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1. 

2. 

. Introduction 

Agreement No. CE 35194 

Ting Kau and Sham Tseng Sewerage Scheme 
Environmental Impact ASSessment Study 

BRIEF 

This Brief is to be read in conjunction with the Memorandum of Agreement, 
the General Conditions of Employment for a Feasibility Assignment, the Special 
Conditions of Employment and the Schedule of Fees. 

Description of the Project 

2.1 The Tsuen Wan, Kwai Chung and Tsing Yi Sewerage Master Plan Study 
commissioned in 1989 recommended, among others, the provision of a 
comprehensive sewerage system and a centralized sewage treatment plant with 
submarine outfall to serve the Ting Kau 1 Sham Tseng coastal area which 
stretches from Approach Beach in the east to Tsing Lung Tau in the west. 
The sewage treatment plant was proposed to be built on an area reclaimed for 
that purpose. 

2.2 The Ting Kau and Sham Tseng sewerage scheme forms part of the 
implementation of the aforementioned Sewerage Master Plan Study and 
comprises two Public Works Programme items, namely, 52DS - Ting Kau 
Sewerage and Pumping Stations, and 126DS - Sham Tseng Sewerage, Sewage 
Treatment Works and Disposal Facilities, (hereinafter referred to as "the 
Project"). It consists of 

(a) sewer reticulation and pumping stations in the Ting Kau, Sham Tseng 
and Tsing Lung Tau areas; 

(b) trunk sewers to convey the sewage from the coastal area to Sham 
Tseng; 

(c) reclamation at Sham Tseng; and 
(d) a sewage treatment works and a submarine outfall at Sham Tseng. 

A drawing numbered DDN 8370A showing the general layout of the whole 
sewerage scheme, and a layout plan of the reclamation are included in this 
Brief as Appendix I. 

2.3 The estimated maximum flow to the Sham Tseng sewage treatment works is 
about 22000 m3/day. The major requirements with respect to effluent 
discharge from the sewage treatment works are given in Appendix II. 

Agreement No. CE 35/94 BRIEF Page 1 



3. Objectives of the Assignment 

The objectives of this Environmental Impact Assessment Study are as follows: 

(i) to describe the proposed Project and associated works together with the 
requirements for carrying out the proposed Project as a design-and-build 
package; 

(ii) to review the proposed sewage treatment scheme of the Project. identify, 
eValuate and agree with the Director's Representative suitable sewage 
treatment options conforming with the specified effluent standards and the 
available site area for further study; 

(iii) to identify and describe the elements of the community and environment likely 
to be affected by the proposed Project, and/or likely to cause adverse impacts 
upon the proposed Project, including both the natural and the man-made 
environment; 

(iv) to identify and quantify emission sources and determine the significance of 
impacts on sensitive receivers and potential affected uses; 

(v) to propose the provision of infrastructure or mitigation measures so as to 
minimize pollution, environmental disturbance and nuisance during 
construction and operation of the Project; 

(vi) to identify, predict and evaluate the residual (Le. after practicable mitigation) 
environmental impacts and cumulative effects expected to arise during the 
construction and operation phases of the Project in relation to the sensitive 
receivers and potential affected uses; 

(vii) to identify, assess and specify methods, measures and standards, to be 
included in the detailed design, construction and operation of the Project 
which are necessary to mitigate these impacts and reduce them to acceptable 
levels; 

(viii) to design and specify the environmental monitoring and audit requirements 
necessary for monitoring the effectiveness of the environmental protection and 
pollution control measures adopted; 

(ix) to investigate the extent of side-effects of proposed mitigation measures that 
may lead to other forms of impacts; 

(x) to identify constraints associated with the mitigation measures recommended 
in the study; and 

(xi) to identify any additional studies necessary to fulfil the objectives to the 
requirements of this Study or for the completion of the Project. 

Agre"m"nt No. CE 35/94 BRIEF Page 2 
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5. 

~--~--~-

Description of the Assignment 

4.1 An env.ironm.ental review was carried out under the Tsuen Wan, Kwai Chung 
and Tsmg Yl Sewerage Master Plan Study described in Section 2. In 1992 
another study - Sham Tseng Sewerage and Sewage Treatment: Underground 
Cavern Options - was commissioned. A preliminary environmental review 
was also carried out under this study, and a number of potential environmental 
issues were identified which would require further investigations. This Study 
is a follow up on these two environmental reviews. 

4.2 The purpose of this Environmental Impact Assessment Study is to provide 
information on the nature and extent of environmental impacts arising from 
the construction and operation of the Ting Kau and Sham Tseng Sewerage 
Scheme described in Section 2 above and all related activities taking place 
concurrently. The information will contribute to decisions on: 

(i) the selection of the treatment process for the Sham Tseng sewage 
treatment works; 

(ii). the conditions and requirements for the detailed design, construction 
and operation of the proposed Project; and 

(iii) the acceptability of residual impacts after the proposed mitigation 
measures are implemented. 

Deliverables 

5.1 

- ., ,.-

Within two weeks of the commencement of the Assignment, 30 copies of a 
Draft Inception Report shall be submitted to the Director's Representative for 
his approval. The Inception Report shall include: 

(i) an inventory of all the identified environmental issues and other issues 
which are considered necessary for the purpose of this study; 

(ii) a works programme which identifies and clearly describes the major 
tasks and critical activities of the Study; and 

(iii) a schedule for the submission of reports, working papers and technical 
notes necessary to fulfil the requirements of this Study. 

Within 6 weeks from the commencement of the Assignment, 30 copies of a 
Draft Interim Report on Sewage Treatment Options embracing the 
identification, evaluation and recommendation of sewage treatment and 
disposal options for the Sham Tseng sewage treatment works shall be 
submitted to the Directors Representative. The Draft Interim Report shall 
enumerate for each option details including in particular 

Agreement No. CE 35/94 BRIEF Page 3 
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5.3 

5.4 

5.5 

(i) 

(ii) 

a preliminary assessment of environmental impacts associated with the 
option; 

the cost of works taking into account the cost of environmental impact 
mitigation measures and recurrent running costs; and 

(iii) programming and a preliminary layout plan of the sewage treatment 
works under the particular sewage treatment option considered. 

Within 25 weeks from commencement of the Assignment, 30 copies each of 
the Draft Final Report and Draft Executive Summary shall be submitted to the 
Director's Representative. This Report shall contain all materials specified 
under this Study, as well as other information as may be required by the 
Director's Representative. A period of 3 weeks shall then be allowed for 
circulation of the Report for comments. 

Within 27 weeks from commencement of the Assignment, 30 copies of the 
Draft Environmental Monitoring and Audit Manual shall be submitted to the 
Director's Representative. The Manual shall contain all materials specified 
in Section 6.3 (vii) (c) and elsewhere of this Brief, as well as other 
information as may be required by the Director' Representative. A period of 
3 weeks shall then be allowed for circulation of the Draft Environmental 
Monitoring and Audit Manual for comments. 

80 copies of the Final Report together with the Consultants' responses to 
comments on the Draft Final Report, and 150 copies of Executive Summary 
(in separate Chinese and English versions) shall be submitted to the Director's 
Representative within 4 weeks of the receipt of comments on the Draft Final 
Report. The Final Report shall 

(i) fully satisfy the requirements of this brief in respect of the 
identification. evaluation and recommendation of the sewage treatment 
process options and the prediction and assessment of impacts, the 
identification of environmental impact mitigation measures and the 
associated residual impacts; 

(ii) describe the agreed schedules and programmes for monitoring and 
audit requirements; 

(iii) prescribe the specification for detailed design, construction and 
operation requirements of the proposed Project; and 

(iv) provide the impacts summary, the study findings, conclusions, 
recommendations and a mechanism for implementation. 

Agreement No. CE 35/94 BRIEF Page 4 
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The Executive Summary shall highlight the sewage treatment options 
rec?mmend~, the Issue~ of concern to the community, the acceptability of 
residual environmental Impacts and cumulative effects, requirements for 
implementation of the Project, and the basis for and implications of those 
requirements. It is intended that the information contained therein would 
assist the Government in undertaking public consultations with the Advisory 
Committee on the Environment, the District Boards and other panies. 

5.6 All repons, technical notes, working papers shall first be issued in drafts. 
Unless specified otherwise, within 3 weeks of the receipt of comments, the 
revised version with the incorporation of comments where appropriate and 
written responses to comments as appendix shall be issued by the Consultants 
and submitted to the Director's Representative. 

5.7 Unless specified otherwise, the Consultants shall supply the Director's 
Representative with 30 copies of every repon, technical note, working paper, 
written responses and other written documents as may be required under the 
Study, and 80 copies of technical notes and working papers in the revised 
form. 

5.8 The Consultants shall also supply the Goveminent with appropriate copies of 
such repons, technical notes, working papers, briefs, supponing documents 
and other relevant inputs as may be required during the Environmental Impact 
Assessment Study or any public consultation exercise. 

5.9 The requirements in the Planning, Environment and Lands Branch General 
Circular 2/94 on Public Access to Environmental Impact Assessment Repons 
shall be complied with. The Final Repon and the Executive Summary will 
be made available to the public according to the provisions in the circular. 
The Environmental Impact Assessment Study fmdings may be presented to the 
Advisory Committee on the Environment. 

5.10 Within 15 weeks from the commencement of the Assignment, the Consultants 
shall supply to the Director's Representative 5 copies in writing and 1 copy 
on computer disk in WordPerfect format of a draft brief for a follow-up 
consultancy to execute the Project through a design-and-build package. 

6. Services to be provided by the Consultants 

6.1 The Consultants shall review the sewage flow and the proposed sewage 
treatment scheme of the Project, identify, evaluate and agree with the 
Director's Representative suitable sewage treatment options conforming with 
the effluent standards as specified in Appendix II and the available site area, 
enumerating for each option details which shall include a preliminary 
assessment of associated environmental impacts, programming and the costs 
of the works taking into account the cost of environmental impact mitigation 
measures and recurrent running costs; recommend and agree with the 
Director's Representative not more than two preferred options and carry out 
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6.2 

6.3 

detailed environmental impact assessment for them together with other 
elements of the proposed Project. [ 

The Consultants shall consider all aspects of the activities arising from the 
Pr~jec~ in ~ny s~ge / phase of implementation, and, observe the following 
gUidelmes m addition to the Hong Kong Planning Standards and Guidelines 
(HKPSG) as well as other statutory requirements during the Environmental 
Impact Assessment Study. 

(i) Sensitive Uses 

Due consideration should be given to existing and committed future 
. land uses and sensitive receivers in the study area must be identified. 

Future land uses should include those that will be occupied during the 
construction and operation phases of the proposed Project. 

(ii) Mitigation Measures 

r 
[ 

c 
c 

Effective mitigation measures should be proposed to reduce impacts to [ .. 
acceptable levels and to minimize the probability, occurrence and ~ 
consequences of predicted impacts in terms of the layout and design of 
the Project, the duration of pollution activities, construction methods [ 
and .equipment, operational procedures and administrative controls. 

(iii) Residual Impacts 

Residual environmental impacts shall be identified and quantified and 
their acceptability should be determined against the Environmental 
Chapter of the Hong Kong Planning Standards and Guidelines and 
other statutory requirements as stated in Section 11.3. 

The Environmental Impact Assessment shall include, but not be limited to, the 
tasks stated in the following. 

(i) Noise Impact Study 

The Consultants shall, 

(a) 

(b) 

assess the construction noise impacts on existing noise-sensitive 
receivers due to the construction of the sewerage, the sewage 
treatment works (including reclamation) and the submarine 
outfall; propose mitigation measures of such forms suitable to 
be included in the construction contracts; 

assess the operation noise impacts of the pumping stations 
along the sewerage route on existing and planned noise
sensitive receivers; propose mitigation measures to be included 
in the design of the pumping stations; and 

[ 

[ 
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(ii) 

(c) assess the operation noise impacts of the Sham Tseng sewage 
treatment works on existing and planned noise-sensitive 
receivers; and propose mitigation measures to be included in 
the design and operation of the sewage treatment works and 
assess the extent of buffer zone required. 

Air Pollution Impact Study 

(a) Construction Phase Assessment 

(b) 

The Consultants shall, 

(1) consider the existing and future land uses in the Study 
area and prepare .plans identifying representative 
receptors in the viciniry of the proposed Project, the 
locations of the representative receptors to be agreed 
with the Director of Environmental Protection; 

(2) from a knowledge of the likely rype, sequence and 
duration of construction activities required for the 
implementation of the Project, identify those 
construction activities likely to cause air pollutant 
problems to the receptors, including borrowing 
activities for the reclamation works; 

(3) assess and evaluate the net and cumulative air pollution 
impacts (dust and odour) of the proposed Project to 
receptors by dispersion modelling with reference to 
Hong Kong Air Qualiry Objectives (HKAQO); provide 
detailed methodology statement and key assumptions of 
the selected dispersion model such as emission factors 
and other input parameters etc. to the Director of 
Environmental Protection for comment and consent 
before the commencement of the study; and evaluate the 
dust impact from the construction activities, with the 
use of a Fugitive Dust Model (FDM) being preferred; 
and 

(4) recommend appropriate air pollution control measures 
(including odour) for inclusion into the contract 
documents; propose compliance monitoring where 
appropriate. 

Operation Phase Assessment 

Agreem,mt No. CE 35/94 BRIEF Page 7 



The Consultants shall, 

(1) from a consideration of the existing and future land uses 
in the Study area, prepare plans identifying 
representative receptors that would likely be affected by 
air pollution (including odour) impact; and agree. with 
the Director of Environmental Protection the locations 
of the receptors; 

(2) establish the background air pollution levels at the 
Study area for the assessment of cumulative air impacts 
in (3) below; . 

(3) assess the net and cumulative air pollution impacts 
(including odour) of the proposed Project to receptors 
by dispersion modelling; provide detailed methodology 
statement and key assumptions of the selected model 
such as emission factors and other input parameters etc. 
to the Director of Environmental Protection for 
comment and consent before the commencement of the 
study. For odour prediction at the receptor, the 
predicted odour level should not exceed 5 odour units 
based on a prediction averaging time of 5 seconds. For 
odour measurement or monitoring, the odour level 
should not exceed 2 odour units as measured at the site 
boundary of the sewage treatment works and pumping 
stations. 

(4) 

The report should contain sample calculation and input 
parameters used in the modelling. 

The pollution isopleths should be produced as an output 
of the Study. 

The Consultants shall propose cost effective 
amelioration measures in situations where the predicted 
cumulative air pollution levels exceed the Hong Kong 
Air Quality Objectives (HKAQO) or the predicted 
odour level at the receptor exceed 5 odour units based 
on a prediction averaging time of 5 seconds.' For air 
pollutants not included in the list of HKAQO, the 
Consultants should propose air quality standards based 
on established international standards with justification 
and seek prior agreement from. the Director of 
Environmental Protection for use of the standards. 

(iii) Water Ouality Impact Study 

The Consultant shall, 
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(iv) 

(a) 

(b) 

identify all sensitive receivers that could potentially be affected 
during the construction and operational phases, including, but 
not be restricted to, bathing beaches, recreational facilities, 
mariculture activities and water intakes; 

determine the water quality requirements of the sensitive 
receivers identified in Section 6.1 (iii) (al above; 

(c) assess the impacts of construction activities including dredging 
of contaminated and uncontaminated sediments, land 
reclamation, site formation. building works and outfall 
construction; propose mitigation measures. spoil disposal 
method and monitoring requirements (baseline and during 
construction) to minimise the impacts of construction phase 
activities; and 

(d) quantitatively assess the impacts of effluent discharge from the 
Sham Tseng sewage treatment works under the proposed 
reclamation configuration using mathematical modelling 
techniques to the satisfaction of Director of Environmental 
Protection; propose the location, orientation and form of the 
outfall including the diffuser with reference to the water quality 
requirements of the identified sensitive receivers for compliance 
with the relevant gazetted Water Quality Objectives. 

Solid Waste Pollution Study 

Solid waste assessment shall focus on: 

(a) 

(b) 

(c) 

(d) 

(e) 

identification of the quantity and quality of contaminated 
spoil/dredged material generated as a result of dredging and . 
reclamation; 

recommendation of suitable handling and disposal measures for 
any spoils/mud (contaminated andlor uncontaminated) as a 
result of dredging and reclamation, attention to be paid to the 
licensing requirements under the Work Branch Technical 
Circular No. 22/92 'Marine Disposal of Dredged Mud'; 

identification of the sources of solid waste with details of the 
waste generation, waste characterization and waste separation; 

the issue of sludge disposal during the operation stage which 
should be fully addressed; 

investigation on any secondary impacts such as. odour. gas 
emission, noxious leachate; 

Agreement No. CE 35/94 BRIEF Page 9 
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(v) 

(vi) 

(f) evaluation of the proposed waste management strategy, waste 
handling, treatment and disposal methods; and 

(g) incorporation of waste reduction / reuse / recycling by any 
practical means. 

Visual Impact Studv 

The Consultant shall assess the visual impacts of the Sham Tseng 
sewage treatment works and the various pumping stations. and propose 
outline landscaping proposals and building design to minimise the 
visual impacts. The building design proposal shall consider. amongst 
others. a fully enclosed. a panially enclosed and a sunken sewage 
treatment works. A complete 'Visual Impact Assessment Repon' shall 
consist of the following major elements: 

(a) identification of visual envelope and sensitive receivers (or 
'potential receptors') or viewpoints; 

. (b) illustrations of the proposed Project by photomontage and/or 
scale models (N.B. The directions in which various views are 
being taken should be incorporated into a map for illustration); 

(c) assessment of the visual impacts of the proposed structures to 
individual receptors and identification of the most affected 
views; and 

(d) proposals of mitigation measures required for the affected 
views. 

Traffic Impacts Study 

The Consultants shall, in respect of traffic impacts. 

(a) 

(b) 

(c) 

assess the impacts on the traffic on Castle Peak Road arising 
from the sewerage works. as well as the construction vehicles 
especially during reclamation of the site; liaise with the 
Highways Depattment for the programme and details of the 
Castle Peak Road widening project which is scheduled to be 
carried out at about the same time with the sewerage works; 
and assess the cumulative impacts of the two projects and 
propose mitigation measures in terms of the interfacing of the 
projects; 

assess the traffic impacts arising from the borrowing activities 
and propose mitigation measures; and 

assess the impacts on marine traffic ansmg from the 
reclamation works and outfall construction. and propose 
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(vii) 

mitigation measures. 

Environmental MOnitoring and Audit (EM&A) Requirements 

(a) Environmental MOnitoring 

The Consultants shall identify and recommend environmental 
monitoring requirements for all construction. POst-project and 
operational phases of the development. These requirements 
shall include but not be limited to the identification of sensitive 
receivers, monitoring locations, monitoring parameters and 
frequencies, monitoring equipment to be used, and any other 
necessary programmes for baseline monitoring, impact and 
compliance monitoring, and data management of monitoring 
results. 

(b) Environmental Audit 

The Consultants shall identify and recommend environmental 
audit requirements for all construction, post-project and 
operational phases of the development. These requirements 
shall include but not be limited to: 

(1) organisation and management structure, and procedures 
for auditing of the implementation of respective 
environmental mitigation measures recommended for 
the detailed design, contract document preparation, 
construction, post-project operation stages of the 
development; 

(2) environmental quality performance limits for 
compliance auditing for each of the recommended 
monitoring parameters to ensure compliance with 
relevant environmental quality objectives, statutory or 
planning standards, or acceptance criteria recommended 
by the Environmental Impact Assessment, such limits 
being that they shall give indication of a deteriorating 
environmental quality and shall allow proactive 
responses to be taken (the commonly used approach is 
a set of trigger, action and target levels); 

(3) organisation and management structure, and procedures 
for reviewing the monitoring results and auditing the 
compliance of the monitoring data with the 
environmental quality performance limits (point (2) 
above), project contractual and regulatory requirements, 
and environmental policies and standards; 

(4) event / action plans for impact and compliance 

Agreemenr No. C£ 35/94 BRIEF Page 11 



6.4 

6.5 

(c) 

monitoring; 

(5) complaints handling, liaison and consultation 
procedures; and 

(6) reponing procedures, repon formats and reponing 
frequency including periodical repons and annual 
reviews to cover all construction and post-project / 
operational phases of the development. 

The Consultants shall prepare an Environmental Monitoring 
and Audit Manual which shall cover the requirements and 
recommendations in (a) and (b) above. The Manual shall also 
contain a summary list of recommended environmental 
mitigation measures. This Manual shall be used as a guideline 
for environmental monitoring and audit during the construction 
and post-project operational phases. This Manual shall be a 
stand-alone document and form pan of the Final Repon. 

The Consultants shall meet the objectives listed in Section 3 above by: 

(i) carrying out the necessary background studies to identify, collect and 
analyze existing information relevant to the Environmental Impact 
Assessment Study; 

(ii) carrying out any necessary environmental survey, site investigations 
and baseline monitoring work to achieve the objectives; 

(iii) quantifying, by use of models or other predictive methods, the residual 
and cumulative environmental impacts (specifying whether these are 
transient, long term and/or irreversible)' arising from the construction 
and operation of the Project; 

(iv) proposing practicable, effective and enforceable methods, measures 
and standards to effectively mitigate any significant environmental 
impacts in the shon and long term; and 

(v) outlining a programme by which the environmental impacts of the 
Project can be assessed, monitored and audited. 

In funher defining the scope of the Environmental Impact Assessment Study, 
consideration should be given to beneficial and adverse effects, shon and long 
term effects, secondary and induced effects, cumulative effects, synergistic 
effects and transboundary effects. 

The Consultants shall take into account, where available, the findings of all 
previous and current studies relevant to this Environmental Impact Assessment 
Study, including in particular the following: 
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6.6 

6.7 

(i) Tsuen Wan, Kwai Chung and Tsing Yi Sewerage Master Plan Study' 
(ii) Sh~ Tseng Sewerage and Sewage Treattnent - Underground Cave~ 

Options; 
(iii) Castle Peak Road Improvement between Area 2 and Ka Loon Tsuen 

Tsuen Wan - Feasibility Study; , 
(iv) Reclamation and Servicing of Tuen Mun Area 38 for Special Industries 

- Environmental Impact Assessment Study. . 

The use of models, survey protocols and analytical methods (including 
laboratory techniques) in the Study shall be agreed and approved by the 
Director's Representative, prior to commencement of detailed studies. In 
connection with the modelling work, the Consultants are required to undertake 
the following: 

(i) elaboration of background assumptions; 

(ii) confmnation with data validation; 

(iii) calibration of model; 

(iv) . prescnptlon of tool application (such as, questionnaire, 
numerical/stochastic algorithm); and 

(v) presentation of scenario projection and interpretation of results. 

To assess the water quality impacts of the Project, the Consultants shall make 
use of models approved by the Director's Representative pursuant to Section 
6.6, and shall agree with the Director's Representative on the extent and the 
programme of modelling. The Consultants may make use of the 
hydrodynamic and water quality data available in the Environmental Protection 
Department. Where available, the model data may be supplied on tapes while 
most of the field data will be in hard copies. A minimum of 3 weeks' notice 
shall be given in requesting for such data. 

6.8 The Consultants shall liaise with relevant Government departments and 
.. - agencies. and all other parties involved in this and any other projects or 

developments likely to be affected by the Project. Any correspondence, notes 
or minutes arising from such liaison shall be copied to the Director's 
Representative. 

6.9 The Study should be carried out with due regard to the information. policies, 
regulations and procedures contained in the following: 

(i) 

(ii) 

All anti-pollution Ordinances. Technical Memoranda, advisory 
booklets et at; 

Works Branch Technical Circular 14/92. April 1992: Environmental 
impact assessment of major development projects; 
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7. 

8. 

9. 

[ 
(iii) Planning, Environment and Lands Branch General Circular 2/94 May 

1994: Public access to EIA reports; '[ 

(iv) Environment Hong Kong (Annual review of 1992), Environmental 
Protection Department, 1993; C 

(v) Tph
l 

e Hong Kong Environment: a green challenge for the community, [ .. 
anrung, Environment and Lands Branch, 1993; _ 

(vi) Environmental Protection Department Technical Circular 15-2-94. [:. 
February 1993: Consultancy documents submitted to EPD - working 
greener. 

Response to Queries 

The Consultants shall respond to queries under Clause 20 of the General Conditions 0: 
of Employment raised prior to a date six months after the fmal submission of the 
Deliverables required under the Agreement. Such date shall be confirmed in writing 
to the Consultants by the Director's Representative. C 
Programme of Implementation 

8.1 The date for commencement of the Agreement is 9 September 1994. 
[ 

8.2 The study shall be completed within 32 weeks, working to an agreed [ 
Programme. The Draft Final Report shall be completed within 25 weeks. 

The Consultants shall produce the programme referred to in Clause.26 of the 
General Conditions of Employment in draft form within the first 2 weeks of 
the Assignment detailing the main streams of the study, target dates for 
particular tasks and any decision dates that may be required for the 
uninterrupted progress of the Assignment. The Consultants shall discuss with 
the Director's Representative during this period to agree the timing of 
submissions of reports and plans for each of the main elements of the 
Assignment, for inclusion in the draft programme. 

The Consultants shall endeavour to ensure that the Assignment is carried out 
in accordance with the Programme and shall submit regular programme 
reviews as part of the progress reports referred to in Clause 9 of this Brief. 

Progress Reports 

The Consultants shall submit to the Director's Representative progress reports at 
monthly intervals on all aspects of the Services relating progress to the Programme 
referred to in clause 8 of this Brief. The reports shall include a list of those parts of 
the Services the execution of which is behind the Programme, together with proposals 
to expedite progress, so as to complete the work on time. The reports shall also 
include updated expenditure forecasts in accordance with Clause 10 of this Brief. 

[ 

[ 

[ 

[ 

[ 

[ 

L 
[ 

Agreement No. CE 35/94 BRIEF Page 14 

L 



! 
[ 
[I: 

[1 
I 

fJ 
I 

o 
t 
o 
fJ 

o 
[ 

[ 

C 
[ 

C 
C 
[ 

[ 

[ 

[ 

[ 

10. 

11. 

12. 

13. 

Financial Management 

At monthly intervals or at such other intervals as the Director's Representative may 
require, the Consultants shall submit a repon on the current and forecast expenditure 
on the Assignment and the fees due to the Consultants, in a form to be agreed by the 
Director's Representative., 

Standards and Specifications 

11, 1 The Consultants shall adopt such technical and design standards and 
specifications as are in current use by the Government department(s) or, if 
non-existent, British Standard Codes of Practice and Specifications. Should 
instance~ arise for which suitable standards ,or specifications do not exist or 
for which the current standards or specifications appear to require 
modification or if by the adoption of current standards the Consultants would 
incur additional expenses not within reasonable contemplation, the Consultants 
shall submit recommendations on appropriate alternatives to the Director's 
Representative for agreement. 

11. 2 In assessing and quantifying residual environmental impacts, if there are 
emissions cif non-criterion pollutants with health implications, the Consultants 
should review relevant standards of other countries and international bodies, 
such as the World Health Organization (WHO), the International Agency for 
Research on Cancer, the US Environmental Protection Agency (USEP A), and 
the US National Research Council (USNRC), and propose for agreement with 
the Director's Representative on the appropriate reference criteria. 

11.3 The Consultants shall comply with and observe all Ordinances, bye-laws, 
regulations and rules for the time being in forcj: in Hong Kong governing the 
control of- any form of pollution for environmental protection. 

Director's Representative 
'-, 

The Director's Representative as defmed in the General Conditions of Employment 
shall be Assistant Director/Projects and Development, Drainage Services Depanment 
or such other person as may be authorised by the Director in writing and notified to 
the Consultants. The Director's Representative may delegate any of the powers and 
functions vested in him to other officers. If the Consultants are dissatisfied with a 
decision or instruction of any such officer the matter shall be referred to the 
Director's Representative for a ruling. 

Control of the Project and Assignment 

13.1 The Environmental Impact Assessment Study will be managed by a Study 
Management Group formed within the Government. This shall be the forum 
for liaison with Government departments and agencies, providing guidance to 
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the study consultant, an~ for commen.t and review on the work and outputs of 
the study. All secretanal services Will be provided by the Consultants. 

13.2 The Consultants should make themselves available to be present in the 
AdVisory Committee on the Environment, District Boards (DB's) (e.g. Tsuen 
Wan DB and its sub-committees) and/or any public consultation meetings to 
brief their case against the relevant environmental impacts generated. 

14. Information and Facilities Provided by the Employer 

All available information relevant to the Assignment will be provided to the 
Consultants. Relevant documents including reports, drawings and other background 
materials are listed in Sections 2 and 6 of this Brief. The Consultants shall indicate 
for guidance those documents which they currently hold and those of which a copy 
may be needed, should the Assignment be awarded to them. A copy of each of the 
documents indicated as needed will be supplied free of charge by the Director's 
Representative on request from the Consultants, except those currently available from 
the Sales section of the Information Services Department. In the case of plans and 
drawings, one transparency and two prints of each plan or drawing shall be provided 
free of charge if requested by the Consultants. 

15. Consultants' Office and Staffing 

16. 

The Consultants shall maintain for the duration of this Agreement an office in Hong 
Kong under the control of the Project Director of the Consultants who shall be 
responsible for the Study. He shall have adequate authority and sufficient 
professional, technical and administrative suppon staff in all relevant disciplines to 
ensure progress to the satisfaction of the Director's Representative. 

Specialist and Sub-consultant Services 

The Consultants shall provide all specialist and sub-consultant services required for 
the satisfactory completion of the Assignment. No additional fees or expenses for the 
prOVision of such services rendered locally or overseas shall be payable by the 
Employer except as otherwise provided for in the Schedule of Fees. 

17. Surveys 

One velograph and two prints of topographical mapping at 1:20,000, 1:5,000 and 
1: 1,000 scales prepared by the Survey and Mapping Office of the Buildings and 
Lands Department, where available for the area covered by the Project for which the 
Assignment forms a pan, can be obtained free of charge on application to the 
Director's Representative. All field survey work required for the proper execution 
of the Assignment shall unless otherwise provided for in the Agreement, be the duty 
of the Consultants. A copy of field notes, field data and resultant plans arising from 
these surveys shall be handed over to the Director's Representative upon completion 
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of the Assignment. The accuracy as well as presentation of these surveys shall be of 
a standard agreed by the Director's Representative. 

18. Insurance 

The amount of insurance cover to be maintained in accordance with sub-clause (A) 
of Clause 47 of the General Conditions of Employment shall be HONG KONG 
Dollars 3,000,000. 
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1. INTRODUCTION 

wa. GE 93 lI.I3 

In November 1993, Bachy Soletanche Group was awarded a two year Term Contract 
to carry out marine ground investigations for the Geotechnical Engineering Office 
(G.E.O) of the Civil Engineering Department. The Contract Area for the Works 
consists of the Hong Kong Territorial Waters, including the near shore areas where the 
water depth exceeds one metre during high tide. 

This report details the fieldwork carried out for Works Order No. GE/93111.13 issued 
under the Contract. The instructed fieldwork consisted of eleven drillholes at locations 
immediately offshore south-east of Sham Tseng. The fieldwork was undertaken 
between 10th November and 1st December, 1994. 
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2. THE SITE 

wo. GE 93·11. /3 

The site is located immediately offshore south-east of Sham Tseng. (see Fig. I in 
Contract Data Summary Sheet). The drillholes are located within the site area 
bounded by co-ordinates of: 

• 824550E and 825150N 
• 824670E and 824890N 
• 824900E and 824890N 
• 824910E and 824970N 
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3. GEOLOGY 

wa. GE 9311.13 

According to the 1:20 000 HGM 20 series geological maps of Hong Kong Sheet 6 
(Yuen Long) - Edition I, 1988, the site is underlain by marine deposits of the Hang 
Hau Formation. Rock outcrops onshore comprise fine to medium grained granites. 

The findings of the ground investigation are in general accordance with the geological 
map and the sequence of strata encountered may be summarised as follows: 

• Fill 

• Marine Deposit (Hang Hau Formation) 

• Colluvium (Chek Lap Kok Formation) 

• Grade VI I V rock 

• Rock, consisting of basalt and medium grained granite. 

In this report, the term 'rock' is used as recommended in the Geoguide 3, i.e. a 
material which has not weathered in situ to the condition of a soil and which cannot be 
broken by hand into its constituent grains. The material is equivalent to weathering 
grades I to IV (fresh rock to highly decomposed rock) 

Detailed descriptions of each stratum are given in the drillhole logs presented in 
Appendix I. When the. formation name or geological origin of a material could not be 
clearly determined, a ''1' has been incorporated into the description. 

The depth and thickness of each strata are given in Table 1. 

Fill was encountered in drillhole BH06 only and constists of: 

• Grey, angular COBBLES and coarse GRAVEL of various rock types. 

Marine Deposit (Hang Hau Formation) was encountered in drillholes BH02, BH04, 
BH07, BH09A, BHIO and BHI0A (see Table 1) and generally consists of either: 

• Medium dense, grey to yellowish brown, slightly silty I clayey, fine to coarse 
SAND with occasional to some shell fragments and some sub angular, fine quartz 
gravel or, 

• Soft, olive grey to grey, very sandy silty CLAY with occasional angular, coarse 
quartz gravel. 

l_ Alluvium was encountered in the drillhole BH09A only (see Table 1) and consists of: 

Final Fieldwork Report 
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• Grey to brown, angular to subrounded COBBLES and coarse GRAVEL of 
granite. 

[ 

[ 

r 
The degree of decomposition of rock varies from one drillhole to another and is [" 
dependent on the orientation and spacing of discontinuities, groundwater flow paths _ 
and removal of overburden by erosion. The material attributed to weathering grades V 
and VI (i.e. essentially a soil), generally ranges in grain size in its remoulded condition C' 
from a soft clay to a sand with some rock fragments. -

Rock, consisting of medium grained GRANITE and very fine grained BASALT. C 
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4. FlELDWORK 

4.1 Setting out 

wa. GE 93 11.13 

Drillhole locations were set out in accordance with the co-ordinates given on Works 
Drawing Number DeM l097 and by site instruction. Drillhole locations were 
positioned using conventioul surveying techniques. The 'as-drilled' positions of 
drillhole locations are shown on Drawing BSG /11.13/1 enclosed in this report. 
Seabed levels were determined by relating the sounding results to the tide gauge 
reading. Survey positions and seabed levels are summarised in Table 2. 

4.2 Drilling 

All drilling was carried out by rotary equipment which was established on-board an 
anchored barge. The drilling technique employed utilises a power pack remote from 
the drilling platform to drive a power swivel system that provides roatation when 
coupled to the drill rods. The power swivel is fixed either side of the drilling position 
by two guide wires which restricts rotation in the horizontal plane, but allows vertcal 
movement through the guide wires such that motion of the platform or the barge is not 
transferred to the swivel or to the drill string. Using this technique ensures that the drill 
bit stays in constant contact with the base of the drillhole and 'is therefore not subject 
to wave and tidal action. 

Drillholes were advanced by rotating SX and HX drill casings using sea water as a 
flushing medium. Cable tool boring methods were generally employed in materials 
other than rock. 

Sampling (U76, maziers and SPT liners) and testing (SPT) was carried out in drillholes 
in accordance with the requirements given in the Works Order. All sampling is 
reported at the relevant depth on the drillhole log; undisturbed sample depths refer to 
the base of samples and small disturbed samples refer to the middle of the depth range. 

4.3 Sample Description 

Soils have been described in accordance with the general principles given in Geoguide 
3 - Guide to Rock and Soil Descriptions (GCO, 1988) with the exception of the use of 
Munsell Soil Colour Charts and the descriptive terms for the additional constituents in 
composite soil types. As instructed, the terms used are as follows: 

• 'with occasional' for less than 5% additional materials 

• 'with some' for between 5% and 20% additional materials 

• 'with much' for between 20% and 50% additional materials 
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Drillhole logs are presented in Appendix I. Sample descriptions given on the logs have 
been amended to incorporate comments provided by the Client and the G.E.D. Soil 
descriptions and delineation of strata have been based primarily on the examination of 
samples obtained from the ends of U76, mazier, SPT liner samples and, to a lesser 
degree. on the daily site records 

4.4 Drillhole Photography 

Photographs of the samples recovered from drillhole locations which have been used 
for log production are provided in Appendix II. The reference board shown in the 
photograph gives details of the samples. 

• 
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5. DIGITAL RECORDS 

5.1 Method 

wa. GE,93.11.13 

Both the preliminary and final drillhole logs have been produced using gINT. a 
commercially available software package capable of providing the ground investigation 
data in ASCII digital format. The data is provided in uncompressed form on the 3.5" 
disk (formatted to MS-DOS Version 6.0) submitted with the Final Fieldwork Report. 
The data file format complies with Appendix I of the latest edition of the Association 
of Geotechnical Specialists (AGS) publication "Electronic Transfer of Geotechnical 
Data from Ground Investigations". The data dictionary used for data field headings 
are in accordance with that recommended by the AGS with local variations as 
instructed by the G.E. O. 

5.2 Data Index 

The media index record and the data disk are included in 'the Mastercopy of the Final 
Fieldwork Report. 

H. T.Burbidge M.P. Chan 

Geotechnical Engineer Drilling Department Manager 
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Table 1. Summary of Strata Depths and Thicknesses 

Hole Seabed FILL HANG HAU FORMATION CHEK LAP KOK FORMATION ROCK - GRADE VI t. I Hole 

Number Level Base Thick- Base Thick- Base Thick- Penetrated Depth 

(mPD) Depth (m) ness (m) Depth (m) ness (m) Depth (m) ness (m) thickness (til) (m) 

BHOI -11.30 4.60 4.60 
_. ----~~---.-. ... ... _--- -_ .. 

--.---~~ 

BH02 -14.90 0.90 0.90 9.80 10.70 - -_._----- -_ .. - --._-------- ... _-" 

BH03 -12.80 12.02 12.02 
--~-- ~--'-

.1--._---_. __ . __ .-_ .. - ----_._.- _. 

BH04 -16.60 .- 2.00 2.00 5.38 7. 38
1 ._. ~---~-- .~--.---. 

76;1 BH05 -15.40 7.67 
----- -.--.~---. - ----- --- • I 

, 

BH06 -18.30 1.00 1.00 - - 11.96 129~ 
,--' I---'--~ -~.-. 1------ . _., -- .. - . 

100J BH07 -18.30 2.90 2.90 7.16 
-.---- _ .. _-_._ .. .. - ._._---- - --- ... .. _-_._-_ ... 

7001 BH08 -17.80 7.00 
r-----~ 1-- -~----- .- ---- ---_ .. - ---_.- ----_.--- --_._. _ .. _---- --. 1 

BH09A -16.90 - - 1.90 1.90 3.60 1.70 9.20 1280 
-- -_ ... --_.-- -_ .. ----- -,- -.--.---~ 

_._-_ ... _---_. _._- I--------~-.-- - - -_ .. _ .. - .. _ ... ---" .... __ ._--

BHIO. -18.10 1.80 1.80 2.55 4.35 
.... ------ .. ------, .•. - -_. __ .. _- -_ ... _-- -----

BHIOA -18.10 1.70 1.70 2.52 4.22 

r--'r--'~rJrJc_Jr:JrJrJrJr1r:Jr:JC"JCJC"Jr:Jr:::Jc-lrJ 
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Table 2. DriIIbole Location Co-ordinates and Seabed Levels 

Hole Easting Northing Seabed 

Nurilber Co-ordinates Co-ol ... nates Level (mPD) 

BHOI 824637.56 825077.64 -11.30 ----- -.. --_. 

BH02 824676.92 825014.38 -14.90 
-

BH03 824752.38 825017.59 -12.80 -. 1-------

BH04 824677.33 824972.83 -16.60 
... 

BH05 824793.36 824976.89 -15.40 

BH06 824725.31 824939.56 -18.30 

BH07 824782.55 824941.35 -18.30 

BH08 824828.17 824943.86 -1780 

BH09A 824735.25 824974.91 -16.90 

BHI0 824680.60 824940.52 -18.10 

BHI0A 824680.23 824940.20 -18.10 
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Material Code 

AGGLOM 
ASPHALT 
BASALT 
BIOCLAST 
BLANK 
BLDRCBBL 
BOULDERS 
BRECCIA 
CLAY 
CLAYGR 
CLAYGSL' 
CLAYGSS 
CLAYPT 

. CLAYSD 
CLAYSH 
CLAYSL 
CLAYSLPT 
CLAYSLSH 
CLAYSS 
CLAYSSPT 
CLAYSSSH 
CLAYSTON 
COBBLES 
CONCRETE 
CONGLOM 
DACITE 
DOLOMITE 
FAULT 
FILL 
FlSSIN 
GABBRO 
GNEISS 
GRACOBSS 
GRANITE 
GRAVCOBB 
GRAVEL 
GRAVELCL 
GRAVELSD 
GRAVELSL 
GRAVELSS 
GRAVSSC 
LIMESTON 
LSTSLT 
MARBLE 

List of Material Codes for the Log Legend 

Description 

Pyroclastic Breccia (volcanic ash, agglomerate) 
Asphalt 
Basalt 
Shells, Bioclastic Remains 
Void or Core loss 
Boulders and Cobbles 
Boulders 
Sedimentary Breccia 
Clay 
Gravelly Clay 
Silty clay with gravel 
Sandy silty Clay with gravel 
Organic Clay 
Sandy Clay 
Shelly Clay 
Silty Clay 
Silty Clay with organics 
Silty Clay with shells 
Sandy silty Clay 
Sandy silty Clay with organics 
Sandy silty Clay with shells 
Claystone 
Cobbles 
Concrete' 
Conglomerate 
Dacite, Latite, Andesite, Trachyte, Trachyandesite 
Dolomitic Limestone 
Fault Breccia 
Artificial fill; includes landfill, rock fill, masonry wall 
FissureInfill 
Gabbro, Lamprophyre 
Gneiss, Coarse-grained metamorphic rock 
Silty sandy Gravel and Cobbles 
Granite, Coarse-grained Acid Igneous Rock 
Gravel and Cobbles 
Gravel 
Clayey Gravel 
Sandy Gravel 
Silty Gravel 
Silty Sandy Gravel 
Clayey Silty Sandy Gravel 
Limestone 
Interbedded Limestone and Siltstone 
Yuen Long Marble 
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0 
METACON 
METAREG 
MUDSTONE 

0 PEAT 
PEGMTITE 
PHYLLITE 

0 QUARTZIT 
RlNOLITE 

0 
SAND 
SANDCL 
SANDGR 

0 
SANDGSC 
SANDSCPT 
SANDSCSH 

0 SANDSH 
SANDSL 
SANDSLCL 

0 SANDSLGR 
SANDSLPT 

0 
SANDSLSH 
SANDSTON 
SClnST 

0 SHALE 
SILT 
SILTCL 

0 SILTCLPT 
SILTCLSD 
SILTCLSH 

0 SILTGR 
SILTGSC 

0 
SILTPT 
SILTSCPT 
SILTSCSH 

0 SILTSD 
SILTSH 
SILTSTON 

C SYENITE 
TUFF 

C 
TUFFFINE 

[ 

l 
L 
l: 

Contact Metamorphic Rock 
Regional Metamorphic Rock 
Mudstone 
Peat 
Very coarse-grained Igneous Rock 
Phyllite, Mylonite (fine grained metamorphic rock) 
Quartzite, Coarse-grained Metamorphic Rock 
Rhyolite, fine grained acid igneous rock 
Sand 
Clayey Sand 
Gravelly Sand 
Silty clayey Sand with gravel 
Silty clayey Sand with organics 
Silty clayey Sandy with shells 
Shelly Sand 
Silty Sand 
Silty clayey Sand 
Silty Sand with gravel 
Silty Sand with organics 
Silty Sand with shells 
Sandstone 
Schist (medium grained Metamorphic Rock) 
Shale, Fissile Mudstone 
Silt 
Clayey Silt 
Clayey Silt with organics 
Sandy clayey Silt 
Clayey Silt with shells 
Gravelly Silt 
Sandy clayey Silt with gravel 
Organic Silt 
Sandy clayey Silt with organics 
Sandy clayey Silt with shells 
Sandy Silt 
Shelly Silt 
Siltstone 
Granodiorite, Syenite, Quartz Syenite, Monzonite 
Coarse Ash Tu£t: Lapilli Tu£t: Eutaxite 
Fine Ash Tuff 



01-17-1995 15:45 pa~e 1 of 1 

3GLOM ASPHALT BASALT BIOCLAST BLANK BLDRCBBL BOULDERS BRECCIA CLAY ClAYGR CLAvE: 

Cllt" " (D 0,0

0 mm=-r T-~-= , -, - (, (, " ' '0 0 0 ~ ~ ~ ~ - - - - - - -.-. " 
) V Q V \ ; '/ ; '/ / (, (,( , Gfj GOo ~ ~ ~ ~ -_ - _'L _ -;-~T.::: 

() 0. :_'_:_'_ (, (, o.Goo. a ~ ~ ~ ~ _ __"'- =-r T~,': 
\/ ; \ I' I 6 6~ 0 . Q o 0 0 0 a L!l. 6. 6. l::. - - - __ - 1---,.,. t - ...",.... 

