:.lc~o.lt~ pair) 

.\ll!chanical fl.a:ik. :5hak~r (~.g. GallenkJ.mp or Crlrrlll) 

100 ml measurl1"1g cyllnder 

About onl! Iltre of (~ach) mod~l lcachat~ per wa.:it~ 

BUChner funnel (e.g. 9 cm diameter) 

. Whaonan no. $4.1 fUter papers (e.g. 9 en diameter) 

Vacuum side-ann fla.K (e.g, 250 m.i.) 

Sue tion purnp/Vacuum pLUTlp 

Spa tula3, etc .. 

Balance 

SULt.lote--e.n.ltytlC:ll equipment, prefer.Jbly inclul.1Lf\5 pH meter and 
comJuctLVLty m~ter 

Sample boc.tl~, 

Also required for awkward wajte~: 

.'~ Pe, tie and mortar 

" /oUUipore fllocn (e.g. 8 .icron pore .ize) 

MlLlipor~ fllc.ration equipment 

Centrifuge equipment prererably to t~Ke at lea't 100 ml~ at one tUne 

\ 
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Di.tUied water (IOOnodhpo.al model) 

f Acetic .cid, SOX> PP'" burrered to pi! .5 with .ooi ... hydroxide (co-dhpo.al 
lDOdel) 

F Worked example 

A smeldng .lag which i. generated as a 20 tonne load eveQ' rortnlght require. 
dhposal. Two landrLll .ites A and 8 are near the waste arising. The slag Itas a density 
or 2g/oal a. depo.ieed and, the .-eitlng ccrnpany supply the (ollowing int'onuation about its 
caopo.ition:-

-.•. - " -- -. Smelti!:'l5: Sl~ C!!5!ositiarr' 
, .v • -- r--- ,.: -I • , 

FeO CaO 5i0:t In AlZOJ 
____ ,b.- - C4--'--~ S H2O 

ll.-r,( 16.6',( 18.s( 10.Z' 6.$ 2.-4\C '. O.6-r,( 2.1,( 2.0;< 

Fraa this lnt'ormation, the potential pollutants ..... IJ.kel:t- to be the th ..... Decab, Zinc, 
cadMi~ and lead. 

The r.-..o sites A aOd B ltave the t'ollowing cltaracterlstics::­

Site A Slce .' I , 
Type ot' sIte Dilute and disper.e Con~lrment,: leachate to 

sewer 
~ 

Size ot' site IOCIa x loo. x IO>t deep 

Daae.tic 

4COa x 4COa x lOa deep .. 
Type ot' was te 

Quantity or waste 

Appropriate water 
quality 3candard3 

Zinc 

cOldmium 

lead 

100 tOMe. per week 

Drinting wa ter 

S .-g/l 

0.01 .-g/l 

O. I '"8'/l 

Mixed' ; 

3O)J tonnes per week 

Trade erfluent consent 

10 .-g/l 

10 mg/l 

10 mg/l 

Site A 15 a small domestic site ~nich 15 near to hand and lies over an aquifer which 
is used for a local water 5upply. There is kn~~n to be an approximate 20 fold diLution of 
th~ leacha~e by ground water before th~ nearest ab;craction point, and the operation~ mu5t 
not have any discernable e"rfect on the quality of the water abstracted rrOOl the aquifer. 

Site 8 15 a larger cq"ncainnent .site 'oId'tich take:s a variety of dane!itlc, carmercial 
indu3~rial waste.s. Leachate is collected and discharged to ~ewer. The con~ent limlts 
th~ dl~charge are not more than SO mg/l total toxic mecal:s, with not more t~an 10 mg/l 
any individual metal. or the three metal~ under consideration oniy zinc i~ pre~ently 
discharged at a signiricant level. The pres~nt zinc concentration 1.5 3 mg/l. 

From the infonnation available the followlng attenuation data can be obtained;-

and 
for 
for 
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Avaiiable Attenu.tlGn Oata 

Site A Si.te B 
Attenuation Information 

Zn Cd Pb Zn Cd Pb 

• Concentration in waste g/kg 102 6.7 24 102 6.7 24 ./ 

b Concent.nO tion in was te. mg/l 2040Xl 13-100 43JOO 2040Xl 1J4(X) 4&XlO 

c Concentration tolerated in· 
le.cM t.e uw/l s 0.01 O. I 7( 10-3) 10 10 

d At.teC"LIation ractor required - - - . --. 
(b/c:) 40800 1340:00 4&000 29100 1540 4800 

, 

AttenuatIon availabie (.ee 
F Lgure I) 

(2) - (3) InItIal leaching To be detemtined To be determined 

(3) - (4) Attenua tion .in si te Not !en""" Not !enown , 
(4) (5) Dllution with other -

leachate xlO xlO xlO x300 x300 x300 

(5) - (6) Atterua tion .in 
unsaturated zone Not !enown Not applicable 

(6) - (7) Dilution wIth &l"OUl'4 
water x20 x20 x20 Not applicable 

e Total known attenuation ractor 200 200 200 300 300 = 
r AdditionaL attenuation required 

(d/e) 201- 6700 240) 97 4 16 

An ~ppro~Lmate e~CLmdte of the dilutLon avaiL~~l~ wLth L~achate from the other wa~te 
depo::H ted can be Obt.l1C\~d by .}:iSutnl!"\g' th .. H. tJ'l.e l~J.c~.J toe g~n~:--.J ted is propa!"e ioned to the 
tonn..Ige of waste. Thu is ["'e:l:ionJbl~ provh1Lng- tht! .,.·cl:;te Ui.ueC" con.:iLd~r:1ti.on LS t1~PQ31.t~d 

1.n a 31..1\i1..1r manner, for 1!"J.mple not spr':!.ld .15 3 "'~ry tl'1..L:i l..lY~i over the Oth~r · ... 35tl!. 

Slne!! pc-oof of additionJ.L attenuation is 5till reltulred (i.~. value:;; of rare mDre 
than one) r a leaching te:5t .... a:i perfortnel.1 an the 5l.1g. 100 g wer~ shak~n in a bed volume 
of 30 m..l:5 oC 5COJ ppm acetic acid burrer~(j at pH 5 to 5LToUl.lt~ tho:! leachace produced ·by 
the other wa5teS depo5ited .lt sic.e::i A ar.d B. The re:5Ult5 or the equilitlrLu"ll tl!:it were as 
rollo\ofS: -

E~uilibrium Shaker Test 

T iJne or Shaking (!'ours) pH ConductlvLty ()U1lhos cm-I) Zn (I1'8/L) 

I 6.5 9,500 90 

2 1.2 I I.\J<X) 110 -
3 7.3 11,100 105 

4 7.4 11,())Q 105 

8 7.2 9.500 70 

24 7. I 10,300 60 

The zlnc wa5 analYied by atomic ab~orptlon spectrophotometry, but no further analy~l' 
wa~ thought nece~~ary to demon~t&ate the approprLatl! ~~uLlibrLum tLllc. A repetitive shake 
tUftO or Lhree hour! was adopted ~inc~ the p.rameter5 mea~ured had all appeared to reach a 
plJ.tt!au by that t~. 
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the rep<!titive. test pve tbe re.ul ts .hown bel"",:-

Bed VoLlRe 

I 
2"' .. 