,', I / I / ". ,- - - - - ~ - -~, --, 
, 0 I\.\. V V - - - _ _ ,_ .. = 

,,:, '>:) 0<)0 4444 o OC 
x x 

; i:) ~ < t>t>t>t> 
x x 

) 0 0 x x , , 
4444 o O:C =>O::><J x x 

.: 06 : c C> C> I> I> ) 0 0 x x 
0°0 Q °0 4444 o O:C x x 

,HALE SILT SIL TCl SIL TCLPT SIL TCLSD SIL TCLSH SIL TGR SIL TGSC SIL TPT SIL TSCPT SILTS H 
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[ I aACHY I DRILLHOLE RECORD HOLE NO. BH01 
BACHY SOLETANCHE QROUP ~ 10Lii'.iSl: W'~ .. 'Qv .. OAT,O"S SPEC'A"S'S 

SHEET 1 of 1 
CONTRACT GE/93/11 

PROJECT SHAM TSENCl SEWAClE TREATMENT WORKS AND OUTFALL 

METHOD ROTARY CO-OADINA TES W.O. OE/93/11.13 

E 824637.66 
MACHINE 3r. No HELEN N 826077.64 DATE from 11/11/94 to 11111/94 

FLUSHING MEDIUM WATER ORIENTATION Vertic. GROUND·lEVEL -11.30 mPD 

o 
o 

Water 

I • level "' "' " 1m) e ~ ~ ~ 

Ih • .. • " ~ . ~ 8 ~ a ~ .!! • " Description ) 

Shift ci u ~ 
, 

c e c : '" -61 
c • 

I ~ ~ • ! 8 " 0 E 'C.e • " "e e startl :.: u d • ~ ~ • o • o • ,! • • • ~- • "'0. U end >-'" "'''' '" '" "'~ ~ '" 

o 
o 
o 
c 
c 
c 

SX s= 14 

~; ~ 

~+*-
V ~v.w.ak, yellow tOolliie~\ 

I-- yellowish brown, spotted and 

I". 3, 3. 
white, completely decomposed 

4,4,51 3 
0.90 

GRANITE. ISilty clayey, silty fin. to 
rl I-- N_16 

I: - I coarse SAND with some cobble 

~~~ 
sized granite fragments below 

100 
2.90m.) 

1.90 ,..2 .. I-- I'" 5, 5, 

• ~t~+ ~ 
3,4,5) 6 

245 ::: • - N_17 

~I+j - SX 

~ 20 
2.90 ·T'; _3 

~; .14.50 :- 3.20 ~:!::TJ .,. 
III ,uuo •• ,o." w.a~i~~tt yellowish 100 63 40 

TT' 3.60 :!::! brown, spotted I and olive, 

1>20 
equigranular, moderately 

_4 :.. :<+ deoomposed medium gravel 
100 62 35 T2·tOl GRANITE, locally highly fractuT.d. 

~ ·15.90 4.60 ::~: Joints closely spac.d, Tough planaT, r 
limonite stained and kaolinite coated, 

,-5 - dipping 40° to 45° and subvertical 
1~~~.3.20m to 3.45m, 3.60m to 

End of hole at 4.60m 

c _6 -

o . 

_7 :.. 

c _8 -

c 
,-9 -

[ 
1n 

c 
l 
[ 

• ~M"" ~'S""0\8eo S"""lE A WATER SAMPlE 

I .. LOGGED R. T.WU Hoi. tennlnadon depth at 4.60m LARGE OISTURSEO SAMPlE • PEZOME'T1:R np 
SPT LNER SAMPlE DATE 

B = Number of Blowa • 12111/94 
D STANOPlPl: 

U76 ~DISTUR8ED SAMPlE 

Ul00 \,ItDISTURSEO SAMPlE 1 STAHDARD PEfoIETAATION TEST CHECKED H.BURBIDClE 

MAlER SAMPlE 170m,", I PERa..EABM.fTY TEST 

PISTON SAMPlE V • "",,"m 
DATE 12112194 



[ 

I BACHY I BACHY SOlErANCH' GROUP 

SOLftlIiiiII ".,. ,,"',-' '" ,." -. n 
1 of 

DRILLHOLE RECORD HOLE NO. BH02 

SHEET 

METHOD ROTARY 

MACHINE & No HELEN 

FLUSHING MEDIUM 

~ 
;; 
0> = ;; 
• u 

WATER 

"l
e > 

a ~ 
" 0 ;.: u 
o " "'et: 

CO·ORDINA TES 

E 824676.92 

N 825014.38 

ORIENTATION Vertical 

W.O. GE/93/11.13 

DATE from 12/11194 

GROUND·lEVEL 

to 12il "94 

-14.90 mPD h 
:--.: 

Il Il "C Description _ I 
." 

~ !j ~ ! j] 1 g } i j 
r-i&sxxm15~80n~10~0t--ri-~~8 .• ~~T~~J~~i-",.-n·i~+4..~· .. -i~~i~'d~ense,~gr~eY~(N~4iI,GilinI,Shg~htIY~ 

at f---j rLIIIII • ~ clayey silty fine to coarse SAND 0 
08:00 with some shell fragments and 

.15.80 occasional rounded fine to coarse 

Water 
level 
Iml 

Shift 
startl 
end 

f-l 

SX 

~ 

:'6 

HX 

~ 

Lo. 

LARGE OISTURBED SAMPlE 

SPT lINER SAMPl.E 

U76l.NDISTURSEO SAMPlE 

U100 l.NDlsrURBED SAMPlE 

MAZER SAMPLE 11er..ml 

PISTON SAMPlE 

100 

100 

60 

90 

50 

10 

100 

.. .. • 
• a 

1 
I 
V 

86 71 

WATER SAMPLE 

PEZOMETER TIP 

STANOPIPE 

1
"·5.5. 
6,6, n 
N_24 

1"5. '0' 
, '5mm' 
140 f 

120mm 

, 
• 

(HANG HAU FORMATIONI h \
:u~ar~tcz gravel. (MARINE DEPOSITI r 

completely decomposed ~ 
. presents below O.80m 

weak, I brown, f--, 
t, .. II"~.H': mottled white, completely . 
~ I "I decomposed GRANITE. {Firm, very 

I :'.1 sandy clayey SILT with occasional r' 

t-:'.:c"c:'0=-f~2'.:c90:...j,!rC~ f·!.T-!--,-,+, angular, fine gravel sized granite 

I.' c- ~ V " r!~ . . .weak, light grey. 
:-:F.~ : spotted white and grey, completely i-' 

~'T~r'+ decomposed GRANITE. (Clayey silty 
3.90 ~.~.. fine to coarse SAND with some L.. 

:~"!9'~0~2~~~~~~'lt H1i""'v,,-L\.~~;~~:r fine to medium gravel sized ~r' 

ti-'~ ~~t· ;;;hit~'~~d ;r:~~ bro~n, ~" 

I
:: 490 w:}~' deco,npos.d "~"A-"" ,~. '(F;'rm, very '-..., 

f- . I sandy, clayey SILT with some 

H1:.~t- angular medium to coarse gravel ;-' ",- «.117 sized granite fragmentsl ,~ 

,'" ·20.90 7".1 

I
] I. ::'JJ: V ., weak, light brownish grey, 

1:1:.~.t.. spotted white and grey, completely 
~.~.::;. decomposed GRANITE. (Clayey silty, 
c.1....:r~ fine to coarse SAND with many 

~.2~2.~OO~~~R'~0·~~~Rf·· ~rl~~-~:····~'~~-~"'. ~ .. m~:e:~d~~iu~m~t~o~cS°¥.a~r;se~g;.ra~v;e~I~~-'~ 
1
{l0. '3. I 'l H V . Slzeo Q •• nne r-,-, 

~~::~': 7.55 '7'H grey. spott:~a!;,~:o;,~ ';a~k~;~~~' . 
N= 148 '7-. completely decomposed GRANITE. -,J B.ool: I (Firm, very sandy, clayey SILT with I 

-;'-. _.[ some angular cobble sized granite J-; 
T l. ~ 7 fragments below 9.1 Om) 

900 rn-t: r 
f"~·w~~fT~7~~'~'II/IIJ-~~Ststr~ongtt~.o~~trong~:--r~ 

".;0' ,',cT yello;"i;h rown to li~~~.,~'.nK' f . '000 '+' spotted"bl~~k:-." .. igr;"' lar, '. 

LOGGED R, T, WU 

DATE 12111/94 

Hole termlnMfon depth at 10.70m 
B = Number of Blows 

STANDARD PeNeTRArlON reST 
APPROVED H,BURBIDOE L 

PeRMEABILITY TEST 

DATE 12112194 
N·srru VANE ~EAR reST 
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I BACHY I DRILLHOLE RECORD HOLE NO. BH02 
BACHY SOLETANCHE GROUP 

: IOJIittlMiBl: SOil" 'OU .. C""'O .. S S·E!;· ... ·')TS 
, 

SHEET 2 of 2 
CONTRACT GE/93/11 , 

PROJECT SHAM TSENG SEWAGE TREATMENT WORKS AND OUTFALL 

o 
METHOD ROTARY CO·ORDINATES W.O. GE/93/11.13 i 

E 824676.92 
MACHINE & No. HELEN N 826014.38 DATE from 12/11/94 to 12'11i94 , 

o FLUSHING MEDIUM WATER ORIENTA TlON Vertical GROUND·lEVEL -14.90 mPD , 
Water 

• level 
., ., .. 1m) ~ > ~ > • • o " o " ~ • ." 

Description '" . '" Shift o ~ o • c:i .. • ." 
C ~ C > ., . : 0- g- .c c • :.;; CI .. ~ :3 ." 0 o • E -g ~ ~E • ." 

startl :.=; u 0 • '" • ~ 0 • o • o • ~] ,! • ~- • od: u end >-0: "'0: 0: '" o:~ ~ c?i 

o 
o 
o 

- 4.3 

T2I~' 
~+~ moderately to slightly decomposed 

N 100 100 100 +++ medium grained GRANITE. I - 25.60 10.70 + + 
Joints closely to medium spaced, r I- 11 f- smooth planar and stepped limonite 
stained, dipping 50° to 55°, 

End of hole at 10. 10m. 

,..12 
I 

,- I 

o _13 - I 
I 

[ _14 '-

c _15 ,-

[ _16 ,-

o _17 -

c 
_18 -

c 
_19 -

[ 

[ 

[ 

?Il 

REMARKS 
• ~_LL Clsn."9EC $,U'P,E • WATER SAMPLE 

I & 
LOGGED R. T. WU 

LAROE OISTURBED SAMPlE 

0 • PEZOMETER TIP 

SPT lNER SAMPlE 

'" DATE 12/11/94 
~ Cl STANDPIPE 

U76 ~OISTVR8CO SAMPlE • UIOO loNOISTURSED SAMPLE 1 STANOARD PENETRATION TEST CHECKED H.BURBtDGE 

l 
~ MAZIER SAMPLE !1Omml I PERMEABILITY TEST 

ill PISTON SAMPLE V 
DATE 12/12/94 

N_srru VANe SHeAR TtST , 
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I I 
DRILLHOLE RECORD HOLE NO. BH03 t aUBG'. ::,~:Y,:~,~:T.::~::,::,O,~~ . 

'_. ___________________ " __________________ -L ____ ~~~~~~~~~ ____ L_S_H_EE_T _______ ' _____ 0_f _____ 2 ____ ~h' .. r CONTRACT GE/93/11 

PROJECT SHAM TSENG SEWAGE TREATMENT WORKS AND OUTFALL L~ 

~--------------------~------------,,------------------~~ 
METHOD ROTARY CO·ORDINATES W.O. GE/93111.13 

e 824752.38 
MACHINE 8. No. HELEN N B25017.59 DATE from 22111/94 to 23/11194 ; 

~F-LU-S-Hr'-N-G-M-ErD-'-UM--r_-W-A-TrE-R--_r--r__r----~-O-R-'-EN,T_A_T_'_O,N ____ V,""_'_C_--, __ -+_G __ RO __ UN_D_,_L_E_V_EL _____________ '_'2_._BO __ m_?_D~·11 
W_ ~ 

level #. '# I 

Shift ~ ~ ~ ~ ~a:'. !i ~ -a. g _.1! i ~ Description . : 
start! E~ 'E~ \oJ \01 E -g~ Q.E CI i'l 

1m) ~ ~ a ~ 11 ." -
end I-CC (l)a: .! ~ a:~ ~- ~ ~ ~ 

r--tsxsxil~6·aTc2to~nl~oo~--t-t-teB~''''~3~~!~;--F-0~.-t~~f~H\vrr~~~I~w.a~k'~OlliV ~egr~eY~'15~YJt~O--~'D 
~ ~ ~ ,_ I yellowi$h brown (1 OYR), spotted 

07:30 112. J. 4, 12: ~ ~ white and dark brown, completely 
4 4 51 3 O_C!O '~i~ Tl decomposed GRANITE. (Firm, sandy 

N 
N 

L-4 

07:30 

B 

9 

'11 

• SM&U O'Sn,;Il8EO SAMPlE 

LAROe OISTU~O SAMPlE 

SPT LfoiER SAMPlE 

U76 iA'lOI$TUR8EO SAMPlE 

Ul00 ~DISTUR8EO SAMPlE 

MAll:R SAMPlE (7Cmml 

PISTON SAMPlE 

; > ;, 1 : -. lj~ :::.: ::~:.""" "."e."'" "e" 

; 15.25 2.45 } H 
85 

100 

80 

44 

42 26 

N .•. 

17 -
N.R. 

67 40 

68 34 26 ....:...
N .•. 

44 40 0-

A WATER SAMPlE 

• • PIEZOMETER TIP 

" CJ STANQPlPE 

I", 3, 4, 
4,5, SI 

N_18 

I", 4. 5, 
6,6,8) 

N_25 

1
18.12. 

14, la, 

17,201 

N-67 

1 STANDARD PENeTRATION TEST 

I PERMEABILITY TEST 

V ·N·Srrv VANE SHEAR rEST 

I: 
• 
9 
• 

LTl V 
_ 2.90 .:';". 

''-, ".1' 
1'-:" 

3.90 tr4· 
4.45 ~±r( 

~490 S14 
&1.4: 
"~.J."' 

5.90 ~Tt. 

weak, yol. brown 
(10YR), spotted whIte and black. 
completely decomposed GRANITE. 
(Clayey silty, fine to coarse SAND 
with some medium gravel sized rock 
fragments below 6.45m) 

rl+ 
64,rt~ ~ 

690 itfj .~ 
- :+TI .~ 

~JtJ 
·20.70 7.90 ~IfJ .---' 

~~~-~~~·~,--tlvvn/llrl-I-\MWe~ak~t~o~Od;r.~:,~st~ro~n",gl.,1b~rowwnn~,--JI. 
·".OB B.2B .... ,..... spotted black, equigranular, highly to -

T2·101 -V- moderately decomposed, medium I_! 

,".60 B.BO grained GRANITE, highly fractured. 
T;~' ,".80 9.00 T IVIII (CORESTONEI 
..,.... .22.06 V 

"·10' ~ T TIV/II 

T~:" :+~+ 

No recovery assumed to be 
completely decomposed granite. 

LOGGED R. T. WU Hoi. termination depth lit 12.02m 

DATE 30/11/94 
B = Number of Blow. 
N.A. = Not Applicable 

CHECKED H.BURBIDOE 
N.R. = No Recovery 

DATE 05/12/94 

L, __ 
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r BACHV ) •• CHV SOLErANCH' GROUP 

DRILLHOLE RECORD HOLE NO. BH03 1 , 
: IOLBljMiBI: ~'" ""'''''' """'" SHEET 2 of 2 1 CONTRACT GE/93/11 

o I PROJECT SHAM TSENCl SEWAClE TREATMENT WORKS AND OUTFALL 
-: 
i 

--, 

o 
ROTARY CO-ORDINATES w.O. METHOD GE/93/11.13 , 

E 824762.38 
MACHINE & No. HELEN N 826017.69 DATE from 22/11194 to 23/11/94 

o 
o 

FLUSHING MEDIUM WATER ORIENTATION Vertical GROUND-LEVEL -12.80 mPD 

Water 
0 level ;f. ;f. .. Iml ~ > ~ > 

Ih • • o - o - • " Description '" . '" Shift u 0 u ~ c:i -! • " c ~ > g- .c c • c ! 8 " 0 
~ Q.E • :.: 01 ., 

start/ ci E ] ~ " 'E e :.: U • '" • • o • ell&! 0 • 0:3 
0- 0 .; ,,"'- u end .... 0: 0: .... '" " ~ 

o 
o 
o 

I HX a '~ ~~~ 23.20 : 10.40 f::·:·,· . V I weak. brown. 

~ : 10.64 [ ::: 'IV III black, completely decomposed 

{, .. 92 46 28 ". 101 GRANITE. (Fine to coarse SAND 

'" ~ r 2380 with som~ }coarse gravel sized rock _ 11;:: 

M [::::: III 

" 100 
7.2 

"t 
Weak to m "J strong. brown. 

100 100 r!:! spotted black and white, 
equigranular, highly to moderately 

12 -24.82 12.02 decomposed, medium grained 
GRANITE. highly fractured. r 

Joints closely spaced, rough 
I': . ...I.~!~~r~::f~ limonite stained, dipping 

_13 r- H ~~64'~ and subvertical from 
to 11.00m. 

I to -br-;;;;':;; strong. bi;~k: brown 

li\:ll I:I~, moderately 

[ _14 r- u':.cu,::~':'.>cu. medium grained 
" t. 

Joints closely spaced, rough planar, 

c i . stained, dipping 15° to 25° 
f-15 r- ~~d8-i';;: . from 11.56m to 

End of. hole at 12.02m. 

c _16 -

o _17 -. 

c 
_18 -

[ 

[ 
::-19 -

[ 
.2{L 

,MAll o,s,..,ABEO $AM~lE ~ WA fER SAMPlE 

I .. LOGGED R. T. WU 
LARGE OISTURSEO SAMPLE • PEZOMETER TIP 

L 
SPT LNER SAMPLE 

" DATE 30/11/94 
D STANOPlPe 

U76 UNOISTURSED SAMPlE 

Ul00 I"foIOISTURQEO SAMPLE 1 STANDARD P9IETFlATlON fEST CHECKED H.BURBlDClE 

MAlleR SAMPlE (7()onm) I PERM€A8IUTY fEST 

PISTON SAMPlE V 
DATE 06/12194 

"·SITU VANE SHEAR lUT 



~----------~--------~------~[ 
IIOJ.I!UMiBI ~" .. "',,.,,' """ ,., I BACH Y I BACHY SOLET ANCHE GROUP 

DRILLHOLE RECORD 

CONTRACT GE/93/11 

HOLE NO. 

SHEET 

BH04 

1 0' 

r 

L.; 

PROJECT SHAM TSENG SEWAGE TREATMENT WORKS AND OUTFALL 

METHOD ROTARY CO·ORDINA TES w.o. GE/93/11.13 

E 824677.33 r--------------'--------{r 
N824972.83 DATE from 14111/94 to 14111/94 

~--------------------T_------------~------------------~'~ 
ORIENTATION GROUND· LEVEL -16.60 mPD 

o 
Description r 

/J ~--J!~~~~~II--Ir_t--I'~'t~rt--~~=I~fTj__t-r~llimn,~~~~~se:~~I~~I~~row;;,nTcto,---1 
grey (10YR), clayey silty, fine to 0 

rl 

_2 I-
SX 100 

~ 
r3 I-

.. 100 
~ 

4 ;r -

~5 -
95 

HX 
r6 ~ 

100 

r 7 100 

10 

• ~M"", J'S"JIOI8HI ......... ~~E , .. LARGE DISTUf!8EO SAMPlE • 
SPT ttjER SAMPlE , 
076 Ll'401STURSED SAMPlE 

0 

Uloo lJoIDISTURSED SAMPLE 1 
MAZIER SAMPlE 110m ... ) I 
PISTON SAMPlE V 

56 45 

••• 
100 15 

WATER SAMPLE 
LOGGED 

PEZO hlETER np 

STANDPIPe DATE 

STANDARD PENETRATION TEST CHECKED 
PERMEABILITY reST 

"'·SITU VA"" SHEAR TEST 
DATE 

R. T. WU 

11111/94 

H.BUR8IDGE 

01/12/94 

coarse SAND with some shell :,. 
fragments. (MARINE DEPOSIT) 
(HANG HAU FORMATION) 

A cobble of completely decomposed I 
basalt above 0.45m. j 

~ 

:I.~_weak, I , brown to n 
grey (1 com'pletely 
decomposed BASALT. (Firm, silty f--
CLAY) 

Hole tennnlltlon depth at 7.38m 
B = Numb., of Blows 



[ 

[ 

o 
o 
c 
o 
o 
o 
o 
o 
c 
o 
o 
c 
c 
[ 

[ 

L 

I BACHY IBACHV SOLETANCHE aROUP 

1OI.'ftIIIiii1 ~". '0",0''',", "".,," 

CONTRACT GE/93/11 

DRILLHOLE RECORD BH06 HOLE NO. 

SHEET 1 of 

PROJECT SHAM TSENG SEWAGE TREATMENT WORKS AND OUTFALL 

METHOD ROTARY 

MACHINE & No. HelEN 

FLUSHING MEDIUM WATER 

:-1 

:"2 

:.5 

• ., 
• 
'" c •• • U 

Water 
level 
Iml 

Shift 
startl 
end 

SX 16.80" 100 

SX 

~ 

HX 

~ 

., f---
08:00 

f---

100 

85 

-

53 

49 

100 

#
! > 
a ~ 
] 8 
o • 
<ncr: 

16 

26 

85 

IN.A. 
o t

N.R. 

O~ 
IN.R. 

65 

f-_+--_+-_+-I 7.5 

100 100 67 

:.8 

1{) 

. SMAU OIS1'l.!~~O $.AM'~e ~ WATER SAMPlE 

I • LAROE DISTURBED SAMPlE PEZOMETER TIP 

0 • 
SFT l"'ER SA ... PlE A a STANDPIPE 
U76 UNDISTURBED SAMPlE 

CO·OROINA TES 

E 824793.36 

N 824976.89 

ORIENTATION Vertic. 

• .. 
~ 

<n 

w.o. GE/93/11.13 

DATE from 21/11/94 to 22/11194 

GROUND· LEVEL -15.40 mPO 

Description 

8-10 ~; 'Y weak. Y?I.I.owish brown 
(10YRI, spotted white and black. 
comple~ely decomposed GRANITE .. 
(Clayey silty fine to coarse SAND 
with occasional angular, fine quartz 
grave!.) 

I", 3.4. 

:.~' I~ 

I", .. I. 
to,15, 

,n 
N .. 49 

1
(8. to, 
13,15, 
17,201 

N.65 

• 

• • 

I: 
• 

T 
T2-101 

+ T2·101 

+ T2·101 

:- ::>: IVIII 
·20.73 '.33 _' .• ' 

v 
-21.15 6.75 

.21." 1:- •. 17 -:~": IVIII 

V 
·22.00 -"""'-

... .... III 

~{~1 
·23.07 7 .• 7: + ~ + 

-

Weak t? '.'. strong, brown, 
spotted black. and white, 
equigranular, highly to moderately 
decomposed medium grained 
GRANITE, highly fractured. 

No recovery assumed to be 
completely decomposed granite. 
(CORESTONEI ~ 

strong~ , brown; 
spotted "ql\,", , 
moderately decomposed medium 
grained GRANITE. 

\
~~Oiints closely spaced, rough planar. r 
limonite stained dipping 25°, 65° 

subvertical from 6.70m to 
c'~·87~m,~6~.9~07m~t;0~7;..2~2~m~.~ __ ~ 

End of hole at 7.67m. 

KS 
LOGGED R. T. WU Hoie tennlnadon depth at 7.67m 

DATE 29/11/94 
B = Number of Blowe 
N.A. = Not AppUcabie 

1 STANDARO PENETRATION TEST CHECKED H.BURBIDQE 
N.R. = No Recovery 

utoo UNDISTURBED SAMPlE 

MAZER SAMF'tE l70mml I PERMEA81UTY TEST 

V 
DATE 06/12/94 

PISTON SAMF'tE ... ·SITU VANE SHEAR TEST 

I 
! 



[ 

I aACHY I BACHYSOLETANCHEGROUP 

I"",mul SOI~" ~ou"D."'O"5 5pe~'''Cls's SHEET 1 of 2 

~ ______________________________________ L-_____ C_0_N_TR_A_C_T ___ G_E_/9_3_/l_' ____ ~L---------------------------~fl 

SHoe DRILLHOLE RECORD HOLE NO. 

t------------1"' 

PROJECT SHAM TSENG SEWAGE TREATMENT WORKS AND OUTFALL 

METHOD ROTARY CO·ORDINA TES w.o. GEf93/1'.13 f' 
t----------------------1[" 

MACHINE & No. HElEN 
E 824726.31 

N 824939.66 DATE from 15/11/94 to 16/11194 1"--

FLUSHING MEDIUM WATER ORIENTATION Vertic. GROUND-LEVEL -18.30 mPD n 
I
L

" 
i 

_1 

1-7 

• .. • 
'" c ." • u 

Water 
level 
1m) 

Shift 
start! 
end 

SX 19:,on 0 

12:00 

SX 
1.90m 

HX 

55 

100 

o 

60 

o 

-
60 

= 
70 

39 

82 

9 

37 

~ 
o 

N.R. 

• 1: 
,! 

B-17 

B_B 

1
12.3,4, 

4. S. 5) 
N_18 

• .. 
0-
E • '" 

• ." 
~ 

'" 

Description r 
lJ 

~T~' ~ 0.35 ~~:is~~~~~.~~lu~~r various roc~nd D.i, 
types. (FILL) 

~2,~·_"~3~0~~1~OO~Y<~Y<~~lTvt--e~~~.~".wweeaak.k'~.~IOW~~b~ro~wn-----ir' 
~ ° ...1~ 110YRI, spotted black and white, ) I 

4 

° 

I. 
I: TO 

'2·101 

1. 

completely decomposed GRANITE. --
(Slightly clayey, silty, fine to coarse 
SAND with some fine quartz gravel r: 
and cobble sized rock fragments.) 

L 

r 

L~. 

r 

L.. 

" 
L..-

1
"0, 13, 
14,19, 8 

25, 451 • 

N-l03 

-26.30 

·26.61 

'2·101 v 

r 

L 

I' 
L-

1 

20 N.A. ,::,,,.'9 - 9.29 :::~: IVIII 

= -I-

·27.10 8.80 

Weak to moderately strong, brown, 
spotted white and black, 
equigranular, highly to moderately 
decomposed, medium grained 
GRANITE, highly fractured. 
ICORESTONES) 

I~ 
.. , A T ...L. 'T 1\/111 No recovery assumed to be 

~lUln~ ____ ~ __ ~-=65~~=37~1:3~71~:'·:j~·· ____ -J"~T21~OlJt~~~~:t+:.:~'~--+~'~v"~'~c~o~m~p:I=.=te=IY~d=e=c=o~m~p=o=s=e=d~g~r=an=i=te=. ______ ~[' 
REMARKS r-

LARGE DISTURSEO SAMPlE 

:iPT l~eR SAMPlE 

U78 lIIIOISTURSEO SAMPlE 

Ul00 UNDISTUA81:0 SAMPlE 

MAZIER SAMPlE 170m,", 

PISTON SAMPlE 

4. WATER SAMPlE 

• • PEZOMeTER TIP 

8 STANDPIPE 

1 STANDARD PENETRATION TEST 

I PERMEABilITY TEST 

V ... SITU VANE SHEAR TEST 

LOGGED R. T. WU 

DATE 21111/94 

CHECKED H,SUR8IDGE 

DATE 06/12194 

Hoi. termination depth at 12.96m 
B = Numb., of Blow. 
N.A. = Not AppNcable 
N.R. = No Recovery 
HX == "H" C .. ing Coring 



r 
[ 

o 

DRILLHOLE RECORD HOLE NO, 
; I BACHY I BH06 ! BACHY SOlETANCHE GROUP 

: lOJIBij_i8I: SQ'l 10 '0,,"0" "o"s SP~~", srs ! SHEET 2 of 2 
CONTRACT GE/93/11 

, 

, 
PROJECT SHAM TSENG SEWAGE TREATMENT WORKS AND OUTFALL ; 

METHOD ROTARY CO·ORDINA TES W.O. GE/93/11.13 i 
i E 824726.31 

MACHINE & No, HELEN N 824939.66 DATE from 15/11194 to 16/11/94 

o 
c 

FLUSHING MEDIUM WATER ORIENTATION Vertic. GROUND·lEVEl ·18.30 mPD 

Water 

I • level ~ ~ 
.~ ImJ ~ > ~ > • o - o - ~ • ~ 

Description I '" . '" 
o • o ~ .!! • ~ 

i ~ 0 Shift > " .= • ! c. ~- '" 0 • • ! 8 ] 8 d o. E ] ~ Q.s • ~ i :5£ starti .~ • '" • • o • o • 
- 0 .! • o:~ ~- • <?i u end 0-0: ",0: 0: "-- '" ~ 

o 
o 
o 

, , T ,'" + .,. 
IV/II i N.A. 

r- -28.79 10.49 + + I 
44 9 a T2·101 V 

HX N.R. 

+ :- 11 ~ 29.35 11.05 .. . .,. + .,. III Moderately strong, brown, spotted 
~ 100 89 70 T2·101 + + black and white, equigranular, - +++ iO 

, t 11.76 
moderately decomposed. medium 

- +++ grained GRANITE. 
:-12 '.0 I- +++ Joints closely spaced, rough p!.anar 

100 100 68 T2·101 +++ and undulating. limonite stained, 

t +++ dipping 10°, 40°, 60° and 

" 
·31.26 12.96 + ... subvertical from 11.60rn to 11. 76m. 

End of hole at 12.96m. , 
I 

[ 1-14 I-
, 
I , 

[ !:-15 I-

[ 
:-16 r-

o 
I- 17 -

I- 18 -

[ 
r- 19 :-

[ 

[ 

on 
REMARKS 

• i~"'L' CIIS1'1.JRSHI ..... ~PlE " WA TEA SAMPlE 

I .. LOGGED R.T.WU 
LAROE OISTlIA8EO SAMPlE PEZOWE'T'ER np 

~ • 
SPT LNER SAMPlE 

'" DATE 21111/94 
~ CJ STANOPIPE 

UJ6 LNOISTURSEO SAMPlE • 1 STANDARD PENETRATION TEST CHECKED H.BURBIDGE U100 LNDISTUA9ED SAMPLE 

~ MAZER SAMPLE (lQonml I PERM£ASlUTY TEST 

~ PISTON SAMPLE V N·SITU .... ANE SHEAR fUT 
DATE 06/12/94 



[ 

I aACH Y IBACHY SOLETANCHE GROUP 

IOLI!IIIiSI ~". ",.oM"", "" .• ",,, 

DRILLHOLE RECORD HOLE NO. aH07 r-
SHEET 

CONTRACT GE/93/11 
1 of 2 1 

PROJECT SHAM TSENG SEWAGE TREATMENT WORKS AND OUTFALL 

METHOD ROTARY 

MACHINE & No. HElEN 

CO·ORDINA TES 

E 824782.56 

N 824941.35 

FLUSH!NG MEDIUM WATER ORIENTATlON Vertical 

Water 

~ level "if. 

• ." Iml e >-
o " 

~. ~ Shift 
o • 

E ~ c > 
-": 0 ." start/ ~ 8 
Ci~ • o • 

u end >-a: 

SX 19.70" 100 
at 

08:00 

_1 

_2 
100 

_3 

SX 
:..4 ~ 100 

.. 
5 ~ -

;:: -
r-6 

HX 
~8 ~ 

:..9 

• ;".l' :l,sr~~eo SM"'lE 

LAROE DISTURBED SAMPlE 

SPT tHER SAMPLE 

U7t1 ~DISTUR8EO SAMPlE 

Ul00 t.NOISTURSeO SAMPlE 

MAlleR SAMPlE (7Omm) 

PISTON SAMPlE 

80 

100 

67 

100 

100 

• • • 
• Cl 

1 
I 
V 

"if. 
~ >-

Ih o " 
o ~ ci 
~ 8 0 o • 
<na: a: 

62 43 
N.A. 

N:A. 

100 44 

10 

97 97 

WA n;R SAMPlE 

PEZO METER TIP 

STANOPIfIE 

• .!! • Co 
; E • • >- <n 

8·7 ~ ~ 

I", 3. 4. 
6.8, 10; 3 

• N .. 28 

8·8 

~: • r9.10' 
13. 17, 8 

18.251 • 
N .. 73 

8. 

~: 
1'3,7,8, • 

:-~;' I:: 
[

1 •• 7,9, 

10, la, 12 
13) .. 

N_42 

'0 • 0 .c .so a g • > 
a:j • C 

·21.20 

I:: .. 

LOGGED R. T. WU 

DATE 21111194 

STANDARD P9tETRATlON rEST CHECKED H,BURBIDOE 
PERMEABILITY TEST 

... ·SITtJ VANE SHEAA reST 
DATE 05112/94 

'0 c • ~ • ~ 

, 

w.o. GE/93/11.13 

DATE from 17111194 to 

GROUND·LEVEL 

17111/94 L 
·18.30 mPD f 

• '0 • c!i 

Description 

de.ns.e to very dense. p . 
yellow to dark brown (1 OVR), fl" 
coarse SAND with much subang" 
fine to coarse gravel of quartz and of 
granite. (MARINE DEPOSIT) (HANG 
HAU FORMATION) 

weak, grey to grey 
(5YR), spotted black and white, 
completely decomposed GRANITE.'~ 
(Firm, sandy clayey SILT) 

,~ 

r' , 

L,~ 

[[ 
Below 6.90m with some coarse [ 
gravel sized granite fragments. r 

r 
Weak to stro~g, pale red, J, 
spotted black, equigranular, highly to ; 
moderately decomposed medium 
grained GRANITE. (CORESTONE) 

No , ., . assumed to be . 
M granite. 

,vvoo.. . stro~g, brown, 'p 

black, equigranular, moderately 

1 
Hole tenninatlon depth at lO.06m 

II B = Numb ... of Blows 
N.A. = Not Applicable 
N.R. = No Recovery 

rl 



[ 

[ I aACHY ) 
DRILLHOLE RECORD HOLE NO. BH07 1 BACHY SOlETANCHE GROUP 

! ~I SOIL' 'CU .. O"''''O''S S'EC'''l <;'<; I 

SHEET 2 of 2 I CONTRACT GEI93111 , 

D PROJECT SHAM TSENG SEWAGE TREATMENT WORKS AND OUTFALL 
I 

o 
METHOD ROTARY CO-ORDINATES W.O. GE/93/11.13 ! 

I , 
E B247B2.55 

MACHINE & No HELEN N 824941.35 DATE from 17/11/94 to 17111194 
I 

FLUSHING MEDIUM WATER ORIENTATION Vertical GROUND-lEVEL -.18.30 mPD 
i , 

o 
c 

Water , 
~ level "' "' • • 1m) ~ > ~ ~ • " o - ~ Description ~. ~ u ~ 

o • .!! • " = ~ c Shift u > c a. • Q. U 

'" C • ~ CI •• sUrt/ ! a :g a ci u. 1: E .sa '0."6 • " ~ 0 ." • > " ~ , 
o~ • o • o • 

- c • • a:~ ~- • u end ~a: Vla: a: "-- .... Vl ~ " , , 
decomposed medium grained r 

o 
GRANITE. 

Joints closely spaced, smooth and 
:. 11 :. rough planar. limonite stained, 

dipping 40° to 45°,60° and 

o subvertical from B.BOm to 9.80m. 
End of hole at 10.06m. 

:. 12 -

o 
1=-13 F-

F- 14 f-

c F- 15 F- . 

c F- 16 f-

o F- 17 f-

[ 
1=-18 f-

[ 
f-19 f-

[ 
on 

[ 

[ 

REMARKS • SMALL OIST\JfI8EO S£""lE • WATER SAMPlE 

I .. LOGGED R. T. WU 
LAROE OISTURBIOO SAMPlE PEZOMETER Tlf> 

0 • 
I SP'T LNER SAMPlE • DATE 21111194 

~ a STANDPIPE 
U76 lW'IDISTUR8I1D SAMPlE 

I • 1 STAND .... RD PENEl'AATlON TEST CHECKED H.BURBIDOE Ul00 LtoIDISTUR8I1D SAMPlE 

~ MAZIER SAMPlE !7Omm! I PERMEABILITY TEST 

I ~ DATE 05112194 
PISTON SAMPlE V "'-SITU v .... NE SHEAR TEST , 



[ 

I BACHY I BACHY SOLETANCH' GROUP 

IlOLftlliiiil ~". "'"~"'" ''''' .. ,'' 
CONTRACT GE/93/11 

DRILLHOLE RECORD HOLE NO. BH08 

SHEET 1 of 

PROJECT SHAM TSENG SEWAGE TREATMENT WORKS AND OUTFALL 

METHOD ROTARY 

MACHINE & No. HELEN 

FLUSHING MEDIUM WATER 

Water 

~ [evel ., ., 
" 

.. Iml ~ > ~ > 

Ih o - o -"," '" Shift 
u • u ~ c ~ > q c ! 8 ] 8 ;.=; CI ;; start! a "'E e • o • o • 

Co.. U end >-0: <f)0: 0: 

~ 
,! 

SX '9.'On 100 B·' 
,t 

08,00 

f-' 

112, 2, 3, 
2,3.41 

N .. 12 

90 

I'" 7, 8, 
8,9, 13: 

N_38 

r3 .. 
~ 55 

a; SX -_4 ~ 
HX 

HX 91 69 53 

_5 ~ 

100 96 64 

~6 
100 98 74 15.7 

'" 
~"''''l' ::l'S"JFI8EO SAM'lE A WI< TER SAMPLE 

• lARQE DISTURBED SAMPlE • PIEZOMETER TIP 

SPT Lf.leR SAMPlE 
~ 

" 
STANDPIPE 

U7e I..foID1STURBEO SAMPlE 

U100 tJoIDISTUFI9EO SAMPlE 1 STANOARD PEHETlttoTION TEST 

MAZER SAMPlE !1(mml I PERMEABILITY TEST 

PISTON SAMPLE V "'-SITU VANE SHEAR TEST 

CO·ORDINA TES 

E 824828.17 

N 824943.86 

ORIENTATION Vertic. 

• ." .. • ." 
0- g- " c 
E ." ~ 'Q.E • 

'" • • • ~- • <f) o:~ ~ 

~i ~ 
ITl 41 

3 
~ tB 

a: 
-

~+j 
1.90 c·:~tJ 

0 • 

:+~~ , 
2.45 • ;:IJ1 
,on ' .. lC. 

a: 
- ,~";:I 

~I~ 
~ ~1 • 

r?f~ ·22.00 4,20 

::::: Tt' -22.75 4.95 : +:;: + 

:::;-: "'1°1 

-' f- 5." ~~~~ - :~:~~ ,12.101 

i ·24.80 7.00 :~~~ 

-

-

LOGGED R. T. WU 

DATE 29111/94 

CHECKED H,BURBlDaE 

DATE 06/12194 

• ." 
~ 

" 
V 

IVIII 

III 

W.O. GE/93/11.13 ~ 
1--------1' . 

DATE from 19/11194 to t, 
19111194 I 

GROUND· LEVEL -17.80 mPD r! 
Description 

I weak, yellowish brown to 
pinkish grey (7.5YR)' spotted black 
and white, completely decomposed 
GRANITE_ (Clayey silty fine to coarse 
SAND with medium to coarse gravel 
sized granite fragments below 
4,OOml 

I 
] 

J 

Weak to 'Y' ,o,c~y strong, brown, 
spotted black, equigranular, highly to I~" 
moderately decomposed medium 
grained GRANITE, "~ 

\ ~oirl~~ recovery assumed to be J, 
granite. ' 

. stro~g, brown, _., 
black, equigranular, moderately 
decomposed medium grained 
GRANITE, 

Hole tenninMion depth at 7.00m 
B = Number of Blows 



[ DRILLHOLE RECORD I I BACHY I BACHY SOLETANCH' GROUP 
HOLE NO. BH09A 

; 
: IOJJidMiBl: ~". ~""o.", .. """,., 

SHEET 1 of 2 ! CONTRACT GE/93111 

PROJECT SHAM TSENO SEWAOE TREATMENT WORKS AND OUTFALL i 

o METHOD ROTARY CO·ORDINATES W.O. GE/93/11.13 

E 824736.25 
MACHINE & No. HELEN N 824974.91 OATE from 29/11/94 to 30/11/94 ! 

n 
c 

FLUSHING MEDIUM WATER ORIENTATION Vertical GROUND·LEVEL ·16.90 mPO 
i 

I WaW 
"#. "#. ~ level 

• .. Iml e> e> 

11j 
" '" o - o -

J 
Description =" = Shift 

u • u ~ .. g- '" c e - ~ 0- .<: c 0 c 
'" 0 ~ as 0 '" ~ = • startl ~ u :.: u • E ~ ~ .. ~ "E S!- o o • o • 0 0 0- !i 00. U end >-0: "'0: >- '" o:!i 0 '" 

o 
o 

[ 

[ 

[ 

[ 

o 
[ 

[ 

[ 

[ 

~ 
100 

B·lO 

I~; 0.35 r.~:ti Soft. olive grey (!;YI to grey IN511. 
at very sandy silty CLAY with 

10:00 
[". 3. 3 , --; occasional angular. coarse quartz 
2. J. 3) 3 

· 0.90 f-~-:-:; gravel. (MARINE DEPOSITI (HANG • 

~f~ HAU FORMATION) 1-1 N= " r- ',,, 
~t~ lB.BO 1.90 '-,::;: 

1-2 T t- 1"0 Q 
Grey to bro~86k~~~~_ :~~' I to 

37 1"·101 00 subrounded, coarse 

2.60 
o 0 GRAVEL of granite. (COLLUVIUM?) 

f-- -~ /1;) 
(CHEK LAP KOK FORMATION?) .. 38 I"· i01 

0

00 
0:-

_3 !!! 
f-- -~ -3.'0 No recovery assumed to be finer soil I 00 

0; 30 I"· i01 
,00 '" 

washed out by flushing medium. 
N 

-20_50 3.60 
f--

tH~t. 
V- weak. ,: ' brown to 

:"4 - -~ii-~; grey, white, completely 
0 

~tf 
GRANITE. (Fi,m. very 

sandy clayey SILT with some 

I 

I: 
4.00 angular, fine to coarse gravel sized 

granite fragments) 
5 t- ilR 100 . 

f-- 5.70 '\ht 
1- 6 r· lO

• I- e." f{M' 13.18. 7 
E--

. ~ 17.201 • 
N-B8 

· 6.70 tJ l{ 1-7 
I VI:"" 

I: ~~'h I-
80 

f-- · 7.70 'l~~ ~8 ~ fS'10. 
14. 17, '~ t- B." is 19. 211 II~' '" N_71 

ft-I ~t f--

I: 
· 8.70 

[:..9 t-

~u 100 

f-- · 9.70 

1('\ 1120. ,. . 

REMARKS • ~ ..... " O,ST1..o:raEO SAMP.E • WA reR SAMPlE 

[ 
I • LOGGED R. T. WU Hole termination depth at 12.80m tARGE DISTURBED SAMPlE PEZOMETER np 

n • B = Numbe, of Blow. SPT LNER SAMPLE 
~ DATE 02112194 a STANDPIPE 

U76 LHDISTUR8I:O SAMPLE 

1 STANDARD PENETRATION IUT CHECKED H.BURBIDOE U10Q LHDISTURBeO SAMPlE 

MAZER SAMPlE 170mml I F'ERMEABIUTY 11:ST 

PISTON SAMPLE V 
DATE 12112194 

N-Srru VANE SHEAR 11:S1 
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I BACHY I 'ACHY SOlETANCHE GROUP 
DRILLHOLE RECORD HOLE NO. 8H09A [ IIOLftIIIiBI "" .. ,""'''' "" '"'' SHEET 2 of 2 , 

CONTRACT GE/93/11 
i 

PROJECT SHAM TSENa SEWAOE TREATMENT WORKS AND OUTFALL L,~ , 
METHOD ROTARY CO·ORDINA TES W.O. OE/93/11,13 I' E 824736.26 
MACHINE & No HelEN N 824974.91 DATE from 29/11/94 to 30/11/94 , 

FLUSHING MEDIUM WATER ORIENTATION Vertical GROUND·lEVEL -16.90 
mPD 0 

Water 

• level "' "' N 
Iml ~ > ~ > 

y • • o • o • ! • .., 
Description ",' '" Shift u ~ u ~ .l! g- .., 

o ! q a. • "- .;: 0 • ~ CI . S ~ 8 ;g 8 U 0 1: E ~ ~ as • .., 
• start} Cl '" ~ 'E e • o • o • :!"g ~ • 0- 0 

Co. u end ,..a: ",a: a: "-- '" a:3 a ~ " 
1~2. 40, " ~ -'\··1 55, 65) • 

0 N= 192 7f~t 10.70 

~'. -1-·, 
ric ::- 11 HX 75 r-".20 '.1 !"i ~ " -28.10 ; 

f2· 01· - 92 24 a N.!. 11,45 ,T+T III Moderately strong, brown, spotted I a + + black. equigranuiar, moderately 
to 10Q 96 81 T2·101 +++ decomposed medium grained 

[~ ::-12 + h2.13 +++ GRANITE. locally highly fractuted. 
•. 7 + 

+++ Joints closely spaced rough 
100 100 69 T2"t' +++ undulating, limonite stained, dipping /{ ·29.70 12.80 10°,25°,50° and subvertical from 

_13 r- \ 12.03m to 12.16m. 
End of hole at 12.80m. 

r- 14 t- [I: 
I 

t- 15 t- [~ 
[I: 

f-16 -

[I] 
_17 -

[} 
I 

_18 - [1 
::-19 :- [l 

?n ll: REMARKS 
• S"',,"U C'SIlJ"IIEC so.""lE • WI>. TER SAMPlE 

1 A 
LOGGED R. T. WU I tAROE OISTUASI;D SAMPlE Pl:ZDMe"TER TIP 

0 • r SPl LillER SAMPlE • DATE 02112194 
~ c STANDPI~ 

U78 LHOlSTUAQED SAMP\.E • 1 STANDARD PENETRATION TEST CHECKED H.BURBIDOE U100 LHOISTUA8EO SAMp\'E 1 
~ MAZER SAMp\'E 1700ml I PERMEABILITY TEST I i Ii DATE 12112194 

PISTON SAMP\.E V III-SITU VANE SHEAR rUT 
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[ I aACHY I BACHY SOlETANCHE GROUP 

DRILLHOLE RECORD HOLE NO. BH10 

: IOJJfliMiHI: "". '00","""' ,."M·, SHEET 1 of 1 i 
CONTRACT GE/93/11 ! 

o PROJECT SHAM TSENQ SEWAQE TREATMENT WORKS AND OUTFALL 

METHOD ROTARY CO· ORDINATES W.O. GE/93fl'.13 

n E 824680.60 
MACHINE & No. HELEN N 824940.62 DATE from 24/11/94 to 25111/94 I 

i 

FLUSHING MEDIUM WATER ORIENTATION Vertical GROUND· LEVEL ·18,10 mPD 

o 
o 
o 
o 
o 

Water . 

• level #- #-., 
Iml ~ > ~ > 

11 
• • o - o - • ." 

Description o • 0 Shift o • o ~ .. • " :::: :!! .S - ~ 0 • 0- 0 -" c • 
" 0 

,-
'-= c:a ! 0 ci .. E "i~ o.S • " 'E !:: • start/ ;: u 0 ~ • o • a • • • ~- • 00. U end >-cr: <ncr: cr: >- <n cr:.!l ~ '" SX 100 

B= 13 

~; 0.35 
:':0:--::', ed~~s~D brown 11 OYRI, fine 

'---

:/:t~ 
to coarse With some 

I'" 3, 4, 
subangular fine quartz gravel and 

4,5,51 3 
~ 

occasional shell fragments. (MARINE • ,::.::.':~:: _1 N= 18 - DEPOSITI (HANG HAU FORMATIONI 

• ':0": ' ~ 
SX 

~ 1,·80m 19.90 Lao .. 0; .. '.' 
2 T - ::.~ + III 'J strong, brown, ,~U,,"U 

7 .• black and white, equigranular, 
100 85 77 'n,o, 

[~:~ moderately decomposed, medium 

'--
·20.80 2.70 grained GRANITE. 

c 

~ -... 2.90 IVIllI \1~~~s closely spaced, rough planar, r 18.60m 
100 53 26 T: ~' - :+:-+ 

at 3.2. [:::: limonite stained, dipping 25 0 and 

" 07:30 . . 

~ >20 Weak to strong, brown, 

~4 
<i; 100 79 65 T2t t :::: spotted black and white. 
N equigranular, highly to moderately 

·22.45 4.35 .J decomposed, medium grained 
\ GRANITE, highly fractured. ~ 

[ [-5 
Joints closelY spaced, rough planar 

- and,undulating limonite stained and 
\~~~orita coated. dipping 15 0 to 20 0 

\:4' .,~~ubvertical from 2.70m to 

[ :"6 -
End of hole at 

o _7 -

_8 -

_9 -

l 
1n 

l 

• $I1OAU C,SI\J"8EO SA"'~(E • WATER SAMPlE 

I & 
LOGGED R. T. WU Hoi. tennlna"tton depth at 4.36m LAROE OISTllR81:0 SAMPlE • PEZOME'tER TIP 

SPT LNER SAMPLE DATE 28/11/94 
8 = Numb., of Blowa 

~ STANDPIf'E 
U16 UoIOISTURBED SAMPlE 

Cl 

Ul00 I»IDISTURBEO SAMPlE 1 STANDARO PENETRATION n:Sf CHECKED H.BURBIDQE 
MAZIER SAMPlE (7Omml I f'eRMEABILITY reST ; 
PISTON SAMPLE V 

DATE 12112194 
... ·SrTU VANE SHEAR TEST 
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I aACHV I BACHV SOLElANCHE GROUP 

DRILLHOLE RECORD HOLE NO. BH10A L 
: 1OLB1iM;BI: "". "." .. ,,' """'" SHEET 1 of 1 r 

CONTRACT GE/93/11 

PROJECT SHAM TSENG SEWAGE TREATMENT WORKS AND OUTFALL ) 
METHOD ROTARY CO-ORDINATES W.O. GE/93/11.13 

E 824680.23 -
MACHINE &. No. HELEN N 82~940.20 DATE from 28/11/94 to 28111f94 I 

FLUSHING MEDIUM WATER ORIENTA nON Vertical GROUND-LEVEL ·18.10 mPD I 

Water I 

• level #- #- r • Iml e> e> 

h 
• • o - o - • " Description • ~ .:: ~ u • i • " ~!! c Shift > q • g- " c • 

1lJ' := CI ." start/ :l u ] B 0 ; E ,,~ 'C.e • " ~ 0 ~ • cd: • o • o • a: • • • • ~- • c!i u end >-0; <no; >- <n o;~ ~ 

SX 19.00" 100 .-12 
~; . 0.35 :to.; ,"u'u", dense._ brown I' OYRI. fine U .t - to coarse SAND with occasional 

07:30 I"' 4. 4. 
shell fragments and some 

5, 5, 6) 3 
....Q22.. .\< subangular, fine quartz gravel. I 

0-' 
• (MARINE DEPOSIT) IHANG HAU N-20 C-

D .'0 .• " 

FORMATION) 

sx ·i: I~ -19.80 1.70 

~2 ~ T [::;:: III :uu.o'_::;~rg~trong. brown. :" ~ 

100 100 93 T2·101 I- black, ranular, moderately 
ii; + 2.3' r+~+ decomposed, medium grained '-' 
N GRANITE. locally highly fractured. B.B 

~!:~ ~ 100 69 55 T2·101 r 
::-3 t 2." Joints closely spaced, rough planar, 

t" ~+: + limonite stained, dipping 15 0 to 25 0 , 

IL ~ 40 0 and subvertical from 3.35m to 
100 100 94 t-- T2·101 :!~! 3.60m. 3.95m to 4.22m. 

3.75 '"' 13 - ... 
~!~! 

I 
1-4 100 100 74 I'" lOt I- '.22 

Ie-
·22.32 

End of hole at 4.22m. 
r 

0- 5 f-
'L 

r 

1- 6 
1---

0-

J 
f-7 0-

-1 
--' 

:..8 l- i 
-

0- 9 f'-
f-

-

,0 

-
iM&U OtSl\IoaIec S4MPIoE ~ WATER SAMPlE 

LOGGED • R. T. WU Hoi. terminMion depth at 4.22m LARGE DISTUAB.ED SAMPlE • PEZOMETER TIP 

SPT LNEA SAMPlE DATE 
B = Numb.r of Blows • STANDPIPE 02112194 

U16 LHOISTUAB.ED SAMPlE 
a 

r-
UIOO UNOISTUAB.EO SAMPlE 1 STANOARD PeNETRATION lUT CHECKED H.8URBIDGE 

MAZER SAMPlE 17000mJ I PERIoIEA8J1.ITY n::sr 

PISTON SAMPlE V .·s,," v ... """""'_ 
DATE 12112194 
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Layout and Bathymetry of the 
Area Covered by the Model 
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Velocity Vector Plots 
Velocity V s Time Plots 

Vector Plots 
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2.1 

INTRODUCTION 

In October 1994, Mott Connell commissioned Hydraulics and Water Research (Asia) to carry 
out simulations of the effluent discharge from a proposed outfall serving the Ting Kau and Sham 
Tseng coastline. The purpose of the simulations was to allow Mott Connell to refine the length 
of the sea outfall and to ensure that the level of effluent treatment proposed would allow the 
discharge to comply with the Water Quality Objectives (WQO) defined by the Environmental 
Protection Department (EPD) of the Hong Kong Government. Of particular concern in this 
study, was the impact of the effluent discharge on E.coli concentrations on the neighbouring 
beaches. In addition to the local impact of the discharge from the sea outfall itself, the combined 
impact of the proposed discharge together with the other known effluent sources in Hong Kong 
waters was also of concern. 

Initially, a number of simulations of bacterial dispersion from the proposed outfall alone were 
carried out using the W AHMO bacterial plume model to examine bacteria concentrations on the 
neighbouring beaches under different seasonal conditions and for different outfall lengths and 
effluent treatment levels. As a result of these initial simulations, an outfall length and level of 
treatment was proposed. The W AHMO two-dimensional two-layer model of water quality was 
then applied to simulate full water quality and to examine the cumulative impact of the proposed 
outfall and all other effluent discharges in Hong Kong waters. This report presents the results 
of the full water quality modelling study 

THE MATHEMATICAL MODELS 

The WAHMO two-dimensional two-layer models of water quality and tidal flows used in this 
study had been set up under an earlier study of the Route 3 Ting Kau Bridge to simulate wet and 
dry season conditions (References I & 2). The models had been calibrated and validated in 
these earlier studies by comparing the model results with available field data and with the results 
from larger area lower resolution models which had been calibrated using larger field data sets. 

The Layouts Simulated 

Two models were used to provide the required tidal flow fields for the water quality modelling. 
A high resolution model using a 50rn grid covering the area show in Figure la (Reference 1) was 
used to provide the flow fields for the evaluation of local impacts. A larger area model using 
a 250m grid (Reference 3) was used to simulate all committed reclamations in Hong Kong 
waters and to provide the hydraulic data required in the simulation of the cumulative impact of 
all relevant effluent discharges on water quality in the vicinity of the proposed outfall. 

The high resolution model of tidal flows obtained boundary conditions from a larger area 100m 
grid model set up in the Civil Engineering Department of the Hong Kong Government and was 
used to simulate wet and dry season spring and neap tidal cycles for two reclamation layouts. 
The Baseline reclamation layout was taken to be that simulated in the earlier study of the Ting 
Kau Bridge (Reference 1) and included Container Terminals 8 and 9 with associated dredged 
channels, Tsing Yi North, South and Duplicate South Bridges, Rambler Channel Bridge, the 
Tsuen Wan Area 35 reclamation, the Ting Kau Bridge and the typhoon shelter between the Tsing 
Yi North and South bridges: The Scenario Layout simulated in this study then additionally 
included the proposed reclamation required for the Ting Kau treatment works and the removal 
of several rock outcrops proposed under the Ma Wan Improvement Scheme (Figure 2). 
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3 THE SIMULATIONS OF TIDAL FLOWS 

The W AHMO two-dimensional two-layer model was used to simulate wet and dry season spring 
and neap tidal flows. The results of these simulations for the Baseline and Scenario Layouts are 
illustrated for the spring tide simulations in Figures 3 to 6 in the form of velocity vector 
diagrams and, in Figures 7 to 14, as plots of the variation in water velocity over the tidal cycle 
at the selected Stations shown in Figures I band Ic for each of the 4 tidal cycles simulated. The 
Stations selected for more detailed examination of water speeds were based on those used in 
earlier studies (Stations 1-16 from References I and 4) and 5 new Stations (A-E) selected for this 
study in order to examine the possible local impacts of the proposed reclamation in more detail. 

Examination of the water velocity plots (Figures 7 to 10) shows that, locally, the reclamation 
imposes little change on the existing tidal flows. In general, at Stations A, B, D and E, the 
reclamation does not change' water speeds noticeably on all tide types; at Station C in the 
embayment, peak flood and ebb water speeds are found to reduce by the order of 3cm/s or less. 
At Station E, off the northern shore of Ma Wan, on the wet season neap tide, the model 
predicted a small reduction in peak flood tide water speeds of the order of3cm/s. This is most 
probably the result of the local dredging simulated as part of the Ma Wan Improvement Scheme 
(Figure 2). At Station 12, existing peak ebb tide water speeds were predicted to increase on all 
tides simulated (Figures II to 14). For the dry season neap tide, the peak speed of the order of 
0.17m/s was predicted to increase by up to 0.08m1s probably as a result of local accelerations 

. in the flow to the east of the reclamation. Although this represents a large percentage increase 
(= 50%) for the dry season neap tide, peak spring tide water speeds are much larger at around 
0.5m1s and the increase in the smaller dry season neap tide water speeds should not have any 
impact on, for example, bed stability or navigation. 

At Stations more remote from the reclamation than those considered in the previous paragraph, 
the reclamation was found to liave no discemable impact (Figures n to 14). 

3.1 Summary 

The reclamation occupies the eastern side of a small embayment where existing water depths 
are of the order of 20m or less and it does not extend into the faster moving water in the main 
tidal flow channels. As a result, it was not expected that the reclamation would have a 
significant impact on large scale water movements or, therefore, in the absence of any new 
effluent sources, large scale water quality. 

Following construction of the reclamation, some changes in local flow patterns are to be 
expected. It was found that the reclamation resulted in small reductions in flows within the bay 
and local increases in water speeds immediately offshore of the reclamation. Considering the 
existing relatively low water speeds and the magnitude of the changes caused by the reclamation, 
it was not considered that, for example, navigation in the vicinity of the reclamation or local 
patterns of siltation would be affected by these modified flow patterns. More remote from the 
reclamation, no discernable change in water velocities was found which is consistent with the 
reclamation remaining outside the main flow channel. 
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4 WATER QUALITY SIMULATIONS 

4.1 Introduction 

4.2 

The results from the tidal flow simulations were used as the basic hydraulic data set by the 
W AHMO two-dimensional two-layer model of water quality. The effluent loading pattern used 
by the water quality model was based on that used in the most recent assessment of the impact 
of the Ting Kau Bridge on water quality (Reference 4). 

Two types of simulations were carried out. For neap tidal conditions, because the tidal excursion 
would be relatively short, the impact of future discharges from remote but large outfalls (eg 
North West New Territories, Tuen Mun Area 38 and Siu Ho Wan) on E. coli concentrations on 
the local beaches would be small and the SOm grid water quality model was run using the 
boundary conditions derived in the earlier studies (Reference 2 and 4). On spring tides when 
tidal excursions are much larger than on neap tides, it was considered more important to revise 
the boundary conditions in the SOm model to allow for future discharges from major outfalls 
outside the local area. Consequently, the Extended W AHMO 250m model was re-run to 
simulate the overall large scale future water quality. New boundary conditions were then 
extracted from these model results for use in the local area SOm grid model. 

Loading Patterns 

The model was used to simulate vertically well mixed dry season conditions and stratified wet 
season conditions. In order to reflect the impact of stratification on the initial behaviour of the 
effluent plume, in the dry season, the effluent discharge from the proposed outfall was assumed 
to be vertically well mixed over the water column while, in the wet season, the initial discharge 
was assumed to be trapped in the lower layer of the model. 

4.2.1 Neap Tide Simulations 
The loading pattern for the wet and dry season neap tide simulations of the Baseline Layout was 
taken from the earlier studies of the Ting Kau Bridge (Rllferences 2 and 4) with modifications 
to some local effluent loads being made as a result of data obtained under this study. Table I 
shows the loading pattern used in this study for the neap tide simulations of the Baseline Layout. 

For the Scenario Layout, the loading pattern was also based on those loads given in Table 1 but 
with all Series 11 discharges removed and replaced by the single load from the proposed outfall 
as detailed in Table 2. 

42.2 Simulation of Cumulative Impacts 
In order to simulate the cumulative impacts of all local and more remote effluent discharges in 
the vicinity of the Ting Kau and Sham Tseng outfall, the Extended W AHMO water quality 
model was rerun using the simulated flow fields and the corresponding effluent loading pattern 
for the Year 2003 taken from an earlier study (Reference 5) but with some modifications to three 
major outfalls. 

The basic effluent loading pattern for the whole Extended W AHMO Model area is given in 
Appendix 1. For this study, the effluent loads marked in Appendix I were deleted and replaced 

• by the Stonecutter's Stage I discharge (Table 3) and revised loads for the North West New 
Territories, Area 38 and Siu Ho Wan were also specified for this study (Table 3). The Extended 
W AHMO model was then re-run using the modified loading pattern and the results used to 
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4.3 

provide boundary conditions for the higher resolution 50m grid model. The 50m model then 
used the same local loading pattern as in the simulation of the neap tide conditions (Table 2) for 
the two cases with and without the proposed outfall. 

Wet and Dry Season Neap Tide Simulations 

Using the boundary conditions derived for the earlier studies and the loading pattern described 
in Section 4.1.1, the model was used to simulate wet and dry season neap tide conditions for the 
Baseline Layout and the Scenario Layout which included the proposed reclamation and outfall. 

The model was used to simulate both the Baseline layout and the discharge from the proposed 
outfall. The results from the model have been presented in Appendix 2 as plots of the variation 
in each simulated parameter over the tidal cycle at the fixed Stations shown in Figure Id and as 
tabulations of the tide averaged concentration of each parameter (Tables 4 and 5) for the 
Baseline and Scenario Layouts. 

In Appendix 2, the results have been plotted for both simulations on the same axes to allow a 
direct comparison of the effect of collecting the existing diffuse effluent loads and discharging 
the estimated total future load (following treatment) through the proposed outfall. From the 
plots, for all parameters except E. coli., at all Stations, there is little difference between the two 
cases. Dissolved Oxygen (DO) concentrations at Stations 14 and 15 can be seen to increase 
slightly while BOD concentrations decrease slightly on both wet and dry season neap tides. This 
impact at Stations 14 and IS can also be seen in the tabulations of the tide averaged 
concentrations of Dissolved oxygen and BOD (Tables 4 and 5) and is probably the result of the 
removal of the diffuse effluent discharges (Table 1) to the confined waters of the Rambler 
Channel 

In order to examine the differences between the Baseline Layout and the Scenario Layout in 
more detail, the differences in the tide averaged concentrations of each parameter at each of the 
selected Stations between the Baseline Layout and the Scenario Layout were calculated and are 
given in Table 6 and 7 - negative values indicate a decrease in concentration for the Scenario 
Layout. Apart from the E. coli concentrations, there is little change in the other parameters 
between the two simulations at all Stations. Tide averaged concentrations of DO at Station 15 
increase by 0.05mgll (dry season) and 0.07mgll (wet season) while BOD concentrations at this 
Station decrease by 0.04mgll in both seasons. 

From Tables 6 and 7, E. coli concentrations can be seen to decrease at some Stations and 
increase at others. In order to obtain a clearer understanding of the impact of collecting the 
existing diffuse discharges and discharging aU effluent after treatment through the proposed 
outfall, these differences have been plotted in Figure IS. It can be seen that significant 
reductions in the tide averaged E. coli concentrations have occurred in the near shore area 
(Stations 1-9, 22, 24 and 25, Figure Id) with smaller reductions in the Rambler Channel 
(Stations 14 and IS). In the offshore region, some smaller increases in E. coli concentrations are 
predicted especially at Stations 18, 19 and 20. At these Stations, it can be seen that the largest 
increases occur in the surface layer in the dry season and in the bed layer in the wet season and 
are considered to be a direct result of the proximity of the proposed outfall to these Stations. The 
marginally larger increases occur at Station 20 in the surface layer in the dry season when tide 
averaged E. coli concentrations are predicted to increase from 851100ml to 3341l00ml. 
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4.4 Wet and Dry Sellllon Spring Tide Simulations of Cumulative Impacts 

5 

As described in Section 4. I, in order to simulate the cumulative impact of the proposed outfall 
and all other future contributing effluent discharges, the Extended WAHMO 250m model was 
first used to simulate the future loading pattern in Hong Kong waters. In particular, the North 
West New Territories, Tuen Mun Area 38, Siu Ho Wan and Stonecutter's Island Stage I 
discharges were simulated using the loadings given in Table 3. The high resolution model then 
took boundary conditions from the larger area model's simulations. The overall loading pattern 
used (Appendix I) was an estimated future loading pattern and was not the same as in the neap 
tide simulations and direct comparisons cannot be made between simulations of the two different 
tide types. 

As in the simulation of the wet and dry season neap tides, the results from the high resolution 
model have been presented in Appendix 3 as plots of the concentrations of each parameter at the 
Stations shown in Figure Id over the tidal cycle and as tabulations of the tide averaged 
concentrations of each parameter on the wet and dry season spring tides (Tables 8 and 9). The 
differences between the tide averaged concentrations of each parameter at each Station between 
the two layouts simulated are also presented in Tables 10 and II and plotted in Figure 15. 

As in the simulation of neap tide conditions, the impact of collecting up the near shore effluent 
sources and discharging them with treatment through the proposed outfall was very small for 
all parameters modelled except E. coli. The plots of the modelled parameters (Appendix 3) and 
the tables of tide averaged concentrations show little, if any, change in all but the E. coli 
concentrations. Figure 15 shows the differences in E. coli concentrations between the two cases 
simulated and it can be seen that the impact of the proposed outfall and treatment scheme is very 
similar to that on the neap tides. For the spring tide simulations, E coli concentrations at all 
Stations are considerably larger for the loading pattern simulated than on the neap tides with 
typical concentrations of the order of 1000-1500/100ml compared with IOO-200/100ml at most 
Stations on the neap tides. However, the impact of the proposed outfall is similar for both the 
spring and neap tide Scenarios modelled. 

SUMMARY AND CONCLUSIONS 

The W AHMO two-dimensional twa-layer models of wet and dry season tidal flows and water 
quality were applied to simulate the impact of a reclamation on water movements and the 
resulting impact of the modified flow field and a treated effluent discharge from an outfall on 
water quality. 

The Ting Kau and Sham Tseng sewerage scheme would result in the collection of several diffuse 
shoreline effluent loads for treatment before discharge through an outfall. Following a series 
of simulations of bacterial plumes, an outfall location was selected and the water quality model 
was used to simulate the impact of removing the diffuse effluent sources and introducing the 
treated discharge from the proposed outfall. Initially, use was made of the existing high 
resolution (50m grid) model of the area previously set up to examine the Route 3 Ting Kau 
Bridge and neap tide conditions were simulated without any modification to the model boundary 
conditions. This was considered acceptable because the tidal excursions would be small, the 
impact of remote discharges on local water quality conditions on the beaches were expected to 

- be small and the neap tide simulation would allow an assessment of the relative impact of 
removing the local shoreline effluent sources and introducing the outfall. For the spring tide 
simulations, the large area Extended W AHMO model was re-run to simulate a specified future 
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5 

effluent discharge pattern which included the SSDS Stage I outfall from Stonecutter's Island. 
The results from this model were then used to provide boundary conditions for the local area 
high resolution model which was re-run to simulate the proposed outfall and removal of 
shoreline discharges. 

The results from the model indicated that, on all tide types simulated, the introduction of the 
treated discharge from the outfall had little impact on all water quality parameters ~imulated 
except E. coli. The most noticeable impact of the outfall was a reduction in E. coli 
concentrations in the near shore areas including the beaches. Offshore, in the vicinity of the 
outfall risers, some increases in E. coli concentrations were predicted as should be expected. [n 
general, the increases in E. coli concentrations in the offshore waters remote from the outfall 
were very small and significantly less than the reductions in E. coli concentrations in the near 
shore waters. 
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Reference Easting Northing BOD Factors on BOD 

tonne/d E.coli Org.N Am.N Ox.N 

TWI (Tsuen Wan) 829900 822400 43.50 0.71 0.06 0.09 0.01 

TKTIl 828700 825800 1.80 1.00 0.08 0.15 0 

TKT/2 828900 825800 0.70 1.00 0.09 0.16 0 

TKT/3 829100 825600 2.10 0.31 0.09 0.15 0 

TKT/4 829300 825400 9.00 0.31 0.09 0.15 0 

TKT/5 829500 825300 0.30 1.00 0.10 0.10 0 

TKT/6 829600 825100 1l.l0 0.26 0.04 0.03 0 

TKT17 829500 825000 2.10 1.00 0.01 0.15 0 

TKT/8 830000 823900 2.00 0.54 0.04 0.04 0 

TKT/9 829900 823200 4.50 l.l8 0.03 0.03 0 

TKTIIO 830500 822700 20.3 0.46 0.04 0.03 0 

TKT/II 829400 823600 0.20 0.22 0.10 0.15 0 

TKT/12 829500 823550 1.70 0.10 0.09 0.15 0 

TKT/13 829500 823550 2.20 0.30 0.09 0.02 0 

TKTIl4 829750 823300 1.60 0.48 0.09 0.15 0 

TKT/15 829200 821300 l.l8 1.00 0.07 0.09 0 

11.02 826200 825500 0.105 • 1.16 0.08 0.12 0 

11.12 822700 824700 0.609 • 6.72 0.15 0.16 0 

11.13 823700 825000 0.294 • 6.74 0.15 0.16 0 

11.14 824300 825100 0.624' 6.03 0.14 0.14 0 

11.16+11.15 824500 825100 0.095 • 5.39 0.12 0.13 0 

11.99 826300 825200 0.030 • 6.67 0.15 0.17 0 

13A.80 823700 823200 0.06 1.20 0.09 0.12 0 

Modified from the loadings used in the simulations of Ting Kau Bridge (Reference I) based on data 
obtained under the present study 
All Series" II" loads were deleted in the simulation of the proposed outfall and replaced by those given 
in (Table 2) 

TABLE 1 BASELINE WATER QUALITY MODEL LOCAL POLLUTION LOADS 



Parameter Load' 

Discharge 13,367 m3/day 

BOD 2,310.kglday 

Suspended Solids 2,216.kglday 

NH3N 0.305kglday 

Organic N 0.116kglday 

E. coli 2.29x 10"/day 

Reduction Factor 

-
30% 

50% 

0% 

10% 

50% 

[ 

r 
r 
[ 

D 

This single load replaced the "Series 11" discharges indicated in Table I for the simulations of the C 
discharge of treated effluent from the proposed outfall .. 

RISER LOCATIONS 
RISER 

Easting Northing 

I 824530 824620 

2 824555 824665 

TABLE 2 TING KAU AND SHAM TSENG EFFLUENT DISCHARGE DETAILS 
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TABLE 3 

OUTFALL BOD LOADING 

North West New Territories 21,100kglday 

Area 38 30,220kglday 

Siu Ho Wan 21,640kglday 

STONECUTTERS OUTFALL DETAILS 

Onshore Coordinates (829160E,818910N) 

Offshore coordinates (830670E,819690N) 

Number of Risers 24 

Riser Spacing 50m 

Discharge Depth 10m 

Jet Diameter 250mm 

Flow 16.36 m'/s 

Suspended Sediment Load 90mgll 

BOD Load 150mgll 

TKNLoad 30mgll 

NH.-N Load . 23mgll 

TIM Load 2mgll 

PO,-P Load 3mgll 

E. coli 9x 10'11 OOml 

DETAILS OF MAJOR OUTFALLS USED IN THE SIMULATION OF 
CUMULATIVE IMPACTS 



TING KAU AND SHAM TSENG SEWERAGE - DRY SEASON NEAP TIDE 
BASELINE CONDITION 

Station Layer Height Temp Salinity DO BOD Amm OxN OrgN Chi SS EColi 

1 
2 
2 
3 
3 
4 
4 
5 
5 
6 
6 
7 
7 
8 
8 
9 
9 
10 
10 
11 
11 
12 
12 
13 
13 
14 
14 
15 
15 
16 
16 
17 
17 
18 
18 
19 
19 
20 
20 
21 
21 
22 
22 
23 
23 
24 
24 
25 
25 

1 
2 
1 
2 
1 

2 
1 

2 
1 
2 
1 
2 
1 

2 
1 
2 

.1 
2 
1 
2 
1 

2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 

-2 
1 
2 
1 
2 

TABLE4a 

9.30 18.01 32.70 6.28 0.83 0.10 0.06 
2.03 18.00 32.70 6.27 0.82 0.10 0.06 
1.31 18.01 32.70 6.30 0.83 0.10 0.06 
0.00 18.01 32.70 6.30 0.83 0.10 0.06 
1.31 18.02 32.70 6.28 0.82 0.10 0.07 
0.00 18.02 32.70 6.28 0.82 0.10 0.07 
9.30 18.02 32.70 6.24 0.82 0.09 0.07 
3.15 18.02 32.70 6.23 0.82 0.09 0.07 
6.13 18.03 32.69 6.22 0.83 0.09 0.07 
0.00 18.03 32.69 6.22 0.83 0.09 0.07 
7.72 18.03 32.69 6.22 0.84 0.09 0.07 
0.00 
3.22 
0.00 
6.89 
0.00 
9.30 

18.03 32.69 6.22 

26.03 
9.30 

28.11 
9.29 

18.05 32.68 
18.05 32.68 
18.06 32.66 
18.06 32.66 
18.00 32.70 
18.00 32.70 
18.00 32.70 
18.00 
18.01 

30.39 18.00 
9.30 18.01 

13.46 18.00 
9.30 

12.52 
10.26 
0.00 
9.30 

18.01 
18.00 
18.05 
18.05 
18.14 

4.51 18.14 
9.30 18.01 

29.00 18.00 
9.30 18.01 

42.53 18.00 
9.29 18.01 

28.78 18.00 
9.29 18.01 

30.90 18.00 
9.29 18.Q1 

27.44 18.00 
9.30 18.02 

10.17 18.02 
18.01 

32.70 
32.70 
32.70 
32.70 
32.70 
32.70 
32.70 
32.67 
32.67 
32.55 
32.55 
32.70 
32.70 
32.70 
32.70 
32.70 
32.70 
32.70 
32.70 
32.70 
32.70 
32.69 
32.69 
32.70 9.30 

7.96 
9.30 

20.64 
1.30 
0.00 
8.95 

18.01 32.70 
18.01 32.70 
18.01 32.70 
18.01 32.70 
18.01 
18.01 

0.00 18.01 

32.70 
32.70 
32.70 

6.18 
6.18 
6.08 
6.08 
6.29 
6.28 
6.29 
6.28 
6.28 
6.26 
6.28 
6.27 
6.28 
6.27 
6.13 
6.13 
5.44 
5.41 
6.28 
6.27 
6.28 
6.27 
6.28 
6.26 
6.28 
6.26 
6.28 
6.26 
6.23 
6.22 
6.27 
6.26 
6.27 
6.25 
6.30 
6.30 
6.27 
6.27 

0.84 
0.88 
0.88 
0.97 
0.97 
0.82 
0.82 
0.82 
0.82 
0.82 
0.82 
0.82 
0.82 
0.82 
0.82 
0.91 
0.91 
1.90 
1.88 
0.82 
0.82 
0.82 
0.82 
0.82 
0.82 
0.82 
0.82 
0.82 
0.82 
0.83 
0.83 
0.83 
0.82 
0.82 
0.82 
0.82 
0.82 
0.83 
0.83 

0.09 0.07 
0.10 0.08 
0.10 0.08 
0.10 0.09 
0.10 0.09 
0.10 0.05 
0.10 0.05 
0.10 0.05 
0.10 0.05 
0.10 0.07 
0.10 0.07 
0.10 0.07 
0.10 0.07 
0.10 0.08 
0.10 0.08 
0.10 0.08 
0.10 0.08 
0.19 0.12 
0.19 0.12 
0.10 0.06 
0.10 0.06 
0.10 0.06 
0.10 0.06 
0.10 0.06 
0.10 0.06 
0.10 0.06 
0.10 0.06 
0.10 0.06 
0.10 0.06 
0.09 0.07 
0.09 0.07 
0.10 0.06 
0.10 0.06 
0.10 0.06 
0.10 0.06 
0.10 0.06 
0.10 0.06 
0.10 0.06 
0.10 0.06 

0.22 0.90 6.56 
0.22 0.89 6.55 
0.22 0.90 6.43 
0.22 0.90. 6.43 
0.23 0.91 6.00 
0.23 0.91 6.00 
0.24 0.91 5.61 
0.24 0.90 5.47 
0.24 0.93 5.12 
0.24 0.93 5.12 
0.24 0.94 5.07 
0.24 0.94 5.07 
0.25 0.98 4.46 
0.25 0.98 4.46 
0.26 1.00 4.35 
0.26 1.00 4.35 
0.21 0.90 6.76 
0.21 0.89 6.80 
0.21 0.90 6.82 
0.21 0.89 6.85 
0.25 0.90 5.70 
0.25 0.89 5.80 
0.26 0.91 5.29 
0.26 0.89 5.31 
0.27 0.91 5.06 
0.27 0.89 5.04 
0.25 0.97 4.64 
0.25 0.97 4.64 
0.34 1.16 4.26 
0.34 1.15 4.13 
0.22 0.90 6.57 
0.22 0.89 6.59 
0.23 0.90 6.40 
0.22 0.89 6.43 
0.23 0.90 6.22 
0.23 0.89 6.29 
0.24 0.90 6.09 
0.23 0.89 6.17 
0.23 0.90 6.15 
0.23 0.89 6.23 
0.24 0.92 5.43 
0.24 0.91 5.36 
0.22 0.90 6.37 
0.22 0.89 6.36 
0.23 0.90 6.13 
0.23 0.89 6.16 
0.22 0.90 6.51 
0.22 0.90 6.51 
0.22 0.90 6.36 
0.22 0.90 6.36 

448 
312 
522 
522 
134 
134 
105 
128 
101 
101 
123 
123 
494 
494 
280 
280 

83 
95 

103 
106 

59 
85 
57 
77 
60 
77 

225 
225 

2488 
3004 

110 
109 

97 
100 

79 
90 
83 

100 
85 
96 

103 
130 
594 
315 
122 
140 
284 
284 
553 
553 

TIDE AVERAGED CONCENTRATIONS AT SELECTED STATIONS, DRY 
SEASON NEAP TIDE, BASELINE CONDITION 
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TING KAU AND SHAM TSENG SEWERAGE· DRY SEASON NEAP TIDE 
LONG SEA OUTFALL 

.Station Layer Height Temp Salinity DO BOD Amm OxN OrgN Chi SS 

2 
2 
3 
3 
4 
4 
5 
5 
6 
6 
7 
7 
8 
8 
9 
9 
10 
10 
11 
11 
12 
12 
13 
13 
14 
14 
15 
15 
16 
16 
17 
17 
18 
18 
19 
19 
20 
20 
21 
21 
22 
22 
23 
23 
24 
24 
25 
25 

1 
2 

9.30 18.01 32.70 6.28 0.82 0.10 0.06 
2.03 18.00 32.70 6.27 0.82 0.10 0.06 
1.31 18.01 32.70 6.30 0.82 0.10 0.06 

0.22 0.90 6.56 
0.22 0.89 6.55 
0.22 0.90 6.43 

2 0.00 18.01 32.70 6.30 0.82 0.10 0.06 0.22 0.90 6.43 
1· 1.31 18.02 32.70 6.28 0.82 0.10 0.06 0.23 0.91 6.03 
2 0.00 18.02 32.70 6.28 0.82 0.10 0.06 0.23 0.91 6.03 
1 9.30 18.02 32.70 6.24 0.82 0.09 0.07 0.24 0.91 5.64 
2 3.15 18.02 32.70 6.23 0.82 0.09 0.07 0.23 0.90 5.49 
1 6.13 18.03 32.69 6.23 0.83 0.09 0.07 0.24 0.93 5.15 
2 0.00 18.03 32.69 6.23 0.83 0.09 0.07 0.24 0.93 5.15 
1 7.73 18.03 32.69 6.22 0.83 0.09 0.07 0.24 0.93 5.09 
2 0.00 18.03 32.69 6.22 0.83 0.09 0.07 0.24 0.93 5.09 
1 3.22 18.05 32.68 6.19 0.87 0.09 0.08 0.25 0.97 4.48 
2 
1 
2 
1 
2 
·1 

2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 

0.00 18.05 32.68 
6.89 18.06 32.67 
0.00 
9.30 

26.03 
9.30 

28.11 

18.06 32.67 
18.00 32.70 
18.00 
18.00 
18.00 

9.29 18.01 
30.39 18.00 

9.30 18.01 
13.46 18.00 
9.30 18.01 

32.70 
32.70 
32.70 
32.70 
32.70 
32.70 
32.70 
32.70 

12.52 18.00 32.70 
10.26 18.05 32.68 

0.00 18.05 32.68 
9.30 18.14 32.56 
4.5118.13 32.56 
9.30 18.01 32.70 

29.00 18.00 32.70 
9.30 18.01 32.70 

42.53 18.00 32.70 
9.29 18.01 32.70 

28.78 18.00 32.70 
9.29 18.01 32.70 

30.90 18.00 32.70 
9.29 18.01 32.70 

27.44 18.00 32.70 
9.30 18.02 32.69 

10.17 18.02 32.70 
9.30 18.01 32.70 
7.96 18.01 32.70 
9.30 18.01 32.70 

20.64 18.01 32.70 
1.30 18.01 32.70 
0.00 18.01 32.70 
8.95 18.01 32.70 
0.00 18.01 32.70 

6.19 
6.09 
6.09 
6.29 
6.28 
6.29 
6.28 
6.28 
6.26 
6.28 
6.26 
6.28 
6.27 
6.14 
6.14 
5.48 
5.46 
6.28 
6.27 
6.28 
6.27 
6.28 
6.26 
6.28 
6.26 
6.28 
6.26 
6.23 
6.22 
6.27 
6.26 
6.27 
6.25 
6.30 
6.30 
6.27 
6.27 

0.87 
0.95 
0.95 
0.82 
0.82 
0.82 
0.82 
0.82 
0.82 
0.82 
0.82 
0.82 
0.82 
0.90 
0.90 
1.86 
1.84 
0.82 
0.82 
0.82 
0.82 
0.82 
0.82 
0.82 
0.82 
0.83 
0.82 
0.82 
0.82 
0.82 
0.82 
0.82 
0.82 
0.82 
0.82 
0.82 
0.82 

0.09 0.08 
0.10 0.08 
0.10 0.08 
0.10 0.05 
0.10 0.05 
0.10 0.05 
0.10 0.05 
0.10 0.07 
0.10 0.07 
0.10 0.08 
0.10 0.07 
0.10 0.08 
0.10 0.08 
0.10 0.08 
0.10 0.08 
0.19 0.12 
0.19 0.12 
0.10 0.06 
0.10 0.06 
0.10 0.06 
0.10 0.06 
0.10 0.06 
0.10 0.06 
0.10 0.06 
0.10 0.06 
0.10 0.06 
0.10 0.06 
0.09 0.07 
0.09 0.07 
0.10 0.06 
0.10 0.06 
0.10 0.06 
0.10 0.06 
0.10 0.06 
0.10 0.06 
0.10 0.06 
0.10 0.06 

0.25 0.97 4.48 
0.26 1.00 4.39 
0.26 1.00 4.39 
0.21 0.90 6.75 
0.21 0.89 6.80 
0.21 0.90 6.82 
0.21 0.89 6.85 
0.25 0.90 5.69 
0.25 0.89 5.80 
0.26 0.91 5.28 
0.26 0.89 5.31 
0.27 0.91 5.05 
0.27 0.89 5.03 
0.25 0.97 4.67 
0.25 0.97 4.67 
0.34 1.15 4.28 
0.34 1.14 4.14 
0.22 0.90 6.57 
0.22 0.89 6.59 
0.23 0.90 6.40 
0.22 0.89 6.44 
0.23 0.90 6.22 
0.23 0.89 6.29 
0.24 0.90 6.10 
0.23 0.89 6.17 
0.23 0.90 6.16 
0.23 0.89 6.23 
0.24 0.92 5.46 
0.24 0.91 5.38 
0.22 0.90 6.36 
0.22 0.89 6.36 
0.23 0.90 6.15 
0.23 0.89 6.17 
0.22 0.90 6.51 
0.22 0.90 6.51 
0.22 0.90 6.36 
0.22 0.90 6.36 

EColi 

102 
110 

93 
93 

102 
102 
80 
95 
51 
51 . 
52 
52 
59 
59 

158 
158 
88 
98 
99 

105 
74 
91 
64 
82 
65 
82 

134 
134 

2434 
2943 

103 
109 
112 
105 
136 

99 
186 
111 
334 
106 

68 
85 

108 
105 
131 
121 
102 
102 

97 
97 

TABLE 4b TIDE AVERAGED CONCENTRATIONS AT SELECTED STATIONS, DRY 
SEASON NEAP TIDE, LONG SEA OUTFALL 



TING KAU AND SHAM TSENG SEWERAGE· WET SEASON NEAP TIDE 
BASELINE CONDITION 

[ 

Station Layer Height Temp Salinity DO BOD Amm OxN OrgN ChI SS EColi [ 

1 1 
2 

2 1 
2 2 
3 1 
3 2 
4 1 
4 2 
5 1 
5 2 
6 1 
6 2 
7 1 
7 2 
8 1 
8 2 
9 1 
9 2 
10 1 
10 2 
11 1 
11 2 
12 1 
12 2 
13 1 
13 2 
14 1 
14 2 
15 1 
15 2 
16 1 
16 2 
17 1 
17 2 
18 1 
18 2 
19 1 
19- 2 
20 1 
20 2 
21 1 
21 2 
22 1 
22 2 
23 1 
23 2 
24 1 
24 2 
25 1 
25 2 

TABLE5a 

11.40 27 
0.00 27 

29.00 4.47 0.84 0.01 0.11 
29.00 4.47 0.84 0.01 0.11 

0.80 12.14 8.51 
0.80 12:14 8.51 

660 
660 

1.38 27 29.00 4.45 0.81 0.02 0.12 0.75 11.20 7.86 658 
0.00 27 29.00 4.45 0.81 0.02 0.12 0.75 11.20 7.86 658 
1.37 27 29.00 4.43 0.76 0.02 0.13 0.68 9.41 6.74 120 
0.00 
9.43 
3.09 
6.19 
0.00 
7.79 
0.00 
3.29 
0.00 
6.95 
0.00 
9.41 

25.99 
9.44 

28.04 
9.26 

30.49 
9.15 

13.67 
9.07 

12.81 
10.33 

0.00 
9.34 
4.54 
9.43 

28.94 
9.43 

42.47 
9.40 

28.74 
9.39 

30.87 
9.40 

27.40 
9.41 

10.13 
9.46 
7.87 
9.40 

20.61 
1.37 
0.00 
9.02 
0.00 

27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 

29.00 4.43 0.76 0.02 0.13 0.68 
29.00 4.44 0.75 0.02 0.13 0.66 
29.00 4.10 0.71 0.03 0.13 0.64 

9.41 6.74 
9.13 6.30 
8.00 5.77 

29.00 4.51 0.77 0.03 0.13 0.65 9.29 5.77 
29.00 4.51 
29.00 4.51 
29.00 4.51 
29.00 4.59 
29.00 4.59 
29.00 4.48 
29.00 4.48 
29.00 4.81 
29.00 3.94 
29.00 4.76 
29.00 3.94 
29.00 4.45 
29.00 4.05 
29.00 4.49 
29.00 
29.00 
29.00 
29.00 
29.00 
29.00 
29.00 
29.00 
29.00 
29.00 
29.00 
29.00 
29.00 
29.00 
29.00 
29.00 
29.00 
29.00 
29.00 

4.06 
4.56 
4.02 
4.50 
4.50 
3.78 
3.42 
4.53 
4.04 
4.46 
4.06 
4.41 
4.08 
4.40 
4.07 
4.42 
4.08 
4.47 
4.11 

29.00 4.40 

0.77 0.03 
0.77 0.03 

0.13 
0.13 

0.77 
0.84 
0.84 
0.93 
0.93 
0.90 
0.85 
0.89 
0.85 
0.73 
0.66 
0.71 
0.63 
0.70 
0.63 
0.87 
0.87 
1.83 
1.54 
0.84 
0.79 
0.81 
0.76 
0.79 
0.74 
0.76 
0.71 
0.77 
0.72 
0.76 
0.72 
0.80 

0.03 0.13 
0.04 0.14 

0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.89 

9.29 5.77 
9.34 5.72 
9.34 5.72 
9.93 
9.93 

10.01 

5.06 
5.06 
4.92 

10.01 4.92 
14.67 9.82 

0.14 
0.15 
0.15 
0.10 
Q.ll 
0.10 
0.11 
0.13 

0.84 13.10 9.10 
0.88 14.22 9.59 
0.84 13.04 9.07 
0.67 

0.14 0.59 
0.13 0.64 
0.15 0.54 
0.14 0.62 

0.54 
0.65 
0.65 
0.68 
0.66 
0.81 
0.75 
0.78 
0.72 
0.74 
0.69 
0.70 
0.65 
0.72 
0.67 
0.66 
0.65 

8.78 6.81 
6.34 5.74 
7.97 6.41 
5.22 5.12 
7.44 6.13 
5.02 
9.82 
9.82 

4.98 
5.26 
5.26 

11.25 4.48 
10.19 3.32 
12.56 8.75 
10.76 7.95 
11.66 8.27 

9.87 7.52 
10.73 7.80 
9.02 7.10 
9.70 7.26 
8.05 6.60 

10.24 7.54 
8.49 6.83 
9.15 6.08 
8.12 5.73 

29.00 4.13 0.74 

0.04 
0.05 
0.05 
0.00 
0.01 
0.00 
0.01 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.04 
0.04 
0.14 
0.13 
0.01 
0.02 
0.Q1 
0.02 
0.01 
0.02 
0.02 
0.02 
0.02 
0.02 
0.03 
0.03 
0.02 
0.02 

0.15 
0.14 

0.'4 
0.19 
0.19 
0.11 
0;12 
0.12 
0.12 
0.12 
0.13 
0.13 
0.13 
0.12 
0.13 
0.13 
0.13 
0.12 
0.13 

0.74 10.63 7.63 
0.69 9.06 6.96 

29.00 4.39 0.75 0.02 0.13 0.69 9.39 6.91 
29.00 4.07 0.70 0.03 0.130.63 7.68 6.24 
29.00 4.46 0.82 0.01 0.12 0.77 11.68 8.19 
29.00 4.46 0.82 0.01 0.12 0.77 11.68 8.19 
29.00 4.40 0.81 0.02 0.12 0.75 11.02 7.73 
29.00 4.40 0.81 0.02 0.12 0.75 11.02 7.73 

120 
110 

97 
111 
111 
138 
138 
485 
485 
302 
302 

87 
92 

102 
106 

66 
71 
61 
67 
58 
73 

245 
245 

3156 
3849 

134 
113 
137 

94 
91 
82 
94 
86 
96 
88 

111 
100 
934 
243 
116 

90 
360 
360 
743 
743 

TIDE AVERAGED CONCENTRATIONS AT SELECTED STATIONS, WET 
SEASON NEAP TIDE, BASELINE CONDITION 
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TING KAU AND SHAM TSENG SEWERAGE - WET SEASON NEAP TIDE 
LONG SEA OUTFALL 

Station Layer Height Temp Salinity DO BOD Amm OxN OrgN Chi SS EColi 

1 1 
2 

2 1 
2 2 
3 1 
3 2 
4 1 
4 2 
5 1 
5 2 
6 1 
6 2 
7 1 
7 2 
8 1 
8 2 
9 1 
9 2 
10 1 
10 2 
11 1 
11 2 
12 1 
12 2 
13 1 
13 2 
14 1 
14 2 
15 1 
15 2 
16 1 
16 2 
17 1 
17 2 
18 1 
18 2 
19 1 
19 2 
20 1 
20 2 
21 1 
21 2 
22 1 
22 2 
23 1 
23 2 
24 1 
24 2 
25 1 
25 2 

TABLESb 

11.40 27 29.00 4.47 0.82 0,01 0.11 0.79 12.12 8.49 78 
0.00 27 29.00 4.47 0.82 0,01 0.11 0.79 12.12 8.49 78 
1.38 27 29.00 4.45 0.80 0.01 0.12 0.75 11.177.83 54 
0.00 27 29.00 4.45 0.80 0.01 0.12 0.75 11.17 7.83 54 
1.37 27 29.00 4.42 0.75 0.02 0.13 0.68 9.39 6.74 82 
0.00 27 29.00 4.42 0.75 0.02 0.13 0.68 9.39 6.74 82 
9.43 27 29.00 4.44 0.75 0.02 0.13 0.66 9.13 6.32 65 
3.09 27 29.00 4.11 0.71 0.03 0.13 0.64 8.03 5.79 135 
6.19 27 29.00 4.51 0.76 0.03 0.13 0.66 9.31 5.81 43 
0.00 27 29.00 4.51 0.76 0.03 0.13 0.66 9.31 5.81 43 
7.79 27 
0.00 27 
3.29 27 
0.00 27 
6.95 27 
0.00 27 
9.41 27 

25.99 27 
9.44 27 

28.04 27 
9.26 27 

30.49 27 
9.15 27 

13.67 27 
9.07 27 

12.81 27 
10.33 27 
0.00 27 
9.34 27 
4.54 27 
9.43 27 

28.94 27 
9.43 27 

42.47 27 
9.40 27 

28.74 27 
9.39 27 

30.87 27 
9.40 27 

27.40 27 
9.41 27 

10.13 27 
9.46 27 
7.87 27 
9.40 27 

20.61 27 
1.37 27 
0.00 27 
9.02 27 
0.00 27 

29.00 4.51 0.76 0.03 0.13 0.65 9.35 5.76 45 
29.00 4.51 0.76 0.03 0.13 0.65 9.35 5.76 45 
29.00 4.60 0.82 0.03 0.14 0.65 9.93 5.11 51 
29.00 4.60 0.82 0.03 0.14 0.65 9.93 5.11 51 
29.00 4.50 0.91 0.05 0.14 0.65 9.99 4.99 154 
29.00 4.50 0.91 0.05 0.14 0.65 9.99 4.99 154 
29.00 4.81 0.90 0.00 0.10 0.89 14.68 9.82 90 
29.00 3.94 0.85 0.01 0.11 0.84 13.10 9.10 107 
29.00 4.76 0.89 0.00 0.10 0.88 14.22 9.59 92 
29.00 3.94 0.85 0.01 0 .. 11 0.84 13.04 9.07 115 
29.00 4.46 0.73 0.02 0.13 0.67 8.81 6.82 75 
29.00 4.05 0.66 0.02 0.14 0.58 6.31 5.72 98 
29.00 4.49 0.71 0.02 0.13 0.64 7.99 6.42 70 
29.00 4.05 0.64 0.02 0.15 0.54 5.23 5.12 76 
29.00 4.56 0.70 0.02 0.14 0.62 7.46 6.15 67 
29.00 4.02 0.63 0.02 0.15 0.54 5.02 4.98 75 
29.00 4.51 0.86 0.04 0.14 0.65 9.825.33 117 
29.00 4.51 0.86 0.04 0.14 0.65 9.82 5.33 117 
29.00 3.85 1.79 0.14 0.19 0.68 11.15 4.51 3024 
29.00 3.49 1.50 0.12 0.19 0.66 10.11 3.:H 3753.' 
29.00 4.53 0.84 0,01 0.11 0.81 12.56 8.75 86 
29.00 4.04 0.79 0.02 0.12 0.75 10.76 7.95 132 
29.00 4.46 0.81 0.01 0.12 0.78 11.67 8.28 80 
29.00 4.06 0.76 0.02 0.12 0.72 9.87 7.52 144 
29.00 4.41 0.79 0.01 0.12 0.74 10.75 7.81 66 
29.00 4.08 0.74 0.02 0.13 0.69 9.02 7.10 187 
29.00 4.39 0.76 0.02 0.13 0.70 9.72 7.27 88 
29.00 4.08 0.71 0.02 0.13 0.65 8.06 6.61 195 
29.00 4.41 0.77 0.02 0.12 0.72 10.22 7.53 70 
29.00 4.08 0.73 0.02 0.13 0.67 8.49 6.83 332 
29.00 4.47 0.75 0.03 0.13 0.66 9.16 6.12 56 
29.00 4.12 0.72 0.03 0.13 0.65 8.15 5.76 127 
29.00 4.39 0.78 0.02 0.12 0.73 10.56 7.59 61 
29.00 4.13 0.74 0.02 0.13 0.68 9.02 6.95 179 
29.00 4.39 0.75 0.02 0.13 0.69 9.41 6.93 83 
29.00 4.08 0.70 0.03 0.13 0.63 7.67 6.23 151 
29.00 4.46 0.81 0.01 0.12 0.77 11.68 8.19 71 
29.00 4.46 0.81 0.Q1 0.12 0.77 11.68 8.19 71 
29.00 4.40 0.79 0.02 0.12 0.75 10.99 7.70 59 
29.00 4.40 0.79 0.02 0.12 0.75 10.99 7.70 59 