3· 

4 

-,- 5 

10 

RepetLtive Shaker Te.t 

Zn (mg/l) 

82 

130 

90 

<10 

24 

28 

Cd (mg/L) 

4.5 

7.2 

8.0 

2.0 

Pb (mg/l) 

4.2 

2.11 

11.5 

14.0 

1.0 

":,,,_ ' 3.0 
r - ... -- •• 

The maxlnn concentratiOM were 130 Glg/i for zlnc, I IIIlIl tor cadoUuo and 14 G>g/l for 
lead after 2, 3 and 4 bed volUll>eS respectively. The.e represent Ilinlnn attenuation 
factor. of ISO:> for zinc, 1700 for cacbilJlll and 3<100 fa' .. lead. ea.paring tbe.e resules 
with the addltlon~l attenuation which was required it CIUI be seen that only caa.1U11 in 
site A would need further attenuation, by a factor of 4. It is likely that this wili be 
available within the site, or in the unsaturated zone, but rur.ther evidence of such 
utenuation wouid be required before the slas could De accepted at site It. I At site B 
hewever there is more than ample attenuation to lteep ·the leachate .~in the author'i.ed 
dischat"ge i1nU.ts providing the other' was~es deP.Q5ited continue· to ~ontl"ibute tbe pr'e.ent 
quantities of the three "",tai.. • .:, 

~ 

Hav ing accepted the wa.te for disposal at site a a turther calculation of the iO<1g 
te .... impact of a regular waste arising i. adv15able. The .ite is operated over the ent!r'e 
area as a 2 metre lift, and consequentiy it takes ewoyears to cOmplete each lift. 
A.suming each 20 tenne load of .lag 1. deposited a' an approximately 1 • thick layer, one 
bed volume (or each deposit will be &000 litres per load, or 600 litres per ~quare metre'i 
[r the inriltratl0n rate at. site 8 i5 .:so cm per year, the inriltration per square metre : 
will be 300 litre~ per ~quare metre. Gne bed volume thererore corresponds to ·t .... ·o year::; 
l~~ching in the rield. [t thererore follows that ir the slag depo~ition were to concinue 
Over che whole ten year lire or sit~ B the ma:<.i.trlJm leachate concent.ration WOuld be the :illn 

of concentration5 from che rir5c to rlfth bed voLumes, from the iLag deposiced one to t~n 
je..i.r.:i ago. The acc~ulated errect or t~n yeJ.rs landrilling or the 51ag, at a rat~ of 
20 tonnes per fortnight would be concentratl0n5 or Zinc, cadmium and lead abOut a fa~tor 
or three above the ma.'<.i.mum concentration frem a single bed volume. Th.i.3 i3 still welL 
wlthin the attenuation potential or 3ite B. ~ a ruLe of thumb, it i5 usenJl to ::;Uffi the 
concentrat.ion3 rrom the repetitive leach.Lng test over the Lifetime or the site. If the 

--..... 

~43te being e~amined i~ to be deposited on the ~ite ror a Long period of time in order to (" 
take aCCOunt or the accumulating arrect or :ieveraL load5 or variou~ ages above one another ~ 
in the landfiiL 
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Flgure AIl attenuatlon map, showing relative coocentration. or a contam.Lnant as 
leachate move. through and away rrom a depo.it or toxic wo.te. This particular 
map iliu.trate. the ca.e or co-di.p~al with municipal waste at an unsealed 
site with a .~ir1cll/lt unsaturated ~one. 

Figure 2 Typical leaching proriie.: 

, 

(a) n<>rmal cue, ll-lustrated by ~iIlC leaching rrom a tin-arsenic 51ag. 

(b) earlY leAching, lllustrated by leaching rrom • phenol lu.e slu41e. 

(c) delayed leachl11g, illustrated by leaching or nickel rrOll a synthetic cnetal 
IIydroxide sludge. 

Figure 3 Typical results rr"" cOllparative leaching tests on a synthetic metal hydroxide 
sludge, using 10 dirrerent leaching rluids. 

Figure 4 Canpari>on or reouits rr~ Laboratory leaching tests and cOilJM validation 
experi.ment.s. 
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Key • ~ 
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t-
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© Leaving bulk of refuse 

e Leaving land fill site' 
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Key kll~ching fluids 

• pH 3 ~ acetic acid 
o pH.'.'. 

• t:. pH 5, " . ' 
pH6; pH7; distilled water; 011 
dose to base: line ' 

'" anoerobic modelleoc:hate (American) 
, • cerotic model leachote (Americanl 
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HER MAJESTY'S STATIONERY OFFICE 

49 HiUIl Hulh~(n. Lonel"". WCIV 61-11l 
P,C!, Bux 56a. l.ulldon. SE 1 9NH (Trude dll(1 London area 

mail orders) 
13a Castle Street. E<lintlllrgh. EH2 3AR 
41 The Haye". Cardiff. CFl 1JW 
BriJlCnno.se Street. Mallchestt~r. M60 8AS 
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258 Broad Street. Birminoham. B 1 2HE 
80 Chichester Street. Belfast. Br 1 4JY 
or ilny hookseller 
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'.'.::!G~ SGS Hong Kong Ltd. 
.... iiiiiI iii:I Inapection and Laboratory Teatlng 

Block J. 7th F1.. K.".r e.we. Phase 11. 
S 1. Men Y\Ie StrlMl. Hung Horn. 
Kowloon. Hong !Cong. 
ToI. 364 2272 Telax: 44593 SGSHK HX 
Fax. 3633846 (ToY' Laboratory) 334Q086 (Chemical. Food. Lab Oev.lcement Er Envtronmental Laboratory) 

76432 7 6 (Toxtile Er Packaging Laboratory) 3624647 (General EnQUirY) 

/1 Test Report 
SHIU WING STm. LTD 
1209 JARDINR HOUSE 
HONG KONG 

No. 300043/IV Daa MAY 06, 1993 

Report on the leaehate teet . 

1. 
. 