TIDE AVERAGED CONCENTRATIONS AT SELECTED STATIONS, WET 
SEASON NEAP TIDE, LONG SEA OUTFALL 



DRY SEASON NEAP TIDE 

Station Layer Temp Salinity DO BOD Amm OxN OrgN Chi 55 EColi r: 
[ 1 

1 
2 
2 
3 
3 
4 
4 
5 
5 
6 
6 
7 
7 
8 
8 
9 
9 

10 
10 
11 
11 
12 
12 
13 
13 
14 
14 
15 
15 
16 
16 
17 
17 
18 
18 
19 
19 
20 
20 
21 
21 
22 
22 
23 
23 
24 
24 
25 
25 

TABLE 6 

1 
2 
1 
2 

. 1 
2 
1 
2 
1 

2 
1 
2 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 ·0.01 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 
0.00 -0.01 0.00 0.00 0.00 
0.00 -0.Q1 0.00 0.00 0.00 
0.00 0.00 0.00 -0.01 
0.00 0.00 0.00 -0.01 

0.00 
0.00 

0.00 0.00 0.00 0.00 0.00 

0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.03 
0.00 0.03 
0.00 0.03 

0.00 0.00 0.00 0.00 -0.01 0.00 0.02 
0.00 0.00 0.00 0.00 0.00 0.00 0.03 
0.00 0.00 0.00 0.00 0.00 0.00 0.03 
0.00 -0.01 0.00 0.00 0.00 -0.01 
0.00 -0.01 0.00 0.00 . 0.00 -0.01 

0.02 
0.02 

-346 
-202 
-429 
-429 

-32 
-32 
-25 
·33 
-50 
-50 
-71 
-71 

1 0.00 0.00 0.Q1 -0.01 -0.01 0.00 0.00 -0.01 0.02 -435 
2 0.00 0.00 0.01 -0.01 -0.01 0.00 0.00 -0.01 0.02 -435 
1 0.00 0.01 0.Q1 -0.02 0.00 -0.01 0.00 0.00 0.04 -122 
2 0.00 0.01 0.Q1 -0.02 0.00 -0.01 0.00 0.00 0.04 -122 
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.01 5 
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3 
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -4 
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -1 
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.01 15 
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6 
1 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 -0.Q1 7 
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5 
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.Q1 5 
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.01 5 
1 0.00 0.01 0.01 -0.01 0.00 0.00 0.00 0.00 0.03 -91 
2 0.00 0.01 0.01 -0.Q1 0.00 0.00 0.00 0.00 0.03 -91 
1 0.00 0.01 0.05 -0.04 0.00 0.00 0.00 -0.01 0.02 -54 
2 -0.01 0.01 0.05 -0.04 0.00 0.00 0.00 -0.01 0.01 -61 
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -7 
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 15 
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.Q1 5 
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 57 
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9 
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 103 
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 11 
1 0.00 0.00 0.00 0.Q1 0.00 0.00 0.00 0.00 0.Q1 249 
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10 
1 0.00 0.00 0.00 -0.01 0.00 0.00 0.00 0.00 0.03 -35 
2 0.00 0.01 0.00 -0.Q1 0.00 0.00 0.00 0.00 0.02 ·45 
1 0.00 0.00 0.00 -0.01 0.00 0.00 0.00 0.00 -0.01 -486 
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -210 
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 9 
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 -19 

• 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -182 
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -182 
1 0.00 0.00 0.00 -0.01 0.00 0.00 0.00 0.00 0.00 -456 
2 0.00 0.00 0.00 -0.01 0_00 0.00 0.00 0.00 0.00 -456 
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DIFFERENCES IN CONCENTRATIONS AT SELECTED STATIONS BETWEEN THE[ 
BASELINE AND SCENARIO LAYOUTS - DRY SEASON NEAP TIDE 
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DIFFERENCES IN TIDE AVERAGED CONCENTRATIONS 
WET SEASON NEAP TIDE 

Station Layer Temp Salinity DO BOD Amm OxN OrgN Chi SS EColi 

1 
1 
2 
2 
3 
3 
4 
4 
5 
5 
6 
6 
7 
7 
8 
8 
9 
9 
10 
10 
11 
11 
12 
12 
13 
13 
14 
14 
15 
15 
16 
16 
17 
17 
18 
18 
19 
19 
20 
20 
21 
21 
22 
22 
23 
23 
24 
24 
25 
25 

TABLE 7 

1 
2 
1 

2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 

2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 -0.02 0.00 0.00 -0.Q1 
0.00 -0.02 0.00 0.00 -0.Q1 
0.00 -0.01 -0.01 0.00 0.00 
0.00 -0.01 -0.01 0.00 0.00 
-0.01 -0.01 0.00 0.00 0.00 
-0.01 -0.01 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 
0.Q1 0.00 0.00 0.00 0.00 
0.00 -0.01 0.00 0.00 0.Q1 
0.00 -0.01 0.00 0.00 0.01 

-0.02 -0.02 
-0.02 -0.02 
-0.03 -0 .. 03 
-0.03 -0.03 
-0.02 0.00 
-0.02 0.00 
0.00 0.02 
0.03 0.02 
0.02 0.04 
0.02 0.04 

-582 
-582 
-604 
-604 

-38 
-38 
-45 
38 

-68 
-68 

0.00 0.00 0.00 -0.01 0.00 0.00 0.00 0.Q1 0.04 -93 
0.00 0.00 0.00 -0.Q1 0.00 0.00 0.00 0.Q1 0.04 -93 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 0.01 -0.02 -0.01 0.00 0.00 
0.00 0.Q1 -0.02 -0.Q1 0.00 0.00 
0.00 0.02 -0.02 0.00 -0.Q1 0.00 
0.00 0.02 -0.02 0.00 -0.01 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 -0.01 
0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.01 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.Q1 -0.01 0.00 0.00 0.00 
0.00 0.Q1 -0.01 0.00 0.00 0.00 
0.00 0.07 -0.04 0.00 0.00 0.00 
0.00 0.07 -0.04 -0.Q1 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.01 0.00 0.00 0.00 
0.00 0.00 -0.01 . 0.00 0.00 0.00 
0.00 0.01 0.00 0.00 0.00 0.00 
0.00 0.00 -0.02 0.00 0.00 -0.01 
0.00 . 0.00 0.00 0.00 0.00 -0.01 
0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 -0.01 0.00 0.00 0.00 
0.00 0.00 -0.01 0.00 0.00 0.00 
0.00 0.00 -0.02 0.00 0.00 0.00 
0.00 0.00 -0.02 0.00 0.00 0.00 

0.00 0.05 
0.00 0.05 

-0.02 0.07 
-0.02 0.07 
0.01 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.03 0.Q1 

-0.03 -0.02 
0.02 0.01 
0.01 0.00 
0.02 0.02 
0.00 0.00 
0.00 0.07 
0.00 0.07 

-0.10 0.03 
-0.08 0.02 
0.00 0.00 
0.00 0.00 
0.01 0.Q1 
0.00 0.00 
0.02 0.Q1 
0.00 0.00 
0.02 0.Q1 
0.Q1 0.Q1 

-0.02 -0.Q1 
0.00 0.00 
0.Q1 0.04 
0.03 0.03 

-0.07 -0.04 
-0.04 -0.01 
0.02 0.02 

-0.01 -0.01 
0.00 0.00 
0.00 0.00 

-0.03 -0.03 
-0.03 -0.03 

-434 
-434 
-148 
-148 

3 
15 

-10 
9 
9 

27 
9 
9 
9 
2 

-128 
-128 
-132 

-96 
-48 
19 

-57 
50 

-25 
105 

-6 
109 
-26 
244 
-55 
27 

-873 
-64 
-33 
61 

-289 
-289 
-684 
-684 

DIFFERENCES IN CONCENTRATIONS AT SELE<;:TED STATIONS BETWEEN THE 
BASELINE AND SCENARIO LAYOUTS - WET SEASON NEAP TIDE 



TING KAU AND SHAM TSENG SEWERAGE· DRY SEASON SPRING TIDE 
BASELINE CONDITION 

Station Layer Height Temp Salinity DO BOD Amn:t OxN OrgN Chi SS EColi [ 

1800 
1844 r; 
1763 L 

1 
1 

2 
2 
3 
3 
4 
4 
5 
5 
6 
6 
7 
7 
8 
8 
9 
9 
10 
10 
11 
11 
12 
12 
13 
13 
14 
14 
15 
15 
16 
16 
17 
17 
18 
18 
19 
19 
20 
20 
21 
21 
22 
22 
23 
23 
24 
24 
25 
25 

TABLE 8a 

1 
2 
1 
2 
1 

2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 

9.47 19.00 27.23 
2.03 19.00 27.22 
1.48 19.00 27.20 
0.00 19.00 27.20 
1.49 19.00 27.19 
0.00 19.00 27.19 
9.48 19.00 27.20 
3.15 19.00 27.20 
6.30 19.00 27.11 
0.00 19.00 27.11 
7.90 19.00 27.09 
0.00 19.00 27.09 
3.40 
0.00 
7.06 

19.00 27.05 
19.00 27.05 
19.00 27.12 

0.00 19.00 27.12 
9.48 19.00 27.03 

26.03 19.00 26.95 
9.48 19.00 27.00 

28.11 19.00 26.93 
9.47 19.00 27.40 

30.39 19.00 27.39 
9.47 19.00 27.48 

13.46 19.00 27.50 
9.47 19.00 27.55 

12.52 19.00 27.60 
10.44 19.00 27.04 

0.00 19.00 27.04 
9.48 19.00 27.58 
4.51 19.00 27.58 
9.48 19.00 27.29 

29.00 19.00 27.25 
9.48 19.00 27.32 

42.53 19.00 27.28 
9.46 19.00 27.35 

28.78 19.00 27.32 
9.47 19.00 27.36 

30.90 19.00 27.35 
9.46 19.00 27.35 

27.44 19.00 27.33 
9.48 19.00 27.14 

10.17 19.00 27.17 
9.47 19.00 27.21 
7.96 19.00 27.22 
9.48 19.00 27.22 

20.64 19.00 27.23 
1.48 19.00 27.23 
0.00 19.00 27.23 
9.13 19.00 27.19 
0.00 19.00 27.19 

5.64 
5.61 
5.67 
5.67 
5.66 
5.66 
5.63 
5.61 
5.69 
5.69 
5.70 
5.70 
5.73 
5.73 
5.61 
5.61 
5.80 
5.72 
5.81 
5.73 
5.52 
5.49 
5.47 
5.42 
5.46 
5.38 
5.68 
5.68 
4.87 
4.84 
5.62 
5.58 
5.60 
5.57 
5.57 
5.55 
5.55 
5.53 
5.56 
5.54 
5.66 
5.63 
5.62 
5.60 
5.62 
5.59 
5.66 
5.66 
5.63 
5.63 

0.65 0.10 0.37 0.20 0.63 27.21 
0.65 0.10 0.37 0.20 0.62 27.20 
0.65 0.10 0.37 0.20 0.62 27.03 
0.65 0.10 0.37 0.2.0 0.62 27.03 
0.65 0.10 0.37 0.20 0.62 26.35 
0.65 0.10 0.37 0.20 0.62 26.35 

1763 [' 
1 1 17 . 
1 1 1 7 ~ 

0.66 0.10 0.37 
0.37 

0.20 0.61 25.16 
0.20 0.61 24.32 
0.20 0.60 23.41 
0.20 0.60 23.41 
0.20 0.60 23.26 
0.20 0.60 23.26 

960 
0.65 0.10 
0.66 0.10 0.37 
0.66 ·0.10 0.37 

1126 C 
720 
720 

733 C 
733 

0.66 
0.66 
0.71 
0.71 
0.82 
0.82 
0.62 
0.62 
0.62 
0.62 
0.67 
0.67 
0.68 
0.69 
0.69 
0.70 
0.75 
0.75 
1.83 
1.80 
0.65 
0.65 
0.65 
0.65 
0.66 
0.66 
0.66 
0.66 
0.66 
0.66 
0.65 
0.65 
0.66 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 
0.65 

0.37 
0.37 
0.38 0.21 0.60 20.92 
0.38 0.21 0.60 20.92 
0.38 0.22 0.60 20.57 
0.38 
0.37 
0.38 
0.37 
0.38 
0.37 
0.37 

0.22 0.60 20.57 
0.20 0.63 28.45 
0.20 0.61 28.35 
0.20 0.63 28.46 
0.20 
0.20 
0.20 

0.60 28.38 
0.64 26.87 
0.63 26.81 

965 o 965 
917 
917 

1267 [ 
2654 
1302 
2649 C 
1331 
1672 

0.10 
0.10 
0.10 
0.10 
0.11 
0.11 
0.10 
0.10 
0.10 
0.10 
0.11 
0.11 
0.11 0.37 0.20 0.65 26.66 1283 
0.11 0.37 0.20 0.65 26.48 1640 

[ 

~: ~~. ~:~~ ~:~~ ~::: ~::;~ ~ ~~~ [ 
0.10 0.38 0.21 0.60 21.93 852 
0.10 0.38 0.21 0.60 21.93 852 C' 
0.20 0.39 0.31 0.64 16.08 4551 
0.20 0.39 0.31 0.64 15.60 5061 
0.10 0.37 0.20 0.64 27.24 1357 C 
0.11 0.37 0.20 0.62 27.23 1919 
0.11 0.37 0.20 0.64 27 .. 19 1388 
0.11 0.37 0.20 0.63 27.18 1798 n 
0.11 0.37 0.20 0.64 27.11 1418 L 
0.11 0.37 0.20 0.6327.10 1752 ~ 

0.11 0.37 0.20 0.64 26.96 1409 C:.' 
0.11 0.37 0.20 0.63 26.94 1699 
0.11 0.37 0.20 0.64 27.02 1430 
0.11 0.37 0.20 0.63 26.99 1718 [. 
0.10 0.37 0.20 0.60 24.58 854 
0.10 0.37 0.20 0.60 24.09 1016 
0.11 0.37 0.20 0.62 27.00 2051 l" 
0.10 0.37 0.20 0.62 26.92 1807 
0.10 0.37 0.20 0.62 26.77 1304 
0.10 0.37 0.20 0.62 26,70 1540 [' 
0.10 0.37 0.20 0.63 27.20 1509 
0.10 0.37 0.20 0.63 27.20 1509 
0.10 0.37 0.20 0.62 26.78 1942 L. 
0.10 0.37 0.20 0.62 26.78 1942 

TIDE AVERAGED CONCENTRATIONS 
SPRING TIDE, BASELINE CONDITION 

AT SELECTED STATIONS, DRY SEAS01' 
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TING KAU AND SHAM TSENG SEWERAGE - DRY SEASON SPRING TIDE 
LONG SEA OUTFALL 

Station Layer Height Temp Salinity DO BOD Amm OxN OrgN Chi SS EColi 

1 1 
1 2 
2 1 
2 2 
3 1 
3 2 
4 1 
4 2 
5 1 
5 2 
6 1 
6 2 
7 1 
7 2 
8 1 
8 2 
9 1 
9 2 
10 1 
10 2 
11 1 
11 2 
12 1 
12 2 
13 1 
13 2 
14 1 
14 2 
15 1 
15 2 
16 1 
16 2 
17 1 
17 2 
18 1 
18 2 
19 1 
19 2 
20 1 
20 2 
21 1 
21 2 
221 
22 2 
23 1 
23 2 
24 • 1 

24 2 
25 1 
25 2 

TABLE 8b 

9.47 
2.03 
1.48 

19 
19 
19 

0.00 19 
1.49 19 
0.00 19 
9.48 19 
3.15 19 
6.30 19 
0.00 19 
7.90 19 
0.00 19 
3.40 19 
0.00 19 
7.06 19 
0.00 19 
9.48 . 19 

26.03 19 
9.48 . 19 

28.11 19 
9.47 19 

30.39 19 
9.47 19 

13.46 19 
9.47 19 

12.52 19 
10.44 19 

0.00 19 
9.48 19 
4.51 19 
9.48 19 

29.00 19 
9.48 19 

42.53 19 
9.46 19 

28.78 19 
9.47 19 

30.90 19 
9.46 19 

27.44 19 
9.48 19 

10.17 19 
9.47 19 
7.96 19 
9.48 19 

20.64 19 
1.48 19 
0.00 19 
9.13 19 
0.00 19 

27.23 
27.22 
27.20 
27.20 
27.19 
27.19 
27.20 
27.20 
27.11 
27.11 
27.09 
27.09 
27.05 
27.05 
27.12 
27.12 
27.03 
26.95 
27.00 
26.93 
27.40 
27.39 
27.48 
27.50. 
27.55 
27.60 
27.04 
27.04 
27.58 
27.58 
27.29 
27.25 
27.32 
27.28 
27.35 
27.32 
27.36 
27.35 
27.35 
27.33 
27.14 
27.17 
27.21 
27.22 
27.22 
27.23 
27.23 
27.23 
27.19 
27.19 

5.64 0.64 
5.61 0.65 
5.67 0.64 

0.10 0.37 0.20 0.63 27.21 1412 
0.10 0.37 0.20 0.62 27.20 1659 
0.10 0.37 0.20 0.62 27.02 1230 

5.67 0.64 0.10 
5.66 0.65 0.10 
5.66 0.65 0.10 
5.63 0.65 0.10 
5.61 0.65 0.10 
5.69 0.65 0.10 
5.69 0.65 0.10 
5.70 0.66 0.10 
5.70 0.66 0.10 
5.73 0.70 0.10 
5.73 0.70 0.10 
5.61 0.820.11 
5.61 0.82 0.11 
5.80 0.62 0.10 
5.72 0.62 0.10 
5.81 0.62 0.10 
5.73 0.62 0.10 
5.52 0.67 0.11 
5.49 0.67 0.11 
5.47 0.68 0.11 
5.42 0.69 0.11 
5.46 0.69 0.11 
5.38 0.70 0.11 
5.68 0.74 0.10 

.5.68 0.74 0.10 
4.87 1.83 0.20 
4.85 1.80 0.20 
5.62 0.65 0.10 
5.58 0.65 0.11 
5.60 0.66 0.11 
5.57 0.65 0.11 
5.57 0.66 0.11 
5.55 0.66 0.11 
5.55 0.67 0.11 
5.53 0.66 0.11 
5.56 0.67 0.11 
5.54 0.66 0.11 
5.66 0.65 0.10 
5.63 0.65 0.10 
5.62 0.65 0.10 
5.60 0.65 0.10 
5.62 0.65 0.10 
5.59 0.65 0.10 
5.66 0.65 0.10 
5.66 0.65 0.10 
5.63 0.64 0.10 
5.63 0.64 0.10 

0.37 
0.37 
0.37 
0.37 
0.37 
0.37 
0.37 
0.37 
0.37 
0.38 
0.38 
0.38 
0.38 
0.37 
0.38 
0.37 
0.38 
0.37 
0.37 
0.37 
0.37 
0.37 
0.37 
0.38 
0.38 
0.39 
0.39 
0.37 
0.37 
0.37 
0.37 
0.37 
0.37 
0.37 
0.37 
0.37 
0.37 
0.37 
0.37 
0.37 
0.37 
0.37 
0.37 
0.37 
0.37 
0.37 
0.37 

0.20 0.62 27.02 1230 
0.20 0.62 26.35 1094 
0.20 0.62 26.35 1094 
0.20 0.61 25.16 928 
0.20 0.61 24.32 1089 
0.20 0.60 23.41 628 
0.20 0.60 23.41 628 
0.20 0.60 23.26 608 
0.20 0.60 23.26 608 
0.21 0.60 20.91 455 
0.21 0.60 20.91 455 
0.22 0.60 20.57 815 
0.22 0.60 20.57 815 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.21 
0.21 
0.31 
0.31 
0.20 
0.20 

. 0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 

0.63 28.45 1275 
0.61 28.35 2662 
0.63 28.46 1299 
0.60 28.38 2652 
0.64 26.87 1367 
0.63 26.81 1689 
0.65 26.66 1297 
0.65 26.48 1652 
0.66 26.50 1238 
0.66 26.11 1695 
0.60 21.93 751 
0.60 21.93 751 
0.64 16.08 4471 
0.64 15.59 4975 
0.64 27.24 1358 
0.62 27.23 1929 
0.64 27.19 1439 
0.63 27.18 1820 
0.64 27.11 1563 
0.63 27.10 1773 
0.64 26.96 1606 
0.63 26.94 1720 
0.64 27.02 1884 
0.63 26.99 1741 
0.60 24.58 795 
0.60 24.09 955 
0.62 26.99 1392 
0.62 26.92 1553 
0.62 26.77 1331 
0.62 26.70 1529 
0.63 27.20 1335 
0.63 27.20 1335 
0.62 26.77 1333 
0.62 26.77 1333 

TIDE AVERAGED CONCENTRATIONS AT SELECTED STATIONS, DRY SEASON 
SPRING TIDE, LONG SEA OUTFALL 



TING KAU AND SHAM TSENG SEWERAGE· WET SEASON SPRING TIDE 
BASELINE CONDITION, 

Station Layer Height Temp Salinity DO BOD Amm OxN OrgN ChI SS ECOIi[ 

1 
1 

2 
2 
3 
3 
4 
4 
5 
5 
6 
6 
7 
7 
8 
8 
9 
9 
10 
10 
11 
11 
12 
12 
13 
13 
14 
14 
15 
15 
16 
16 
17 
17 
18 
18 
19 
19 
20 
20 
21 
21 
22 
22 
23 
23 
24 
24 
25 
25 

1 
2 
1 
2 
1 
2 
1 

2 
1 
2 
1 

2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 

- 1 
2 
1 
2 
1 
2 

TABLE 9a 

11.49 
0.00 
1.46 
0.00 
1.45 
0.00 
9.51 
3.09 
6.27 
0.00 
7.87 
0.00 
3.37 
0.00 
7.03 
0.00 
9.51 

25.99 
9.54 

28.04 
9.33 

30.49 
9.21 

13.67 
9.14 

12.81 
10.41 
0.00 
9.41 
4.54 
9.53 

28.94 
9.52 

42.47 
9.48 

28.74 
9.46 

30.87 
9.47 

27.40 
9.49 

10.13 
9.54 
7.87 
9.47 

20.61 
1.46 
0.00 
9.10 
0.00 

27.25 
27.25 
27.20 
27.20 
27.18 
27.18 
27.17 
27.14 
27.18 
27.18 
27.18 
27.18 
27.18 
27.18 
27.18 
27.18 
27.32 
27.14 
27.32 
27.14 
27.13 
27.09 
27.10 
27.01 
27.09 
26.97 
27.18 
27.18 
27.21 
27.21 
27.25 
27.17 
27.21 
27.17 
27.19 
27.15 
27.18 
27.14 
27.18 
27.15 
27.18 
27.14 
27.20 
27.17 
27.18 
27.14 
27.23 
27.23 
27.20 
27.20 

26.82 4.48 0.65 0.06 
26.82 4.48 0.65 0.06 
27.22 4.47 0.65 0.06 
27.22 4.47 0.65 0.06 
27.51 4.42 0.64 0.05 
27.51 4.42 0.64 0.05 
27.55 4.37 0.63 0.05 
27.87 4.28 0.63 0.05 
27.49 4.39 0.63 0.05 
27.49 4.39 0.63 0.05 
27.48 4.38 0.63 0.05 
27.48 4.38 0.63 0.05 
27.44 4.44 0.64 0.05 
27.44 4.44 0.64 0.05 
27.49 4.38 0.64 0.05 
27.49 4.38 0.64 0.05 
26.09 4.66 0.65 0.05 
27.82 4.31 0.64 0.06 
26.12 4.64 0.65 0.05 
27.81 4.30 0.64 0.06 
27.94 4.39 0.66 0.05 
28.27 4.33 0.65 0.06 
28.24 4.43 0.68 0.05 
28.90 4.34 0.66 0.05 
28.35 4.44 0.69 0.05 
29.22 4.35 0.66 0.05 
27.50 4.37 0.64 0.05 
27.50 4.37 0.64 0.05 
27.23 4.33 0.95 0.08 
27.20 4.24 0.77 0.07 
26.81 4.50 0.65 0.06 
27.59 4.,32 0.64 0.06 
27.21 4.43 0.64 0.06 
27.61 4.33 0.64 0.06 
27.44 4.40 0.64 0.05 
27.71 4.33 0.64 0.06 
27.46 4.40 0.64 0.05 
27.82 4.33 0.64 0.06 
27.46 4 .. 40 0.64 0.05 
27.77 4.33 0.64 0.06 
27.53 4.37 0.63 0.05 
27.83 4.27 0.63 0.05 
27.32 4.40 0.65 0.06 
27.55 4.35 0.64 0.06 
27.47 4.38 0.64 0.05 
27.85 4.31 0.64 0.06 
27.01 4.50 0.65 0.06 
27.01 4.50 0.65 0.06 
27.24 4.41 0.65 0.06 
27.24 4.41 0.65 0.06 

0.29 0.28 
0.29 .0.28 

5.68 20.37 171<1: 
5.68 20.37 1710t~ 

0.29 
0.29 
0.28 
0.28 
0.28 
0.27 
0.28 
0.28 
0.28 
0.28 
0.28 
0.28 
0.28 
0.28 
0.31 
0.28 
0.31 
0.28 
0.27 
0.27 
0.27 
0.26 
0.27 
0.25 
0.28 
0.28 
0.29 
0.29 
0.29 
0.28 
0.29 
0.28 
0.28 
0.28 
0.28 
0.28 
0.28 
0.28 
0.28 
0.28 
0.28 
0.28 
0.28 
0.28 
0.29 
0.29 
0.29 
0.29 

1486 

1486[ 
1013 . 
1013 

967[' 
1158 j 

773 
773r 
811L 
811 

10300! 
1030 J 

804 
8040. 814 j 

2177 

2;~f 

0.28 
0.28 
0.28 
0.28 
0.28 
0.28 
0.28 
0.28 
0.28 
0.28 
0.28 
0.28 
0.28 
0.28 
0.28 
0.28 
0.28 
0.28 
0.28 
0.28 
0.29 

5.69 1.9.06 
5.69 19.06 
5.65 18.01 
5.65 18.01 
5.59 17.59 
5.48 15.85 
5.60 16.96 
5.60 16.96 
5.59 16.98 
5.59 16.98 
5.68 16.06 
5.68 16.06 
5.56 16.80 
5.56 16.80 
5.88 22.86 
5.63 17.31 
5.86 22.74 
5.62 17.31 
5.92 17.10 
5.76 16.13 
6.22 16.24 

861 
1023[, 

647 -
0.29 5.97 14.30 824 
0.29 6.36 15.91 593[" 
0.29 6.01 13.37 831., 
0.28 5.55 17.23 834 
0.28 5.55 17.23 834[ 
0.30 5.45 17.91,,3056 • 
0.29 5.18 15.74 2769 
0.28 5.73 20.52 1282[ 
0.28 5.56 18.00 1715 
0.28 5.69 19.26 1289 
0.28 5.58 17.98 14790 
0.28 5.69 18.56 1216' 
0.28 5.60 17.71 1357 

0.28 5.69 18.47 1121322SC 
0.28 5.63 17.43 
0.28 5.69 18.49 1176 
0.28 5.61 17.58 1268[ 
0.28 5.59 17.46 896 ~ 
0.28 5.45 15.97 1155 
0.28 5.63 18.82 1785[ 
0.28 5.57 18.06 1501 
0.28 5.62 18.25 1122 
0.28 5.57 17.10 116t 
0.28 5.72 19.79 1289 
0.28 5.72 19.79 1289, 
0.28 5.63 18.84 1655[ 
0.28 5.63 18.84 1655 _. 

TIDE AVERAGED CONCENTRATIONS AT SELECTED STATIONS, WET SEASO[-. 
SPRING TIDE, BASELINE CONDITION 
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TING KAU AND SHAM TSENG SEWERAGE - WET SEASON SPRING TIDE 
LONG SEA OUTFALL 

Station Layer Height Temp . Salinity DO BOD Amm OxN OrgN Chi SS EColi 

1 
1 
2 
2 
3 
3 
4 
4 
5 

1 
2 
1 
2 
1 
2 
1 
2 
1 

5 2 
6 1 
6 2 
7 1 
7 2 
8 1 
8 2 
9 1 
9 2 
10 1 
10 .2 
11 1 
11 2 
12 1 
12 2 
13 1 
13 2 
14 1 
14 2 
15 1 
15 2 
16 1 
16 2 
17 1 
17 2 
18 1 
18 2 
19 1 
19 2 
20' 1 

20 2 
21 1 
21 2 
22 1 
22 2 
23 1 
23 2 
24 1 
24 2 
25 1 
25 2 

TABLE 9b 

11.49 27.25 
0.00 27.25 
1.46 27.20 
0.00 27.20 
1.45 27.18 
0.00 27.18 
9.51 27.17 
3.09 27.14 
6.27 27.18 

26.82 
26.82 
27.22 
27.22 

4.48 0.64 0.05 
4.48 0.64 0.05 
4.47 0.64 0.05 
4.47 0.64 0.05 

0.29 0.28 5.68 20.36 1098 
0.29 0.28 5.68 20.36 1098 
0.29 ,0.28 5.69 19.05 943 
0.29 0.28 5.69 19.05 943 

27.51 4.42 0.64 0.05 0.28 0.28 5.65 18.01 917 
27.51 4.42 0.64 0.05 0.28 0.28 5.65 18.01 917 
27.55 4.37 0.63 0.05 0.28 0.28 5.59 17.59 882 
27.87 4.28 0.63 0.05 0.27 0.28 5.48 15.85 1119 
27.49 4.39 0.63 0.05 0.28 0.28 5.60 16.96 668 

0.00 27.18 27.49 4.39 0.63 0.05 0.28 0.28 5.60 16.96 668 
7.87 27.18 27.48 4.39 0.63 0.05 0.28 0.28 5.59 16.97 675 
0.00 27.18 27.48 4.39 0.63 0.05 0.28 0.28 5.59 16.97 675 
3.37 27.18 27.44 4.44 0.63 0.05 0.28 0.28 5.68 16.06 472 
0.00 27.18 27.44 4.44 0.63 0.05 0.28 0.28 5.68 16.06 472 
7.03 27.18 27.49 4.39 0.64 0.05 0.28 0.28 5.56 16.79 688 
0.00 27.18 27.49 4.39 0.64 0.05 0.28 0.28 5.56 16.79 688 
9.51 27.32 26.09 4.66 0.65 0.05 0.31 0.28 5.88 22.86 815 

25.99 27.14 27.82 4.31 0.64 0.06 0.28 0.28 5.63 17.31 2191 
9.54 27.32 26.12 4.64 0.65 0.05 0.31 0.28 5.86 22.74 892 

28.04 27.14 27.81 4.30 0.64 0.06 0.28 0.28 5.62 17.31 2237 
9.33 27.13 27.94 4.39 0.66 0.05 0.27 0.28 5.92 17.10 878 

30.49 27.09 28.27 4.33 0.65 0.06 0.27 0.28 5.76 16.13 1049 
9.21 27.10 28.24 4.43 0.68 0.05 0.27 0.29 6.22 16.24 661 

13.67 27.01 28.90 4.34 0.66 0.05 0.26 0.29 5.97 14.30 846 
9.14 27.09 28.35 4.44 0.69 0.05 0.27 0.29 6.36 15.91 604 

12.81 26.97 29.22 4.35 0.66 0.05 0.25 0.29 6.01 13.38 845 
10.41 27.18 27.50 4.37 0.63 0.05 0.28 0.28 5.55 17.23 718 
0.00 27.18 27.50 4.37 0.63 0.05 0.28 0.28 5.55 17.23 718 
9.41 27.21 27.23 4.33 0.95 0.08 0.29 0.30 5.45 17.91 2977 
4.54 27.21 27.20 4.24 0.77 0.07 0.29 0.29 5.18 15.74 2707 
9.53 27.25 26.81 4.50 0.65 0.06 0.29 0.28 5.73 20.52 1255 

28.94 27.17 27.59 4.32 0.64 0.06 0.28 0.28 5.56 18.00 1738 
9.52 27.21 27.21 4.43 0;64 0.05 0.29 0.28 5.69 19.26 1262 

42.47 27.17 27.61 4.33 0.64 0.06 0.28 0.28 5.58 17.98 1552 
9.48 27.19 27.44 4.40 0.64 0.05 0.28 0.28 5.69 18.56 1216 

28.74 27.15 27.71 4.33 0.64 0.06 0.28 0.28 5.60 17.71 1489 
9.46 27.18 27.46 4.40 0.64 0.05 0.28 0.28 5.69 18.47 1117 

30.87 27.14 27.82 4.33 0.64 0.06 0.28 0.28 5.63 17.43 1334 
9.47 27.18 27.46 4.40 0.64 0.05 0.28 0.28 5.69 18.48 1169 

27.40 27.15 27.77 4.33 0.64 0.06 0.28 0.28 5.61 17.58 1570 
9.49 27.18 27.53 4.37 0.63 0.05 0.28 0.28 5.59 17.46 806 

10.13 27.14 27.83 4.27 0.63 0.05 0.28 0.28 5.45 15.97 1106 
9.54 27.20 27.32 4.40 0.64 0.05 0.28 0.28 5.63 18.82 1061 
7.87 27.17 27.55 4.35 0.64 0.06 0.28 0.28 5.57 18.06 1248 
9.47 27.18 27.47 4.38 0.64 0.05 0.28 0.28 5.62 18.25 1050 

20.61 27.14 27.85 4.31 0.64 0.06 0.28 0.28 5.57 17.10 1185 
1.46 27.23 27.01 4.50 0.64 0.05 0.29 0.28 5.72 19.78 998 
0.00 27.23 27.01' 4.50 0.64 0.05 0.29 0.28 5.72 19.78 998 
9.10 27.20 27.24 4.41 0.64 0.05 0.29 0.28 5.63 18.84 1046 
0.00 27.20 27.24 4.41 0.64 0.05 0.29 0.28 5.63 18.84 1046 

TIDE AVERAGED CONCENTRATIONS AT SELECTED STATIONS, WET SEASON 
SPRING TIDE, LONG SEA OUTFALL 



DIFFERENCES IN TIDE AVERAGED CONCENTRATIONS 
DRY SEASON SPRING TIDE 

Station Layer Temp Salinity DO BOD Amm OxN OrgN Chi SS EColi 
r 
r 
c 
[ 

1 
1 
2 
2 
3 
3 
4 
4 
5 
5 
6 
6 
7 
7 
8 
8 
9 
9 
10 
10 
11 
11 
12 
12 
13 
13 
14 
14 
15 
15 
16 
16 
17 
17 
18 
18 
19 
19 
20 
20 
21 
21 
22 
22 
23 
23 
24 
24 
25 
25 

TABLE 10 

1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 

0.00 
0.00 
0;00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 -0.01 0.00 
0.00 0.00 0.00 
0.00 -0.01 0.00 
0.00 -0.01, 0.00 

0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 
0.00 0.00 0.00 -0.01 
0.00 0.00' 0.00 -0.01 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 -0.01 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 -0.01 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 -0.01 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 -0.01 0.00 0.00 0.00 0.00 -0.01 

-388 
-185 
-533 
-533 

-23 
-23 
-32 
-37 
-92 
-92 

-125 
-125 
-510 

2 0.00 0.00 0.00 -0.01 0.00 0.00 0.00 0.00 -0.01 -510 

c 
c 

1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -102 D 
2 0.00 0.00 0.00 0.00 0.00 0.00. 0.00 0.00 0.00 -102 
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8 

~ ~:~~. ~:~~ ~:~~ ~:~~ ~:~~ ~:~~ ~:~~ ~:~~ ~:~~ _~ 0 
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3 
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 36 C 
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 17 
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 14 
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12 [ 
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7 
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6 
1 0.00 0.00 0.00 -0.01 0.00 0.00 0.00 0.00 0.00 -101 [ 
2 0.00 0.00 0.00 -0.01 0.00 0.00 0.00 0.00 0.00 -101 
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -80 
2 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 -0.01 -86 [ 
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1 
2 0.00 0.00 0.00 0.00 0.00' 0.00 0.00 0.00 0.00 10 [ 
1 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 51 
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 22 
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 145 D',. 
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 21 
1 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 197 
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 . 21 C", 
1 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 454 
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 23 
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -59 [-1 
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -61 _ 
1 0.00 0.00 0.00 -0.01 -0.01 0.00 0.00 0.00 -0.01 -659 
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -254 [-' 
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 27 
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -11 

A 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -174 C' 
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -174 
1 0.00 0.00 0.00 -0.01 0.00 0.00 0.00 0.00 -0.01 -609 
2 0.00 0.00 0.00 -0.01 0.00 0.00 0.00 0.00 -0.01 -609 [' , 

DIFFERENCES IN CONCENTRATIONS AT SELECTED STATIONS BETWEEN THE 
BASELINE AND SCENARIO LAYOUTS· DRY SEAsON SPRING TIDE 
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DIFFERENCES IN TIDE AVERAGED CONCENTRATIONS 
WET SEASON SPRING TIDE 

Station Layer Temp Salinity DO BOD Amm OxN OrgN Chi SS EColi 

1 1 
1 2 
2 1 
2 2 
3 1 
3 2 
4 1 
4 2 
5 1 
5 2 
6 1 
6 2 
7 1 
7 2 
8 1 
8 2 
9 1 
9 2 
10 1 
10 2 
11 1 
11 2 
12 1 
12 2 
13 1 
13 2 
14 1 
14 2 
15 1 
15 2 
16 1 
16 2 
17 1 
17 2 
18 1 
18 2 
19 1 
19 2 
20 1 
20 2 
21 1 
21 2 
22 1 
22 2 
23 1 
23 2 
24 ·1 
24 2 
25 1 
25 2 

TABLE 11 

0.00 0.00 0.00 -0.01 -0.01 0.00 0.00 0.00 -0.01 
0.00 0.00 0.00 -0.Q1 -0.01 0.00 0.00 0.00 -0.01 
0.00 0.00 0.00 -0.Q1 -0.01 0.00 0.00 0.00 -0.Q1 
0.00 0.00 0.00 -0.01 -0.Q1 0.00 0.00 0.00 -0.01 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00' 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.01 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.01 
0.00 0.00 0.00 -0.01 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 -0.01 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 o.oe 0.00 0.00 0.00 0.00 -0.01 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.01 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00. 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00· 0.00 . 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0:00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.Q1 
0.00 0.00 0.00 -0.01 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 -0.01 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 -0.01 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.01 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 -0.Q1 -0.01 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00' 0.00 0.00 0.00 0.000.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 -0.01 -0.01 0.00 0.00 0.00 -0.01 
0.00 0.00 0.00 -0.01 -0.01 0.00' 0.00 0.00 -0.01 
0.00 0.00 0.00 -0.01 -0.01 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 -0.01 -0.01 0.00 0.00 0.00 0.00 

-612 
-612 
-543 
-543 

-96 
-96 
-85 
-39 

-105 
-105 
-136 
-136 
-558 
-558 
-116 
-116 

1 
14 

-10 
5 

17 
26 
14 
22 

. 11 
14 

-116 
-116 

-79 
-62 
-27 
23 

-27 
73 
o 

132 
-19 
112 

-7 
302 
-90 
-49 

-724 
-253 

-72 
24 

-291 
-291 
-609 
-609 

DIFFERENCES IN CONCENTRATIONS AT SELECTED STATIONS BETWEEN THE 
BASELINE AND SCENARIO LAYOUTS - WET SEASON SPRING TIDE 
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APPENDIX 1 
EFFLUENT LOADING PATTERN 

FOR THE YEAR 2003 ASSUMING NO SMP REDUCTION 



I Ket. I I BOD 1 Faelo~ 

toooeid I E. ~oli 1 N' 0..- I N' ... _; l'{ "" .. f 
l'lTS3+N'TS1 (New Terrnones) I II 8209001· 538100 0.741 0.681 0.091 0.171 Lr 
l'lTS2 (New Temtories) I II 814400 I 835200 0.031 0.681 0.091 0.171 
crl (CeoUlU) I 1/ 833300 I 817100 25.90 I 0.71 I 0.061 0.081 

~1 (~aD'Dai~estl I 11 8355001 816400 9.931 0.671 0.061 0.071 
~EI (WaD,Ui East) I t / 836400 I 816500 15.671 0.811 0.071 0.091 

NPI (NortD POiD~ I t / 838400i 817400 15.50 I 1.051 O.OSI 0.111 
CWI (ClIai WaD) I t / 8438001 S14900 6.1SI 1.111 0.081 0.111 
WFI (Wall Fu) ! I I 831700 I SI2300 2.421 1.241 0.091 0.121 
TOI rTai 0) / II 803300 / S13800 0.121 1.891 0.131 0.191 
PCl (P.c~ ClIau) / 1 I 821000 I 816800 0.321 1.181 O,OSI 0.121 
YLI (Yucc Loa~ STW) I 1 I 821200 I 837900 0.371 2.65 I 0.491 0.341 
TM2 ( ..!l1l.fi:A . ~j~ , / 1/ 811400 I 824400 See Table 3 
TWI (T,ueo Wao) I 1 I 829900 822400 46.991 0.71 I 0.06 0.091 
KSI1Kowlooo Soutl1) I 11 836500 817000 21..31/ 0.131 0.06 0.081 
ICEI (Kowlooo East) I II 840000 827500 17.27 ~ 1.021 0.08 0.10 I 
KTI (Kwull Tong) / 11 840400 S17200 34.661 1.091 O.OS 0.131 
]B 1 (IUIIE Bav) I 1/ 844400 814600 1.271 1.011 0.07 0.10 I 
SKI (Sai KUIII STW) I 11 846600 825700 O.OS I 0.01 i 0.30 0.20 I 
US / t I 846500 826900 0.211 5.10 I 0.14 0.15 ; 

;1.19 I 11 846600 !27500 0.121 4.931 0.13 0.141 
1.99 I 11 846100 826700 0.20 I 0.701 0.06 0.081 
lA-99 + IA-80 / II 849300 827200 0.651 3.521 0.10 0.121 
IB.09 ! 1 I 844700 824300 0.591 0.441 0.05 0.05 I 
IB.14+1B.13 I 1 I 844400 823800 0.761 0.881·' 0.04 0.041 
IB.17 I t I 845000 825200 O.OSI 3.691 0.10 0.111 
IB.99 I 11 844900 825000 0.091 3.741 0.12. 0.141 
lC.09 i 1 I 846500 820300 0.05 I 1.231 0.091 0.12 ! 
lC.99 i 11 8463001 S21100 0.3SI 6.571 0.161 0.231 
2.13+2.:4 I 1 I 844600 819600 2.85 I 2.971 0.071 1.06; 
2.S0 I 1 I 844600 SI9S00 0.011 1.201 0.091 0.12 I 
2.99 I 1 1 844300 81SI00 0.061 0.271 0.031 0.031 
3.01 I 11 842000 S17300 2.861 0.9SI 0.071 0.10 I 
3.09 ! 1 I 841900 817700 0.041 !.l81 O.OSI 0.12 : 
3.10 ; 1 ; 842300 817400 0.72 ! 0.721 0.061 O.OSI 
3.11 +3.12 1 I : S41900 S17400 0.721 0.:61 0.061 0.031 
3.13 , I , 842300 SI6900 0.731 0.261 0.041 0.03, 
J.l5 + 3.S0+ 3.99 ; I ; 842500 816800 0.441 U41 0.091 0.12 : 
4.10 , II S39200 819900 4.671 1.041 O.OSI 0.15 I 
4.12 1 I I 840000 SI9600 LOS I 0.741 0.061 O.OSI 
·U3 I II 840300 819300 3.251 00551 0.051 0.061 
4.14+4.99 I II 840500 819100 7.S71 00541 0.051 ·061 , 
4.15 +4.16 I I i 840700 81S9OO S.5SI 0.601 0.061 0.061 
4.18 ! 1 I S41000 81S500 6.161 1.011 0.071 0.151 
ol.19 I t I 841500 818000 0.93 t 0.651 0.061 0.071 

, , I I 1 1 

Note: Discharges marked 'X' replaced by the Stage I Stonecutter's Outfall (Table 3, main text) 

APPENDIX 3 : OVERALL LOADING PATTERN, YEAR 2003 ASSUMING NO SMP 
REDUCTIONS 

AI-l 

a 
l " 
" 
0 

I i 
'0' 

1\ 
I 
0 

0.&-·' 

I 
a 

r 
0 

fl 
0.5l ~ 

a 
fi 
Li. 
0 

U 
OJ 
4 , 
h 
0)., 

f( 
0-'1 
q 
0-( 
qJ, 

c! 
oT 
[11 
OLJ 

r 
0/ 
q: 
01 -

[ 

[ 

[ 



c 
c 
o 
c 
o 
c 
o 
o 
o 
o 

c 
o 
o 
o 
c 
[ 

[ 

L 

I 
SA. 10 

SA.ll 

SB.Ol 

SB.02 
SB.1S +SB.16 

SB.IB 
SB.20 
SB.2:! 
SB.99 
6.13 
6.15 
6.17 
6.99 

10A.10 
10A.12+ lOA. 13 
lOA. 14 
10A.16+ 10A.IS 
10A.17 
10A.18 
lOA. 19 
10A.20 
10A.22 
10A.23 + 10A.24 
10A.29 
10A.34 
10A.36+ 10A.SO 
10A.99 
10B.16+ 10B.17 
10B.18 
10B.99 
11.02 
11.09 
11.1l 
11.13 
11.1.4 

11.16"11.15 
11.80 
11.99 
12.16 
lUO 
1U4 
12.25 
12.:8 
12.80 
12.99+ 12 .... + 12.:6 

APP~NDIX3 : 

l.oaca I Ret 1 -I - . . _.-. 
BOD , 

Faelors 
rooaeJd , E. coli i~_ I~"_;N 

I 1 I 838100 I 819809 1.721 0.751 ~.061 0.0e-r, 
I 11 8390001 820000 4.131 0.511 0.051 0.061 
I 1 I 8379001 818400 0.57/ 0.85/ 0.071 0.091 
/ 11 838600 I 817800 14.681 0.971 0.07/ 0.10/ 
I 11 837900 I 819200 1.481 0.661 0.061 0.Q71 
I 11 8381001 819400 0.971 ' 0.751 0.061 0.081 
I 11 8395001 819800 0.731 0.341 ,0.051 0,051 
i I I 8381001 819800 0.511 0.481 0.05 I 0.05 I 
I I I 837900 I 818300 0.741 0.661 0.061 0.071 
I II 835800 I 817100 0.471 0.711 0.061 0.081 
I 1 I 836800 I 817300 0.471 0.711 0.061 0.081 
I 11 836900 I 818300 0.25 I 0.761 0.061 0.081 
I II 837600 I 817900 0.231 0.711 0.061 0.081 
I I I 8276001 825400 0.50 I 1.741 0.091 0.121 
I I I 828200 I 825500 1.121 0.001 0.021 0.001 , 11 828300 I 825500 1.561 0.311 0.041 0.041 
I 11 8287001 825900 1.561 0.311 0.041 0.051 
I 1 I 828800 I 825900 1.121 0.001 0.021 0.001 
I 1 I 8288001 825600 3.671 0.261 0.041 0.Q31 
I II 8289001 825800 0.56/ 0.001 0.021 0.001 , 11 829100 / 825600 6.461 0.541 0.05 I 0.061 
I 1 I 829500 I 825300 2.241 1.181 0.081 0.111 , 1/ 829600 I 825100 8.931 0.461 0.Q31 0.031 

1 I 830000 I 823900 U61 0.221 0.Q31 0.041 

\ 1/ 830000 I 823200 .4,931 0.101 0.031 0.021 
i 1 I 830500 I 822700 15.341 0.30 I 0.041 0.031 
1 1 / 8287001 825900 5.011 0.481 0.051 0.05 I 
: 1 I 8293001 823600 0.781 0.001 0.021 0.00 I 

1 I 8297001 823300 0.791 0.001 0.021 0.001 , 
1 I 8292001 821300 1.181 1.281 0.071 0.091 , 
1 I 8262001 825500 0.011 1.161 0.081 0.121 

I 1 I 8226001 824700 0.021 1.041 0.081 0.'.11 
: 1 822700 I 824700 1.27' 6.72~' 0.15 I 0.161 
: 1 823700 I S25000 2.631 6.7.l r 0.15 I 0.161 
! 1 82.4300 I 825100 2.941 6.031 0.141 0.141 

1 824500 I 825100 1.S91 5.l9' 0.12 ! O.lll 

1 82.4loo I 825100 0.231 1.091 0.081 0.111 
, 1 826loo1 825:00 1.421 6.671 0.15 I '0.171 
I 1 812400 I 825100 0.051 3.041 0.10 I 1.35 I 
1 1 816000 I 825700 HII 1.381 0.05 I 0.081 
1 1 817000 I 825700 0.4S I 6.751 0.15 I 0.161 
, I I ,317400 I 825700 2.081 4.491 0.111 0.12 : 
, 1 I 819080 I 825100 0.621 S.22! 0.131 0.15 I 

1 1 I 817000 I 825000 0.211 1.181 0.081 0.121 

I 1 I 817400 I 825200 l.3SI 2.481 0.081 0.241 
: I I , I ! 