Samples De.cription 

sas A8!d~ 
Sample No. ---

SS303OO1 A,E 

89:300001 C,D 

59303002 A,B,C 

59303002 D,E 

59303003* 

S9303OO4* 

59303005* 

S9303OO6 

SQple 
Description 

Reported 
by AXIS 

--------
~t 

~t 

S~ 

Slag 

~t 

Sl~ 

DJ.et/Slaa 
Mixture 

Scale 

De.t. of 
Saple Date of 

Collection Su,ple 
ReJ;CIrtod Received. 
by AXIS by sas R.ark 

- ------- --------
Mar 4,93 Mar 16,93 

Mar 15-16,93 ~ 16,93 

Mar 4,93 Mar 16,93 

Mar 15-16,93 !:Jar 18,93 --
Mixture of 
S9303OO1 A,B,C 1 D 

Mixture of 
59303002 A,B,C,D 1 
R 

Mixture with & 
r~tio of 1 portion 
693O~ : 2 
portiona 59303004 

Mar 4,93 Mar 17,93 

* These samples were prepared by SGS HK Ltd accorain& to the procedUres 
detailed in Section 3.1.1 • 

••• 111 ••• 

This test document cannot be reproduced ill any VAY, axcept in full context, 
without the prior approval in wr1 tiJ:lc cf w laboratory. 

Pase: 1 of 16 
Signed for and on behalf of 

SOS Hone Kons Ltd. 

11 
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'e' S~S SGS Hong Kong Ltd. 
~ I.iiI Inlpal:1lon Ind Laboratory ra'tlng 

Block J. 7tl'l R. K ..... ' EAtll •. Ph ... 11. 
51. fI,\an Vue Sa"!. Hun~ Hom. 
~owtoon. Hong Kong. 
Tel. 3642272 Telex: 44593 SGSHK HX 
Fax: 30338.8 (Toys. Laboratory) 3349085 (Chemical. Food. Lab Oevelopmenl Et Enwonmental Laboralory) 

7 6~32; 6 (Te,tlle Et Pacl;aglng Laboratory) 3624647 (General EnqUiry) 

I1 Test Report No. 300043/EV' Dlle MAY 06, 1993 

Samplina 10C"-tion reported by AXIS ; Sh1u W~ Steel Woru, Taeuna KRan 0 
Sa.plo ~eervation employed as : No pre8ervation employed. 
reOlOrted by cliant Each MaPle vu ,tared. in 8. pla:!t1c 

~ 8.t !IlIIbient condition when 
r.c:eived by SGS. 

Te8tilli period ; Mar 18 - ~ 5, 93 

2. Tut Required 

2.1 Dua~ ~ alae aampl •• 

To perfor.a 8. 1ll&Chato te8t on the wl;aitted dwlt IUld slog aaraples 
with reforones to the 1IIIthod pz'CViaed in tho fax cia.ted F.b 25,93, 
Mar 3,93 and Mar 18,93 free AXIS. The teat consisted of two part8 
: Equilibrium Shaker Teat and Repetitive Sba.ker Te8t. 

2.1.1 Rquilibri~ Shakar teat 

l'he !alllPle vas shaken lIith !!. lea.chate for = JIIO%'e than 80 
hours. At certain tilll.intorva18 (1st, 2nd, 3rd, 4th, 24th, 
32Dd, ~th, 56th, 72nd. alld 80th hours), the lu.ch&t.t vu 
aepuated frolll the i5aIIIPle. Tha pH value !!.lld conductivity of 
the filtered lea.ch&te \1U measured. Rquilibri~ wu ullUlll8Ci 
'IIben the difference of conductivity between tllO sucCIIl!l!ive 
rMding vu nelliaibla. l'he equilibri~ time lira:! recorded 
~ vu uaed a:! the Makina tilM for the repetitive ab.akIIr 
hilt. After tha achievement of eqt,1ilibrium, the leaebate 
vU filtered for the cletermillation of .,t:! va.1ue, zillc, lead, 
cadmium, total c:hraUum, he:E4valent chromi~, barium, iron, 
boron, eelour, tot&l re11d!lal 'chlorine, nickel, mlDI'neSa, 
mercury. copper, chaical MYIlBn demand. aulphide. sulphate 
~ totd ph.csphcrua cOZltentll. 

2.1.2 RIIpctitive shaker test 

After the saJIIi'le vu shaken for a period as de~erminecl. from 
th. eq\lilibri~ teet (Section 2.1.1) vith diffarent bed 
volumes of the leacb&te, the lea.chate s~le vaa extracted 
froDl the s&IIple to lIIe8JlUl'e ~ value, zinc, lead. oadmi_, 
total ohromium end bari~ contents . 

•••••••••• 

p....: 2 of 16 
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.." ~ .... iiiiiiiI In.paction end Laboratory T •• ting 

Bled J. 71h Ft. K.,.,,, Estate. Ph .... 11. 
S 1. Man Yu. S1r ... 1. Hung Hom. 
Kowloon. Hang Kong. 
TIt 364 2272 relex: 44593 SGSHK HX 
Fox: 3633846 (Toy, Laboratory) 3349086 (Ch.m"",1. Food. Lab DG"oiopmon1 & ErMronmenul L>boratO<y) 
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2.2 Scal. sample 

2.2.1 To per'form water', oil & ~o eontont ana1y8is on the 
sul:mi ttad soale lIamplo. 

2.2.2 To :perform oil & gMlUO content analysis OIl the 5000 PPl 
acetic acid leachate of the sUbaittod eample after ebikin, 
"IIi th the Mid leachata for 1 hour. 

3. Toot Procedures 

3.1 LeachAte test on the !!UbIi ttad dust and sla..c samplea 

3.1.1 Sample preparation 

AB the sum! tted umpl ..... re cont&ina<i in lIICIre than one 
conu.wr and were collected frca different date. it wu 
~1.lOlIted by AXIS that thoOll S&lPles _re IId.:ud and. c~ 
before being ueed fcr tIIotUll. 

The 8llbnitted samples namely A, B, C 11 D of S9303001 (4 
IIGIPlu) wllre cruabod. to a lIize pused ~ 1.00 l1li aieve 
and mixed MID1a'17 by a ,la .. rod aftenrarcla. A ll8'8" sample 
number S9303OO3 vas assi&nad to this m:ixture. For the 
sul:mitte<i s&lQlll .. A, B. C, D & i of 59303002 (5 aamples) 
were ~ed by a ~r into a size pused ~ 2.36 l1li 
ei~ and miXed mam11l1ly by a ,lass rod eiterAard. A new 
sample number S9303004 was aseianed to the mi%ture. 266, 
of 69303003 were "lleighed and wu mixed with 534 t. of 
59303004 to form a IIalIlPlc lIIi:!:t\u"o and it was uei~ as 
S9303005. Deu.il on the labellirig of the eamples is ehovn in 
Table 1. 