OVERALL LOADING PATTERN, YEAR 2003 ASSUMING NO 
SMP REDUCTIONS 

AI-2 



, 
I i 

1;".t;;";J~ 

1 ,oaaeid . E.:oli ,~_ I~ .... _I~ ...... 

11D.50+ 12.U0+ 12AJ'1 + 12A.811 1, 811000 , 837900 26.51/ S.50 1 0.14 1 o.u I L-
.+ Ilc..s0+llD.81+ llA.99 

1:zB.Ol I II 807000 I 827500 0.011 1.2.5 I 0.091 0.361 r-l:zB.ll I II 810500 I 831100 1.371 6.651 0.151 0.161 

1:zB.14 1 II 811300 I 832400 1.391 6.551 0.151 0.161 
12B.15 I II 8l16OO I 833300 0.741 6.561 0.151 0.161 0-12B.16 I II 8133001 834200 0.141 . 6.561 0.15 I 0.161 
12B.l1 I II 8143001 834700 0.141 6.561 0.15 I 0.161 , 

12B.18 I II 815100 I 835000 0.14 I 6.561 0.151 0.161 L~ 12B.19 I II 8i/iOOOi 836200 0.741 6.561 0.151 0.161 
12B.81 I II 8122001 832100 0.Q31 1.191 0.081 0.121 I -12B.99 I II 816200 I 836/iOO 2.831 6.621 0.151 0.161 : ~ 

13A,80 I II 8137001 813200 0.061 1.201 0.091 0.121 -ui 
13A,99 I II 811100 I 8i/iOOO 0.331 ·l.7S I 0.131 0.161 I 

14.99+14.BO I II 8noool B1S7oo O.IS ~ 3.161 0.111 0.15 I I,J 
15.16 I 11 81Soool 814500 0.061 . 3.611 0.111 0.131 ( 

1S.80 I II 818100 I 814700 0.031 1.031 0.081 0.111 ( 

IS.99 
, 

I i 317600 I 8l13oo 0.171 3.781 0.111 0.171 OJ , 
ISA,BO ; I I 3103001 809600 0.021 1.131 0.081 0.11 ; ( 

ISA,BI ; I , 3161001 810SOO 0.021 1.131 0.081 0.111 

O~ 1SA,99 i I I 812900 I 810600 0.25 I 5.221 0.141 0.201 
, --16.01 , II 8213001 813600 0.121 . 3.741 0.12 0.141 ( 

17.BO 1 I i 8216001 807800 0.04 !.lSI 0.08 0.121 ( 

17.99 ; I I 8209001 807700 0.45 5.321 0.14 0.191 1'( 
IB.Ot I . 3071001 309200 0.03 1.241 0.09 0.121 ( 

18.99 1 ! 806100 I 809000 0.08 -'.97 : 0.13 0.171 
[~ ISA,99 I! 3037001 812600 0.21 4.05 i 0.12 US I 

19.09 , I : 831400 I 807400 0.07 !.SSI 0.09 0.161 ( 

19.BO I I ! B30000l 809000 0.07 USI 0.09 0.161 ~ a -
19.99 i II 8292001 810000 O.IS 4.67 ! 0.13 0.161 a 
~. 

, I ! SlO3001 BI4700 0.01. 1.22: 0.09 0.12: a 
20.02 1 1 i 8306001 Bl4/iOO 0.24 1.231 0.09 0.121 I'J 
20.03 1 . 3310001 313900 0.10 1.2%: 0.09 0.12 ! Lc 
20.04 1 ! 831500 1 S1l5oo 0.16 1.23 0.09 0.12 : c 
20.09 1 ' 8307001 814400 0.03 1.2% 0.09 0.12 ! 1'..,2 
20.11 l; 8306001 314500 0.04 3.99 0.12 0.14 I La 
20.13 I ! 8311001 S13400 0.06 3.08 0.11 0.14 I a 
10.15 I : ~ll7ool 812600 0.06 3.08 0.11 O.!~ i " ; C 

:-
20.BO I i 8304001 814500 0,03 . 1.23 0.09 0.121 C 

10.99 1 I i 8312001 813400 0.06 3. IS 0.11 0.141 , C 

21.99 I I 831Bool 812400 0.121 1.39 0.09 0.131 1'0 
30.12 1 I 3434001 81.1600 0.40 I 0.61 0.06 0.071 1 

30.13 ; 1 : 3436001 314700 1.591 0.66 0.06 0.071 a 
1I.0hll.OI+!I.OlHI.O]+1I.0'+n.06 I I I 3412001 316500 S.SSI 1.11 O.OS 0.111 '0 

ll.10 I II 3401001 817800 0.30 I 1.10 I 0.08 0.111 a 
l1.lS+3L17 I 11 8413001 BI6300 0.581 1.131 O.OS 0.111 [1 31.16 ! 1 I 3415001 BI6100 O.IS I 1.161 0.08 0.111 

31.1S+31.21 +21.:: I I I 341900 I 816400 0.651 1.021 O.OB 0.10 I a 
3t.~ , 

~ ! .~41700 I '15S00 0.37 1 !.l81 0.08 ~.121 .0 -
APPENDIX 3 : OVERALL LOADING PATTERN, YEAR 2003 ASSUMING NO 

SMP REDUCTIONS 
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c 
Q 

o 
o 
o 
o 
o 
o 
o 
o 
[~ 

C 
o 
c 
c 

32.10 
32.11 
32.14 

32.15 
32.17+32.16 

32.99 
33.11 
33.13+33.99 
34.12 
34.14+34.15 
34.99 
35.14+35.15 
35.16 
35.18+35.19 
35.21· 
35.22 + 35.23 

35-14 
35.25 
3S.27 
35.28 
35.30 
35.31 
35.99 
38.50 
38.51 
38.52 
38.81 
39.99 
40.99 
99.99 
Macau A 
Macau B 
MacauC 
Macau 0 ITaiea 1 
Humea - Peart River 
Iiaomea - Pe3rt River 
Hou~C:lIZ1l - Pe3rl River 
HeD~mca - Peart River 
Hea_mC!! - Peart River 
OIF 2 witll OWE' iatereecror 
OIF 3 witll OWE' iaterecexor 
OIF 4 witll 0 WE' iatereecrar 
OIF 5 witll OWE' iatereelXor 
OIF 6 witll DWF iatereeexar 
OIF 7a witll OWF iaterecotor 
OIF 8a .,itll OWF ieterecotor 
OIF 9 ..,i,1I DWF iotereeexer 

I Ref. i i 
I 1 I 8372001 
I 1 I S37SOO1 
1 1 I 8383001 

I 11 838900/ 
I 1 I 8394001 

I 11 837900 I 
I II S362OO1 
I 1 I 837100 I 

I 1 I 8354001 
I 1 I 834000 I 
I II 833800 I 

I 11 829Sool 

I 11 831200 I 
I 1 I 830loo1 
I I I 8316001 
I I I 832000 I 
I I I 8323501 
I 11 8326001 

I 1 ! 8330001 

i I I 83301001 
I I ; 833900 I 
I II 8301QOO I 
; I ! 832650 I 

I ; 822.:300 I 
, 

I ! 822.:300 I 
: I : 822.:300 I 
I I ! 8123001 
I II 822.:300 I 
: I ; 8410001 , I . 822.:300 I , 
! 2 : :'";:6471 
I " 7i"~7061 
! l: 771056: 
! ! ! in029 I 
; 3 ~ 7581611 

l j -66l~~! 

I 3 ; '631631 
3 i 762100 I 
l: 762100 I 

! 41 ~32980 I 
, 

41 833100 I , 
, 41 ~331oo I 
1 41 833645 I 
I 41 333900 I 
I 41 S34.1OS1 
I 41 8344.15 I 
I 41 8349251 
I I ; 

-
BOD I Fa.c:tars 

tODaCJd I E.coli ~N er-. IN' A __ l 1'1 01 

816300 0.511 1.151 0.0&1 O.lll 
816500 0.3<' I 0.581 0.061 0.071 
817500 0.741 1.061 0.0&1 O.lll 
817300 0..37/ 1.061 0.0&1 0.111 
817500 ISOI 0.651 0.061 0.081 
816900 0.561 0.791 0.071 0.091 
816500 o.nl 0.791 0.071 0.081 
816200 1.111 0.851 0.071 ·0.091 
816700 0.401 0.691 0.061 0.071 
816800 3.041 0.651 0.061 0.071 
817800 0.131 0.721 0.061 0.081 
816900 0.141 0.741 0.061 0.081 
816100 1.141 0.741 0.061 0.081 
811100 0.4Oi 0.70 I 0.061 0.081 
816400 0..371 0.741 0.061 0.081 
SI6800 l.lS I 0.741 0.061 0.081 
8169S0 1.121 0.7~1 0.061 o.oSI 
8171oo 1.121 0.741 0.06; 0.081 
SI6900 1.121 0.741 0.061 0.081 
SI6900 1.121 0.741 0.061 0.081 
816750 1.121 0.741 0.06; 0.081 
816700 1.121 0.74 I 0.061 0.081 
817100 1.191 0.S7! 0.071 0.081 
840600 0.691 .l.5'" I 0.13 : 0.2S1 
840600 1.341 4.52: 0.121 0.14 : 

840600 3.431 4.391 0.121 0.141 

S40600 0.411 1.11~ 0.081 0.12 ! 
840600 2.631 5.241 0.131 O.lSl 
84.1900 IS41 5.841 0.14 ; 0.15 i 

840600 70.971 3.U; i . 0.10 I 0.15 I 
SOS033 27.00 I 0.9S1 0.r91 O.lSl 
807133 2.251 0.9S1 0.091 O.lSl 

·i05776 6.75 ; 0.981 0.091 0.15 ; 

803194 0.4S I 0.981 0.091 O.IS; 

8764.11 
871816 Set :u bound~ry conditions 

86~ 

848763 
S43763 
821000 oJ.24 I 0.l5i 0.041 0.03 i 

820930 0.181 0.41 ! O.OS I O.OS I 

S20930 O~., I ._, o.n: 0.061 0.081 

820475 0.211 0.761 0.061 0.081 

820240 1.251 0.871 0.071 0.091 

819690 1.13 I 0.841 0.07/ 0.091 

818815 0.631 0.861 0.071 0.091 

817890 0.341 0.791 0.071 0.081 
I I I I 

[ Note: Discharges marked 'X' replaced by the Stage I Stonecutter's Outfall (Table 3, main text) 
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OVERALL LOADING PATTERN, YEAR 2003 ASSUMING NO 
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Al-4 

, 

I 

\ 

( 
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( 

r. 

0 

0 
0 

0 
a 
01 
0 
0 



OUltall N'o./Reterell" D.lla Ea.acilll N'onllial 
Ref. 

NTS6 I 51 840900 I 8U6OO 

NTS" I 51 822300 I 8.c06OO 
CCI . · .. u .... ~, .. " I 51 820000 1 808400 . "".:4. .... " 

MWI i~ 
..... 

1 51 8210001 S16800 ',,» , 
MAl ( , '" -: .......... I SI 8211001 S17300 

502 
c: ,. • 
.." .. \LL 0- • I 51 8448001 S10100 

nEl ( 7;:0 .... ",'."...1 > ~..,;.~ 51 838700 I 820300 
SHWI (Siu Ho Wao) I 51 T 
AD 1 (Allerdeell) I 51 S326OO1 811900 
SNI (Stanlev) ! 51 S399001 S08600 
NWNT l u,r ..... '!; .. J(~Am I 51 I 
AI.2 (Ae Lei Qaul I 51 S33400 I S10300 
SKW7 I . Sl 3417001 816200 

TKW2 I 51 8386001 817800 
CWI I SI 3437001 814800 
NWT(1 I SI 831300 I 819610 

Loac1a L: BOD I Factors 
toollCid I E. coli IN_ IN, __ ;No. 

0.10 I 0.931 0.091 

1.20 0.961 0.091 

1.171 1.071 O.OSI 

0.191 1.091 0.121 
0.131 1.091 0.121 

0."1 0.9SI 0.071 
2.921 1.991 o.lsl 

- See Table 3 , 
12.15 1.061 0.081 
0.12 I.UI 0.111 

• I See Table 3 I 
3.481 1.131 O.OSI 
6.371 1.021 0.081 

18.451 0.821 0.071 
u8i 1.111 0.081 

75.111 0.791 o.oSI 

O.lS I-I --
O.lS I 
0.111 

0.131 ~= 
0.131 
0.10 I 
0.301 

- . 

0.10 I 
0.191 

0.11 i 
0.10 I 
0.091 
0.111 
0.09i 

-'0 

no 
r 

U .-

C 
D 

[ 

[ 

[ 

[ 

D 

C 
[ 

Note: Discharges marked 'X' replaced by the Stage I Stonecutter's Outfall (Table 3, main text) [ 
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APPENDIX 2 
RESULTS OF THE SIMULATION OF 

WET AND DRY SEASON NEAP TIDE WATER QUALITY 



TK+Sham Tseng ~et Neap CJV v LSD 

E.CoLI (no/l00mL) against time (Log to base 10 on y-axIs) 

2 Layer, 50m grid OM 3/03/95 --TKCJV 

Observed symbolsl * Upper layer, A Lower layer 

positIon MC10 

4 

3 

.. ~ 
2 1· .. \:··---"<> .... ··· .... _, ~7 '._ 

6 9 12 15 16 21 0 3 6 9 12 

posItion MC09 

4 

3 

:.... ;,.;;······9 ;':':/7'" . 2 ... 

6 9 12 15 16 21 0 3 6 9 12 

4 

3 

2 

4 

3 

2 

position 

. : 

' .... 0"···········' 

:" ..... 

SROI 

6 9 12 15 16 21 0 3 6 9 12 

position MC16 

6 9 12 15 16 21 0 3 6 9 12 

......... LongSO 

pOlOltlon SR02 
4 

3 

2 t .......... 
," " 

:" .,' 

6 9 12 15 16 21 0 3 6 9 12 

position Mell 

4 

3 

....... 
2 r.:--~ ..>. ... <¢'\ 

:'" '.: 

6 9 12 15 16 21 n 3 6 9 12 

r---'r--:r-:r-:r:Jr:::;c-Jr:Jr:Jr:JrJr:JrJc:Jc-Jc-::-:JrJ:-::-J:-J:-l 



r: r: r-: r:J r--' , , r:J C_J r-:J c::J L .J C .. J CJ L:_ .. ,_J r-J U __ .J """j CJ c ..... J r:J r:-l 

TK+Sham Tseng ~et Neap CJV v LSD 

E. Co L I (no/100m L ) aga I nst t I me (Log to base lOon y-ax I s) 

2 Layer, 50m grid OM 3/03/95 --TKCJV ......... LongSO 

Observed symboLs. lI! Upper Layer, l> Lower Layer 

position MC22 position SR03 position SR04 

4 4r-------------, 4 

3 3 3 

2 
.' .. :: .... 

.', 
. .:.:: ..... : 

.., •••• ,. 0 • 
2 2 

.. 
'.' 

6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

position MC20 position MC19 position MC23 

4 4 4 

3 l '" ~ 

: 1 

3 : ". .' 0.. : , . 

/d ,.~ ; 
.. " . 

, ' 

>;2~L ' . 
--L\:,. : I/"':'_u_':~ ... :-' :~ 21-"' 

: 0'· : . . 
2 ' . ' , 

6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 



4 

3 

2 

4 

3 

2 

r---: r-, 

TK+Sham Tseng ~et Neap CJV v LSD 

E.CoLI Cno/1DOrriL) against time CLog to base 10 on y-axis) 

2 Layer, 50m grid OM 3/03/95 --TKCJV 

Observed symboLs. ~ Upper Layer, 6 Lower Layer 

position SROS 

6 9 12 15 16 21 0 3 6 9 12 

positIon MC21 

6 9 12 15 16 21 0 3 6 9 12 

r: r- r: r::1 r-:J n 

position SR06 

4 

3 

.... 

: ........... ' 

6 9 12 15 16 21 0 3 6 9 12 

position MC·14 

4 

3 •. 

2 

:-' . 

....... 
........ 

6 9 12 15 16 21 0 3 6 9 12 

r-:l r.-l rJ r::l r::-1 

......... LongSO 

position SR07 

4 

3 

...... 

2 
. .... .... 

.. ... 

6 9 12 15 16 21 0 3 6 9 12 

posItion SR06 

4 

3 

2 . ... 

" .: 

6 9 12 15 16 21 0 3 6 9 12 

C_.l c-J r:-J rJ :-:::::-'I r-"1 . , (""""j 



~ r:-: r; h c--:J ,"--' 
\... . ... ) [, .. _.-1 r--J r:J C-.::l c=J C=:J '---) CJ c::1 L.J G:"J l,.L_J 

TK+Sham Tseng ~et Neap CJV v LSD 

E.CoLI (no/l00mL) agaInst tIme (Log to base 10 on y-axIs) 

2 Layer, 50m grId OM 3/03/95 TKCJV ......... LongSO 

Observed symboLs. lIE Upper Layer, 6 Lower Layer 

pot;ftlon MC16 posItron MCIS 
4 

, I 4 

3 
.' 
" ........ .. . ... , . . 

2 L '." .Ii. I~ "'" 

~ 
2 

. ' '.~ . 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

position MCll posItion MC12 positIon MC13 

4 4 4 

:1 1 
3 

.... 

.' ~ ~ · . . :'-;.-. · , 2 · . .... : . . , 

6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

c-l ~ 



r- r: 

4 

3 

TK+Sham Tseng Vet Neap CJV v LSD 

E.CoLI (no/1.00mL) against time 

2 Layer, 50m grid OM 3/03/95 

Observed symboLs. _ Upper Layer, 6 

position MC25 

2 ,. . ... 
.... 

'.' 

6 9 12 15 16 21 0 3 6 9 12 

position MC24 

4y-------------, 

3 

2 ,'. 

.. , 
".:' ',: 

:', ................ : .. , 

'.' 

6 9 12 15 16 21 0 3 6 9 12 

r: r-: c-:J ,,....., 
\. • ••• > i"J M r--J 

(Log to base 10 on y-axIs) 

--TKCJV ......... LongSD 

Lower Layer 

rJ r-l r1 ,....-., 
.,. ,) C,",) CJ r::J ["'") :-:-J :--1 :-J ' 



.--~ 
I . r---: ~ r-: , .. -----"' . , 

,.-.., 
l. ..... _J c:::J rJ r:J rl CJ l ..... l L .. J 

TK+Sham Tseng Yet Neap CJV v LSD 

Suspended SoLids Cmg/Ll against time 

2 Layer, 50m grid OM 3/03/95 --TKCJV 

Observed symboLs. _ Upper Layer, 6 LOller Layer 

posItion MelD position SROI 

10 ? (\ r; 'i..... ?"i 
10 

6 
6 

6 6 

4 4 

2 2 

o ~I ~_~_~ _____ ~--I o ~I--~ __ ~--~ __ ~ ____ ~ 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

position Me09 position MC16 

10 t=:::::7 j \\ } 7 'i::;;;;:;::::7 J 10 ........ ;x::;:..... ? J \\ :oJ 

6 6 

6 6 

4 4 

2 2 

o l-I _~ _________ '---' o l-1_~ _____ ~_~~---1 

6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

CJ ::-:J ---"l rTI ....... -_ .. _' r-J CJ l.-_.J 

......... LongSD 

positIon SR02 

10 7' ::::::::: 

6 

6 

4 

2 

o ~I--~--~ ____ ~ __ ~ __ ~ 

6 9 12 15 16 21 0 3 6 9 12 

positIon Me17 

10 7"\ r? l 

6 

6 

4 

2 

o ~I ~~~~--_~_O---J 
6 9 12 15 16 21 0 3 6 9 12 



TK+Sham Tseng Wet Neap CJV v LSD 

Suspended SoLids (mg/Ll against time 

2 Layer, 50m grid OM 3/03/95 --TKCJV ......... LongSO 

Observed symboLs. * Upper Layer, 6 Lower Layer 

position MC22 position SR03 position SR04 

10 '{ ~I 
10 

8 8 

6 /\ 6 

4 4 4 

2 2 2 

0 0 0 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

posit Ion MC20 positIon MCI9 position MC23 

10 10 10 

6 6 B 

6 6 6 

4 4 4 

2 2 2 

0 0 0 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

r- ~ r-: r-J r-J i:J C---:1 r--J r-l r-:-l r-J r'"""J L .. J Cl c::---1 C"OO"":l r-J ~ 
........., ...--, . , , I ) 



r---' r--: 

, 

r--> ,---., 
l rt n :::J lJ r--J rl c::J CJ ,.---., 

1.....--...•. ) CJ 
, .. ,..) 

TK+Sham Tseng lIet Neap CJV v LSD 

Suspended So Lids (mg/ Ll against time 

2 Layer, SOm grid OM 3/03/95 TKCJV 

Observed symboLs. lI( Upper Layer, 6 Lower Layer 

position SR05 posItIon SR06 

10 • 10 

:L r-J 
6 

6 

4 4 

2 2 

0 0 
6 9 12 IS 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

position MC21 positIon MC14 

':L /fJ ': 1 !\ 
4 4 J 

2 

: 1 I 0 
6 9 12 1516 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

Cl L .. _J Ll .... J . ,.' J 

......... LongSO 

. position 

10 

6 

6 

4 

2 

0 
6 9 12 15 10 21 0 

position 

10 

6 

6 

4 

2 

0 
6 9 12 15 16 21 0 

3 

3 

'"""i ,----, 
, I 

SR07 

6 9 12 

SR06 

6 9 12 



r--"1 

TK+Sham Tseng Wet Neap CJY v LSO 

Suspended Solids (mg/U against time 

2 Layer, 50m grid OM 3/03/95 

Observed symbols. * Upper layer, A 

position NCla posItion 

--TKCJY 

LOller layer 

NCls 

10 ;r i 10 r---------------------~ 

a 

6 

~ 

2 

o J....I _________ --J 

6 9 12 15 16 21 0 3 6 9 12 

position 

10 

a 

6 

~ 

·2 

0 
6 9 12 15 16 21 

r-' r-: r--" 
l ' 

NCll 

0 3 6 9 12 

r-J r-J 

6 

6 

~ 

2 

0~1 ______________ ~~ 
6 9 12 15 16 21 0 3 6 9 12 

position MCI2 

10 

a 

6 

4 

2 

0 
6 9 12 15 16 21 0 3 6 9 12 

~ LJ ,..----" r-J r-l r1 

......... LongSO 

poaltlon MCI3 

10 

a 

6 

4 

2 

0 
6 9 12 15 16 21 0 3 6 9 12 

:-:-:-:J C) CJ r"J :-1 :-:1 l'l !"") 



~~~~~~: ___ JM~~~l_L ___ )~~L- __ J,J~~_J~~ 

TK+Sham Tseng ~et Neap CJV v LSO 

Suspended SoLids Cmg/Ll against time 

2 Layer, 50m grid OM 3/03/95 

Observed symboLs. * Upper Layer, ~ 

--TKCJV 

Lower Layer 

pOlOltlon MC16 position MC15 

10 ;r 'I 10 ..------------, 

6 6 

6 

~ 

2 2 

o +-I ____ ~~ ____ _' o .J-I ~ _____ ~_.._...j 

6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

position MCll pO'Sltlon MC12 

10 r-----------~~----I 10 ,-------------, 

6 6 

6 6 

~ 4 

2 2 

o I I 
O.J--~~~ ____________ ~ 

6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

......... LongSO 

posItion MCI3 

10 ,-------------, 

6 

6 

4 

2 

o l-I __ -_~ __ ~ __ ,_J 

6 9 12 15 16 21 0 3 6 9 12 



r-

TK+Sham Tseng Vet Neap CJV v LSD 

Suspended SoLids (mg/Ll against time 

2 Layer, 50m grid OM 3/03/95 

Observed symboLs. _ Upper Layer, ~ 

position MC2S 

10 r-------------~~~--_, 

8 

6 

4 

2 

0~1~------------~~ 
6 9 12 IS 18 21 0 3 6 9 12 

10 ~~~~~------:/7~-=~~--~ 
positIon MC24 

8 

6 

4 

2 

o l-I _________ ---< 

6 9 12 15 18 21 0 3 6 9 12 

--TKCJV 

Lower Layer 

,.--, r---""' r-. r-: rJ :::-1 r---J r-l r1 r-1 rJ 
, " 

......... LongSO 

~ l..",J c-1 r:-J .~ ~ -: .--, , 



r---' , r-; 

75 

70 

65 

60 

55 

50 
6 

75 

70 

65 

60 

55 

50 
6 

r-1 ,..-, r-, 
I, l " . ..J c-.:J c::J 

TK+Sham Tseng ~et Neap 

n LJ r::l Cl 

CJV v LSD 

DissoLved Oxygen (% sat urat Ion) against time 

2 Layer, 50m grid OM 3/03/95 TKCJV 

Observed symboLs. lI( Upper Layer, 6- Lower Layer 

position MCIO position 

75 

70 

65 

60 

55 

50 
9 12 15 16 21 0 3 6 9 12 6 9 12 IS 16 21 0 3 6 

position MC09 position 

75 

70 

65 

60 

55 

50 
9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 

c. __ J LJ Cl c::::J l.L.J , __ .1 CJ ~ 
~ 

i 

......... LongSO 

SROI position SR02 

75 

70 

65 

60 

55 

50 
9 12 6 9 12 IS 16 21 0 3 6 9 12 

MCI6 position MCI7 

75 

70 

65 

60 

55 

50 
9 12 6 9 12 15 16 21 0 3 6 9 12 



TK+Sham Tseng Yet Neap CJV v LSD 

DissoLved Oxygen (% saturat Ion) against time 

2 Layer, 50m grid OM 3/03/95 TKCJV ......... LongSO 

Observed symboLs. lI( Upper Layer, ~ Lower Layer 

position MC22 position SR03 position SR04 

75 
75 1 

75 

70 70 70 

65 65 ~ / .. \~ / I 65 

60 60 V \...--"'. 60 

55 

:: 1 

55 

50 50 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

position MC20 ~sltlon MCI9 position MC23 

75 
75 I 75 

70 70 70 

65 65 65 

60 60 60 

55 55 55 

50 50 50 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

,-, r: r-: r-- r-J rl r-J c--l r-J r-J r-J M c-:-J CJ L1 rl rl :-=J rl ;---1 
, , 



,..-, 1-: ~ r-J ,.--, c:-:J ' t .. J r:-J (j r::l L ........ J l .. _J 
l ._.J 

75 1 
70 

65 

60 

55 

50 
6 

75 

70 

65 

60 

55 

50 
6 

TK+Sham Tseng Vet Neap CJV v LSD 

DissoLved Oxygen (% saturation) against time 

2 Layer, 50m grid OM 3/03/95 --TKCJV 

Observed symboLs. lIE Upper Laye.r, 6 Lower Layer 

position SR05 position 

75 

70 

65 

60 

55 

50 
9 12 IS 18 21 0 3 6 9 12 6 9 12 IS 18 21 0 3 6 

position MC21 posItion 

75 

70 

65 

60 

55 

50 
9 12 IS 18 21 0 3 6 9 12 6 9 12 IS 18 21 0 3 6 

SR06 

9 12 

MCI4 

9 12 

.----.., L_:::J I .. J L_._J ,..,..-, 
~ _._-) 
~ ,--., 

l ____ · . .J ., , .. ----) 1 , 

......... LongSO 

position SR07 

75 

70 

65 

60 

55 

50 
6 9 12 IS 18 21 0 3 6 9 12 

position SROB 

75 

70 

65 

60 

55 

50 
6 9 12 IS 18 21 0 3 6 9 12 



75 

70 

65 

60 

55 

50 

75 

70 

65 

60 

55 

50 

~ ,..--, 

6 

6 

TK+Sham Tseng Yet Neap CJV v LSO 

DIssoLved Oxygen C% 

2 Layer, 50m grId 

saturatIon) agaInst tIme 

OM 3/03/95 

Observed symboLs. _ Upper Layer, 6 

--TKCJV 

Lower Layer 

position MC18 position 

75 

70 

65 

60 

55 

50 
9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 a 3 6 

posit Ion MCll position 

75 

70 

65 

60 

55 

50 
9 12 15 18 21 a 3 6 9 12 6 9 12 15 18 21 a 3 6 

r--: r- r-J r-:; .:-:--:1 r-J r-:; r-1 r-1 c-:1 

MC15 

9 12 

MC12 

9 12 

......... LongSO 

posItion MC13 
75 y-----------__ -, 

70 

65 

60 

55 

50 ~ ______ ~ ___ ~~~~~ 

6 9 12 15 18 21 a 3 6 9 12 

~ L .. _ J c:--1 r-:-J r-1 :-::::i :--J 
-, 



,------. c-: ,---, , r--', r-:J rJ C.-.J ..--.. LJ CJ Cl ( .. _.J 

TK+Sham Tseng Yet Neap CJV v LSD 

DIssoLved Oxygen (% 

2 Layer, 50m grId 

saturatIon) agaInst tIme 

OM 3/03/95 --TKCJV 

Observed symboLs. lI! Upper Layer, l> Lower Layer 

posItIon MC25 

75 

70 

65 

60 

55 

50 
6 9 12 15 18 21 0 3 6 9 12 

positIon MC24 

75 y--------------, 

70 

65 

60 

55 

50 .1-.1 ______ ---::-_---::---:l 
6 9 12 15 18 21 0 3 6 9 12 

L-_J t ___ J Cl L .. _J L ..... J ~ ~_._.!l c-J ~ 

......... LongSo 



TK+Sham Tseng Vet Neap 

BOD (mg/Ll against time 

CJV v LSD 

2 Layer, 50m grid OM 3/03/95 

Observed symbols. _ Upper layer, A 

--TKCJV ......... LongSO 

Lower layer 

position MelO position SROI position SR02 

3.0 3.0 3.0 

2.5 2.5 1 2.5 

2.0 2.0 1 2.0 

1.5 1.5 1.5 " " t:=:: j ,., =-- ~ ""-"- ~ ---
0.5 0.5 0.5 

0.0 0.0 0.0 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

position MC09 posItIon MC16 position Ne17-

3.0 3.0 3.0 

2.5 2.5 2.5 

2.0 2.0 2.0 

1.5 1.5 1.5 

1.0 1.0 1.0 
I----" '-'=./ '----'"" J / ~ ,/ ~ /? 

0.5 0.5 0.5 

0.0 0.0 0.0 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3' 6 9 12 6 9 12 15 16 21 a 3 6 9 12 

~~~~~~~~~~~~~l __ l~~~~~~ 



~ ,-' ~ r--. r::J r:J ,---, - c-:J r:J l.- J C.J CJ L .• _J CJ L __ .J l ...... J r..., j ':--1 ':-I 
, , ...... ,,--, ... ~ ... ..: 

TK+Sham Tseng Wet Neap CJV v LSD 

BOD (mg/ Ll against time 

2 Layer, 50m grid OM 3/03/95 TKCJV ......... LongSO 

Observed symboLs. lI( Upper Layer, 6, Lower Layer 

posit Ion MC22 positIon SR03 position SR04 
3.0 3.0 3.0 

2.5 2.5 2.5 

2.0 2.0 2.0 

1.5 1.5 1.5 

1.0 1.0 1.0 
~ ./7 ...... I-.. 

~ -0.5 0.5 0.5 

0.0 0.0 0.0 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21' 0 3 6 9 12 

position MC20 position MC19 positIon MC23 

3.0 3.0 3.0 

2.5 2.5 2.5 

2.0 2.0 2.0 

1.5 1.5 1.5 

1.0 

~ 
1.0 1.0 L 

L7 , ~ .L/ ~ 
~ 

.r-.. 

0.5 0.5 0.5 

0.0 0.0 0.0 I 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 



,'---' 

TK+Sham Tseng ~et Neap CJV v LSD 

BOD (mg/Ll against time 
" ' 

2 Layer, 50m gr I d OM 3/03/95 TKCJV ......... LongSO 

Observed symboLs. * Upper Layer, a Lower Layer 

position SR05 position SR06 position SR07 

3.0 3.0 , 3.0 

2.5 2.51 2.5 

2.0 2.0 2.0 

1.5 1.5 1.5 ,., ,., I ,., 
0.5 t 0.5 = o.s r 
0.0 0.0 0.0 

6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

position MC21 position MC14 position SR06 

3.0 3.0 3.0 

2.5 2.5 2.5 

2.0 2.0 2.0 

1.5 1.5 1.5 

1.0 1.0 /"'... 1.0 

0.5 0;5 1 0.5 

0.0 0.0 0.0 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 a 3 6 9 12 6 9 12 15 16 21 a 3 6 9 12 

......- r---! r--: r:J r:l C"""1 r---. C'i r-l ,.....-, c----J c--J c-J c::-J ~ r-J :-:::-1 C'i l , ---; 



,-:---' ,-, , r--'"J r-: r-:J n CJ C-::1 rJ n ~ c:J 

TK+Sham Tseng Wet Neap CJV v LSD 

BOD Cmg/ll against time 

2 Layer, 50m grid OM 3/03/95 --TKCJV 

Observed symbols. ~ Upper layer, 6 LOller layer 

position NC18 position MC15 
3.0 .,.-------____ -, 3.0 y-------____ --, 

2.5 2.5 

2.0 2.0 

1.5 1.5~ 

1.0 1.0 
,P? 

"' -4 0.5 0.5 

0.0 J.-__ ~..,....--~--~---' 
0.0 J.-~ _____ ~ __ ...--I 

6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

position NCll position MC12 

3.0 .,.-----------.., 3.0 .,.--_~---------, 

2.5 2.5 

2.0 2.0 

1.5 1.5. 

1.0 1.0 
~~ ~~~I 0.5 

~ 

0.5 

0.0 I 
0.0 '--_________________ ...--1 

6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

CJ CJ L,~_,J L __ J c ...... J c. J ~ .:---1 

......... LongSO 

posItIon MCI3 

3.0 ,-----------, 

2.5 

2.0 

1.5 

1.0 

0.5 
I C">, ~ 

0.0 I , -
6 9 12 15 lB 21 0 3 6 9 12 



r 

TK+Sham Tseng ~et Neap CJV v LSD 

BOD (mg/Ll against time 

2 Layer, 50m grid OM 3/03/95 

Observed symbols. * Upper layer, A 

position MC25 

3.0 I 
2.5 

2.0 

1.5 

1.0 

0.5 
~/ "'----

0.0 l-I __ ~-,--_~~_ .......... 
6 9 12 15 16 21 0 3 6 9 12 

position MC2~ 

3.0 

2.5 

2.0 

1.5 

1.0 

f-. 
0.5 

0.0 l-I ~---~-~~~--
6 9 12 15 16 21 0 3 6 9 12 

--TKCJV 

Lower layer 

......... LongSO 

r-. r:--'. r; [') l'"J r-:J c:-:-J c---l rJ :---l :---l r-1 r-1 r:J c:--1 r-:::J !"") n--1 .:1 :---l 



,~ r-' ~ rJ r::J r::J l ... ,_._J .----, , ' , .,~ r:J rJ r::l r:::J ! _J 

TK+Sham Tseng ~et Neap CJV v LSO 

Ammon.! aca L Nitrogen (mg N/ U aga I nst t I me 

2 Layer, 50m grid OM 3/03/95 --TKCJV 

Observed symboLs. * Upper Layer, 6 Lower Layer 

positIon MC10 position SR01 

0.3 0.3 

0.2 0.2 

0.1 f '·'l cd 0.0 b ~ 4?»l C'> 0.0 , 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

position MC09 position MC16 

0.3 0.3 

0.2 0.2 

0.1 O. 1 

0.0 t>-- -:8>, C>J o.oD~ L:3l 
6 9 12 15 18 21 0 3 6 9 12' 6 9 12 15 18 21 0 3 6 9 12 

c:J Cl L-_J 

......... LongSO 

position 

0.3 

0.2 

0.1 

i::::-J ,-..-., 
~,.:~. J 

SR02 

:-l 

O.O~ 
6 9 12 15 18 21 0 3 6 9 12 

position MC1l 

0.3 

0.2 

0.1 

0.0 ~ ,S=>- L ,j 
6 9 12 15 18 21 0 3 6 9 12 

:-l 



TK+Sham Tseng ~et Neap CJV v LSD 

AmmoniacaL Nitrogen (mg NIL) against time 

2 Layer, 50m grid OM 3/03195 TKCJV ......... LongSD 

Observed symboLs. _ Upper Layer, A LOller Layer 

position MC22 position SR03 posItion SR04 

0.3 0.3 ,.-------------, 0.3 

0.2 0.2 0.2 

0.' I 
.J 

0·'6 d 
o. I 

~ ......... : .. S2.:'-.~ 0&9' 
0.0 0.0 0.0 

6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

position MC20 position MCI9 position MC23 

0.3 0.3 0.3 

0.2 0.2 0.2 

O. I O. I O. I 

0.0 t::-3;:::z .~= -1 O.O~ ~. 01 0.0 I ~ -I 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

r-- r-, r--, , r---1 r-J r-J C"1 r-J c-J r-----> " --, r--J r1 ~ rJ CJ c-1 :-r:1 r-:J r--") ~ 



r--: r-: r--; r-J r:J r:::; c::J r-:J r:J C"'") C"'") L .... _.J L._ .. J CJ L... J L .. _J c:-J r::CJ .:--1 .:--1 
~-.. --

TK+Sham Tseng ~et Neap CJV v LSO 

AmmoniacaL Nitrogen (mg N/ Ll against time 

2 Layer, 50m grid OM 3/03/95 TKCJV ......... LongSO 

Observed symboLs. lIE Upper Layer, l> Lower Layer 

posit Ion SR05 posItion SR06 positIon SR07 
0.3 0.3 , 0.3 

0.2 0.2 0.2 

o. 1 o. 1 0.1 

0.0 0.0 0.0 ~ 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

position MC21 posItion MC14 position SR08 

0.3 0.3 0.3 

0.2 0.2 0.2 

o. 1 0.1 0.1 

0.0 I 0.0 l-~ __ ~~_~-~"- 0.0 j..1 __ ~~~~~ __ ~~ 

6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 



,--

TK+Sham Tseng ~et Neap CJV v LSD 

AmmoniacaL Nitrogen (mg NIL) against time 

2 Layer, 50m grid OM 3/03/95 --TKCJV 

Observed symboLs. ~ Upper Layer, A Lower Layer 

position MCI6 position MCIS 
0.3 0.3 

0.2 0.2 

,., 1 
J 

o. I 

~ ~ 0.0 0.0 
6 9 12 15 18 21 0 3 6 9 12 

position MCII 

0.3 

0.2 

O. I 

0.0 I : ~ 1 
6 9 12 15 16 21 0 3 6 9 12 

l"! r; r-: .;--J ~ C"'J f""""", 
l.. ., 

6 9 12 15 16 21 0 3 6 9 12 

position MCI2 

0.3 

0.2 

O. I 

6 9 12 15 18 21 
------ I 0.0 I 0 3 6 9 12 

rJ ~ , , ~ r-J r-J 

......... LongSO 

position MCI3 

0.3 

0.2 

O. I 

0.0 I: S? 1 
6 9 12 15 18 21 0 3 6 9 12 

L_J C'J r-J s-J ""-:-:1 ;--j :---l 



,------, [-; r-; [1 C-::J c-::J L ..... J r:--J r:J c-:-l C:l L .. ~J l_ .. J L-.. J c-J c::::J r:J l ... : . .1 .::---1 iJ 

TK+Sham Tseng ~et Neap CJV v LSO 

Ammoniacal Nitrogen (mg Nil) against time 

2 Layer, 50m grid OM 3/03/95 --TKCJV ......... LongSO 

Observed symbols. _ Upper layer, 6 LOller layer 

position MC25 

0.3 r-----------~ 

0.2 

o. 1 

0.0 I 
6 9 12 15 16 21 0 3 6 9 12 

position MC24 

0.3 

0.2 

0.1 

o.o~~ 
6 9 12 15 16 21 0 3 6 9 12 



TK+Sham Tseng Vet Neap CJV v LSD 

Dxldlsed Nitrogen (mg N/ II against time 

2 Layer, 50m grid OM 3/03/95 TKCJV ......... LongSD 

Observed symbols. _ Upper layer, ~ Lower layer 

position MC10 position SROI position SR02 

0.3 "1----------, 0.3 y-------____ ..., 0.3 y------------, 

0.2 0.2 0.2 

0.1 O. 1 0.1 

0.0 1-1 ___ ~~~~ __ ~_--l 0.0 1-1 ~-_~~~~ __ ~~-l 0.0 1-1 ---~--~-_~~-l 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 a 3 6 9 12 6 9 12 15 16 21 a 3 6 9 12 

position MC09 position MCI6 positIon MCI? 

0.3 y-------------, 0.3 y-----------..., 0.3 

0.2 0.2 0.2 

0.1 ~ ~ ~ O. 1 O. I 

0.0 .. I-----~----__ -_~ 
0.0 .. I _-__ ~ ______ O__I 

0.0 1 I 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 a 3 6 9 12 6 9 12 15 16 21 a 3 6 9 12 

:.--.-, r-. r-: 
, , , i 

r--, r---""1 ~ 
l ' \ _) t. _ .. ) CJ r-J n-l ~ '::----1 II c-J II ,...,...., 

" _:_.J rJ r:1 r---"1 ,. > :--J l. .... .1 



~ (J r: (J ~ r:J L ...... J c-:-J c-l r:-.l c:l CJ L_ ..... J c:::J c:J '- J c-J. ' ... __ .1 .:--1 r: 

TK+Sham Tseng ~et Neap CJV v LSD 

OxldlsedNltrogen (mg N/ Ll against time 

2 Layer, 50m grid OM 3/03/95 TKCJV ......... LongSO 

Observed symboLs. lIE Upper Layer,. t. Lower Layer 

posit Ion MC22 position SR03 position SR04 

0.3 1-----------. 0.3 ,) -----------, 0.3 ,.-------------, 

0.2 0.2 0.2 

O. I O. I ~ J-
O. I 

0.0 I 0.0 I I 0.0 
6 9 12 15 18 21 a 3 6 9 12 6 9 12 15 18 21 a 3 6 9 12 6 9 12 15 18 21 a 3 6 9 12 

posit Ion MC20 posItion MCI9 position MC23 ,., I " I 0.3 

0.2 0.2 0.2 

0.1 O. 1 O. 1 

O. a ~I -:--:-:--:::-____ ~___l 0.0 ' .,' ~~g~;~~,.\.:',":~::'.:" . 
6 9 12 15 1821 0.3 6' 9:·12:'("'·.:':·"· ,. 

~,.'~;~~i~t~f!t~~~::;:· .. 
0.0 I I 

6 9 12 15 18 2t 0 3 6 9 12 6 9 12 15 18 21 a 3 6 9 12-



TK+Sham Tseng ~et Neap CJV v LSD 

Dxldlsed NItrogen (mg N/ II agaInst tIme 

2 Layer, 5Dm grId OM 3/03/95 TKCJV· ......... LongSD 

Observed symboLs, _ Upper Layer, A Lower Layer 

position SR05 position SR06 positIon . SR07 

0.3 0.3 0.3 

0.2 0.2 0.2 

t- --- I-- ----~ 
0.1 O. 1 O. 1 

0.0 1-1 _____ ~ __ ~~_~ 0.0 1-1 ___ ~ _______ O___I 
0.0 1-1 ~~-_~-~_~_O___I 

6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

position MC21 posit Ion MC14 position SROB 

0.3 0.3 0.3 

0.2 0.2 0.2 

O. 1 
~ ~- O. 1 O. 1 

0.0 l-I ~~':""""----__ ~-I 
0.0 1-1 _____ ~ ____ ..._I 0.0 l-I ______ ~ ___ ..._I 

6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

.,--.., ri r-: r--'1 11 l'J 11 CJ CJ CJ r"l c-J l'J c:J CJ rJ ("!1 .:-=1 .~ ~ 



r! r-c , r-; ,--, 
c, r:J rJ CJ CJ CJ r:-J r:::l r::J c:::::J l J CJ L._".J C""J ' .. .,,~J r--'l :--J 

TK+Sham Tseng Wet Neap CJV v LSD 

Ox I d I sed Nitrogen, Cmg NI Ll against tlnie 

2 Layer, 50m grid OM 3/03/95 TKCJV " .... ". LongSO 

Observed symbols. ~ Upper layer, 6 Lower layer 

pos-Itlon MCIB posItIon MCIS 

0.3 rl-----------, 0.3 y----------_-, 

0.2 0.2 ~-..... '.-

0.1 O. I 

0.0 I I 0.0 
6 9 12 15 1B 21 0 3 6 9 12 6 9 12 15 IB 21 0 3 6 9 12 

posItion MCII position MCI2 positIon MCI3 

0.3 0.3 0.3 

0.2 0.2 0.2 

0.1 I "-----' ~ 'C..7 "'J .. , I ~ O. I 

0.0 0.0 I 0.0 
6 9 12 15 IB 21 0 3 6 9 12 6 9 12 15 IB 21 0 3 6 9 12 6 9 12 15 IB 21 0 3 6 9 12 



TK+Sham Tseng Vet Neap CJV v LSO 

Oxldlsed Nitrogen Cmg NI Ll against time 

2 Layer, 50m grid OM 3/03/95 TKCJV ......... LongSO 

Observed symbols. _ Upper layer, 6 Lower layer 

position MC25 

0.3 r-------------~------__, 

0.2 

0.1 

0.0 ~I----+-~~--------------~ 
6 9 12 15 18 21 0 3 6 9 12 

position MC24 

0.3 

0.2 

0.1 

0.0 .1-1 ~~--_~_~~~~--l 

6 9 12 15 18 21 0 3 6 9 12 

r- r-: r-: r---; r-J r-.J r-.J c--l rJ r-J r-.J r-J r-.J C":J L"l C"J [!) '--::1---' ---, 



~~~~~~l_~~~~~~~~~~~l~~~ 

TK+Sham Tseng Vet Neap CJV v LSO 

OrganIc NItrogen (mg NIl) agaInst tIme 

2 Layer, 50m grId OM 3/03/95 --TKCJV ......... LongSO 

Observed symboLs. _ Upper Layer, 6 Lower Layer 

position NC10 posItion SROI position SR02 

1.0 1.0 1.0 

0.6 '-' 'if V 0.6 0.6 

0.6 0.6 0.6 

O.~ O.~ o.~ 

0.2 0.2 0.2 

0.0 0.0 0.0 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

position NC09 position MC16 position Mel7 

1.0 1.0 1.0 

0.8 0.6 0.6 

0.6 0.6 0.6 

O.~ O.~ O.~ 

0.2 0.2 0.2 

0.0 0.0 0.0 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 



TK+Sham Tseng Yet Neap CJV v LSD 

Organic Nitrogen (mg Nil) against time 

2 Layer, 50m grid OM 3/03/95 TKCJV ......... LongSO 

Observed symbols. _ Upper layer, 6 Lower layer 

posItIon MC22 posItIon SR03 posItIon SR04 

1.0 1.0 1 1.0 

0.6 0.6 ~ 0.6 

0.6 0.6 I '-J '---0.... / '-J 0.6 

0.4 0.4 0.4 

0.2 0.2 0.2 

0.0 0.0 0.0 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

posItIon MC20 posItIon MCI9 posItIon MC23 

" .. , - J'.' ::: ::: l t=l f\ ::: 
0.4 0.4 0.4 

0.2 0.2 0.2 

0.0 0.0 0.0 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

r!r--'r!r:l"JrJr:Jc-Jc-Jc-Jrlr=Jr:-Jr::Jc-Jr-JrTlr-:Ji"lii 



,----; r-, II r-, rJ CJ r::-:J [j [j rl r:J rJ r:J l_.~J L._ .. J c::J r--:J :-:::::J II II 

TK+Sham Tseng Wet Neap CJV v LSO 

OrganIc NItrogen (mg Nil) agaInst tIme 

2 Layer, 50m grId OM 3/03/95 --TKCJV ......... LongSO 

Observed symbols. * Upper layer, A Lower layer 

posItIon SR05 position SR06 position SR07 

1.0 1.0 1.0 

0.6 0.6 0.6 

---..... ------0.6 0.6 0.6 

0.4 0.4 0.4 

0.2 0.2 0.2 

0.0 I 0.0 0.0 
6 9 12 IS 16 21 0 3 6 9 12 6 9 12 IS 16 21 0 3 6 9 12 6 9 12 IS 16 21 0 3 6 9 12 

posItIon MC21 position MCI4 position SROB 

1.0 1.0 1.0 

O.B O.B O.B 

0.6 0.6 0.6 L-
0.4 0.4 0.4 

0.2 0.2 0.2 

0.0 0.0 0.0 
6 9 12 15 IB 21 a 3 6 9 12 6 9 12 15 I B 21 a 3 6 9 12 6 9 12 IS IB 21 0 3 6. 9 12 



TK+Sham Tseng ~et Neap CJV v LSO 

Organic Nitrogen Cmg NIL) against time 

2 Layer, 50m grid OM 3/03/95 --TKCJV ......... LongSO 

Observed symboLs. _ Upper Layer, 6 LOller Layer 

1.0 1.0 1.0 

0.8 0.8 0.8 

0.6 0.6 0.6 

0.4 0.4 0.4 

0.2 0.2 0.2 

0.0 0.0 0.0 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

:---j r--; ~ r; rJ c-J r::J c-J c-J r-:l r::J r:J r::::J C J C"l r:J rTl :--:J rJ rJ 



~ I r---'. 

TK+Sham Tseng ~et Neap 

,~~~ 

CJV v LSD 

,------. 
I ~ 

,------.. 
l.-----.J 

Organic Nitrogen (mg NIl) against time 

2 Layer, 50m grid OM 3/03/95 --TKCJV 

Observed symboLs. * Upper Layer, & Lower Layer 

position MC25 

1.0 

0.8 

0.6 

0.4 

0.2 

0.0 
6 9 12 IS 18 21 03 6 9 12 

posItion MC24 

.1.0 rl'~------------------------' 

0.8 

0.6 

0.4 

0.2 

0.0 +:-1 -~~--~~--~--1 
6 9 12 IS 18 21 0 3 6 9 12 

1~._J c:::::=J 1=:J c:::::=J c::=J .-::=1 ::-::J : I 

......... LongSO 



TK+Sham Tseng ~et Neap CJV v LSD 

Total NItrogen (mg Nil) agaInst tIme 

2 Layer, SOm gr I d OM 3/03/95 TKCJV ......... LongSO 

Observed symbols. _ Upper layer, 6 Lower layer 

position MC10 position SROI position SR02 

1.2 1.2 1.2 

1.0 1.0 1.0 

0.6 0.6 0.6 

0.6 0.6 0.6 ,., ,., I ,., 
0.2 0.2 0.2 

0.0 0.0 0.0 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

position MC09 position MC16 po.ltlon MCll 

1.2 1.2 1.2 

1.0 1.0 1.0 

O.B O.B 0.6 

0.6 0.6 0.6 

0.4 0.4 0.4 

0.2 0.2 0.2 

0.0 0.0 0.0 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 lB 21 0 3 6 9 12 6 9 12 15 16 21, 0 3 6 9 12 

L..J L..J ['_'d, c..:.J f J L.J [::J L..J c.::.:J ~ L..J L..J L...J ,-"J L...J C-.J L..J L..J :...-I :...-I 



~~!~"~~~[-~~~~~~~[-J~~~~~~ 

1.2 t 

1.0 t 

0.6 

0.6 

0.4 

0.2 

0.0 
6 

1.2 

1.0 

0.6 

0.6 

0.4 

0.2 

0.0 
6 

TK+Sham Tseng ~et Neap CJV v LSD 

TotaL NItrogen (mg NIL! agaInst tIme 

2 Layer, 50m grId OM 3/03/95 

Observed symboLs. * Upper Layer, 6 

positIon MC22 position 

1.2 

1.0 

0.6 

0.6 

0.4 

0.2 

0.0 

--TKCJV 

Lower Layer 

9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 

position MC20 position 

1.2 

1.0 

0.6 

0.6 

0.4 

0.2 

0.0 
9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 

......... LongSO 

SR03 position SR04 

.--
1.2 

1.0 

0.6 

0.6 

0.4 

0.2 

0.0 
9 12 6 9 12 15 16 21 0 3 6 9 12 

MCI9 position MC23 

1.2 

1.0 

0.6 

0.6 

0.4 

0.2 

0.0 
9 12 6 912151621 0 3 6 9 12 



TK+Sham Tseng Vet Neap CJV v LSD 

Total NItrogen Cmg Nil) agaInst tIme 

2 Layer, 50m grId OM 3/03/95 --TKCJV ......... LongSO 

Observed symbols. ~ Upper layer, 6 Lower layer 

positIon SR05 position SR06 position SR07 

1.2 1 1.2 
r-

1.2 

1.0 1.0 1.0 

0.8 0.8 0.8 
I-----.. 

0.6 0.6 0.6~· 
0.4 0.4 0.4 

0.2 0.2 0.2 

0.0 0.0 0.0 
6 9 12 15 1 B 21 0 3 6 9 12 6 9 12 15 lB 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

posit Ion MC21 position MC14 posItIon SR08 

1.2 t 1.2 1.2 

1.0 1 1.0 1.0 

0.8 /"""'.. 0.8 0.8 

0.6 - .......... --. .G/ 0.6 0.6 

0.4 0.4 0.4 

0.2 0.2 0.2 

0.0 0.0 0.0 
6 9 12 15 18 21 0 :3 6 9 12 6 9 12 15 18 21 0 :3 6 9 12 6 9 12 15 lB 21 0 3 6 9 12 

L-.: L-.: [._.: C:J [~'.J c.:.:::J c::J c:.:::J L:J L.J L...J L.J L.J 
[._.J L.:::-J c..J :.....-.J L.J L.J 

, 
'----' 



L....: L......: IT , L.J c.:.:..::J L.:J c:::::::J L...J c.:.:..::J L.:.J L...J L...J L...J r--") c....J L...J :.......J L.:.J L...J L...J 

1.2 

1.0 

O.B 

0.6 

0.4 

0.2 

0.0 
6 

1.2 

1.0 

0.8 

0.6 

0.4 

0.2 

0.0 
6 

TK+Sham Tseng ~et Neap CJV v LSD 

TotaL Nitrogen (mg N/Ll against time 

2 Layer, 50m grid OM 3/03/95 

Observed symboLs. * Upper Layer, 6 

position MCIB position 

r-
1.2 

1.0 

O.B 

0.6 

0.4 

0.2 

0.0 

--TKCJV· 

Lower Layer 

9 12 15 IB 21 0 3 6 9 12 6 9 12 15 IB 21 0 3 6 

MCIS 

9 12 

position MCll position MC12 

1.21 

1.0 

0.8 

0.6 

0.4 

0.2 

0.0 
9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

......... LongSO 

posit Ion MCI3 

r-
1.2 

1.0 

O.B 

0.6 

0.4 

0.2 

0.0 
6 9 12 15 18 21 0 3 6 9 12 



1.2 

1.0 

0.6 

0.6 

0.4 

0.2 

0.0 

1.2 

1.0 

0.6 

0.6 

0.4 

0.2 

TK+Sham Tseng Wet Neap CJV v LSD 

Total Nitrogen (mg N/ll against time 

2 Layer, 50m grid OM 3/03/95 

Observed symbols. _ Upper layer, 6 

position MC25 

6 9 12 15 16 21 0 3 6 9 12 

position MC24 

0.0 ~-~~--~-~----' 
6 9 12 15 16 21 0 3 6 9 12 

--TKCJV ......... LongSO 

Lower layer 

L-..J L-J [·-1 c.......::J c! L:J c.:.J ['~'1 c:...=.J L:..:..J L...J C-J c......J c.::J c.::J c......J L-J L..J L..J L..J 



L-; L.J [T""' L:; [-1 LJ C-'] L.J L.J L..J ~ L..:J L.J ['-) C-J LJ ~ L.J LJ LJ 

TK+Sham Tseng ~et Neap CJV v LSD 

ChLorophyLL (ug/ Ll agaInst tIme 

2 Layer, 50m grId OM 3/03/95 TKCJV ......... LongSO 

Observed symboLs. lI( Upper Layer, l:. Lower Layer 

position MC10 position SROI position SR02 

20 20 20 

15 15 15 

10 10 10 

5 5 5 

a a a 
6 9 12 15 18 21 a 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

position MC09 position 11C16 position Mell 

20 20 20 

15 15 15 

10 10 10 

5 5 5 

a ~I _________ --l 
0"~1~ ____________ ~ ____ ~ o .... 1 ~ _____________ ~_I 

6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 a 3 6 9 12 



TK+Sham Tseng ~et Neap CJV v LSO 

ChLorophyLL (ug/ LJ against time 

2 Layer, 50m grid OM 3/03/95 TKCJV ......... LongSO 

Observed symboLs. lIE Upper Layer, 6 Lower Layer 

position MC22 position SR03 pOGI t Ion SR04 

20 20 20 

15 15 15 

10 10 10 

5 5 5 

0 0 0 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

position MC20 position MC19 position MC23 

20 20 20 

15 15 15 

10 10 10 

5 5 5 

0 0 0 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9' 12 15 16 21 0 3 6 9 12 

L.....,; L-.: [.- J c:J c:::J c..:J CJ c:J c:J L:.:J L...J L-J L.J ,"'J c::-.J c....J L-J C-J L-J L-J 



L..J L....,; L::..:...i L....J c...:J L.:.J (--'J c:J c:.J c:.J L.J L-J L....J [1 c:......J L....J ~ L-J i.-J ' , 
~ 

TK+Sham Tseng Vet Neap CJV v LSD 

ChLorophyLL (ug/ Ll against time 

2 Layer, 50m grid OM 3/03/95 TKCJV ....... " LongSO 

Observed symboLs. )I( Upper Layer, 6. Lower Layer 

posItion SR05 position SR06 positIon SR07 

20 1 20 20 

15 15 15 

10 ~ 10 ~ 10 

5 5 5 

0 0 0 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

position NC21 position NC14 position SR08 

20 20 20 

15 15 15 

10 10 10 

5 5 . 5 

0 0 0 
6 9 12 IS 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 



TK+Sham Tseng ~et Neap CJV v LSO 

Ch Lorophy L L (ug/ Ll aga I nst t I me 

2 Layer, 50m grid OM 3/03/95 

Observed symboLs. ~ Upper Layer, ~ 

--TKCJV 

Lower Layer 

position MC18 positIon MC15 

20r-----------------~ 20 

15 15 

10 lOt::::..-----' 

5 5 

0~1 ________________ ~ o ~I ______ ~ __ ~ __ ~ ____ ~ 

6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

position MCII position MC12 

20r----------------- 20 

15 15 

10 10 

5~ 5 ,---- r-J" f .; 

o 1-1 _________ -1 o .... 1 ~~--_____ ~_~~__l 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

......... LongSO 

position MC13 

20 

15 

10 

5 I ---- ........ , J..---..I., ---1 

o ..... 1 _________ --1 

6 9 12 15 18 21 0 3 6 9 12 

~~[-c~~~~r-~c~~~~~~~~~~~u 



L..JL..JL.JL-JL.JL.JL...JL..JL.JL..J r -- I 

'---
[m_) 

TK+Sham Tseng Wet Neap CJV v LSO 

Ch Lorophy L L lug/ Ll aga I nst t I me 

2 Layer, 50m grid OM. 3/03/95 --TKCJV 

Observed symboLs. * Upper Layer, 6 Lower Layer 

position MC25 

20 

15 

10 

5 

o ~I ____________________ ~ 

6 9 12 15 16 21 0 3 6 9 12 

position MC24 

20 

15 

10 

5 

o ~I--~--------------~~ 6 9 12 15 16 21 0 3 6 9 12 

[~-) L.J ; -I LJ L-J ~ '-/ '---' 

......... LongSO 



r--' r--' r----' r---1 r::J r:::J L ___ ".1 c--.J r-:J c--:J Cl r::::::J L_. .J c:J L J L __ .:::J c_. ___ J " J :--J~ 

4 

3 

2 

4 

3 

2 

TK+Sham Tseng Dry Neap CJV v LSO 

E.Coll ~o/IOOml) against time (log to base 10 on y-axIs) 

2 Layer, 50m grid OM 2/03/95 --TKCJV ......... LongSO 

Observed symbols •• Upper layer, 6 Lower layer 

position MCIO position SROI posItion SR02 

4 4 

3 3 

:";--" : ..... :;, -.' 
2 !~.: .:~ .... ; \.... f 

. : .. :.: ..... :::::.... -··· .. f 

--
.... 2 - - .. 

........ 
".: 

6 9 12 15 IB 21 0 3 6 9 12 6 9 12 15 IB 21 0 3 6 9 12 6 9 12 15 lB-21 0 3 6 9 12 

position MC09 position MCI6 posItion MCI7 

4 4 

3 3 

1::: 2 2 
• '.X' , 

6 9 12 15 IB 21 0 3 6 9 12 6 9 12 15 IB 21 0 3 6 9 12 6 9 12 15 lB 21 0 3 6 9 12 



TK+Sham Tseng Dry Neap CJV v LSO 

E.CoLI ~o/100mL) against time (Log to base 10 on y-axIs) 

2 Layer', 50m grid OM 2/03/95 TKCJV 

Observed symboLs. lI( Upper Layer, I> Lower Layer 

position 

4 

3 

, 
$ 
: \ 

2 I: " 
, '.:-../\. .. : .... : . 

.. ' 

MC22 

6 9 12 15 18 21 0 3 6 9 12 

position MC20 

4 

3 t~ j"-.. ::'~ ;' \. t 
...... ~ j\~~, I 

2 Y\'I,. ::". ~."'" ..... ::. : 

6 9 12 15 18 21 0 3 6 9 12 

.- r-: ,-., , ' r-: ,----, rJ 1... .. _., _,~'-} 

posItion SR03 

4 

3 

2 

6 9 12 15 18 21 0 3 6 9 12 

posItion MCI9 

4 

3 t .. 

~ : " : . : k ..... ;, . I 
2 '. f:···~.M 

6 9 12 15 18 21 0 3 6 9 12 

c-J r-: 11 r-J r-J r:-J 

......... LongSO 

position SR04 

4 

3 

2 

6 9 12 15 18 21 0 3 6 9 12 

positIon MC23 

4 

3 

2 

6 9 12 15 18 21 0 3 6 9 12 

c::J CJ r:-J r-:J r:::l 11 ~ 



~ r--' r-J ~ ~ r-:J c::J 

TK+Sham Tseng Dry Neap 

L"J c-J r--"1 
, J 

CJV v LSO 

,..----, 
l _ ... _,~ r=:J l. __ J c:::J c:::"J l=:J r---J CJ L __ .::::J 

E. Co L I (no/100m L ) aga I nst t I me (Log to base 10 on y-axIs) 

2 Layer, 50m grId OM 2/03/95 --TKCJV ......... LongSO 

Observed symbo LSI· * Upper' Layer, A Lower Layer 

position SROs position SR06 position SR07 
4 4 4 

3 t 3 3 

1\ /,/ .. 
2 t ... \ / ............ 2 

.... 
....\ I 2 ....... .. 

6 9 12 15 16 21 0 3 6 9 12 6 9 12 IS 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

positIon Me21 position MCI4 posit Ion - SROB 

4 4 4 

3 3 3 

.. 
~"'" 

2 2 2 

6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

'I 



4 

- 3 

2 

4 

3 

2 

TK+Sham Tseng Dry Neap CJV v LSO 

E.Coll ~o/IOOml) against time 

2 Layer, 50m grid OM 2/03/95 

Observed symboLs •• Upper Layer, 6 

posItion Nel8 positIon 

!\ .". ." . .... !o: 

4 

3 

2 

(Log to base 10 on y-axis) 

-- TKCJV -........ LongSO 

Lower layer 

NelS 

6 9 12 IS 18 21 0 3 6 9 12 6 9 12 IS 18 21 0 3 6 9 12 

position Mell position MCI2 pos. t Ion 

4 4 

3 3 

2 

t1C13 

6 9 12 IS 18 21 0 3 6 9 12 6 9 12 IS 18 21 0 3 6 9 12 6 9 12 IS 18 21 0 3 6 9 12 

r--"' r: :-: r--; rJ r-J r:J rJ rJ ..---, 
l J rJrJr:-Jc:JCJr-JrJr:J ;);) 



,-----, .-
l cI c--J r:J r:-:J c::J r-:-J c--:J r---"1 

'" 

TK+Sham Tseng Dry Neap CJV v LSD 

E.CoLI (no/l00mL) against time 

2 Layer, 50m grid OM 2/03/95 

Observed symboLs •.• Upper Layer, A 

position MC2S 

4,------------, 

3 

: .... 
, , 

2 ~J .... 
:.., 
: . ..... 

'.' 
'. 

6 9 12 IS 16 21 0 3 6 9 12 

position MC24 

4,------------, 

3 

2 
'.~ 

'.' 

...... .' 
.... " 

6 9 12 IS 16 21 0 3 6 9 12 

~ C._.J l._ ... J c::::J Cl c:::::J C':"J " J ~ 'J 

(Log to base 10 on y-axIs) 

-- TKCJV ......... LongSO 

Lower Layer 



TK+Sham Tseng Dry Neap CJV v LSD 

Suspended Solids (mg/ll against time 

2 Layer, SOm grid OM 2/03/95 TKCJV 

Observed symboLs: *. Upper Layer, 6 Lower Layer 

positIon MClO posItIon SROI 

10 10 

8 8 

6 6 

4 4 

: 1 

2 

0 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

position HC09 position MC16 

10 10 

8 6 

6 6 

4 4 

2 2 

0 0 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

r; ~ r--; r-: r-J L"J r--. 
\ .. ) rJ rJ '"J r-J L"J r::-J 

......... LongSD 

pas 1 t Ion SR02 

10 

6 

6 

4 

2 

0 
6 9 12 15 16 21 0 3 6 9 12 

posItIon HCll 

10 

6 

6 

4 

2 

0 
6 9 12 15 16 21 0 3 6 9 12 

c:::J C""'l C':J l"'J :-:-:J ;) ;) 



~ r- r- r- l.J r:-::J c::J r--: c--:J rl r=J c:J CJ c::::J CJ L._._J c=J r:::J ~ :-l 

TK+Sham Tseng Dry Neap CJV v LSD 

Suspended So Lids (mgl Ll against time 

2 Layer, 50m grid OM 2/03/95 TKCJV ......... LongSO 

Observed symboLs. * Upper Layer, 6 Lower Layer 

positiOn MC22 position SR03 position SR04 

10 10 10 

6 6 6 

6 6 ~ /'----.. 6 

4 4 4 

2 2 2 

0 0 0 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

position MC20 position MC19 position MC23 

10 10 , 10 

6 6 I 6 

6 6 j " I \ I " 6 

4 4 j 4 

2 

: 1 
2 

0 0 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 



TK+Sham Tseng Dry Neap CJV v LSO 

Suspended So Lids (mg/ Ll against time 

2 Layer, 50m grid OM 2/03/95 TKCJV ......... LongSO 

Observed symboLs. lIE· Upper Layer, 6 Lower Layer 

position SR05 positIon SR06 pas! t Ion SR07 

10 10 10 

8 8 8 

6 6 6 --- --- ..--....... ./ ----4 I 4 4 

: 1 

2 2 

0 0 
6 9 12 IS 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

position MC21 position MC14 position SR08 

10 ': I 10 

8 8 

6 6 6 . 

4 4 ------- ~ 4 

2 2 2 

0 0 0 
6 9 12 IS 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 IS 18 21 0 3 6 9 12 

r- r-: r-J. r--: r-; r-:J r-:J LJ r-J rJ :--J c=J C':""J l.. ___ J CJ , r:-:-::J r-J r:J r-; r---J 



r--' r---' r: r: r:J r:J c::J L""J c-J l-:-J r:l c:J c::--.J C'J CJ l . ..-.J c-:-J :-=J c-l :---j 

10 

6 

6 

4 

2 

0 
6 

10 

6 

6 

4 

2 

0 
6 

TK+Sham Tseng Dry Neap CJV v LSD 

Suspended SoLids (mg/Ll against time 

2 Layer, 50m grid OM 2/03/95 

Observed symboLs •.• Upper Layer, 6 

positIon MCI6 position 

10 

6 

6 

4 

2 

0 

--TKCJV 

Lower Layer 

9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 

posItion MCII position 

10 

6 

6 

4 

2 

0 
9 12 15 16 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 

......... LongSO 

MCIS 

9 12 

MCI2 position MCI3 

10 

6 

6 

4 

2 

0 
9 12 6 9 12 15 18 21 0 3 6 9 12 



10 

8 

6 

4 

2 

0 

10 

8 

6 

4 

2 

6 

TK+Sham Tseng Dry Neap CJV v LSD 

Suspended Solids (mg/LJ against time 

2 Layer, 50m grid OM 2/03/95 

Observed symbols. * Upper layer, A 

positIon MC2s 

9 12 15 18 21 0 3 6 9 12 

position MC24 

o ~I--------~ __________ ~ 
6 9 12 15 18 21 0 3 6 9 12 

--TKCJV 

Lower layer 

......... LongSO 

r: r-: [""j r: r-J r-J .r:] r:J c-l r-: r:l L ...• J r=J c:::::J c=-J L ...... J c--J r:-:J lJ lJ 



,~ r-: r-; II r:J r:J r:J l"J r-l r-l r=-J l"J l ..... J C:J LJ L .......• J r:J l ...... ,.J r-l r-l 

TK+Sham Tseng Dry Neap CJV v LSD 

DIssoLved Oxygen (% 

2 Layer, 50m grId 

saturatIon) agaInst tIme 

OM 2/03/95 --TKCJV 

Observed symboLs. ~ Upper Layer, 6 Lower Layer 

position MC10 position SROI 
85 85 ,-------------, 

80 t--__ --__ --__ 80 

75 75 

70 I I 70 I 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

position MC09 posItIon MC16 

85 85 

80 I _ '-= 80 

75 75 

70 ./-1 ~~ _______ O----I 70 +.I_--~~---_~~-I 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

......... LongSO 

position SR02 

85 ,--------------, 

80 

75 

70 
6 9 12 15 18 21 0 3 6 9 12 

position MCI7 

85 

BOt-- ' ..... J ~ 

7S 

70 +.1 _~ _____ ~~-o----I 

6 9 12 15 18 21 0 3 6 9 12 



TK+Sham Tseng Dry Neap CJV v LSD 

Dissolved Oxygen (% saturation) against time 

2 Layer, 50m grid OM 2/03/95 TKCJV ......... LongSO 

Observed symbo ls I '1II Upper layer, 6 Lower layer 

position MC22 position SR03 poaltlon SR04 
BS BS BS 

BO BO~ 

-------- 00 1 ~ 

75 75 75 

70 ~I------~~----------__ ~ 
70 ~I _~ ___ ~~ _______ O--I 70 ~I __ --_~_~ ___ --o---l 

6 9 12 IS IB 21 0 3 6 9 12 6 9 12 15 lB 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

position MC20 position MC19 position MC23 

B5 ,------------------------, BS BS 

BO 1'-- == =:7 r-...=l BO t--= =::7 1-=-==1 ow 
BO r __ ". 

75 75 75 

70 II ~~___::_:':_:_:~;;__';_:_;_;': 
70 .... 1 ______ ~_~ ___ ~..._...l 70 1-1 _____ ~ ______ ~~ __ --1 

6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

~ l'"' r-: II l'"' II r=J rJ II rJ II r:J c::::-:J c:::J C-:J t ..... .1 r:-J II II II 



r-1 r-: r--1 r-1 r:J c-:J c::J r-:::J r""J r:-J r.::J r:J c:J [ ____ J c:J C_J r:-:J '-- J ~ ~ 

TK+Sham Tseng Dry Neap CJV v LSO 

DissoLved Oxygen (% saturation) against time 

2 Layer, 50m grid OM 2/03/95 TKCJV .-.... -.. LongSO 

Observed symboLs. * Upper Layer, 6 Lower Layer 

position SR05 positIon SR06 position SR07 

65 r----------------------, 65 r-------------------, 65 

. 60 60 60 

75 75 75 

70 ~I ______ ~ ___ ~ 70 ~I __ --__ ~ ______ --__ ~ __ ~ 
70 ~I ____________ ___1 

6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

position NC21 position NC14 position SR06 

65 y-----------------------, 65 y------------------------, 65 ,------------------------, 

60 I ...j 60 60 

.... 
75 75 75 

70 ~I ~--------~-___I 
70 l-I ______ ~ ___ __I 70 1-1 _________ ....--1 

6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 



,, 

TK+Sham Tseng Dry Neap CJV v LSO 

DissoLved Oxygen (% saturation) against time 

2 Layer, 50m grid OM 2/03/95 --TKCJV 

Observed symboLs •• Upper Layer, 6 Lower Layer 

position MC16 position Me15 

65 r---------------------, 65 y---------------------, 

60 80 

75 75 T'. 

70 ~I __ --~~ __ ~ __________ ~ 70 I g H 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

position MCII posItion Me12 

85 85 

60 l-,:::;:;::::::::~-==::::",.,_""'=::::::;::::J 80 

75 75 

70 ~I----~~_-~_-........< 70 1 I 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

~ 
,--, , . [~ r-l r=J L:J r-l r--1 l .... _J r-l l'l ' ......... .I 

......... LongSO 

position MC13 

85 r--------------, 

80~-=~~~~~v=='-l 

75 

70 1-1 ~ ____ ~~_~ _ _l 

6 9 12 15 18 21 0 3 6 9 12 

C.~J c::-J ~ L_,.~ l .. ~ J ::-:-:J r-l r-l 



r--) r-: r-: l"l r:::J r:::J L._._J r:J r:::J r-l r=l c:J c:::J c:J C"J c:J c:--J l. J rJ l"l 

TK+Sham Tseng Dry Neap CJV v LSD 

Dissolved Oxygen (% saturation) against time 

2 Layer, 50m grid OM 2/03/95 TKCJV ......... LongSO 

Observed symbols. * .Upper layer, 6 Lower layer 

positIon MC25 

85 ..-------------, 

80 

75 

70 I 
6 9 12 15 18 21 0 3 6 9 12 

position MC24 

85 ,--------------------

80~ ---------
75 

70 ~~~~----------~ 6 9 12 15 18 21 0 3 6 9 12 



TK+Sham Tseng Dry Neap CJV v LSO 

BOD !mg/Ll agaInst tIme 

2 Layer, 50m grId OM 2/03/95 

Observed symboLs. _ Upper Layer, 6 

--TKCJV 

Lower Layer 

3.0 I 
2.5 

2.0 

1.5 

posItion MCIO 

:::11-___ ~~ ___ ~ 
6 9 12 15 18 21 0 3 6 9 12 

position MC09 

3.0 I 
2.5 

2.0 

1.5 

1.0 

0.5 
r-----------------4 

0.0 I . I 
6 9 12 15 18 21 0 3 6 9 12 

3.0 I 
2.5 

2.0 

1.5 

posItion SROI 

~:: ./...1 _________ --1 
0.0 

6 9 12 15 18 21 0 3 6 9 12 

3.0 I 
2.5 

2.0 

1.5 

1.0 

position MC16 

r-----------------~ 
0.5 

0.0 · ..... 1 --_~ ____ ...__l 

6 9 12 15 18 21 0 3 6 9 12 

......... LongSO 

3.0 I 
2.5 

2.0 

1.5 

position SR02 

1.0 1 
0.5 . 

0.0 ~---___ ~ __ --I 
6 9 12 15 18 21 0 3 6 9 12 

3.0 I 
2.5 

2.0 

1.5 

position MC17 

::; ... 1 ~--______ ...--l 
6 9 12 15 18 21 0 3 6 9 12 

rJ r--: rJ rJ l"J rJ ["::J rJ rJ rJ r-J r:-J c:J C.J CJ l. ... ~J rJ :-::l :-J :-J 



r- ~ r; r-l r::J r:J r::::::J r:J r:J r:-l c:l r::::::J c:::J CJ Cl c::J r::::-::J L._.J r-l :-l , . 

TK+Sham Tseng Dry Neap CJV v LSO 

BOD Cmg/ II against time 

2 Layer, 50m grid OM 2/03/95 TKCJV ......... LongSO 

Observed symboLs. )I( Upper Layer, 6 Lower Layer 

position MC22 position SR03 position SR04 
3.0 3.0 3.0 

2.5 2.5 2.5 

2.0 2.0 2.0 

1.5 1.5 1.5 

1.0 1.0 1.0 

0.5 0.5 0.5 

0.0 0.0 I I 0.0 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

position MC20 position MC19 position MC23 

3.0 I 3.0 3.0 

2.5 2.5 2.5 

2.0 2.0 2.0 

1.5 1.5 1.5 

1.0 1.0 1.0 

0.5 0.5 0.5 

0.0 0.0 0.0 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 



TK+Sham Tseng Dry Neap CJV v LSO 

BOD (mg/Ll against time 

2 Layer, 50m gr I d OM 2/03/95 TKCJV ......... LongSO 

Observed symboLs •• Upper Layer, 6 Lower Layer 

pos It Ion SROS pos It Ion SR06 pos I t Ion SR07 

3.0 3.0 3.0 

2.5 2.5 2.5 

2.0 2.0 2.0 

1.5 1.5 1.5 

1.0 1.0 1 • 0 __ ........ ~_.---~ __ ~~ _____ 

0.5 0.5 0.5 

0.0 0.0 0.0 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

position "C21 position MC14 position SR08 

3.0 3.0 3.0 

2.5 2.5 2.5 

2.0 2.0 2.0 

1.5 1.5 1.5 

1.0 I 1.0 1.0 

0.5 _ 0.5 0.5 

0.0 0.0 0.0 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 IS 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

~ rJ rJ ~ r-: rJ c-:J c:::J r:J rJ rJ r-::l r:-J ~"", .. J L_""~J CJ L.".J r:-J !----::J :---l :---l 



~~~~~~~~~~~~~~~LJL_JII~~ 

TK+Sham Tseng Dry Neap 

BOD (mg/Ll against time 

CJV v LSO 

2 Layer, 50m grid OM 2/03/95 --TKCJV 

Lower Layer Observed symboLs. _ Upper Layer, 6 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

0.0 
6 

3.0 I 
2.5 

2.0 

1.5 

position MC18 

9 12 15 16 21 0 3 6 9 12 

position MCll 

1.0 1-1 ---------1 
0.5 

0.0 !......I ___ ~~ _ ___l 

6 9 12 15 18 21 0 3 6 9 12 

position Me15 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

0.0 
6 9 12 15 16 21 0 3 6 9 12 

posit Ion Me12 

3.0 rl -------~ 

2.5 

2.0 

1.5 

1.0 
r---------~ 

0.5 

0.0 I , , 
6 9 12 15 18 21 0 3 6 9. 12 

......... LongSO 

3.0 I 
2.5 

2.0 

1.5 

position MC13 

"'1 1 ::: , 
6 9 12 15 18 21 0.3 6 9 12 



3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

0.0 
6 

TK+Sham Tseng Dry Neap 

BOO (mg/Ll against time 

CJV v LSO 

2 Layer, 50m grid OM 2/03/95 

Observed symbo LSI .lI! Upper Layer, 6 

position MC25 

9 12 15 18 21 0 3 6 9 12 

position MC24 

3.0 ,-------------, 

2.5 

2.0 

1.5 

1.0 

0.5 

0.0 -1-1 __ - ___ ~ ___ >_I 

6 9 12 15 18 21 0 3 6 9 12 

--TKCJV 

Lower Layer 

......... LongSO 

L . r-: r-: r: l'J r:1 C'J r: r: l'J r:J CJ c:J c:::::J c-J c:J CJ l .... ~. J :---J r: 



r---: r---: r---: r-; r-::J r:::J l ... __ J r:::J r:::J r:-J r:::l CJ L"_" .. J c:J C"J L __ ... J c ... _ .. J , .. _.1 ,----, .:---l , 

TK+Sham Tseng Dry Neap CJV v LSD 

AmmoniacaL Nitrogen Cmg NI Ll against time 

2 Layer, 50m grid OM 2/03/95 TKCJV ......... LongSO 

Observed symbo Ls. )I( Upper Layer, to Lower Layer 

position MCIO posit. Ion SROI position SR02 
0.3 0.3 0.3 

0.2 0.2 0.2 

0.1 l-I ----------j 0.1 rl------------------- 0.1 t-----------~__I 

0.0 ~I ______ ~ ______ --______ ~ 0.0 ~I __ --_~ ______ --_____ _I 0.0 .. I __ --______________ -1 

6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

position MC09 position NCI6 positIon Mell 

0.3 ,-------------, 0.3 0.3 

0.2 0.2 0.2 

0.1 O. I o. I 

0.0 !-I ~~~~ ____ ~o___l 0.0 1-1 ~~ __ ~ __ ~ __ ~ 0.0 1-1 _~ ____ ~ ___ ---l 

6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 



TK+Sham Tseng Dry Neap CJV v LSD 

Ammoniacal Nitrogen Cmg N/ll against time 

2 Layer, 50m grid OM 2/03/95 --TKCJV 

Observed symboLs •• Upper layer, 6 Lower layer 

position MC22 position SR03 

0.3 ,--------___ -, 0.3 .-------------, 

0.2 0.2 

O. 1 t"'t-----~-----__t O. 1 

0.0 ~I_--_~~_~_-_' 0.0 ~I--------------__________ ~ 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

posItion MC20 position MC19 

0.3 0.3 ,------------, 

0.2 0.2 

0.1 rt--~-----~-'---I 0.1 

0.0 ~I ___ ~ __ ~~_~_l 0.0 ~I ___ ~ __ ~_~ _ __I 

6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

r-J r-J 
,........, , ~ r-:1 :--::J ,,---, , r-: r-: r-: r-J ~ r-J r-J 

......... LongSO 

position SR04 

0.3 ,---------_ 

0.2 

O. 1 

0.0 1-1 ____ ~ ___ ~ _ ___" 

6 9 12 15 16 21 0 3 6 9 12 

position MC23 

0.3 1----------, 

0.2 

0.1 rt-----------l 

0.0 1-1 ___ - ____ ~ _ ___" 

6 9 12 15 16 21 0 3 6 9 12 

c ....... J CJ rJ r-J :oo::J :--l ~ J 



r--' l . ::--l r----\ , •.. ~ c-:J : ... _J c-:J CJ r:J r:-:J ~, L ... _J L_._J c::J CJ l __ J CJ L ... J c---j II 

TK+Sham Tseng Dry Neap CJV v LSD 

AmmonIacal NItrogen (mg Nil) agaInst tIme 

2 Layer, 50m grId OM 2/03/95 TKCJV ......... LongSO 

Observed symbols. _ Upper layer, 6 Lower layer 

position SR05 position SR06 position SR07 
0.3 y-----______ --., 0.3 0.3 y-------------., 

'0.2 0.2 0.2 

0.1 lr------------------~ 0.1 l~------------------~ 0.1 ~.r. •• -I 

0.0 .l-I __ ~~ ___ ~_-__' 
0.0 .1-1 __________ __' 0.0 1-1 ~ __ ~ ______ __' 

6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

position I1C21 position /1C14 pasl t Ion SR08 

0.3 0.3 ,.-------------, 0.3 

0.2 0.2 0.2 

0.1 1t------------I o. I o. I 

0.0 .l-1 __ ~ ____ ~_-__' 0.0 l-I_-__ ~ __ - __ ~_l 0.0 ... 1 ~_~ ________ _l 

6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 



TK+Sham Tseng Dry Neap CJV v LSO 

Ammoniacal Nitrogen Cmg NIL) against time 

2 Layer, 50m grid OM 2/03/95 --TKCJV 

Observed symboLs. _ Upper Layer, ~ Lower Layer 

position MC18 

0.3 

0.2 

0.1 t---...-------~ 

0.0 1-1 _~ ___ ~~ ___ -o____I 

6 9 12 15 18 21 0 3 6 9 12 

positIon MCII 

0.3 

0.2 

0.1 tt------------i 

0.0 I-I_--____ ~ ____ ___' 

6 9 12 15 18 21 0 3 6 9 12 

,."....--. ,.---, ~ r-- ,---, 
, " ; .j LJ r---"1 

l _._J 

position MC15 

0.3 r---------------------~ 

0.2 

o. 1 

0.0 ~I ----::--::--:~~ ____ _l 
6 9 12 15 18 21 0 3 6 9 12 

position MC12 

0.3 r--------~ 

0.2 

0.1 ft------------j 

0.0 ~I ----::--::--::-'-__ ~~_-l 
6 9 12 15 18 21 0 3 6 9 12 

lJ lJ lJ lJ c-::J lJ 

......... LongSO 

position MC13 

0.3 r---------------, 

0.2 

0.1 t-I---~---~----l 

0.0 l-~~ ______ ~ _ _l 

6 9 12 15 18 21 0 3 6 9 12 

L ... _J CJ r:""J r-J ~ :-J ~ 



(~ r-: ~ r; ,.---., 
. ..j l ... J l ,.,,~J r-:J L. _ ..J r:--: r::l c::J ( .. J 

TK+Sham Tseng Dry Neap CJV v LSO 

Oxldised Nitrogen (mg N/ Ll against time 

2 Layer, 50m grid OM 2/03/95 TKCJV 

Observed symbols. lIE· Upper layer, 6 Lower layer 

posItIon MC10 position SROI 

0.3 0.3 ,------------, 

0.2 0.2 

0 •• t: :] 
0.1 

-----
0.0 I 1 0.0 

6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

posItion MC09 position MC16 

0.3 0.3 

0.2 0.2 

o. 1 o. 1 

~ ~ ~ ~ 

0.0 1--1 --------~~ 
0.0 1--1 ~_-___ ~~ __ __I 

6 9 12 15 18 21 0 3 6 9 12· 6 9 12 15 18 21 0 3 6 9 12 

I :J CJ I •.•• J CJ c .. ,_J :-l :-l 

......... LongSO 

positIon SR02 

0.3 

0.2 

0.1 

~ ~ ...---
0.0 

6 9 12 15 16 21 0 3 6 9 12 

position MC1? 