Tablc 1 5omplo mmbar u;dgnmrpt for tOl!!ltjns §l?OC1lM7J 

SUl'Ple No. of SUl'Ple No. of MizIId & 
Dellcription Raw Semple Crushed. Sample 
--------- ------------ ---------------------

fust 69303001 59303003 

SlaQ: S8303OO2 S9303004 

Duat and. Sla.g 266 I 59303001 + 59303005 
Mixture 534 11 59303002 ++."., ••• 

PIll8: 3 of 16 
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3.1.2 ~librium ehaker teet 

(4) 

(b) 

For ea.ch tne of MllPl. (dwJt. lIlag 4llQ bIixture). tao 
~ua.l I'OrtiOl:l.ll of _iJb,t 300 , _re placed. into tRO 
lIepara.t8 500 III erl~r fluk.. 

'l'IIO types of luchates (&oetio acid. deionized water) 
~r9 employed for ""kin, the 1lUP1ea. A leachAte of 
5000 ~ aoetio aoid buffered to pH 5 with eN sodium 
hydroxide ... u Prepared. cm. bed. vo11.llllll (400 .1) of the 
l~h4te was tramferred fram a lIIIIuurint oyliDder to 
Olle of the flults. DeiOllized water WUI :prepere<i and 
400 1111 W&II tr!lZlllfer%'9d fl'Qlll a me.uuri.Ilj: cy lillder to t:h. 
remai.ninl fllUlk. 

(0) The flaJ!lk iiaJ5 sealed by puuil:lll 4lld plsceG on a shaker 
for "hU.~. 

(d) The ",,'hr iiaJ5 oontrolled to sh.U.e a.t a frequency of 
50 Hz =r.i had a IIlA&Di tude which MU 'Vijforcua ~ to 
min&le the leacha.te tbcrougbly 1f1 t.h the saJDple in the 
flask. The ebeJcins lasted for one hour. 

(a) A I'Orticn of leach&te ... as Mi t.hdraR%l fI'CIII the flull: and 
fU tared thro\lah .. Wha.'tIIall no. 5-41 iil tar f'4per. 

(f) The laach4t.e au:ple wu then t .. ted for pH and 
cO%lduotivity eccordi:ot to the methccl8 listed in Section 
3.1.4. . 

(I) The tested leacha.te wa.e ~ intc the !lw. 
(h) 

(i) 

Th' procedurea (c) to (S) WaJ!I repeated in order I'ot 
hourly intervalll for a further 3 hcur1!I Or 10llPr tille 
\lIltil equi l1briUll WaJ!I ach1 eved (the HlIIpla separated 
from the laachate WIUI at· the 24th. 32nd, 413th. 56th. 
72nd IIlld 80th bour if equilibri1Jll II'U tlOt achieved. 
within 4 hours accord~ to tba ""sult of conductivity 
lI1IIa..ru.reIII9n ts ) . 

The lsa.ch.1.te obhillod a.t equilibriUID time Ifa.e &Il.IlIYlled 
for the pa.r!lllllllterl mentioned in Sectioll 2.1.1 with 
referellce to the analytical methcda lillted in Section 
3.1.4. 

• ••••••••• 
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3.1.3 Re~titivc shaker telt 

( Il) Por each type of eample (dwlt. elq and m:1%ture). Wo 
equAl portiOtl.ll of veiiht 100 " were ple.oed into two 
eepa.%'ate 500 ml erllmwyer flw. 

(b) Tvc types of lea.ch4tee (acetic toid, deionized water) 
were amployed for Making the IIlIIPlee. A leach&t. of 
5000 PPM aeetic acid buffered to pH 5 with 6 N sodium 
hYdroxide lia.e ueed for ab .. k1 Ui: one of the eqple 
portions while deionized water was usecl. for BhakiD& of 
the other ~le portion. One bed volume (133 1111) of 
the leach.ate wu traIlBfarred from a meuuring cylinder 
to the flw. 

(c) The flaB liU sealed by puafihl ImIi placed 0Zl Il "bilker 
for =hAldng. 

(d) The shaker ~ controlled to ahake at a fr&qUellCY of 50 
Hz and bad a maani tude lihich wa.e Vigoroue ~ to 
liWIgle tile laachate thorcu&bly with the aQple in the 
fluk. The content .wa.e ab'ken for 8. time period 
dettmnined frt'C procedure 3.1.2 h. 

(e) All the contente in the fluk wa.e filtered tbrouih a 
I'lhAtlDan no. 541 filter paper. 

(f) ~ much of thI fll terecl. rellidue ~ practicable wa.e 
recovered fran the filtering and returned to the fluk. 

(e) The filtered leach.ate lla.e o.n&l',1eed for the p&Z"8lI>etere 
mentioned in Section 2.1.2 With reference to the ~thod 
listed in Section 3.1.4. 

(h) The next be>d volume of l=~bate wae added to the fla.ek 
conta.ining tile reccver=d sample. The volume required 
llall thdt juet covered the residue in the f18.llk. iIultead 
of add~ the 8lIm8 'YtIl\JlDe mentioned in procedure 
3.1.3 b. 

(i) Tho proOociurell outlined in (0) to Ch) liere repeated. ill 
order until a total number of £1va bed V01Ulllell WU 
used. After the fifth bed volume, only one tenth of 
the filtered r.sidue 1l~ uaed for next shakinl . 

•••••••••• 
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(J) Ton bed voll.llDeo (133 ml) of the loachate WII8 added. to 
the £lw. 

(k) The flMit VU M&led by parA!ila. Milk,,", tilterlld alId 
analysed in th8 _ proc:oduree ao outlined in (c) to 
(i). This IIt.a41e wao reprded A.!I 0. l ..... cbiDi over lIix to 
fifteen bed volUIIU and the le4Oh&tc eample W4.lI MIIllIIIed 
to ba the l~te for tezI bed vollllll68. 

3.1.4 Aulytical method& of the leachAte samples 

Conductivity 

Zino 

Lead 

~ium 

Chromium (Total) 

CbrOlllium (Hexavalant) 

Barium 

AnaM'\.Qo.l Method 
APHA 4500-H+ B 

APHA. 2510 B 

APHA 3120 

APHA 3130 

APHA 3130 

.APHA. 3120 

.APHA. 35OO-Cr D 

Am! 3120 

Iron APHA 3120 

Boron APHA. 3~0 

Color Lovibond Model l! Tintometer, 
25 l1li cell 

Tot~l Re~idua1 Chlorine .APHA. 4500 Cl G 

Nickel APHA. 3120 

!1an&a:leee APHA 3120 

Mercury APHA 3112 

Copper In-hawso IIMIthod wed on APHA 3130 .......... 
P&4-; a of 16 

1/ 



Id "~r.!!5i SGS Hong Kong Ltd. 
• iiiill.iiI In.pactlon and Laboratory Tettlng 

Block J. 7th FI" K.lNr Elt.te. Ph.H 11. 
S 1, Man Yue 51'"1. Hung Hom, 
KowIoon. Hong Kong. 
Tet 364 2272 Telex: 44593 SGSHK HX 
Fax: 3633S<16(Toys Libor.tory) 3349085 (ChemICal. Food. ub o.volopmonl & Environmental Laboratorv) 

7643276 (Textile & Packaging Laboratory) 3624647 (G.neral En~Ulrv) 

11 Test Report No. 300043/I!V 08\.1 HAY 08, 1993 

4. Teat Result 

4.1 ~t and el~ samples (59303003, S9303004, 59303005) 

4.1.1 Equilibrium =baker teat 

(a) ~le: Du8t (S9303003) 

Water Le&chate Acetic Acid Leacb·te 
----------------------- -----------

Col1m,ctivi ty ~t1vity 
Time 8.t 25 deeree at 25 desree 
(hr) pH Celsius, 1!IIIbo/c:m :pH Co lsiua, 1IIIIho/cll ---
1st 11.49 38.39 7.02 20.52 
2nd 11.47 39.73 7.22 33.20 
3rd 11.43 38.50 7.31 40.20 
4th 11.44 40.49 7.38 41.00 

24th 11.54 44.63 7.23 48.80 
32nd 11.48 50.46 7.28 51.75 
48th 11.46 53.75 10.68 61.54 
56th 11.53 56.47 10.90 62.90 
72nd 11.80 58.66 11.17 68.87 
BOth 11.56 59.72 11.13 87.22 
------- ----------
Sample used. : 300 e 
Lo,chl.to added : 400 1111 
R~ilibrium time for ~ater leachate ; eo hollrll 
Equilibrium t~ for acetic acid leach&te : BO hours 

••• ttttt •• 
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Sample: fuat (89303003) 
-----------~---------.---------

pH value 
Zinc 
lalad, 
Cadmium 
Total chromium 
Hexa.valent cbzoa:ldum 
Barium 
I%'Q;Q 

Bo%'Qll 
True colour 
~ Total 
- Neutral Tints 

Total residual chlori:De 
Nickel 
M"n,an ••• 
Mercury 
Copper 
Chemical ~~ d"""",d 
Sulphide 
Sulphate 
Total pboephorua 

Water I.e&ehate 
at !quilibriUIII 

11.56 
38.6 me Zn/L 
10.2., Po/L 

< 0.001 III Cd/L 
0.16 q Cr/L 

< 0.1 III Cr/L 
0.30 me BaIL 
2.72 me JelL 
3.40 JUg BIL 

2.6 Lovibond unit 
o Lovibond. unit 
2. OS IDI Cl/L 

< 0.03 IIlI HilL 
0.41 me !:!IVL 

O.O.U me H&IL 
< 0.03 ma OWL 

636 III 02/L . 
< 0.1111 S2-/L 

3870 III S04 2-/L 
0.17 q P(L --------_._----

•• ,1111 •• 

Mamblilr of th. 101 Group (Societe CIMli,.!. de SYrvelUlnCI) 

Acetio Acid 
I.e-cbote 

at Bquilibrium 

ll.13 
16.3 111& Zn/L 
5.8., Pb/L 

< 0.001 111& CdIL 
0.07 III Cr/L 

< 0.1., Cr/L 
0.51 Di BaIL 
2.13 q"Pe/L 
4.05 q BIL 

1.2 Lavibacd unit 
0.1 Imibcmd unit 

. 2.82 me Cl/L 
< 0.03 IllS NiIL 

.0.20 III MDIL 
0.088 :q HilL 
0.33 me CWL 
< 40 111& 02/L 

( 0.1 m& S2-/L 
3970 !Ill S04 2-/L 
< 0.05 IIIi P/L 

H 
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(b) Samplo Slag (S93030(4) ._--,----------
Water Lea.ch&t, Ac.tic Acid [eechete 

------, --------
~ductivity 
at 25 de,"" Time 

(br) 

Cond!Jctivity 
at 25 dolNJO 

P1 Ce lllius. 1IIIIIho/C11 ~ Ca laiU!l. lIIDho/ca ---- -----------
12.60 
12.59 
12.61 
12.84 

0.79 
0.80 
0.82 
0.83 

12.52 
12.01 
12.55 
12.54 

12.52 
12.aB 
12.64 
12.72 

-----------_._------- ---------
~le used : 300 , 
Leacha.t. added : 400 III 
Equilibrium t:!JDe for water lMeh.a.te : 4 boura 
Equilibrium timG for acetic acid leacbate : 4 hourll 

-------,--------

~ value 
Zinc 
Lead 
Cadmium 
Total chromium 
Hex&valsnt chromium 
&riUII 
Iron 
Boron 
'!rillS co lour 
- Total 
- Nwtral Tintll 

Total reuidual chlorins 
Nickel 
~anese 
Mercury 
Copper 
Chelllical ClXYllen demand 
Sulphide 
Sulphate 
Total phosphorus 

Water Leachate 
at Equilibrium 

,12.64 
0.81111 WL 

< 0.03 mg FoIL 
<: 0.001 mg Cd/L 
< 0.03 me CrIL 
< 0.1 mg CrIL 
5. 13 IllS BaIL 
0.06 ~ reIL 
0.040 IllS BIL 

1. 2 I.crlbo%ld unit 
0.1 IDvibond unit 

0.17 Ill//: CIIL 
< 0.03 IU HilL 
<: 0.01 IIIl Mn/L 
0.001 IU II&IL 
0.64 ID& CulL 

aB mg 02IL 
0.3 IIIl S2-/L 

3 mg S04 2-IL 
0.15 IllS P/L 

Acetio Acid 
teacba" 

at Bquilibr1ua 

12.54 
0.59 Iq WL 

<: 0.03 III FoIL 
< 0.001 mat Cd/L 

0.03 Iq Cr/L 
<: 0.1 l1li Cr/L 
5.33 llII BaIL 
0.02 l1li reIL 
0.03 III BIL 

0.2 lmibond unit 
o UJvibollc! \I%Ii t 
0.20 IllS CIIL 

< 0.03 IIIi HilL 
< 0.01 ma: MnIL 
0.021 ma H&IL 
0.77 IU CulL 
< 40 ma 02/L 
1.11U S2-IL 

3II1II S04 2-IL 
0.17 l1li PIL 

----------.----------------------------------------------------••• ¥., • 
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(c) &mple: Sl~ a:nd ~t I:1:ixtlln (2:1) (S9303005) 
------------------------------

Water Leacbate Acetic Acid LeachAta 

----------------------- -------
Co'Oclnctivi ty Conductivity 

TilDe at 25 decree at 25 degr-ee 
(hr) pH Celaiue, lIIIIIho/ea pH Celsius. IIIDho/CIIa 

-------- --------
1st 12.41 15.75 12.37 19.41 
2'Dd' 12.43 18.57 12.38 22.87 
3rd 12.45 19.67 12.42 24.57 
4th 12.44 20.66 12.40 23.83 