0.3 

0.2 

0.1 

0.0 1--1 ~ ___ ~_~~ __ _ 

6 9 12 15 18 21 0 3 6 9 12 



0.3 

0.2 

0.1 

TK+Sham Tseng Dry Neap CJV v LSD 

Ox!dlSed Nitrogen (mg NIL) against time 

2 Layer, 50m grid OM 2/03/95 

Observed symboLs. ~ Upper Layer, 6 

position MC22 posIt Ion 

--TKCJV 

Lower Layer 

SR03 

0.3 r-------------, 

0.2 

O. 1 

0.0 J-I _______ -_~_--1 0.0 ,:-1 -:--:~ ___ ~~_~..J 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

posIt Ion MC20 positIon MC19 

0.3 0.3 

0.2 0.2 

0.1 0.1 

0.0 ,,;1 ----:---::~:-:__--~--..J 
6 9 12 15 18 21 0 3 6 9 12 

0.0 ,;-1 ----:---::-:-::~ ____ ~__l 
6 9 12 15 18 21 0 3 6 9 12 

........ LongSO 

position SR04 

0.3 r--------------, 

0.2 

0.1 

0.0 1-1 _~_~ __ ~ __ ~_l 

6 9 12 15 18 21 0 3 6 9 12 

posItion MC23 

0.3 ,---------------, 

0.2 

0.1 

0.0 J-I ___ -'-______ .---1 

6 9 12 15 18 21 0 3 6 9 12 

r- r-' r-- r-: i-:J r:-::; :-:J c--J c-l' r-J r::J r:J r:-J C_J CJ r:-:"J r:J :-:-:J r:J :-J 



~~~~~~[~~~~~~LJ~~L~~~~~~ 

TK+Sham Tseng Dry Neap CJV v LSD 

Oxidised Nitrogen (mg Nil) against time 

2 Layer, 50m grid OM 2/03/95 --TKCJV ......... LongSO 

Observed symbols, * Upper layer, 6 Lower layer '-

position SR05 position SR06 POsition SR07 

0.3 0.3 0.3 

0.2 0.2 0.2 

0.2 0.2 0.2 

0.1 V--
~ -

O. 1 O. 1 

0.0 1-1 __ ~ ____ ~_~--l 0.0 I-I ____ ~ _____ __l 0.0 1-1 ~ ______ ~ __ --l 

6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 



TK~Sham Tseng Dry Neap CJV v LSD 

Oxidlsed Nitrogen (mg NIl) against time 

2 Layer, 50m grid OM 2/03/95 --TKCJV ........ LongSO 

Observed symboLs •• Upper Layer, 6 Lower Layer 

posit Ion MC18 position MCls 

0.3 0.3 ,-----------, 

0.2 0.2 

o. 1 0.1 

0.0 ~I --::-::~ ______ ._J 0.0 l-I __ - ____ ~ __ ___I 

6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 O· 3 6 9 12 

position MCII position MC12 pasl t Ion MC13 

0.3 0.3 0.3 r--------------, 

0.2 0.2 0.2 

/ 

0.1 O. 1 0.1 

0.0 I-I-------~-----I 0.0 ... 1 ---~_~ ___ ~_-l 0.0 1-1 ---____ ~ __ ...-l 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

r-, ,..........., r-- ~ 
, , ! , l : r _ j ~ r:-J c-J r--J r:-J r-"\ L ._ r:--J rJ c:::J CJ c-:-J r-l :-:-:J ---, --; 



,~ L ____ J 
,-------, 
',---

,------" 
'---' 

r--, i __ ) [ ; c=J r---1 
[-~--' c:::J L~ c:::J c:::J c::J ':==J c=J c:::J c:J ':=J i=:J 

TK+Sham Tseng Dry Neap CJV v LSD 

Oxldlsed Nitrogen (mg N/ II against time 

2 Layer, 50m grid OM 2/03/95 TKCJV ......... LongSO 

Observed symboLs. *.Upper Layer, II Lower Layer 

position NC25 

0.3 ,.-------------, 

0.2 

0.1 

o.oL ~ -----
6 9 12 15 18 21 0 3 6 9 12 

positIon NC24 

0.3 

0.2 

0.1 

~ ../ 

0.0 l-I ~-~------~-I 
6 9 12 15 18 21 0 3 6 9 12 



r--. r; r---J r::J c-:J L ... _J r::::J r:J r::J Cl CJ C"J C_J L ... J c:J c:J l .. _J r-----"I II 
r! ( 

. , 

TK+Sham Tseng Dry Neap CJV v LSO 

Organic Nitrogen (mg N/ Ll against time 

2 Layer, 50m grid OM 2/03/95 TKCJV· ......... LongSO 

Observed symboLs •.• Upper Layer, "- Lower Layer 

position MCIO position SROI position SR02 

0.5 0.5 , 0.5 

0.4 0.4 ~ 0.4 

0.3 0.3 ~ 0.3 

0.2 ~ ./' 0.2 ~ ...... -------- 0.2 

O. I o. I 1 0.1 

0.0 0.0 0.0 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 Hi 21 0 3 6 9 12 

position MC09 position MCI6 pas! t Ion MCll 

0.5 0.5 , 0.5 

0.4 0.4 ~ 0.4 

0.3 0.3 ~ 0.3 

0.2 0.2 ~ 
, ...... , .--- 0.2 

0.1 o. I ~ 0.1 

0.0 0.0 I I 0.0 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 



0.5 

0.4 

0.3 

0.2 

o. I 

0.0 

0.5 

0.4 

0.3 

0.2 

0.1 

0.0 

r--. r--: 

TK+Sham Tseng Dry Neap CJV v LSD 

Organic Nitrogen (mg NI Ll against time 

2 Layer, 50m grid OM 2/03/95 TKCJV 

Observed symboLs. ~ Upper Layer, 6 Lower Layer 

position MC22 position SR03 

0.5 

0.4 

0.3 

0.2 

o. I 

0.0 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

positIon MC20 position MCI9 

0.5 

0.4 

0.3 

0.2 

O. I 

0.0 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

,-
l r- r:J r-J r-:J rJ r-l r-l r-l rJ c-J 

......... LongSO 

pasl t Ion SR04 

0.5 

0.4 

0.3 

0.2 

o. I 

0.0 
6 9 12 15 16 21 0 3 6 9 12 

position MC23 

0.5 

0.4 

0.3 

0.2 

0.1 

0.0 
6 9 12 15 16 21 0 3 6 9 12 

t ... _J Ll r::-J r:J .:-:-=1 r-J :-:-l 



,~ r---- r:--: r:--: r:J r:J c:::J r:J L, __ J , Cl c:l CJ l_ .. J c:J I .. J L .... J CJ : ... _..1 c-J :-l 

TK+Sham Tseng Dry Neap CJV v LSD 

Organ i c Nit rogen (mg N/ II against time 

2 Layer, 50m grid OM 2/03/95 TKCJV ......... LongSO 

Observed symboLs.·* Upper Layer, A Lower Layer 

position SROS position SR06 POsition SR07 

0.5 0.5 , 0.5 

0.4 0.4 t 0.4 

0.3 0.3 0.3 
~ -

0.2 0.2 0.2 

O. 1 O. 1 O. I 

0.0 0.0 0.0 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

position MC21 position MC14 positIon SROB 

O.S 0.5 0.5 

0.4 0.4 0.4 

0.3 0.3 0.3 

~ ./'" 

0.2 0.2 0.2 

O. 1 0.1 0.1 

0.0 0.0 0.0 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 



,---., 

0.5 

0.4 

0.3 

0.2 

0.1 

0.0 

0.5 

0.4 

0.3 

0.2 

o. 1 

0.0 

-, 

TK+Sham Tseng Dry Neap CJV v LSD 

Organic Nitrogen (mg N/ Ll against time 

2 Layer, 50m grid OM 2/03/95 TKCJV 

Observed symboLs. )I( Upper Layer, /', Lower Layer 

posItion MC16 position MC1S 

0.5 

0.4 

0.3 

0.2 

o. 1 

0.0 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

position MCII positron MC12 

0.5 

0.4 

0.3 

0.2 

0.1 r 
0.0 

6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

r; ~ r-J r:l r-J r-J r.-J r-J r-J rl ,---., 
l.. ...J 

......... LongSO 

positIon MC13 

0.5 

0.4 

0.3 

0.2 

0.1 

0.0 
6 9 12 15 16 21 0 3 6 9 12 

l. .... .J CJ r:-J r-l r-J ;---j :-:1 



·~ 
,--. r-J ~ c-.J L::J L ... _J c-J c-J l""' , .. J r:--J L_J 

TK+Sham Tseng Dry Neap CJV v LSD 

O~ganlc Nitrogen (mg NIl) against time 

2 Layer, 50m grid OM 2/03/95 

Observed symboLs.· _ Upper Layer, 6 

pOSition MC25 

0.5 r------------, 

0.4 

0.3 

0.2 

O. 1 

0.0 ~I ~~-____ ~~~--l 

6 9 12 15 18 21 0 3 6 9 12 

POSitIon MC24 

0.5 

0.4 

'.'~ 
0.2 ~ 

0.1 

0.0 I . I 
6 9 12 15 18 21 0 3 6 9 12 

-- TKCJV 

Lower Layer 

L' .. J L_ .. J c-J ', ___ .1 c-.J : ..... _J ~ r-l 

.......... LongSO 



TK+Sham Tseng Dry Neap CJV v LSD 

Tot a l Nit rogen !mg N/ II against time 

2 Layer, 50m grid OM 2/03/95 TKCJV ......... LongSO 

Observed symbols: lIE.Upper layer, /:; Lower layer 

POSition MC10 position SROI position SR02 

0.6 1 0.6 0.6 

0.5 0.5 0.5 

0.4 I 0.4 0.4 

0.3 0.3 ~ ./ 0.3 L-...../" "-~"- ~ 

0.2 0.2 0.2 

O. 1 O. 1 O. 1 

0.0 0.0 0.0 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

position MC09 position MC16 position MC17 

0.6 0.6 0.6 

0.5 0.5 0.5 

0.4 0.4 0.4 

0.3 ~ /'"" 0.3 ..---/\ 0.3 

0.2 0.2 0.2 

0.1 0.1 0.1 

0.0 0.0 0.0 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 lB 21 0 3 6 9 12 

r-: ~ r; r=-:' r--"1 , .. r:J c--J c-J rJ r--l ~ r::J c-:J L._l c-l c-:-J C":J r::l :--J ~ 



~ r-' r--; r-J r:J , c-:J CJ r:J r-J r:-J rJ CJ CJ C_J C"l C_J CJ , ... _J .~ ------, 

TK+Sham Tseng Dry Neap CJV v LSO 

Tot a L Nit rogen (mg N/ Ll against time 

2 Layer, 50m grid OM 2/03/95 TKCJV ......... LongSO 

Observed symbo Ls •. lI( Upper Layer, a Lower Layer 

position NC22 position SR03 position SR04 

0.6 0.6 0.6 

0.5 0.5 0.5 

0.4 0.4 0.4 

0.3 0.3 
, 
~ 0.3 

0.2 0.2 0.2 

O. 1 O. 1 0.1 

0.0 0.0 I 1 0.0 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

position NC20 position NCI9 position NC23 

0.6 0.6 0.6 

0.5 0.5 0.5 

0.4 0.4 0.4 

0.3 0.3 0.3 

0.2 0.2 0.2 

O. 1 0.1 0.1 

0.0 0.0 0.0 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 



TK+Sham Tseng Dry Neap CJV v LSO 

Total Nitrogen (mg N/ll against time 

2 Layer, 50m grid OM 2/03/95 --TKCJV ......... LongSO 

Observed symboLs: * Upper Layer, 6 Lower Layer 

posItIon SR05 posItIon SR06 posItIon SR07 

0.6 0.6 0.6 

0.5 0.5 0.5 

0.4 0.4 0.4 

0.3 0.3 0.3 

0.2 0.2 0.2 

o. I o. I o. I 

0.0 0.0 0.0 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

pos It Ion HC21 pos It Ion MCI4 pos It Ion SR08 ,., I I ,., I " 
0.5 0.5 0.5 

0.4 0.4 0.4 

""""-- ~ 
0.3 0.3 0.3 

0.2 0.2 0.2 

O. I o. I O. I 

0.0 0.0 0.0 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

~ r-: r---"1 ,...--, , ' r-:l r-' .> ... , r-J II II r--J r-J r:J r-J c:J :::--.J L_l ::-J r::-J r-J :---l 



:--' r-: r-l r-J r:J c--.:J L._."J r:J r-l c-l CJ C":J c::J c:J ;:-"J L. ...... J r-:J t ..... J .:---l :-l 

0.6 

0.5 

0.4 

0.3 

0.2 

o. 1 

0.0 
6 

0.6 

0.5 

0.4 

0.3 

0.2 

o. 1 

0.0 
6 

TK+5ham Tseng Dry Neap CJV v L50 

TotaL Nitrogen (mg NIL) against time 

2 Layer, 50m grid OM 2/03/95 

Observed symboLs: * Upper Layer, 6 

pOsition HC18 position 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

o. 1 

I 0.0 

--TKCJV 

Lower Layer 

9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 

posItion HCll posItIon 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

O~O 
9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 

......... Long50 

NelS 

9 12 

HC12 position HC13 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0.0 
9 12 6 9 12 15 18 21 0 3 6 9 12 



0.6 

0.5 

0.4 

0.3 

0.2 

O. 1 

0.0 
6 

0.6 

0.5 

TK+Sham Tseng Dry Neap CJV v LSO 

Total Nitrogen (mg NIl) against time 

2 Layer, 50m grid OM 2/03/95 

Observed symboLs. * Upper layer, 6 

position MC25 

-----' 

9 12 15 18 21 0 3 6 9 12 

position MC24 

0.4r 0.3 ./ 

0.2 

O. 1 

0.0 ~I~--~ ______ ~~ ________ ~ 

6 9 12 15 18 21 0 3 6 9 12 

--- TKCJV 

Lower Layer 

r-' r-: r--; r-J r-J r--"1 
,_. .J c::-:J r-:J r-:J r-J r-:J C"J 

........ LongSO 

r::-J c:-J [") , .... ~J r-J L:':':"1 -:--J r-: 



r-: r-J r--; r-J c-J r:J L.. __ J r:J r:J r:J r.:J CJ CJ CJ c:-J C_J C-:-J c:::l :-l r-J 

TK+Sham Tseng Dry Neap CJV v LSO 

ChLorophyLL (ug/ U against time 

2 Layer, 50m grid OM 2/03/95 TKCJV ......... LongSO 

Observed symboLs •.• Upper Layer, f> Lower Layer 

posit Ion MC10 position SROI position SR02 

2.0 
2.0 1 

I 

2.0 

1.5 1.5 1.5 

1.0 1.0 J 1.0 I ....-. 

0.5 I 0.5 0.5 

0.0 0.0 0.0 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

position MC09 position MC16 position MC17 

2.0 2.0 2.0 

1.5 1.5 j 1.5 

1.0 
1.0j J 1.0 I 

-------

0.5 I 0.5 0.5 

0.0 1 0.0 I 0.0 
6 9 12 15 18 21 0 3 6 9 12 ' 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 



~ 

" 

2.0 

1.5 

1.0 

0.5 

0.0 
6 

2.0 

1.5 

1.0 

0.5 1 
0.0 

6 

r-: 

TK+Sham Tseng Dry Neap CJV v LSD 

Chlorophyll (ug/ II against time 

2 Layer, 50m grid OM 2/03/95 TKCJV 

Observed symbols. lIE. Upper layer, " Lower layer 

position NC22 position SR03 , .. I 
1.5 

---- 1.0 -
0.5 

0.0 
9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

position NC20 position MC19 

2.0 1 

1.5 

.-----.... 1.0 ~ .--::::. 

0.5' 

0.0 
9 12 IS 18 21 0 3 6 9 12 6 9 12 IS 18 21 0 3 6 9. 12 

r-J r-J r:J c-:J C ... J r-J r-J rJ C"l c:J c::::J 

......... LongSD 

position SR04 

2.0 

1.5 

1.0 I ~ ,.... 

0.5 

0.0 
6 9 12 15 18 21 0 3 6 9 12 

position MC23 

2.0 

1.5 

1.0 I ~ = 
0.5 

0.0 
6 9 12 IS 18 21 0 3 6 9 12 

c. .. J c-J L ... ~J r-J :. J r-J :-l 



r: r-: r-J r; r:::J r.:J l_J r:J r:J rJ ~ r:-J r::::=J c::J C"1 c:::::J r:J r::l :--l :--l 

TK+Sham Tseng Dry Neap CJV v LSD 

Ch Lorophy L L (ug/ U aga I nst t I me 

2 Layer, 50m grid OM 2/03/95 

Observed symboLs •. * Upper Layer, 6 

POSitiOn SR05 position 

--TKCJV 

Lower Layer 

2.0 r-------------, 2.0 

1.5 1.5 

1.0 1.0 !----

0.5 0.5 

0.0 I 0.0 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 

position MC21 position 

2.0 2.0 

1.5 1.5 

1.0 .....-:==... 1.0 

0.5 0.5 

0.0 0.0 I 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 

......... LongSO 

SR06 position SR07 

2.0 

1.5 

.......-1 1.0~ ------.-/ 

0.5 

I 0.0 
9 12 6 9 12 IS 16 21 0 3 6 9 12 

MCI4 position SROB 

2.0 

1.5 

/1 1.0 

0.5 

0.0 
9 12 6 9 12 15 16 21 0 3 6 9 12 



TK+Sham Tseng Dry Neap CJV v LSD 

Chlorophyll (ug/U against time 

2 Layer, 50m grid OM 2/03/95 TKCJV ........ LongSO 

Observed symboLs. lIE Upper Layer, /; Lower Layer 

position MCIB position MCI5 

2.0 2.0 

1.5 1.5 

1.0 ------ .e? 
1.0 

0.5 0.5 

0.0 0.0 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 IB 21 0 3 6 9 12 

position MCII position MCI2 position MCI3 

2.0 
2.0 1 2.0 

1.5 1.5 1.5 

1.0 ~ 1.0 1 ~ 1 
1.0 I .----.. 

0.5 j 0.5 0.5 

0.0 ~I _______ ~ __ --I 0.0 ~I _______ ~ __ --.J 0.0 '-~_~~_~ ___ ~_~ 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 IB 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

r- l'"' r-: II II r::J L .. _J r:J r:J Cl II CJ CJ L J CJ L._.J II :-::l :J II 



r--' r--' c-: LJ r::J [""--:J r:::J r-J r-J r-J r:J C'J c::J c::::::J CJ r:::J r=-J .- j ~ :-l 

TK+Sham Tseng Dry Neap CJV v LSD 

Ch Lorophy L L (ug/ Ll aga I nst t I me 

2 Layer, 50m grid OM 2/03/95 --TKCJV ......... LongSO 

Observed symboLs. ~ Upper Layer, 6 Lower Layer 

position MC25 

2.0 ,..------------, 

1.5 

1.0 

0.5 

0.0 l-I ~ _________ _1 

6 9 12 15 16 21 0 3 6 9 12 

position MC24 

2.0 .,.-------------, 

1.5 

1.0 

0.5 

0.0 l-I ~ _________ _1 

6 9 12 15 16 21 0 3 6 9 12 
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r---!. r; r---! r-: r:J r::J CJ rJ r-J r-: r:J c::J c::J c:::::J c-1 C_J ~ r::J ~ ~ 

TK+Sham Tseng ~et Spring OriginaL v LSO 

E. Co L I (no/100m L ) against time (Log to base 10 on y-axIs) 

2 Layer, 50m grid OM 17/05/95 OriginaL ......... LongSO 

Observed symboLs. * Upper Layer, 6 Lower Layer 

position MC10 position SROI position SR02 

4,-------------, 4,------------, 4 ,-----------------------, 

'-;-'" 

3 3 3 

., 
2 2 2 

.... 

6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

position MC09 position MCI6 position MCI7 

4,-------------, 4,-------------, 4 ,--------------, 

3 3 3 

2 2 2 

6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 



TK+Sh8m Tseng Vet Spring OriginaL v LSD 

E. Co L I (no/100m L ) aga I nst t I me (Log to base lOon y-ax Is) 

2 Layer, 50m grid OM 17/05/95 

Observed symboLs. _ Upper Layer, A 

--OriginaL 

Lower Layer 

pasltlon MC22 position SR03 

4 4 

3 r·:·:i '.:\ Ir·\[ ·,:··:i '1 3 P .. _ 1·Y. '~I 
' .. ' 

'\. " .' : 

2 t 2 ! y.-

6 9 12 15 16 21 a 3 6 9 12 6 9 12 15 16 21 a 3 6 9 12 

pos It I on MC20 posItIon MCI9 

4 4 

3 3 

2 2 

6 9 12 15 16 21 a 3 6 9 12 6 9 12 15 16 21 a 3 6 9 12 

......... LongSO 

position SR04 

4 r-----------------------~ 

3 

2 

6 9 12 15 16 21 a 3 6 9 12 

posItIon MC23 

4 

3 

2 

6 9 12 15 16 21 a 3 6 9 12 

r---: ~ r-J. r-: r--J r-l ~ r-l r-l r-l r-l r=J C""l C ... " .. J CJ c ••.. J r:-J ... "..1 -"j :---1 



~~~~~~L~~~~~L~L~~~L~~L_J~~ 

TK+Sham Tseng ~et Spring OriginaL v LSO 

4 

3 

2 

4 

3 

2 

E. Co L I (noll OOm L ) aga I nst t I me (Log to base 10 on y-axis) 

2 Layer, 50m grid OM 17105/95 

Observed symboLs. lIE Upper Layer, 6 

--OriginaL 

Lower Layer 

position MCI6 Po&ltlon MCIS 

4 

3 

2 

6 9 12 IS 16 21 0 3 6 9 12 6 9 12 IS 16 21 0 3 6 9 12 

position MCII position MCI2 

4 

3 

2 

6 9 12 IS 16 21 0 3 6 9 12 6 9 12 IS 16 21 0 3 6 9 12 

......... LongSO 

pes. t Ion MCI3 

4 

3 

2 

6 9 12 15-16 21 0 3 6 9 12 



4 

3 

2 

4 

3 

2 

TK+Sham Tseng Wet Spring OriginaL v LSD 

E. Co L I (no/100m L ) aga I nst t I me (Log to base 10 on y-axis) 

2 Layer, 50m grid OM 17/05/95 --OriginaL ......... LongSO 

Observed symboLs. * Upper Layer, 6 Lower Layer 

posItion MC1B posItion MC1S 

4 

·3 

2 

6 9 12 IS 18 21 a 3 6 9 12 6 9 12 IS 18 21 a 3 6 9 12 

posItIon MCll position MC12 posItion 

4 4 

.• 
3 3 

2 2 

MC13 

6 9 12 IS 18 21 0 3 6 9 12 6 9 12 IS 18 21 a 3 6 9 12 6 9 12 IS 18 21 a 3 6 9 12 

r---; r-: r; r; r:J r-:J r::-:J r:J rJ r-J r:-1 r::J C1 L~ .. J [""J r:::J r-J :-=J :--l :--l 



r-- r--: r--: r-1 r-l c:-:J 1. __ J c-:-:J c:J r-J c:J c::::J l ___ J c:J c::J c::J c::::::J ~ __ "_..1 ~ :-l 

TK+Sham Tseng ~et SprIng OrIgInaL v LSO 

E.CoLI ~o/100mL) agaInst tIme (Log to base lOon y-ax I s) 

2 Layer, 50m grId OM 17/05/95 -- OrIgInaL ......... LongSO 

Observed symboLs •• Upper Layer, 6 Lower Layer 

position MC2S 

4 r------------, 

.. 

. .. 
2 

6 9 12 15 16 21 0 3 6 9 12 

position MC24 

4 

3 

2 
.: 

6 9 12 15 16 21 0 3 6 9 12 

. i 



TK+Sham Tseng ~et Spring OriginaL v LSD 

Suspended SoLids (mg/ Ll against time 

2 Layer, 50m grid OM 17/05/95 Original ......... LongSO 

Observed symboLs. lI( Upper Layer, 6 Lower Layer 

position MC22 position SR03 position SR04 
40 40 40 

35 35 35 

30 30 30 

25 25 25 

20 20 20 

15 15 15 

10 10 10 

5 5 5 

0 0 0 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

position MC20 posItion MC19 posItion MC23 

40 40 40 

35 35 35 

30 30 30 

25 25 25 

20 20 20 

15 15 15 

10 10 10 

5 5 5 

0 0 0 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

r- r-:. r-: r-: l'l r:-J r=J rJ rJ r-l l'l r-J r:::-J c:J CJ rJ rJ r::J :-l :---l 



r-: r--: r--: r-: rJ r-:J C._J r---:J ~ ~ ~ CJ CJ c:::J '.J L ...... J c:-::-:J l ) c---; :--l 

TK+Sham Tseng ~et Spring OriginaL v LSD 

Suspended SoLids (mg/ Ll against time 

2 Layer, 50m grid OM 17/05/95 OriginaL ......... LongSO 

Observed symboLs. !II Upper Layer, A Lower Layer 

posItion SROS position SR06 position SR07 

~o ~o ~o 

3S 3S 35 

30 30 30 

25 25 25 

20 20 20 

15 15 15 

10 10 10 

5 5 5 

0 0 0 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

position MC21 position MC1~ position SR06 

~o ~o ~o 

35 35 35 

30 30 30 

25 25 25 

20 20 20 

15 15 15 !----'-----/ ------
10 10 10 

5 5 5 

0 0 0 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 



TK+Sham Tseng Uet Spring OriginaL v LSD 

Suspended SoLids (mg/U against time 

2 Layer, 50m grid OM 17/05/95 Or I gina L ......... LongSO 

Observed symboLs. lI: Upper Layer, 6 Lower Layer 

posItion NC18 posItion MC15 

~o ~o 

35 35 

30 30 

25 25 

20 20 

15 15 

10 10 

5 5 

0 0 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12· 

posItion MCll position MC12 position MC13 

~O ~O ~o 

35 35 35 

30 30 30 

25 25 25 

20 20 20 

15 15 15 

10 10 10 

5 5 5 

0 0 0 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

r--'"' r-: r--: r; 1-:1 rJ r:J rJ rJ r-1 r-1 rJ CJ c:J CJ r::-:J r-J :-::J ----, , ~ 



~~~~~~[~~~~I ___ J~~~IJ~~[~~~ 
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35 
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25 

20 
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5 

0 
6 

TK+Sham Tseng Vet Spring OriginaL v LSD 

~uspended SoLids Cmg/Ll against time 

2 Layer, 50m grid OM 17105/95 OriginaL 

Observed symboLs. lI( Upper Layer, 6 LOller Layer 

pacltlon MC25 

9 12 15 IB 21 0 3 6 9 12 

position MC24 

9 12 15 1 B 21 0 3 6 9 12 

......... LongSO 



TK+Sham Tseng Vet Spring OriginaL v LSD 

DissoLved Oxygen (% saturat Ion) against time 

2 .Layer, 50m grid OM 17/05/95 Or I g I.na L ......... LongSO 

Observed symboLs. )I( Upper Layer, b- Lower Layer 

position MCIO position SROI position SR02 

75 75 75 

70 70 70 

65 65 65 

60 60 60 

55 

:: I 
55 

50 I 50 
6 9 12 IS 16 21 0 3 6 9 12 6 9 12 IS 16 21 0 3 6 9 12 6 9 12 IS 16 21 0 3 6 9 12 

position MC09 position MCI6 position Mel7 

75 75 75 

70 70 70 

65 65 65 

60 60 60 

55 55 55 

50 50 50 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 IS I B 21 0 3 6 9 12 6 9 12 IS 16 21 0 3 6 9 12 

1-; rJ r-J r-: r-J r:J r::J r-J r-J r-l r::l rJ r=l L. ..•. J CJ r:J r-J r-=l r-l ---; . . . 



~i r-: r; r--i r::J c-:l L~~J r:J c:J r:--J c=l l .. _J CJ 

TK+Sham Tseng ~et Spring OriginaL v LSO 

DissoLved Oxygen C% saturation) against time 

2 Layer, 50m grid OM 17/05/95 

Observed symboLs. * Upper Layer, A 

--OriginaL 

Lower Layer 

position MC22 position SR03 

75 .----------------------, 75 ,'-------------. 

70 70 

65 65 

60 60 

55 55 

50 ~ ____ ~ __ --~~ ______ ~ 50 l-I ~_--____ ~ ___ .__I 

6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

position MC20 position MCI9 

75 "----------, 75,,-----------------. 

70 70 

65 65 

60 60 

55 55 

50 l--____________ ~ ___ ~ 50 ~~ __ ~ ____ ~ __ __l 

6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

c::J CJ CJ r=J ' ._J ---"J .:---1 

......... LongSO 

posItion SR04 

75 "--------------------. 

70 

65 

60 

55 

~ l--____ ~~~ ____ ~ __ ~ 

6 9 12 15 18 21 0 3 6 9 12 

position MC23 

75,,----------------

70 

65 

60 

55 

50 l--_______________ ~~ 

6 9 12 15 18 21 0·3 6 9 12 



,.-.-, 

TK+Sham Tseng Vet Spring Original v LSO 

Dissolved Oxygen (% saturat Ion) aga I nst time 

2 Layer, 50m grid OM 17/05/95 

Observed symbols. )I( Upper 

positIon SR05 

75 I 
70 

65 

60 

55 

50 
6 9 12 15 18 21 0 3 6 9 12 

position MC21 

75 

70 

65 

60 -.....:::::::: ~ 

55 

50 
6 9 12 15 18 21 0 3 6 9 12 

r- r-1. r: r---\ 
'- j 

r-:J r:-=J r-:; 

layer, l!. Lower 

position 

75 

70 

65 

60 ./ 
55 

50 
6 9 12 15 18 21 

position 

75 

70 

65 

~ 
60 

55 

50 
6 9 12 15 18 21 

rJ r:J r:J 

Original 

layer 

SR06 

/ 

0 3 6 9 12 

MCI4 

/ 

0 3 6 9 12 

r:::J r:::J 

......... LongSO 

position SR07 

75 

70 

65V ~ 
60 

55 

50 
6 9 12 15 18 21 0 3 6 9 12 

posItion SR08 

75 

70 

65v----~/ 
60 

55 

50 
6 9 12 15 18 21 0 3 6 9 12 

c:J c-J C"":J r:J r-::1 r-I , , ,~ 



,---, r--' rl r-l r:J c:-:J CJ c:-:J c:-:J rl c:l CJ L_ .... J 

TK+Sham Tseng Vet Spring OriginaL v LSO 

DissoLved Oxygen (% saturation) against time 

2 Layer, 50m grid OM 17/05/95 

Observed symboLs •• Upper Layer, A 

--OriginaL 

Lower Layer 

c:J CJ c::J c::-:J , ... _.1 ':--l :-l 

......... LongSO 

position MCI3 
75 ,---------____ -, 

70 

65 

60 

55· 

50 ~ ______________ ~ __ ~ 

6 9 12 IS 18 21 0 3 6 9 12 



-\ 

TK+Sham Tseng Vet Spring OriginaL v LSD 

DissoLved Oxygen C% saturation) against time 

2 Layer, 50m grid OM 17/05/95 

Observed symbo LSI lI( Upp·,r Layer, 6 

position NC25 

75 

70 

65 

60 

55 

50 
6 9 12 15 18 21 0 3 6 9 12 

position NC24 

75 r-----------------------, 

70 

65 

60 

55 

50 ~I~ ______ ~~ ______ ~ 
6 9 12 15 18 21 0 3 6 9 12 

r-1 r-1 r-; r-1 rJ r:J l1 rJ 

--OriginaL 

Lower Layer 

r-1 c-:-1 l1 

......... LongSO 

c::J L.".J C"""J ::-:-::::J r:-J r-:::J ':--1 i'"""1 



~ r: r:; r--; 
,. .' r::J c-:J CJ rJ r:J ,---, 

l ... J L_,j c:-:J L,_,.J 

TK+Sham Tseng ~et Spring OriginaL v LSD 

BOD Img/Ll against time 

2 Layer, 50m grid OM 17/05/95 

Observed symboLs •• Upper Layer, 6 

--Or I g I'na L 

Lower Layer 

position MCIO position SROI 

3.0 ,----------------, 3.0 

2.5 2.5 

2.0 2.0 

1.5 1.5 

1.0 1.0 

0.5 0.5 11-"--------1 
0.0 +-I_-____ ~_-__ _l 0.0 +--_____ - ____ ~__l 

6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

posit Ion MC09 position MCI6 

3.0 ,----------------, 3.0 ,-------------, 

2.5 2.5 

2.0 2.0 

1.5 1.5 

1.0 1.0 

0.5 0.5 11--------=1 
0.0 .1-1 ~ ____ ~ __ ~___i 

6 9 12 15 18 21 0 3 6 9 12 
0.0 ~I ---:--:":"--:-::~~~~~~_.J 

6 9 12 15 18 21 0 3 6 9 12 

c:::J c-l l_.,.J l., J " "._J c-! r; 

......... LongSO 

position SR02 

3.0 r------------.., 

2.5 

2.0 

1.5 

1.0 

0.5 

0.0 I I 
6 9 12 15 18 21 0 3 6 9 12 

POSitIon MC1? 

3.0 ,..--------------, 

2.5 

2.0 

1.5 

1.0 

0.5 !-1----------1 
0.0 .I---_~ ______ ~ __ 

6 9 12 IS 18 21 0 3 6 9 12 



3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

0.0 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

0.0 

r-: 

TK+Sham Tseng ~et SprIng OrIgInaL v LSD 

BOD (mg/ Ll aga I nst tIme 

2 Layer, 50m grId OM 17/05/95 

Observed symboLs. lI( Upper 

position MC22 

6 9 12 15 16 21 0 3 6 9 12 

position MC20 

6 9 12 15 16 21 0 3 6 9 12 

r: r-' r: r:::1 r-J r: 

Layer, lJ. Lower 

position 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

0.0 
6 9 12 15 16 21 

positIon 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

0.0 
6 9 12 15 16 21 

r-J r--"'l , , r:-J 

Or I gIna L .......... LongSO 

Layer 

SR03 position SR04 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

0.0 
0 3 6 9 12 6 9 12 15 1.6 21 0 3 6 9 12 

MCI9 position MC23 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

0.0 
0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

r:::1 r:-J c..J CJ r:::1 :--J ;--:::] :---"J ---, 



r-- ~ r----", r-J :-::J ~ L ... J r:J r:J '. , - l""J Cl l. ..... J ~ ...... J c:::J c:--J l __ .... ] c-.J 'e.:....J ~ ~ 

TK+Sham Tseng ~et Spring OriginaL v LSO 

BOD Cmg/ Ll against time 

2 Layer, 50m grid OM 17/05/95 OriginaL -........ LongSO 

Observed symboLs •• Upper Layer, /; Lower Layer 

position SR05 position SR06 position SR07 

3.0 3.0 3.0 

2.5 2.5 2.5 

2.0 2.0 2.0 

1.5 1.5 1.5 

1.0 1.0 1.0 

0.5 O.S 0.5 

0.0 0.0 0.0 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

position MC21 position MC14 position SR08 

3.0 3.0 3.0 

2.5 2.5 2.5 

2.0 2.0 2.0 

1.5 1.5 1.5 

1.0 1.0 1.0 

0.5 0.5 0.5 

0.0 0.0 0.0 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15.16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 



TK+Sham Tseng ~et Spring OriginaL v LSO 

BOD (mg/ Ll against time 

2 Layer, 50m grid OM 17/05/95 OriginaL ......... LongSO 

Observed symboLs. lI( Upper Layer, 6 Lower Layer 

position MCIB posItion MCI5 

3.0 3.0 

2.5 2.5 

2.0 2.0 

1.5 1.5 

1.0 1.0 

0.5 0.5 

0.0 0.0 
6 9 12 1516 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

position MCII positIon MCI2 position MC13 

3.0 3.0 3.0 

2.5 2.5 2.5 

2.0 2.0 2.0 

1.5 1.5 1.5 

1.0 1.0 1.0 
r- L ~ ~ 

0.5 1 
_._-

0.5 - 0.5 

0.0 0.0 0.0 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 IS 16 21 0 3 6 9 12 

:---i :-: r--J r--; :--J r:l r-:J r-J r-J r-l r-l C""J ~ l._.J c:-l r:::J r-l ,:-;-::]--"] r-l 



~_ ~ LJ LJ r:J r::J L. __ .. J c-J c-:J c-l C1 CJ '-. ___ J c::J ; __ 1 c:=J cc::J c_. __ .. J .:-l :J 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

0.0 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

6 

TK+Sham Tseng ~et Spring OriginaL v LSD 

BOD (mg/Ll against time 

2 Layer, 50m grid OM 17/05/95 

Observed symboLslllE Upper Layer, 6 

positIon MC25 

9 12 15 16 21 0 3 6 9 12 

position MC24 

--OriginaL 

Lower Layer 

0.0 I ., 
6 9 12 15 16 21 0 3 6 9 12 

......... LongSO 



,--

0.3 

0.2 

0.1 

TK+Sham Tseng Wet Spring OriginaL v LSD 

AmmoniacaL Nitrogen (mg NIl) against time 

2 'Layer, 50m grid OM 17/05/95 

Observed symboLs. * Upper Layer, A 

posItion MC10 position 

0.3 

0.2 

0.1 

--OriginaL 

Lower Layer 

SROI 

0.0 ~I~------------~-+--~--~ 
0.0 ~I ____ ~~_~ __ -o--l 

6 9 12 15 16 21 0 3 6 9 12 

position MC09 

0.3 r-------------, 

0.2 

0.1 

0.0 ~I ____ ~~ ____ -o--l 

-, ' 

6 9 12 15 16 21 0 3 6 9 ·12 

~ , , r-:J ~ r-:J c:J 

6 9 12 15 16 21 0 3 6 9 12 

posItion MC16 

0.3 r-------------, 

0.2 

O. 1 

0.0 ~I __ --~ ____ _+ __________ ~ 

6 9 12 15 16 21 0 3 6 9 12 

c-J r-:J r-J r-:J rJ C"J 

LongSO 

position SR02 

0.3 .,------------------------. 

0.2 

0.1 

0.0 ~I __ --____________ ~ 

6 9 12 15 16 21 0 3 6 9 12 

position MC1? 

0.3 

0.2 

0.1 

0.0 ~I _________________ ~ 

6 9 12 15 16 21 0 3 6 9 12 

CJ CJ c-::::J r-:J r-::l ~ :-l 



:--j r-: rJ rJ r::J r::J C. __ J r-J r-J r-: c:J ~ c::::"'"J c::::J c-J c::J r:-J , __ J c-l rJ 

TK+Sham Tseng Vet Spring OriginaL v LSD 

AmmoniacaL Nitrogen Cmg NIL) against time 

2 Layer, 50m grid OM 17105/95 

Observed symboLs, .• Upper Layer, A 

--OriginaL 

Lower Layer 

position MC22 position SR03 

0.3 ,-------------, 0.3 ,-------------, 

0.2 0.2 

0.1 O. 1 

0.0 1 1 0.0 1 I 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

position MC20 posItion MC19 

0.3 0.3 

0.2 0.2 

0.1 O. 1 

0.0 l-I __ ~~ _____ ~..--l 
0.0 I I 

6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

......... LongSO 

po&ltlon SR04 

0.3 ,----------

0.2 

0.1 

0.0 
6 9 12 15 16 21 0 3 6 9 12 

positIon MC23 
0.3 

0.2 

0.1 

0.0 l-I __ ~ ___ ~ ___ ~...j 

6 9 12 15 16 21 o. 3 6 9 12 



r----" , ' 

TK+Sham Tseng Vet Spring OriginaL v LSO 

AmmoniacaL Nitrogen Cmg NIl) against time 

2 Layer, 50m grid OM 17/05/95 -- OriginaL 

Lower Layer Observed symboLs. * Upper Layer, 6 

positIon SROS posItion SR06 

0.3 ,---------:--- 0.3 1----------, 

0.2 0.2 

0.1 t ,., t j 
0.0 I I 0.0 

6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

position MC21 posItion MC14 

0.3 0.3 

0.2 0.2 

0.1 0.1 

0.0 ~I----------~--~~----~ 
0.0 ~I __ ~~ ________ ~----l 

6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

1-; r; .r! r; r; r::J r-J rJ r:J r:l r:l C':"J 

......... LongSO 

position SR07 

0.3 

0.2 

0.1 

~ .- ~ 

0.0 
6 9 12 15 18 21 0 3 6 9 12 

position SR08 

0.3 

0.2 

0.1 

0.0 ,;1 -::-:':~::--'~ __ +-~~ 

6 9 12 15 18 21 0 3 6 9 12 

c:=J C'"'l c:J rJ :-::-J :---J iI 



r-: r-: r-l r-: rJ c-:J r::::J r::J r::J rJ Cl r::::J c::J L ___ J C"l c::J [TJ r::::J r-: r-: 

TK+Sham Tseng Vet Spring OriginaL v LSD 

AmmoniacaL Nitrogen (mg NIL) against time 

2 Layer, 50m grid OM 17/05/95 

Observed symb6Ls. _ Upper Layer, 6 

--OriginaL 

Lower Layer 

position MCI6 position MCIS 

0.3,---------- 0.3 y------------..., 

0.2 0.2 

0.1 o. I 

0.0 I I 0.0 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

position MCII position MCI2 

0.3 0.3 

0.2 0.2 

o. I o. I 

0.0 I 
0.0 .j..1 _____ ~~ ___ +--l 

6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

LongSO 

posItion HCI3 

0.3 

0.2 

o. I 

.=--

0.0 ~I ____ ~ ____ ~ _____ ~ 

6 9 12 15 10 21 0 3 6 9 12 



TK+Sham Tseng ~et Spring OriginaL v LSD 

AmmoniacaL Nitrogen Cmg NIL) against time 

2 Layer, 50m grid OM 17/05/95 OriginaL 

Observed symboLs. * Upper Layer, 6 Lower Layer 

posItion MC25 
0.3 ,--________ ---, 

0.2 

0.1 

0.0 l-I_-~ ___ -~~_~_l 

6 9 12 15 16 21 0 3 6 9 12 

position MC24 
0.3 

0.2 

0.1 

0.0 l-I ___ ~_~~_~_-o---l 

6 9 12 15 16 21 0 3 6 9 12 

......... LongSO 

r- r-: r-l r-l r-J r-J L .... ~J r:J r-J r-l r-:l r:J CJ c::J CJ L_ .•. J r-J ~ rJ :-I 



~ r: r: l"l r:::J r::J r:::J l"J L"J r-l rJ r:::J r::::=J C'J c-l c::J iT--:J .. -. J :-l :-l 

0.3 

0.2 

0.2 

O. 1 

TK+Sham Tseng ~et SprIng OrIgInaL v LSD 

Oxldlsed NItrogen Cmg NIL) agaInst tIme 

2 Layer, 50m grId OM 17/05/95 

Observed symboLsl * Upper Layer, A 

posItion MelO posItion 

0.3 

0.2 

0.2 

O. 1 

--OrIgInaL 

Lower Layer 

SROI 

0.0 ~I __ ---------I 0.0 ~I ~~~ __ ~ ___ -l 
6 9 12 15 Ie 21 0 3 6 9 12 6 9 12 15 Ie 21 0 3 6 9 12 

......... LongSO 

posItion SR02 

0.3 

0.2 

0.2 

0.1 

0.0 ~I ~~-~~ ___ ~....-l 
6 9 12 15 Ie 21 0 3 6 9 12 



0.3 

0.2 

0.1 

TK+Sham Tseng ~et Spring OriginaL v LSO 

Oxldlsed Nitrogen (mg N/Ll against time 

2 Layer, 50m grid' OM 17/05/95 --OriginaL 

Observed symboLs. * Upper Layer, 6 Lower Layer 

position MC22 position SR03 

0.3 

0.2 

O. 1 

0.0 1-1 -~~-~----.......--I 
0.0 1-1 --:---:---:-______ -J 

6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

position MC20 position MC19 

0.3 0.3 

0.2 0.2 

0.1 o. 1 

0.0 1-1 --~--~---...-I 
0.0 1-1 _________ ...-1 

6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

......... LongSO 

position SR04 

0.3 7 5""'C 7 51 

0.2 

0.1 

0.0 l-I ~ ___ ~ __ ~ __ ..._I 

6 9 12 15 18 21 0 3 6 9 12 

position MC23 

0.3 

0.2 

0.1 

0.0 l-I ~ ___ ~ __ ~ __ ..._I 

6 9 12 15 16 21 0 3 6 9 12 

~~~~~~~~~~~~~L-I~~~~~~ 



r--' r--: r--: r-l r:J r:l L~_j [-.:J L-:J r:-l Cl c:::J , __ .1 c:J c::::l c::J '"~ __ ,J [,.:..c. j r-l II 

TK+Sham Tseng ~et SprIng OrIgInaL v LSD 

Oxldlsed NItrogen (mg NI Ll agaInst tIme 

2 Layer, 50m grId OM 17/05/95 Or I g'lna L ......... LongSO 

Observed symboLs., _ Upper Layer, /> Lower Layer 

position SR05 position SR06 positron SR07 

0.3~ r- '1 "r=r 1 "'F , 

-~ 

0.2 ~ 0.2 0.2 

O. I 0.1 O. I 

0.0 I I 0.0 I I 0.0 
6 9 12 15 Ie 21 0 3 6 9 12 6 9 12 15 Ie 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

position MC21 position MCI4 positIon SROe 

"'r~ 1 '.'~ 1 
0.3 k 

0.2 0.2 0.2 

0.1 O. I 0.1 

0.0 I 0.0 ~~~ ___ -_~ __ -l 0.0 I-______ ~ ___ __" 

6 9 12 15 Ie 21 0 3 6 9 12 6 9 12 15 Ie 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 



TK+Sham Tseng Vet SprIng OrIgInaL v LSO 

Oxldlsed NItrogen (mg N/ Ll agaInst tIme 

2 Layer, 50m grId OM 17/05/95 OrIgInaL ......... LongSO 

Observed symboLsl JI( Upper Layer, A Lower Layer 

position MC18 posItion MCI5 

0.3 1I~ 
0.3 F ;:> S 

"-.. ." 

0.2 
· 0.2 

O. 1 O. 1 

0.0 !.-____ -~~ ___ __I 0.0 l-I _~-____ ~~-___l 
6 9 12 IS 18 21 0 3 6 9 12 6 9 12 IS 18 21 0 3 6 9 12 

positIon MCll position MC12 position MCI3 

0.3 0.3 .. r\ 7\1 0.3 ~ ~I 

0.2 0.2 0.2 

0.1 0.1 O. 1 

0.0 l-I --~~ __ ~ __ ~___I 0.0 l-I __ ~ ____ ~~-___l 0.0 l-I _______ ~ __ ~_l 

6 9 12 IS 18 21 0 3 6 9 12 6 9 12 IS 18 21 0 3 6 9 12 6 9 12 IS 1,8 21 0 3 6 9 12 

r: r-: r: r--' r: r::J r: r-J rJ r: r-l r-J t.~." ... J t ... , .. ] CJ CJ r-J r:::'l r: r--J 



~~~~~~~~~~~~~~~~~I~J~~ 

TK+Sham Tseng Vet Spring OriginaL v LSO 

Oxldlsed Nitrogen (mg NIL) against time 

2 Layer, 50m grid OM 17105/95 

Observed symboLs. _ Upper Layer, 6 

position MC25 

0.3 

0.2 

o. 1 

0.0 l-_~ ___ ~ __ ~_-l 

6 9 12 15 18 21 0 3 6 9 12 

posItion MC24 

0.3 

0.2 

o. 1 

0.0 ·1 
6 9 12 15 18 21 0 3 6 9 12 

--OriginaL 

Lower Layer 

......... LongSO 



TK+Sham Tseng ~et Spring OriginaL v LSD 

Organic Nitrogen Cmg N/ Ll against time 

2. Layer, 50m grid OM 17/05/95 Or I gina L ......... LongSO 

Observed symboLs. JI( Upper Layer, A Lower Layer 

posItion MC10 position SROI position SR02 
1.0 1.0 1.0 

0.6 0.6 0.6 

0.6 0.6 0.6 

0.4 0.4 0.4 

0.2 0.2 0.2 

0.0 0.0 0.0 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

positron MC09 positIon MC16 positIon MC17 

1. a 1.0 1.0 

O.B O.B O.B 

0.6 0.6 0.6 

0.4 0.4 0.4 

0.2 0.2 0.2 

0.0 I 
. 

0.0 0.0 
6 9 12 15 18 21 0 3 6 912 6 9 12 15 lB 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

r--1 r: r: r: r-1 r-:J r:-:J r-l r-1 r-1 r-:J r::J C1 (. .J Ll C""J r-J :-:::l :---J ~ 



r-- r; r1 r-: r:J rJ l .... _J LJ rJ rJ r:-:::J [ .. _..1 L. ..... J c:::J L .1 L .. J c::::J L •. -'.J ~ r---] , 

TK+Sham Tseng Vet Spring OriginaL v LSD 

Organic Nitrogen (mg N/ Ll against time 

2 Layer, 50m grid OM 17/05/95 OriginaL ......... LongSO 

Observed symboLs. _ Upper Layer, 6- Lower Layer 

position MC22 position SR03 posItion SR04 

1.0 1.0 1.0 

0.6 0.6 0.6 

0.6 0.6 0.6 

0.4 0.4 0.4 

0.2 0.2 0.2 

0.0 0.0 0.0 
6 9 12 15 16 21 a 3 6 9 12 6 9121516210 3 6 9 12 6 9 12 15 16 21 a 3 6 9 12 

position MC20 position MC19 position MC23 
1. a 1.0 1.0 

0.6 0.6 O.B 

0.6 0.6 0.6 

0.4 0.4 0.4 

0.2 0.2 0.2 

0.0 0.0 0.0 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 o. 3 6 9 12 



TK+Sham Tseng ~et Spring OrIginaL v LSO 

Organic Nitrogen (mg N/ Ll agaInst time 

2 Layer, 50m grid OM 17/05/95 OriginaL ......... LongSO 

Observed symboLs. lIE Upper Layer, 6 Lower Layer 

posItion SR05 position SR06 positIon SR07 

1.0 1.0 1.0 

0.6 0.6 0.6 

0.6 0.6 0.6 

0.4 0.4 0.4 

0.2 0.2 0.2 

0.0 0.0 0.0 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

positIon MC21 position MC14 positIon SROB 

1.0 1.0 1.0 

0.6 O.B 0.6 

0.6 0.6 0.6 

0.4 0.4 0.4 

0.2 0.2 0.2 

0.0 0.0 0.0 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 lB 21 0 3 6 9 12 

:--J l""' l""' r-: r-1 r-:J r:J rJ r-:J r-: r-:J r::J l .,~ .. J c:::::J L. J CJ rJ :-::J :---l rJ 



~~~~~~~~~~~~l_J~~~L_~l~J~~ 

TK+Sham Tseng Vet Spring OriginaL v LSD 

Organic Nitrogen Img NIL) against time 

2 Layer, 50m grid OM 17/05/95 OriginaL ......... LongSO 

Observed symboLs •. ~ Upper Layer, 6 Lower Layer 

position Me16 position Me15 

1.0 1.0 r-----------, 

O.B O.B 

0.6 0.6 

0.4 0.4 
~ 

0.2 0.2 

0.0 1-1 ~ _____ ~~ _ ____I 0.0 1-1 ___ - ____ ~ _ _l 

6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

position Mell position MC12 position MC13 

1.0 1.0 ,-------------, 1.0 r---------

0.6 0.6 0.6 

0.6 0.6 0.6 

0.4 0.4 0.4 
£::0.... 