24th 12.65 25.55 12.29 25.58 
32nd 12.46 27.06 12.05 26.4.2 
48th 12.48 30.11 12.30 29.4.2 
56th 12.50 31.00 12.36 31.se 
72nd 12.32 34.32 
80th 12.34 33.05 ------- -------
Sample used : 300 g 
LeaobAte added : 400 ml 
BqUilibriUIII tlllle for 'RateI' lea.cha.ts : 56 .b.aIu-& 
Equilibrium time for acetio acid leacbAte : 60 hours 

.......... 
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Sample: 514: and ~t Mizture (2:1) (69303005) 
--------- ---- -------

Acetic Acid 
Water Lelchlte Lt&eh.t.te 
at iquilibri\llll at Kquilibrillll --------- ---

pfI value 12.50 12.3-4. 
Zinc 10.1 mg Z:n/L 12.3 l1li Zn/L 
t-d. 64.2 !tIC Pb/L 110 mg Pb/L 
~dmi\llll < 0.001 IIli COIL < 0.001 DI8 Cd/L 
Total ebrcc1\l111 0.20 IIli Cr/L 0.20 me Cr/L 
Heuvalent obrolD.1U111 < 0.1 IIli Cr/L < 0.1 me Cr/L 
Ba:-i'l.1lll 0.20 IIli &It 0.61 mg $aIL 
Iron 2.48 mg Fe/L 1.28 me FelL 
Boron 0.11 !tIC B/L 0.14 IIIC B/L 
Trv.o colour 
- Total 1.3 Icribond unit 0.4 lDvibond unit 
- Neutral Tintl!l o Lcvibond unit o tovibond unit 

Total residual chlorins 0.43 !tIC Cl/L o. 48 l1li Cl/L 
Nickel < 0.03 m& Hi/L < 0.03 me Hi/L 
Hani8 neee O. 2B !tIC t:!nIL. o .20 IIIC t:!nIL 
Mereury 0.003 l1li H&IL 0.033 me HilL 
Copper < 0.03 !tIC Cu;1. < 0.03 IIIC C4IL 
Chemical oxyeen. cl.=anc1 366 m& 02/L < 40 ID& 02/L 
Sulphide 0.1 !tIC S2-/L 0.2 DI8 S2-/L 
Sulphate 1250 ma: S04 2-/L 1210 me S04 2-/L 
Total pb.o~o1"ll8 < 0.05 lIII P/L < 0.05 !tIC Pit 
---------------------------------- --------------

.. ,111 .... 
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4.1.2 Repetitive shaker teat 

(A) Sample : Dust (89303003) 
Leach-te = WlI.ter 

Oat. MAY 08, 1993 

----,-----------------
Bed Voltme 4th 5th 6th 
------------_._---------------------------
Lear::hate added (DIl) 133 133 133 133 133 133 

-=-=-=-====--=======---==== 
----------------------- -----
pH value 11.57 11.67 11.53 11.54 11.74_ 11.71 
Zinc (milL) 138 24.3 68.1 74.7 57.7 41.9 
I.ead (m.i/L) 14.6 11.5 9.8 10.8 a.4 18.3 
CadmiUlll (IIIIVL) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Total chrcmum (m&IL) 0.31 0.07 0.09 0.06 0.05 0.04 
BArium (m&IL) 0.33 0.11 <0.01 <0.01 0.21 0.41 

----~------.--------------------------Sulple used. : 100 , 

11 

-------,------------- -----_ ... , .. ' 
Bed VolUIIII lot 4th 5th 6th ------'-------------,.-----------
LsacbAta acic!.ad (DIl) 133 133 133 133 133 133 

-:=-----------=-=--=-------------==----=-:::-==:-==-=-= 
Puemeter -----------------------------------
pH value 10.47 ll.Ol 10.68 10.49 10.32 9.48 
Zinc (DIiIL) 8.86 73.5 29.4 126 39.5 17.8 
Lead (uIL) 0.34 12.9 4.6 20.6 6.5 3.0 
Cadmium (m&IL) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Total chromium (m&IL) 0.04 0.05 <0.03 0.05 0.03 <0.03 
Barium (m&IL) 0.47 0.15 0.17 0.14 0.11 0.18 
----------------------------------------------
Sample ueed. : 100 S 

...... 1111111 
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(b) Sample : SI., (SS303004) 
Leachato : Water 

--,-------_. 
Bed VolUlDll lilt -------------
Leachate added. (1111) 133 133 133 

4th 

133 

5th 

133 

8th 

133 
==------=--- --- -------=== ------
Par!lJllater 

pH value 12.60 12.66 12.64 12.49 12.54 12.58 
Zinc (=&IL) 2.74 2.73 3.22 2. se 5.43. 1.47 
Lead (=&IL) <0.03 <0.03 <0.03 1.05 0.43 0.37 
Cadmium (=&IL) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Total chromium (maIL) <0.03 <0.03 <0.03 <0.03 0.06 <0.03 
Barium (mg/Ll 7.19 4.SO 5.85 2.70 1.69 0.65 -------------------
Sample Wlod : 100 S 

Loachate : Acetic acid 

------- .-----.---
Bed Volume 1st 2nd 3rd 4th ------------- ----,-------
Lea.ch&ta added (DIl) 133 133 133 133 

5th 

133 

6th 

133 
---====~~----=-======:======~-=-===-=-=--=-=:=== ====== 
PB.rCllllOter --------------------------------
pH value 12.48 12.58 12.56 12.42 12.39 11.44 
Zinc (m&IL), 4.10 2.98· 2.70 3.34 2.21 0.45 
Lead (mg/L) 0.20 0.53 0.46 0.37 0.14 <0.03 
Cadmium (mVL) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Total chromium (mVL) 0.06 <0.03 0.04 0.05 0.04 0.05 
Barium (mg/L) 8.13 4.33 2.79 2.13 1.22 0.51 ----------------------------------
S!IIIlPla u:led : 100 « 

111.· •• 1 •• 
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(c) Sample : Sla, a%Id ~t t!1xture (2:1) (S9303OO5) 
Leecbato ; Water 

---------- -------
Bed Vo lume lISt 2nd 3rd 4th 5th 6th .. _--_._-----_._---,-- -------------------INcbate added (ml) 133 133 133 133 133 133 
===;:======================================~====~t 
Parameter 
- .. ---
pH v&lua 12.38 12.35 12.37 12.24 12.43 11.75 
Zillc (maIL) 4.51 13.5 47.9 63.9 28.6 42.9 
lead (m&IL) 30.4 95.6 115 76.0 35.4 7.4 
Cadmium (msIL) <0.001 (0.001 <0.001 <0.001 <0.001-<0.001 
Total cbraIlium (III&IL) 0.28 <0.03 <0.03 <0.03 <0.03 0.04 
Barium (mg/L) 0.12 0.66 6.15 4.18 2.BB 0.96 
----.---~--- ------
S-Ple uaed. : 100 a 

Leachata : Acetic acid 

----------,---------,------ ,---------
Bed Volu. lilt 2nd 3rd 4th 5th 6th 
----,---------...... ---'-----------'- .. 
I.each.ate added (1111) 133 133 133 133 133 133 ------- ------ ----=--=--------- ====-

------------------------------
pH va.lue 12.30 12.27 12.1711.87 11.63 11.54 
ZiDc (lIlI/L) 21.8 52.Q 16.1 14.0 2.11 26.3 
Lead (m&/L) 100 156 82.8 16.4 2.90 4.16 
Cadmium (III&/L) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Total chromium (lIlI/L) 0.16 0.07 0.03 <0.03 <0.03 0.05 
Barium (m&IL) 0.25 6.70 7.14 6.68 4.43 2.48 
--------------------------------------------
Samp18 WSecl ; 100 i 

J J 11 I I I I 11 

PD40 : 15 ot lB 

Member of tl"ll IGI Gf'OUCI (1oc:1tr, Ct4In"." de iurvedJ.l"lce) 

S .. Rev,r •• 10r Conditions 
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4.2 Scala sample (89303006) 

4.2.1 Oridna.l ~le 

Parameter Result 
---
Water oontent 10.B X 
Oil and crease CODtent 0.29 X on eample "as received" 

0.33 X en dried l!IaIIi>le (baaed OD 
calculatiOZl frca R&ter 
ccntent) 

4.2.2 I.eachAt. of sample 

Parcmetor Relllllt 
---- --
Oil and i%"8888 content 26.7 mgIL 

Nob : Weight of sample UIIed = 100 , 
Volume of leacha.te added = 133 III 

Pan : 16 of 16 
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APPENDIX 7C: INTERPRETATION OF LEACHATE TEST RESULTS 

SUITABILITY FOR LAND FILL 

Dust 

The leach ate test results indicate: 

• substantial concentrations of zinc (maximum 138mg/l), lead (maximum 21mg/l), COD 
(maximum 620mg/l) and sulphate (maximum 3970mg/1) in the alkaline leachate; 

• little difference in results between using acid leachate or distilled water as the leaching 
medium; 

• maximum lead concentration, using water as the leachate medium, in the sixth repetitive 
test. Also, the zinc and lead concentrations in the acid leachate medium tests reach 
maximum values in the fourth repetitive test. This illustrates the necessity of the 
repetitive tests because the first set of results do not simulate worst case. 

Because of the high leachate contamination levels and its potential to pollute, the potential 
environmental impact of land filling dust requires assessment. Below, this is assessed with regard 
to SENT landfill, which is designated to handle industrial wastes and is thus considered to be the 
most suitable landfill site for the filter dust. 

Dust 
characteristics 

SENT landfill : 
characteristics 
(References 5&6) 

45 t/day 
12% zinc 
1.4% lead 

Lined site 
6,000 - 7,000 tpd 
2.5% publicly collected waste 
53.5 % construction waste 
44% commercial/industrial waste including 175 tpd 
Chemical Waste. 
Leachate (250-600m'/day) nitrified and pumped to Tseng 
Kwan 0 STW (54,ooom'/day) for screening prior to 
discharge via Tathong Channel outfall, for tidal flushing. 
Secondary treatment is planned at the STW post - 2000. 
Discharge to Sewer should satisfy the TM effluent 
discharge standards detailed in Table 5.2 

Table 7C.1 below examines attenuation data in a manner similar to a worked example 
detailed in Appendix 7A. 

Shlu Wing Sttel MU! (Tutn Mun) Final EIA 
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Table 7C.l: Attenuation of Leachate 

Zinc Lead SUlphate COD 
(mg/l) (mg/l) (mg/l) (mg/l) 

Maximum Concentration in leachate 138 mg/l 21 3970 640 
(from test results) 

Concentration tolerated in leachate 1.5 I 1000 2000 
(from table 5.2) discharged to sewer 

Attenuation factor required (alb) 92 21 4 . 

Attenuation available: 

Attenuation in site Notknowo 

Dilution with other leachate x133 x133 xl33 x133 
(6000tpd/45tpd)* 

Attenuation in Unsaturated zone Not Applicable 

Dilution with Grouodwater Not Applicable 

* An approximate estimate of the dilution available with leachatc from the other waste deposited can be 
obtained by assuming that the leachatc generated i. proportioned to the tonnage of waste. This is 
reasonable provided the dust is deposited in a similar maruter, for example not spread AI a very thin 
layer over the other waste. 

It can be seen from Table 7C.l that the necessary degree of attenuation can be acbieved. 

It has been assumed that there is no zinc leaching from the other wastes deposited . This 
is a fair assumption as a toxic heavy metal such as zinc would only leach significantly " 
from wastes designated Chemical Wastes, and these comprise only 3% of the total waste 
anticipated at SENT. Most of these Chemical Wastes are anticipated to be acids/alkalis, . 
which would contain little, if any, zinc. 

In addition, it should be noted that: 

• Worst case leaching results have been considered. For example, the maximum 
concentration of 138 mg/l zinc was used; this concentration varied in the tests and 
was as low as 8.9 mg/l. 

• Further attenuation in the landfill site has not been considered as it is difficult to 
quantify . Thus, the benefits of co-disposal of industrial waste with general waste 
has not been taken into account. 
It is a widely accepted principle that attenuation of toxic substances will take place 
in a codisposal site due to a variety of physical, chemical and biological processes 
which occur within the deposited wastes. 

• Tests were conducted upon crushed dust samples. Dust would in practise be 
disposed to landfill as pellets . In the pelletised form, contact between dust and 
leachate would be less intimate. 

Thus a safety margin is provided. 

Shlu Wing Slttl Mu/ mun Mun) Final BTA 
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Slag 

The results verify that although slag can contain elevated levels of heavy metals, it is a 
relatively inert substance. The results show: 

• alkaline leaching of zinc (maximum 5.4 mgll), lead (maximum 1.05 mgll), barium 
(maximum 5.3 mg/I) and copper (0.8 mg/I); 

• little difference in results between using acid leachate or distilled water as the 
leaching medium. 

At these relatively low levels of leaching, landfilling of slag would not be expected to 
have any significant environmental impact at WENT landfill which would be the closest 
landfill to the proposed steel mill site. Dilution by leachate from surrounding waste and 
attenuation in the landfill site would lower the contamination levels significantly. 

Dust/Slag 

The leachate test results indicate: 

• the presence of substantial concentrations of zinc (maximum 63 mg/I), lead 
(maximum 158 mg/I), Barium (maximum 7.1 mgll) and sulphate (maximum 1250 
mg/I) in the alkaline leachate. 

• The leaching of lead from the mixture is significantly worst than leaching from 
filter dust on its own. 

• little difference in results between using acid leachate or distilled water as the 
leaching medium. 

• contamination levels do not reach maximum values in the first stage of the tests. 

Because of the high levels of contamination in the leach ate (particularly lead),there does 
not appear to be any benefit in mixing slag and filter dust for disposal. 

Scale 

A sample of waste scale was collected from the eXlstmg Junk Bay site by AXIS 
Environmental and found to comprise 10.8% water and 0.33% (dry weight) of oil. 
Leachate from the scale contained 26.8 mg/I of oil and grease. The oil arises from 
contamination of recirculating cooling water by lubrication oils. 

Scale is an inert substance (> 90% iron oxides) and oil is the only potential contaminant. 

Landfilling of scale would not be expected to result in significant environmental impact. 
Dilution by leachate from surrounding waste and attenuation in the landfill site would 
lower oil contamination levels. 
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APPENDIX 8: ABBREVIATIONS 

Measurements 

Technical units of measurement in this report are based on the International System of Units (SI) 
wherever possible. These technical units may be broadly grouped as prefixes and measurements. 
A prefix applies to the unit of measurement that immediately follows it - for example microgram 
is abbreviated as JLg. Superscripts' and 3 following a linear unit indicate area and volume - for 
example m' (square metres) and m' (cubic metres). Different units are combined by a full stop (.) 
to differentiate units of the same exponential sign, and a solidus (I) to indicate 'per'. For 
example, kilometres per hour is abbreviated as km/h, while megalitres per day per square 
kilometre is Mlld .km'. 

The prefixes used in this report are: 

k 
m 

kilo 
milli 
micro 

1,000 
0.001 
0.000,001 

Units of measurement which have been used are: 

yr 

dBA 

·C 

g 

h 

ha 

Hz 

Loq 

L., 

m 

pH 

% 

s 

t 

year 

decibel, frequency weighting network A 

degrees Celsius 

gram 

hour 

hectare 

hertz 

litre 

equivalent sound power level 

sound power level exceeded 90% of the time 

metre 

degree of alkalinity/acidity 

per cent 

second 

tonne 
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Miscellaneous 

AFD 
r 

Agriculture and Fisheries Department 

AQO Air Quality Objective 

l ANL Acceptable noise level 

AS Australian Standard 

[ ASR Area Sensitivity Rating 

BF Baghouse Filters 

BOD Biochemical Oxygen Demand 

BOD, biochemical oxygen demand (five-day test) 
I 

BNL Base Noise Level 

BS British Standard 

CCM Continuous Casting Machine 

CED Civil Engineering Department 

CNP Construction Noise Permit 

CWTF Chemical Waste Treatment Facility 

DO Dissolved Oxygen 

EAF Electric Arc Furnace 

EIA Environmental Impact Assessment 

EM&A Environmental Monitoring and Audit 

ENM Environmental Noise Model 

EPD Environmental Protection Department 

FCZ Fish Culture Zone 

FMC Fill Management Committee 

C/IC Government/Institution-Community 

HKPSG Hong Kong Planning Standards and Guidelines 

[ LAR Lantau Airport Railway 

LRT Light Rail Transit 

Shlu Wing S'e<l MUI (Tuen Mun) Final iliA 
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r MHWS Mean High Water Springs 

MLWS Mean Low Water Springs 

MSL Mean Sea Level 

r MPT Multi Purpose Terminal 

N/A not applicable 

[ N/D not detected by analysis in sample 

r 
NENT North East New Territories 

NTU nephelometric turbidity units 

[ NSR noise sensitive receiver 
I 

[ 
NWWCZ North Western Water Control Zone 

ODP Outline Development Plan 

OZP Outline Zoning Plan 

PADS Port and Airport Development Strategy 

PD Principal Datum 

PFA Pulverised Fuel Ash 

PNL Predicted Noise Level 

® registered trade name 

RF Re-heat Furnace 

RTT River Trade Terminal 

SIA Special Industrial Area 

RM Rolling Mill 

SIA Special Industrial Area 

SMG Steering Management Group 

SWL Sound Power Level 

SPL Sound Pressure Level 

l SR Sensitive Receiver 

SS SI Site of Special Scientific Interest 

Shlu Wing Steel MUI (l'uen Mun) Final filA 
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ss Suspended Solids 

SIT Short Term Tenancy 

STW Sewage Treatment Works 

TM 

TSP 

USEPA 

VEPA 

WENT 

WPCO 

WQCZ 

WQO 

ZVI 

Technical Memorandum 

Total Suspended Particulate 

United States Environmental Protection Agency 

Victorian Environment Protection Authority 

Western New Territories 

Water Pollution Control Ordinance 

Water quality control zone 

Water quality objective 

Zone of visual influence 
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APPENDIX 9: GLOSSARY 

Atmospheric stability -

AUSPLUME 

Baseline Data 

Dispersion model 

Equivalent noise level 

(Leq) 

ISCST 

Mitigation measures 

Pasquill - Gifford 

Respirable suspended -

particulates (RSP) 

Sound power level 
(SWL) 

Sound pressure level 

(SPL) 

Total suspended 
particulates (TSP) 

Windrose 

A measure of the tendency of a vertically displaced parcel of air to 
return to its original position (stable conditions), increase its 
displacement (unstable conditions), or remain where it is (neutral 
conditions) . Strong heating of the land surface lends to instability 
(convection); strong cooling leads to stability (inversions). 

Air modelling software package developed on behalf of the 
Victoria Environment Protection Authority, from the US EPA's 
Industrial Source Complex Model (ISCST) used to simulate the 
dispersion of dust in the present study. 

Data COllected, to be used as a reference for all work or changes 
occurring from that time on. 

Computer software used to predict dispersion of pollutants. 

The constant noise level equivalent to the A-weighted sound 
pressure 
level of the actual noise at the measurement site over the sampling 
period. 

Industrial Source Complex Model. US EPA air dispersion 
modelling software. 

measures incorporated into an operation to minimize environmental 
_, impact. 

a relative index used to define atmospheric stability. 

fine atmospheric particulate matter of nominal aerodynamic 
diameter 
of 10JLm and smaller. These particulates, after inhalation, can 
penetrate deeply into human respiratory tract. 

a measure, in decibels, of the acoustic power radiated by a given 
noise source. It is independent of any reference distance or other 
extraneous factors. 

a measure, in decibels, of the sound pressure at a particular point. 
It 
is dependent upon distance from the source and many other 
extraneous factors. 

atmospheric particulate matter comprising size fractions less 
than about 75JLm in diameter. 

Circular graphical representation upon which wind direction, speed 
and frequency are plotted. 
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