0.2 0.2 0.2 

0.0 1-1 ______ ~ __ ____I 
0.0 1 

0.0 l-_~ _____ _+'_~ _ ___" 

6 9 12 15 1621 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 



1.0 

0.6 

0.6 

0.4 

0.2 

0.0 
6 

1.0 

0.6 

0.6 

0.4 

0.2 

0.0 
6 

TK+Sham Tseng Vet Spring OriginaL v LSD 

Organic Nitrogen (mg NIL) against time 

2 Layer, 50m grid OM 17/05/95 

Observed symboLs. ~ Upper Layer, 6 

positIon MC25 

9 12 15 16 21 0 3 6 9 12 

pos! t Ion MC24 

9 12 15 16 21 0 3 6 9 12 

--OriginaL 

Lower Layer 

......... LongSO 

~~~~~~~~~~~~I,_JLJ~~~~~~ 



~ r---' II r-J rJ r-::J r::::J C"J [J r-J t ..... J [~J L •... l c:J C"l c::J C"] , I 1 '~ I:---J 
I 

TK+Sham Tseng Vet Spring OriginaL v LSO 

ChLorophyLL (ug/ Ll against time 

2 Layer, 50m grid OM 17/05/95 OriginaL ......... LongSO 

Observed symboLs. lie Upper Layer, t. Lower Layer 

position MC10 position SROI position SR02 

20 20 20 

15 15 15 

10 10 10 

~ --
: t J 5 

= 
5·~ ..--

0 0 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

position MC09 position MCI6 position MCI7 

20 
20 1 

20 

15 15 15 

10 10 ~ 10 

r-.. -=- ~ - :r I 

'-
5 

pc 

: 
---= 

: 
5 

0 0 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 



TK+Sham Tseng ~et SprIng OrIgInaL v LSD 

Ch Lorophy L L (ug/ Ll agaInst tIme 

2 Layer, 50m grId OM 17/05/95 OrIgInaL ......... LongSO 

Observed symboLs. lI( Upper Layer, 6 Lower Layer 

position MC22 position SR03 position SR04 

20 I 
:: I 

20 

15 15 

10 l 10 l 10 

-- = : [ ~ , ] 5 5 

a a 
6 9 12 15 IB 21 a 3 6 9 12 6 9 12 15 IB 21 0 3 6 9 12 6 9 12 15 IB 21 0 3 6 9 12 

position MC20 position MCI9 position MC23 

20 20 20 

15 15 15 

10 10 10 

-:[ ~ ~ 1 
5 5 

a 0 
6 9 12 15 1B 21 a 3 6 9 12 6 9 12 15 IS 21 0 3 6 9 12 6 9 12 15 IB 21 a 3 6 9 12 

:-J r; r-" , , 11 r-:; r:J r-:J r:J r-J r:J r:l r:::J r::J L._J CJ r:J rJ :=J :--l :-J 



r--, ["""""J r:J CJ L __ J ,---, c::J Cl L-._J CJ l. _ ) 
,-.., ,-.., 

r----' r--, r:1 rJ r-:J rJ c', __ J ..... ~.--) 
) , 

~~ .. - .... 

TK+Sham Tseng Vet Spring OriginaL v LSO 

Ch Lorophy L L (ug/ Ll against time 

2 Layer, 50m grid OM 17/05/95 OriginaL ......... LongSO 

Observed symboLs. ~ Upper Layer, b- Lower Layer 

positIon SR05 position SR06 position SR07 

20 20 20 

15 15 15 

10 10 10 

5 - - 5 - - 5 

0 0 0 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

position MC21 position MC14 position SR08 

20 20 20 

15 15 15 

10 10 10 

5 - 5 I-"" - 5,---- --
0 0 0 

6 9 12 15 18 21 o . 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 



'--"l r; r: r--l r--J C":"J :---J r---l r-J r-; rJ r-J r:J luJ CJ CJ r-J i""'""".J :--J ,..---, , 



1_,~~~~~I_J~~~(_lOLJ~L __ J~~lJ~~ 

TK+Sham Tseng Vet Spring OriginaL v LSO 

ChLorophyLL Cug/Ll against time 

2 Layer, SOm grid OM 17/05/95 

Observed symboLsl _ Upper Layer, 6 

position MC25 

--OriginaL 

Lower Layer 

20r---------------~ 

15 

10 

~ 

5 

0 
6 . 9 12 15 16 21 0 3 6 9 12 

position MC24 

20 

15 

10 

5~ 
0 

6 9 12 15 16 21 0 3 6 9 12 

......... LongSO 



r--: r-; 

TK+Sham Tseng Dry Spring OriginaL v LSD 

E.CoLI ~o/100mL I against time (Log to base lOon y-ax I sl 

2 Layer, 50m grid OM 17/05/95 

Observed symbols. _ Upper layer, A 

--OriginaL 

LOller Layer 

pOGltfon MelO position SROI 
4 4 

3 3 

2 2 

6 9 12 15 Ie 21 0 3 6 9 12 6 9 12 15 Ie 21 0 3 6 9 12 

position MC09 position MCI6 

4 ',---------------, 4 

3 3 

2 2 

6 9 12 15 Ie 21 0 3 6 9 12 6 9 12 15 Ie 21 0 3 6 9 12 

r-. ,...-, , . , r-J r-:J r--J rJ r-J rJ r-J r:J C'J 

......... LongSO 

positIon SR02 

4.-----------------------. 

3 

2 

4 

3 

2 

C __ J CJ 

.... 

" ...... '" 
..... 

.... 

6 9 12 15 Ie 21 0 3 6 9 12 

position Mel7 

6 9 12 15 Ie 21 0 3 6 9 12 

rJ r-J 
,....,...... 

,,1 
,..--, , , rJ 



0-, r-
:---'1 :---J 

~ r-; rJ c:-::J (._] LJ r-l , ., ~ l_._ j l._.J L. ~ c::J CJ L.. __ J c:J , _.--) 

4 

3 

2 

4 

3 

2 

TK+Sham Tseng Dry Spring OriginaL v LSD 

E.CoLI ~o/100mL) against time (Log to base 10 on y-axIs) 

2 Layer, 50m grid OM 17/05/95 --OriginaL ......... LongSO 

Observed symboLs. * Upper Layer, 6 Lower Layer 

position MC22 position SR03 position SR04 

4 4 

3 3 

-n 

2 2 

6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

posItion MC20 position MC19 position MC23 

4,-------------, 4 

3 3 

2 2 

6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

:--l 



-

TK+Sham Tseng Ory SprIng OrIgInaL v LSD 

E.CoLI (no/l00mL) agaInst tIme (Log to base lOon y-ax I s) 

2 Layer, 50m grId OM 17/05/95 

Observed symboLs. _ Upper Layer, 6 

--OrIgInaL 

Lower Layer 

position SR05 position SR06 

4 4 

3 
"., 

~.(" '.-

3 .;-

".-

. -;-:-.. 

2 2 

6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

positIon MC21 position MC14 

4 4 

'\J 

:I~ l 
3 t .'\.~ /" 

2 t 

6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

......... LongSO 

position SR07 
4 

3 

... . . 
.. 

2 ... 

6 9 12 15 18 21 0 3 6 9 12 

position SR08 
4 

3 
... V .~ 

2 

6 9 12 15 18 21 0 3 6 9 12 

~ ~.r; 
,,........, 
, > r-:J r-::J II II ,r-l II II II c:J c-1 r:J nJ :-:::l:-l :-l 



~ 
( r; r; r; r::; r::l CJ CJ LJ r=l c .... J CJ ,----., 

L-~,_,..J CJ L .... J r---"I 
~.-J I::::::J · .... _l 1:--) 

TK+Sham Tseng Dry Spring OriginaL v LSD 

E.CoLI ~o/IOOmL) against time (Log to base 10 on y-axIs) 

4 

3 

2 

4 

3 

2 

2 Layer, 50m grid OM 17/05/95 

Observed symboLs. * Upper Layer, 6 

--OriginaL 

Lower Layer 

position Me18 position MCIS 

4 

3 

2 

6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

position MCll position MC12 

4 .-----------------------, 

3 

2 

6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

......... LongSO 

position MC13 

4 r--------------------, 

3 

2 

6 9 12 15 16 21 0 3 6 9 12 

'J 



,-, 

4 

3 

2 

6 

4 

31 
2 

TK+Sham Tseng Dry SprIng OrIgInaL v LSD 

E.CoLI ~0/100mL) agaInst tIme (Log to base 10 on y-axIs) 

2 Layer, 50m grId OM 17/05/95 

Observed symboLs! _ Upper Layer, 6 

position MC25 

',-.' ..... 

... : .......... .: ..... . 

9 12 15 16 21 0 3 6 9 12 

positIon MC24 

~ .-.r.-"'), " .. 
... 

--OrIgInaL 

Lower Layer 

......... LongSO 

6 9 12 15 16 21 0 3 6 9 12 

r-; r; r-: r; r1 ~ c-J r-.J r; r-::l r=J C"J CoJ CJ [ .... J CT'J :"""""""-::J :---; .:--1 



r-' r-: ,---. , rJ r::J c-::J CJ C""J r::J Cl· Cl c._J L_.J 

80 ~ 

75 ! 

70 

65 

60 

55 

50 
6 

80 

75 

70 

65 

60 

55 

50 
6 

TK+Sham Tseng Dry Spring OriginaL v LSO 

DissoLved Oxygen (% saturation) against time 

2 Layer, 50,? grid OM 17/05/95 OriginaL 

Observed symboLs. )I( Upper Layer, /; Lower Layer 

position MC10 posItion SROI 

80 ,-- • 
n.. 

75 \ 
I \. 

70 r \. I -\. 

"V 65 ~ 

60 

55 

50 
9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

position MC09 position MC16 

80 

75 

70 

65 

60 

55 

50 
9 12 15 18 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

c:J I ... J I .. :::1 [ .. J 

......... LongSO 

position 

80 

75 

70 

65 

60 

55 

50 
6 9 12 15 18 21 

posItIon 

60 

75 

70 

65 

60 

55 

50 
6 9 12 15 16 21 

0 

0 

r-:-"1 
,~~) 

3 6 

3 6 

----; rJ 

SR02 

9 12 

MC17 

9 12 



TK+Sham Tseng Dry Spring OriginaL v LSO 

DissoLved Oxygen (% sat urat Ion) against time 

2 Layer, ?Om grid OM 17/05/95 OriginaL ......... LongSO 

Observed symboLs. lI( Upper Layer, b- Lower Layer 

position MC22 position SR03 position SR04 

75 
75 

75 t \ "\ "\1 70 
70 

70 ~ \. \,1 -
65 

""-... I 65 
65 '='~ 

60 60 60 

55 55 55 

50 50 50 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

position MC20 posit Ion MCI9 position HC23 

60 60 
75 

75 75 

70 
70 70 

65 65 65 

60 60 60 

55 55 55 

50 50 50 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

r--"""1 r-; r-1 r-: r-J r-J r-J rJ r-J rJ r:-.J r::J c:J L ... J CJ C":"":J IT) :-=J ~ .~ 



,~ r-: r-: r-: r-::J r:J L .•.•. J C-::J c-J c-J c:l L ... J L_J CJ L ... J !_ ••.• J C-::J c._. J r--J :--l 

TK+Sham Tseng Dry SprIng OrIgInaL v LSO 

DIssoLved Oxygen (% saturatIon) agaInst tIme 

2 Layer, 50m grId OM 17/05/95 

Observed symboLs. ~ Upper Layer, 6 

position SR05 position 

--OrIgInaL 

Lower Layer 

SR06 

75 F": ?4 
75 

70 70 

65 65 

60 60 

55 55 

50 I I 50 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

pasl t Ion MC21 posItIon MCI4 

75 

:FJl 70 

65 

60 60 

55 55 

50 50 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

......... LongSO 

position SR07 

75 

70 

65 

60 

55 

50 
6 9 12 15 16 21 0 3 6 9 12 

position SR08 

75 

70 

65 

60 

55 

50 
6 9 12 15 18 21 0 3 6 9 12 



,---, ~ 
• \ 

80 

75 

70 

65 

60 

55 

TK+Sham Tseng Dry Spring OriginaL v LSD 

DissoLved Oxygen (% saturation) against time 

2 Layer, 5pm grid OM 17/05/95 

Observed symboLs, * Upper Layer, A 

position MC18 position 

75 

70 

65 

60 

55 

--OriginaL 

LOller Layer 

MC15 

50:1-;~~~~ ______ ~ 50 I '" I 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

position MCII positIon MC12 

75 75 

70 70 

65 65 

60 60 

55 55 

50 50 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

r--; r-: r-J r-:J ,---." 
' .. ,' .j r-J II LJ r:-J r:-J rJ 

......... LongSO 

pasl t Ion MC13 

75 

70 

65 

60 

55 

50 
6 9 12 15 10 21 0 3 6 9 12 

Cn.J L.1 c:-J ~ :-n :-J --"1 



~ r---
,---., 
c r-1 r:-J c::; CJ rJ CJ " C j 

C"l L,_J CJ 

TK+Sham Tseng Dry Spring OriginaL v LSD 

DissoLved Oxygen (% saturation) against time 

2 Layer, 50m grid OM 17/05/95 

Observed symboLs. * Upper Layer, 6 

position MC25 

60 

75 

70 

65 

60 

55 

50 
6 9 12 15 16 21 0 3 6 9 12 

positIon MC24 

60 

75 

70 

65 

60 

55 

50 I 
6 9 12 15 16 21 0 3 6 9 12 

--OriginaL 

Lower Layer 

c:::J L"J L,,~.J ,?:] 
I- ~~L j iJ :-l 

, ........ LongSb 



TK+Sham Tseng Dry Spring OriginaL v LSO 

BOD (mg/ Ll against t I me 

2 Layer, 50m grid OM 17/05/95 Or Igl na L ......... LongSO 

Observed symbols. lIE Upper Layer, b. Lower Layer 

position MCto position SROI POsition SR02 
3.0 3.0 3.0 

2.5 2.5 2.5 

2.0 2.0 2.0 

1.5 1.5 1.5 

1.0 1.0 1.0 

[-.-- - --- \. - 0.5~·\. 0.5 0.5 

0.0 0.0 0.0 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

position MC09 posItion MCI6 position Mel7 

3.0 3.0 3.0 

2.5 2.5 2.5 

2.0 2.0 2.0 

1.5 1.5 1.5 

1.0 1.0 1.0 

0.5 0.5 V "\ -- 0.5 V \. ----
0.0 I I 0.0 0.0 

6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

r-- r---'1 
\ , r-l r-1 :---, , , ~ c-:J r-J r-J r--J r:J c-:-J c-J CJ C"J c:J rT1 :-=1 ':---1 :---1 



~ r-'"' r-'"' II r:J r:J C...._J C":J LJ :---J ~ r::=J L_ ..... J c::J c--J L ... J lJ :._Ll :---J .~ , 

TK+Sham Tseng Dry SprIng OrIgInaL v LSD 

BOD (mg/ Ll agaInst tIme 

2 Layer, 50m grId OM 17/05/95 OrIgInaL ......... LongSO 

Observed symboLs: * Upper Layer, 6. Lower Layer 

position MC22 position SR03 position SR04 

3.0 3.0 3.0 

2.5 2.5 2.5 

2.0 2.0 2.0 

1.5 1.5 1.5 

1.0 1.0 1.0 

0.5 
,.-- \.. - "- 0.5~ 0.5 

0.0 I 0.0 0.0 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 IS 16 21 0 3 6 9 12 6 9 12 IS 16 21 0 3 6 9 12 

position NC20 position NC19 position NC23 

3.0 3.0 3.0 

2.5 2.5 2.5 

2.0 2.0 2.0 

1.5 1.5 1.5 

1.0 1.0 1.0 

C/ "\ -- 0.5 l----0.5 0.5 \. --
0.0 0.0 0.0 

6 9 12 15 16 21 0 3 6 9 12 6 9 12 IS 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 





:--' r--; r-; rJ r::J r:J c::J c-J c-:J r---1 r-] L .... J c:::J [ J CJ L .... _J r:-J ' ... ..:..1 :-l :--l , , 

TK+Sham Tseng Dry Spring OriginaL v LSD 

BOD (mgl Ll against time 

2 Layer, 50m grid OM 17105/95 OriginaL ......... LongSO 

Observed symboLs. )I( Upper Layer, '" Lower Layer 

positiOn MC16 position MC15 
3.0 

3.0 

2.5 
2.5 

2.0 2.0 

1.5 1.5 

1.0 1.0 

0.5 Y ~I 0.5 

0.0 1 I 0.0 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 

posItion MCll posItion MC12 position MC13 

3.0 3.0 3.0 

2.5 2.5 2.5 

2.0 2.0 2.0 

1.5 1.5 1.5 

1.0 1.0 1.0 

0.5 V \ .r- r-
0.5 I ~ 1 0.5 

0.0 0.0 0.0 
6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 6 9 12 15 16 21 0 3 6 9 12 



TK+Sham Tseng Dry Spring OriginaL v LSD 

BOO (mg/Ll against time 

2 Layer, 50m grid OM 17/05/95 

Observed symboLs. * Upper Layer, 6 

position MC25 

3.0 

2.5 

2.0 

1.5 

1.0 

0.51- \. 

0.0 
6 9 12 15 16 21 0 3 6 9 12 

position MC24 

3.0 

2.5 

2.0 

1.5 

1.0 

0.51-- '" --
0.0 +-I ____ ~_-~~~~__l 

6 9 12 15 16 21 0 3 6 9 12 

--OriginaL 

Lower Layer 

......... LongSO 

r; r-: rJ Ii r-:: [""""J c::--::J r-:J r-J rJ r-l r:-J. r-:J [_._.J •.. J r:J rJ '""TI :---) rJ 



r- r--; r: II r-J r:J c:::J r:J r-J rJ C"J C'"J L ... J CJ CJ L •... _J c-::J : .... LJ .:-l rJ 

TK+Sham Tseng Dry Spring OriginaL v LSD 

Suspended SoLids (mg/ Ll against time 

2 Layer, 50m grid OM 17/05/95 OriginaL ......... LongSO 

Observed sy~boLsl lI( Upper Layer, l; Lower Layer 

position MCIO position SROI position SR02 

40 40 40 

35 35 35 

30 30 30 

25 25 25 

20 20 20 

IS IS IS 

10 10 10 

5 5 5 

0 0 0 
6 9 12 IS 16 21 0 3 6 9 12 6 9 12 IS 18 21 0 3 6 9 12 6 9 12 IS 18 21 0 3 6 9 12 

position MC09 position MCI6 positIon MCll 

40 40 40 

35 35 35 

30 30 30 

25 25 25 

20 20 20 

IS 15 IS 

10 10 10 

5 5 5 

0 0 0 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 



40 

35 

30 

25 

20 

15 

10 

5 

0 

40 

35 

30 

25 

20 

15 

10 

5 

0 

r---; r-; 

TK+Sham Tseng Dry Spring OriginaL v LSO 

Suspended SoLids (mg/Ll against time 

2 Layer, 50~ grid OM 17/05/95 --OriginaL 

Observed symboLs. _ Upper Layer, A Lower Layer 

position MC22 position SR03 

40 

35 

30 

25 

20 

15 

10 

5 

0 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

positIon MC20 positIon MCI9 

40 

35 

30 

25 

20 

15 

10 

5 

0 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

rJ rJ rJ rJ l ...... .J rJ rl rJ r:::l" l. ... J L."J 

......... LongSO 

pasl t Ion SR04 

40 

35 

30 

25 b 
--= 20 

15 

10 

5 

0 
6 9 12 15 18 21 0 3 6 9 12 

positIon MC23 

40 

35 

30 

25 

20 

15 

10 

5 

0 
6 9 12 15 18 21 0 3 6 9 12 

c:J rJ c:::J rJ :-::TI rJ :--l 



~ r-: l"l l"l rJ rJ r::J L'J r-J r-J C""l CJ c:J c::::J Cl CuJ c:J r::J :--l l"l 

TK+Sham Tseng Dry Spring OriginaL v LSO 

Suspended SoLids !mg/ Ll against time 

2 Layer, 50m grid OM 17/05/95 Or I g I.na L ......... LongSO 

Observed sy~boLs: )I( Upper Layer, "- Lower Layer 

position SR05 position SR06 positIon SR07 

~o ~o ~O 

35 35 35 

30 30 30 

25 I-- - 25 r- --- 25 

20 20 20 

15 15 15 

10 10 10 

5 5 5 

0 0 0 
6 9 12 15 18 21 0 3. 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

position MC21 posItion MC1~ positIon SR08 

~O ~O 40 

35 35 35 

30 30 30 

25 b" 
"'" 25 25 

20 20 20 

15 15 15 

10 10 10 

5 5 5 

0 0 0 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 



TK+Sham Tseng Dry Spring OriginaL v LSD 

Suspended SoLids (mg/ Ll against time 

2 Layer, 5Qm grid OM 17/05/95 OriginaL ......... LongSO 

Observed symboLs. lIE Upper Layer, 6 Lower Layer 

position NC18 position NCI5 

40 40 

35 35 

30 30 

25 25 

20 20 

15 15 

10 10 

5 5 

0 0 
6 9 12 15 IB 21 0 3 6 9 12 6 9 12 15 IB 21 0 3 6 9 12 

posItion NCII position MCI2 position MCI3 
40 40 40 

35 35 35 

30 30 30 

25 25 25 

20 20 20 

15 15 15 

10 10 10 

5 5 5 

0 0 0 
6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 6 9 12 15 18 21 0 3 6 9 12 

r-: r: r: r: r-:J r:-J r=:J r-J r-J r-l r-:J C.".) c::J C .... J Cl c::J r-J l .. U :-l .:-l 



r-- r-: r-: rJ r:J r:J r:J r-J r-J rJ rJ r=J c::-J [ .J c-:l c:J rJ ! __ ~J rJ 'J 

TK+Sham Tseng Dry Spring OriginaL v LSD 

Suspended SoLids (mg/Ll against time 

2 Layer, 50m grid OM 17/05/95 

Observed sy~boLs, * Upper Layer, 6 

position MC25 

40 

35 

30 

25 

20 

15 

10 

5 

0 
6 9 12 15 lB 21 o 3 6 9 12 

position MC24 

40 rl-----------------. 
35 

30 

25 

20 

15 

10 

5 
0~1 ____ ~~ ______ ~ 

6 9 12 15 lB 21 0 3 6 9 12 

--OriginaL 

Lower. Layer 

......... LongSo 



TK+Sham Tseng Dry Spring OriginaL v LSD 

AmmoniacaL Nitrogen (mg NIL! against time 

2 Layer, 50m grid OM 17/05/95 

Observed sy~boLsl * Upper Layer, ~ 

--OriginaL 

Lower Layer 

position MClO posit Ion SROI 

0.3 ,---------------, 0.3 

0.2 0.2 

o. 1 0.1 

0.0 l-I ___ ~_-_~ ____ ~ 0.0 l-I _-~_~ _______ ~ 

6 9 12 15 IB 21 0 3 6 9 12 6 9 12 15 lB 21 0 3 6 9 12 

posit Ion MC09 posit Ion MC16 

0.3 0.3 

0.2 0.2 

0.1 V 0.1 v---- -..... ~ 

~ ~ 

0.0 l-I_-_~-'+-_-____ __I 0.0 .r..1 _____ ~ __ ~_-l 

6 9 12 15 IB 21 0 3 6 9 12 6 9 12 15 lB 21 0 3 6 9 12 

......... LongSO 

position SR02 

0.3 

0.2 

0.1~ ./ 

0.0 l-I _-_____ ~_~ _ __l 

6 9 12 15 lB 21 0 3 6 9 12 

position Hel? 

0.3 

0.2 

0.1 v------~ -------./ 

0.0 l-I _________ ~ __ ~ 

6 9 12 15 lB 21 0 3 6 9 12 

l""! r-: ~ r: r:J r-J , .... ~J rJ rJ r-l r-J r::J C""J c:-J c::J r-:J ~ :-:::rJ :---l :---l 
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Appendix F 

Air Quality Modelling Results 
Construction Phase Dust Impacts 
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[ TOTAL SUSPENDED PARTICULATE (TSP) LEVEL 
SR4 (Garden Bakery) 
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[ TOTAL SUSPENDED PARTICULATE (TSP) LEVEL 
" SR4 (Garden Bakery) 

[ With mitigation (by wetting and covering with hydro-seeding) - using marine fill 

o 
n 
o 
o 
o 
o 
o 
o 
o 
c 
c 
o 
c 
c 
[ 

[ 

[ 

[ 

600 

500 

400 

300 

200 

100 

o 

TSP level (ug/m3) 

I 
I I I I 

~I I I I I I I I I I I 
IIIIIIT",I, I I '\ -

\ 
- ~ 

I 
, I T I 

3 4 5 6 7 8 9 1 0111 2 1 2 3 4 5 6 7 8 9 1 01112 1 2 3 4 5 6 7 8 9 1 0 

1 I 2 I 3 

Period (month) 

-<J- 24 hr TSP -+ 1 hr TSP 



TOTAL SUSPENDED PARTICULATE (TSP) LEVEL[ 

600 

500 

400 

300 

200 

100 

o 

SR5 (Garden Villa) [ 
Without mitigation - using marine fill-

TSP level (ug/m3) 

-1 I I I I I I I I I I I I I I I 

I I I I I 

I I I I I I Ii I Ii I I , \ 

I I I I I I 

L~ 
, 
I 

~ 

3 4 5 6 7 8 9 1 0111 2 1 2 3 4 5 6 7 8 9 1 0111 2 1 2 3 4 5 6 7 8 9 1 0 

1 I 2 I 3 

Period (month) 

I ~ 24 hr TSP -+- 1 hr TSP I 

r 
[ 

o 
[J 

o 
o 
D 
[ 

[ 

[ 

[ 

o 
[ 

[ 

[ 

[ 

L 
l 



l TOTAL SUSPENDED PARTICULATE (TSP) LEVEL 
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[ TOTAL SUSPENDED PARTICULATE (TSP) LEVEL 
SR3 (Lido Garden) 

[ Without mitigation - using general fill 
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[ TOTAL SUSPENDED PARTICULATE (TSP) LEVEL 
SR5 (Garden ViUa) 
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FOM Emission Rata Calculation (Based on AP-42) Date: t/4/95 

JOB: SHAM TSENG Sewage Treatment Plant 
(assumed using general fill) 

t) Hauling 

INJ>UT DATA OUTPlJT DATA 
k constant 0.8 Loaded Weight (ton) 
Silt Cont. (%) = 1.6 Unloaded Weight (ton) = 
Speed (km/h) = 10 
Truck Capacity (m3) = B Emission rate (loaded) = 

. Load Density (kg/M3) = 2000 Emission rate (unloaded) = 
Truck Weight (kg) = 5500 
No. of Wheels = 6 Total (kg/VKl) = 
No. of Drv Davs 113 

No. of Truck per hr -

Emission rata (g/s/m) 
4.7267E 04 

no miti ate. houri no miti ate, dair 

2) Erosion 

IN UT DATA 
Siltcont. (%) 
No. of Dry Days = 
Wind Speed (m/s) = 

3) Dozing (Wheelloader) 

IMolistu",Colntent(%) = 

4) Construction 

1.6 
113 

2 

4.7267E Od 

OUTPIJ, DATA 
I Emission rate (g/s/m2) 

21.5 
5.5 

0.1385 
0.0526 

0.1891 

9 

Su ressien % 
50 

rnlti ated, hourlv 
2.3633E 04 

5.031E· 06 

a eration hour 
11 

miticfated, dafiV 
1.083E 04 

I l_ ' 5) Unloading 

I 
1_ 

r 

l 

I 
I 

~~~~~~~~~ 

note: assumed data 



[ FOM Emission Rate CalcuJati(Based on AP-42) 

JOB: SHAM TSENG Sewage Treatment Plant 

Date: 1/4/95 

(assumed using general fill) 

[ 
Q Without Mitigation (Hourly) 

Emission Rate of Each Source Construction Hauling Dozing Unloading TOTAL 
Iials. alm/s or Q]m2/s) (m2) 

o 
Trench (Une) 1 5.72E 04 1 1 1 5.720E 04 
Nea I (Nea) 13629 1 1 I.4BE-04 9.59E-05 2.440E-04 
Ne. II (Nea) 2B050 1 1 7.20E-05 4.66E-05 1.IB6E-04 
Nea III (Nea) 9024 1 1 2.24E-04 1.4SE-04 3.686E-04 
Construction on the areas 1 1.144E-04 1 1 1 1.144E-04 
Haul road on areas 1 1 4.727E-04 ; ; 4.727E-04 
Pumolino Station (Pointl 1.144E-02 1 1.144E-02 c 

o ii) With Mitigation (Hourly) 

Emission Rate of Eacl"1 Source Construction Hauling Oozing Unloading TOTAL 

Trench (Une) / 2.860E 04 1 / / 2.860E 04 
Nea I (Nea) 13629 1 I 7.404E-OS 9.594E-06 B.364E-OS 
Nea II (Nea) 28050 / / 3.S9BE-OS 4.661E-06 4.064E-OS 
Nea III (Nea) 9024 / / 1.118E-04 1.449E-OS 1.263E-04 
Construction on the areas / 5.720E-05 / / / 5.720E-OS 
Haul road on areas / 1 2.~63E-04 ; ; 2.363E-04 
Pumolina Station (Point) 5.720E-03 5.720E-03 o 
Assumption: 1. Width of trench = 5m 

o 2. Area of Pumping Station : 10m x 10m 

o 
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c 
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o 
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L 



SHAM TSENG SEWAGE TREATMENT WORKS 
Oust Impact Assessment by FDM 

SR3.(Udo Gardan) -, no mitigation 
- assumed using general fill 

1) 1 hour TSP Level 

A 
Y M 
E J 
A J 
R A 91.80 

S 91.80 2.56 
0 91.80 2.56 
N 91.80 2.56 

F 91.80 2.56 
M 91.80 2.20 

Y A 2.20 
E M 2.20 0.51 
A J 2.20 0.51 
R J 2.20 0.51 

A 2.20 0.51 
2 S 2.20 0.51 

0 2.20 0.51 
N 2.20 0.51 

F 2.20 
Y M 2.20 
E A 2.20 
A M 2.20 
R J 2.20 

J 2.20 
3 A 2.20 

S 2.20 

Note: 1 hour TSP Background Level = 166 ug/m3 

2) 24 hour TSP Level 

24 HourTSP u m3 
Period Reclamation Erosion Consb"uction of 

+ Haulina PumolinQ Station 
M 
A 

Y M 
E J 
A J 
R A 21.29 

S 21.29 0.58 
1 0 21.29 0.58 

N 21.29 0.58 
0 21.29 0.58 
J 21.29 0.58 
F 21.29 0.58 
M 21.29 0.51 

Y A 0.51 
E M 0.51 0.28 
A J 0.51 0.28 
R J 0.51 0.28 

A 0.51 0.28 
2 S 0.51 0.28 

0 0.51 0.28 
N 0.51 0.28 
0 0.51 
J 0.51 
F 0.51 

Y M 0.51 
E A 0.51 
A M 0.51 
R J 0.51 

J 0.51 
3 A 0.51 

S 0.51 
0 0.51 

Note: 24 hour TSP Background level = 115 ug/m3 

Date: 2/4/95 

[ 

[ 

12.39 7.55 
12.39 7.55 
12.39 7.55 

7.55 
7.55 
7.55 o 
7.55 
7.55 
7.55 o 
7.55 176 
7.55 176 
7.55 176 
7.55 176 

[ 
7.55 176 
7.55 176 
7.55 176 

168 [ 

[ 

Sewer Construction TOTAL 
Installation ofSTW 

[ 
115 
115 
115 
115 [ 
115 
136 
137 
137 
137 D 
137 
137 
137 

3.86 1.39 142 [ 
3.86 1.39 121 
3.86 1.39 121 

1.39 117 
1.39 117 
1.39 117 

[ 
1.39 117 
1.39 117 
1.39 117 
1.39 117 

[ 
1.39 117 
1.39 117 
1.39 117 
1.39 117 [ 
1.39 117 
1.39 117 
1.39 117 
1.39 117 

116 
116 
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SHAM TSENG SEWAGE TREATMENT WORKS 
Dust Impact Assessment by FDM 

SR4 Garden Bakery) 

1) 1 hourTSP Level 

y 
E 
A 
A 

y 
E 
A 
R 

2 

y 
E 
A 
R 

3 

A 
M 
J 
J 
A 
S 
0 
N 

F 
M 
A 
M 
J 
J 
A 
S 
0 
N 

F 
M 
A 
M 
J 
J 
A 
S 

- no mitigation 
- assumed using general fill 

394B.81 
3948.81 
3948.81 98.34 
3946.61 98.34 

3948.81 98.34 
3948.61 94.20 

94.20 
94.20 
94.20 
94.20 
94.20 
94.20 
94.20 
94.20 

94.20 
94.20 

Note: 1 hourTSP Background Level = 166 ug/m3 

TSP Level exceeded EPD's recommended Level (500 ug/rn3) 

[ 2) 24 hourTSP Level 

24 HourTSP (ug/m3 
Period Reclamation Erosion Construction aT 

+ Hauling PumplinQ Station 
M 
A c 

Y M 
E J 
A J 
R A 1785.94 c 

S 1785.94 
1 0 1785.94 44.42 

N 1785.94 44.42 
D 1785.94 44.42 
J 1785.94 44.42 
F 1785.94 44.42 
M 1785.94 42.93 

Y A 42.93 
E M 42.93 0.17 
A J 42.93 0.17 
R J 42.93 0.17 

A 42.93 0.17 
2 S 42.93 0.17 

0 42.93 0.17 c 
N 42.93 0.17 
D 42.93 
J 42.93 
F 42.93 

Y M 42.93 
E A 42.93 
A M 42.93 
R J 42.93 

J 42.93 [ 
3 A 42.93 

S 42.93 
0 42.93 

Note: 24 hour TSP Background Level = 115 ug/m3 

[ 
TSP Level exceeded AQO Level (2150 ug/m3) 

Date: 2/4/95 

14.96 75.61 
14.96 75.61 

75.61 

Sewer Construction TOTAL 
Installation ofSTW 

115 
115 
115 
115 
115 

1901 
1901 
1945 
1945 
1945 
1945 
1945 

4.9; 28.90 1978 
4.99 28.90 192 

28.90 187 
28.90 187 
28.90 187 
28.90 187 
28.90 187 
28.90 187 
28.90 187 
28.90 187 
28.90 187 
28.90 187 
28.90 187 
28.90 187 
28.90 187 
28.90 187 
28.90 187 
28.90 187 

158 
158 



SHAM TSENG SEWAGE TREATMENT WORKS 
Dust Impact Assessment by FDM 

SR4 Giarden Bakery) 

1) 1 hourTSP Level 

y 

E 
A 
R 

y 
E 
A 
R 

2 

y 
E 
A 
R 

3 

A 
M 
J 
J 
A 
S 
o 
N 

F 
M 
A 
M 
J 
J 
A 
S 
o 
N 

F 
M 
A 
M 
J 
J 
A 
S 

- with mitigation (by wetting) 
- assumed using general fill 

94.20 
94.20 
94.20 
94.20 
94.20 
94.20 
94.20 

Note: 1 hourTSP Background Level = 166 ug/m3 

0.23 
0.23 
0.23 
0.23 
0.23 
0.23 
0.23 

TSP Level exceeded EPD's recommended Level (500 ug/m3) 

2) 24 hour TSP Level 

y 
E 
A 
R 

y 
E 
A 
R 

2 

y 
E 
A 
R 

3 

A 
M 
J 
J 
A 
S 
o 
N 

F 
M 
A 
M 
J 
J 
A 
S 
o 
N 

F 
M 
A 
M 
J 
J 
A 
S 

669.31 
669.31 
669.31 
669.31 

689.31 
889.31 

44.42 
44.42 

44.42 
42.93 
42.93 
42.93 
42.93 
42.93 
42.93 

42.93 
42.93 
42.93 
42.93 
42.93 
42.93 
42.93 

Note: 24 hourTSP Background Level = 115 ug/m3 

TSP level exceeded ACO Level (260 ug/m3) 

0.09 
0.09 
o.o~ 

0.09 
0.09 
0.09 
0.09 

7.48 
7.48 

2.50 

Date: 2/4/95 

14.45 
14.45 
14,45 
14.45 
14.45 

829 
844 
175 
172 

[ 

[ 

c 
c 
o 
o 
[ 

[ 

[ 

[ 

[ 

c 
[ 

[ 

[ 

[ 

l 



[ SHAM TSENG SEWAGE TREATMENT WORKS 
Dust Impact Assessment by FOM 

Date: 2/4/95 

SR4 Garden Bakery) - with mjligation (by wetting and cover the ar •• [aom from the north site boundary) by hydro-seeding) 
- assumed using general fill 

[ 1) 1 hourTSP Level 

1 Hour TSP Uci7m3 
Period F eelamation Erosion Construction of 

+ Haulina Pumolino Station 
M 
A 

Y M 
E J 
A .J 
R A 1611.22 

S 1611.22 c 
1 0 1611.22 34.91 

N 1611.22 34.91 
D 1611.22 34.91 
J 1611.22 34.91 [J 
F 1611.22 34.91 
M 1611.22 30.77 

Y A 30.77 
E M 30.77 0.23 
A J 30.77 0.23 c 
R J 30.77 0.23 

A 30.77 0.23 
2 S 30.77 0.23 

0 30.77 0.23 
N 30.77 0.23 

o 
D 30.77 
J 30.77 
F 30.77 

Y M 30.77 D 
E A 30.77 
A M 30.77 
R J 30.77 

J 30.77 
3 A 30.77 o 

S 30.77 
0 30.77 c Note: 1 hourTSP Background Level = 166 ug/m3 

TSP Level exceeded EPD's recommended Level (500 ug/m3) 

[ 2) 24 hour TSP Level 

c 
c 
o 
c 
[ 

[ 

[ 

L 
r' 

Y 
E 
A 
R 

Y 
E 
A 
R 

2 

Y 
E 
A 
R 

3 

A 
M 
J 
J 
A 
S 
0 
N 

F 
M 
A 
M 
J 
J 
A 
S 
0 
N 

F 
M 
A 
M 
J 
J 
A 
S 

16.55 
16.55 
16.55 
16.55 
16.55 
16.55 
16.55 
16.55 
1 

16.55 
16.55 

Note: 24 hour TSP Background Level = 115 ug/m3 

TSP Level exceeded AOO Level (260 ug/m3) 

0.09 
0.09 

0.09 

Sewer 
Installation 

7.48 
7.4B 

Construction 
ofSTW 

37.80 
37.80 
37.80 
37.80 
37.80 
37.80 
37.80 
37.80 

·37.80 
37.80 
37.80 
37.80 
37.80 
37.80 
37.80 
37.80 
37.80 
37.80 

14.45 
14.45 
14.45 
14.45 
14.45 
14.45 
14.45 
14.45 
14.45 

14.45 

TOTAL 

166 
166 
166 
166 
166 

1777 
1777 
1812 
1812 
1812 
1812 
1812 
1853 

242 
235 
235 
235 
235 
235 
235 
235 
235 
235 
235 
235 
235 
235 
235 
235 
235 
197 
197 

146 
132 



SHAM TSENG SEWAGE TREATMENT WORKS 
Dust Impact Assessment by FDM 

SR5 (Garden Villa) - no mitigation 
- assumed using general fill 

1) 1 hour TS? Level 

1 Hour TSP u m3 
Period Reclama~~n Erosion Construction of 

+ Hauli" PumDlina Station 
M 
A 

Y M 
E J 
A J 
A A 601.83 

S 601.83 12.41 
1 0 601.83 12.41 

N 601.83 12.41 
D 601.83 12.41 
J 601.83 12.41 
F 601.83 12.41 
M 601.83 8.64 

Y A 8.64 
E M 8.64 0.21 
A J 8.64 0.21 
A J 8.64 0.21 

A 8.64 0.21 
2 5 8.64 0.21 

0 8.64 0.21 
N 8.64 0.21 
D 8.64 
J 8.64 
F 8.64 

Y M 8.64 
E A 8.64 
A M 8.64 
A J 8.64 

J 8.64 
3 A 8.114 

5 8.114 
0 8.64 

Note: 1 hour TS? Background Level = 166 ug!m3 

TS? level exceeded EPD's recommended level 

2) 24 hour TS? Level 

24 Hour TSP u 1m3 
Period Reclamation Erosion Construction of 

+ Haulina PumDlina Station 
M 
A 

Y M 
E J 
A J 
A A 45.22 

5 45.22 0.87 
1 0 45.22 0.87 

N 45.22 0.87 
D 45.22 0.87 
J 45.22 0.87 
F 45.22 0.87 
M 45.22 0.65 

Y A 0.65 
E M 0.65 0.02 
A J 0.65 0.02 
A J 0.65 0.02 

A 0.65 0,02 
2 5 0.65 0.02 

0 0.65 0.02 
N 0.65 0.02 
D 0.65 
J 0.65 
F 0.65 

Y M 0.65 
E. A 0.65 
A M 0.65 
A J 0.65 

J 0.65 
3 A 0.65 

5 0.65 
0 0.65 

Note: 24 hourTSP Background Level = 115 ug/m3 

Date: 2/4/95 [ 

Sewer Construction TOTAL 
Installation ofS1W 

166 
166 
166 
166 
166 
768 c 
780 
780 
780 
780 o 
780 
780 

5.31 79.30 861 
5.31 79.30 259 

79.30 254 c 
79.30 254 
79.30 254 
79.30 254 
79.30 254 o 
79.30 254 
79.30 254 
79.30 254 
79.30 254 
79.30 254 o 
79.30 254 
79.30 254 
79.30 254 
79.30 254 
79.30 254 
79.30 254 

175 
175 [ 

[ 

Sewer Construction TOTAL 
Installation of51W [ 

115 
115 
115 
115 
115 

[ 
160 
161 
161 
161 c 
161 
181 
161 

1.08 4.63 167 
1.08 4.63 121 c 

4.63 120 
4.63 120 
4.63 120 
4.63 120 c 
4.63 120 
4.63 120 
4.63 120 
4.63 120 
4.63 120 

[ 
4.63 120 
4.63 120 
4.63 120 
4.63 120 [ 
4.63 120 
4.63 120 
4.63 120 

116 
116 L 
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SHAM TSENG SEWAGE TREATMENT WORKS 
Dust Impact Assessment by FDM 

SRS (Garden Villa) - with mitigation (by wetting) 
- assumed using general fill 

1) 1 hour TSP Level 

1 Hour TSP u 1m3 
Period Reclamation Erosion Construction of 

+ Haulinc Pumolinc Station 
M 

I A 
Y M 
E J 
A J 
R A 221.86 

S 221.86 12.41 
1 0 221.85 12.41 

N 221.85 12.41 
D 221.85 12.41 
J 221.86 12.41 
F 221.85 12.41 
M 221.85 8.64 

Y A 8.64 
E M 8.64 0.11 
A J 6.64 0.11 
R J 8.64 Q.11 

A 8.64 0.11 
2 S 8.64 0.11 

0 8.64 0.11 
N 8.64 0.11 
D 8.64 
J 6.64 
F 8.64 

Y M 8.64 
E A 8.64 
A M 8.64 
R J 8.64 

J 8.64 
3 A 8.64 

S 8.64 
0 8.64 

Note: 1 hour TSP Background Level = 166 ug/m3 

2) 24 hour TSP level 

24 Hour TSP u m3 
Period Reclamation Erosion Construction of 

+ Haulina Pumclina Station 
M 
A 

Y M 
E J 
A J 
R A 16.74 

S 16.74 0.87 
1 0 16.74 0.87 

N 16.74 0.87 
D 16.74 0.87 
J 16.74 0.87 
F 16.74 0.87 
M 16.74 0.65 

Y A 0.65 
E M 0.65 0.01 
A J 0.65 0.01 
R J 0.65 0.01 

A 0.65 0.01 
2 S 0.65 0.01 

0 0.65 0.01 
N 0.65 0.01 
D 0.65 
J 0.65 
F 0.65 

Y M 0.65 
E A 0.65 
A M 0.65 
R J 0.65 

J 0.65 
3 A 0.65 

S 0.65 
0 0.65 

Note: 24 hour TSP Background Level = 115 ug!m3 

Date: 214195 

Sewer Construction TOTAL 
Installation ofSTW 

166 
166 
166 
166 
166 
388 
400 
400 
400 
400 
400 
400 

2.66 39.65 439 
2.66 39.65 217 

39.65 214 
39.65 214 
39.65 214 
39.65 214 
39.65 214 
39.65 214 
39.65 214 
39.65 214 
39.65 214 
39.65 214 
39.65 214 
39.65 214 
39.65 214 
39.65 214 
39.65 214 
39.65 214 

175 
175 

Sewer Construction TOTAL 
Installation ofSTW 

115 
115 
115 
115 
115 
132 
133 
133 
133 
133 
133 
133 

0.54 2.31 135 
0.54 2.31 119 

2.31 118 
2.31 118 
2.31 118 
2.31 118 
2.31 118 
2.31 118 
2.31 118 
2.31 118 
2.31 118 
2.31 118 
2.31 118 
2.31 118 
2.31 118 
2.31 118 
2.31 118 
2.31 118 

116 
116 



FDM Emission Rate Calculation (Based on AP-42) 

JOB: SHAM TSENG Sewage Treatment Plant 
(assumed using marine fill) 

1) Hauling 

2) Erosion 

INPUT DATA 
Silt Cant. (%) 
No. of Dry Days = 
Wind Speed (m/s) = 

3) Dozing (Whaelloadar) 

(%) = 

4) Construction 

INPUT DATA 
Emission rate (g/m2/month) 

Suppression (%) 
Operation Hour{hr) = 

5) Unloading 

Moisture content (%) = 
k, constant = 
Mean Wind Speed (m/s) = 
UUlllc,l,no (m3) =_ 

note: 

11 
10 
8 

2500 
5500 

6 

H 
113 

2 

296.5 

50 
11 

IUn,loac;edWeight (ton) = 

I Erni .. ,ion rate (loaded) = 
I Erni .. ,ion rate (unloaded) = 

(kg/VKT) = 

OUTPUT DATA 
I:miss,on rate (1I/5/m2) 

OUTPUT DATA 
Without mitigation 
Emission rate __ (g/m2/s) = 
W~h mitigation (%) 
Emission rate·C<i!m2/s1 = 

assumed data 

Date: 27/03/95 

5.5 

1.0575 
0.3614 

1.4189 

3.459c· 05 

Hourly 

1.144E-04 

5.720E-05 . 

dairy 

2.621E-05 

r 
r 

[ 

o 

[ 

[ 

[ 

[' 

[ 

[ 

L 



[ FDM Emission Rate CaJculati(Basad on AP-42) 

JOB : SHAM TSENG Sewage Treatment Plant 

Date: 27/03/95 

(assumed u8ing marine fill) 

r i) Without Mitigation (Hourly) 

Emission Rate 01 Each Source Construction Hauling Dozing Unloading TOTAL 
(\us, g/m/s or~m2/s) (m2) 
Trench (Une) I S,72E 04 I I - I I S,720E 04 
Area I (Area) 13629 I I 5,82E-06 1.62E-071 S.986E-06 
Area II (Area) 28050 I I 2.83E-06 7.8SE-08 2.908E-06 
Area III (Area) 9024 I I 8,80E-06 2.44E-07 9.040E-06 
Construction on the areas I 1.144E-04 I I I 1.144E-04 
Haul road on areas I I 3,S47E-03 ; ; 3.S47E-03 
Pumplina Station (Point) 1.144E-02 I 1.144E-02 n 

c 
ii) With Mitigation (Hourly) 

I t:.mission Mate of Each Source I construction Hauling Dozing Unloading TOTAL 

Trench (Une) I 2,860E 04 I I I 2,860E 04 

c Area I (Area) 13629 I I 2.912E-06 1.616E-08 2.928E-06 
Area II (Area) 280S0 I I 1.41SE-06 7.8S2E-09 1.423E-06 
Area III (Area) 9024 I I 4,398E-06 2.441E-08 4.422E-06 
Construction on the areas I S.720E-OS I I I S.720E-OS 
Haul road on areas I I 1.~74E-03 ; ; 1.774E-03 
pumplina Station (Point) S,720E-03 S,720E-03 o 
Assumption: 1. Width of trench = 5m 

D 
2./Vea of Pumping Station: 10m x 10m 

o 

[ 

[ 

c 
o 
c 
o 
[ 

l 



SHAM TSENG SEWAGE TREATMENT WORKS 
Dust Impact Assessment by FDM 

SR2 (Hong Kong Garden) 

1) 1 hour TSP Level 

1 Hour TS? ua/m3 
Period Construction of Sewer 

Pumolin" Station Installation 
M 22.47 
A 

0.971 

22.47 
Y M 22.47 
E J 
A J 0.97 
R A 0.97 

S 0.97 
1 0 0.97 

N 0.97 
0 0.97 
J 0.97 
F 0.97 
M 0.97 

Y A 0.97 
E M 0.97 
A J 0.97 
R J 0.97 

A 0.97 
2 S 

0 
N 
0 
J 
F 

Y M 
E A 
A M 
R J 

J 
3 A 

S 
0 

Note: 1 hour TSP Backgound Level = 166 ug/m3 

2) 24 hour TSP Level 

24 HourTSP u m 
Period Construction of Sewer 

Pumnlinn Sta1ion Installation 
M 4.85 
A 4.85 

Y M 4.85 
E J 0.20 
A J 0.20 
R A 0.20 

S 0.20 
1 0 0.20 

N 0.20 
0 0.20 
J 0.20 
F 0.20 
M 0.20 

Y A 0.20 
E M 0.20 
A J 0.20 
R J 0.20 

A 0.20 
2 S 

0 
N 
0 
J 
F 

Y M 
E A 
A M 
R J 

J 
3 A 

S 
0 

Note: 24 hour TSP Backgound Level = 115 ug/m3 

Oate : 27/3/95 

- no mitigation 
- assumed using marine fill [ 

TOTAL 

188 [ 
188 
188 
167 
167 

.167 
[ 

167 
167 
167 
167 
167 
167 
167 
167 
167 
167 
167 
167 
166 o 
166 
166 
166 
188 o 
188 
188 
166 
166 
166 
166 
166 
188 
166 

[ 

[ 
TOTAL 

120 
[ 

120 
120 
115 
115 [ 
115 
115 
115 
115 
115 

D 
115 
115 
115 
115 

[ 
115 
1.15 
115 
115 [ 
115 
115 
115 
115 
115 

[ 
115 
115 
115 
115 

[ 
115 
115 
115 
115 l 
115 

[ 
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SHAM TSENG SEWAGE TREATMENT WORKS 
Dust Impact Assessment by FDM 

SR3 (Lido Garden) - no mitigation 
- assumed using marine fill 

1) 1 hour TSP Level 

1 Hour TSP u rn3 
Period Reclamation Erosion Construction of 

+ HaulinQ Purnclina Station 
M 
A 

Y M 
E J 
A J 
R A 20.72 

S 20.72 16.42 
1 0 20.72 16.42 

N 20.72 16.42 
D 20.72 16.42 
J 20.72 16.42 
F 20.72 16.42 
M 20.72 14.14 

Y A 14.14 
E M 14.14 0.51 
A J 14.14 0.51 
R J 14.14 0.51 

A 14.14 0.51 
2 S 14.14 0.51 

0 14.14 0.51 
N 14.14 0.51 
D 14.14 
J 14.14 
F 14.14 

Y M 14.14 
E A 14.14 
A M 14.14 
R J 14.14 

J 14.14 
3 A 14.14 

S 14,14 
0 14.14 

Note: 1 hour TSP Backgound Level = 166 ug/m3 

2) 24 hour TSP Level 

24 Hour TSP u rn3 
Period Reclamation Erosion Cons1ruction of 

+ Haulina purnclina Station 
M 
A 

Y M 
E J 
A J 
R A 5.28 

S 5.28 3.69 
1 0 5.28 3.69 

N 5.28 3.69 
D 5.28 3.69 
J 5.28 3.69 
F 5.28 3.69 
M 5.28 3.27 

Y A 3.27 
E M 3.27 0.28 
A J 3.27 0.28 
R J 3,27 0.28 

A 3.27 0.28 
2 S 3.27 0.28 

0 3.27 0.28 
N 3.27 0.28 
D 3.27 
J 3.27 
F 3.27 

Y M 3.27 
E" A 3.27 
A M 3.27 
R J 3.27 

J 3.27 
3 A 3.27 

S 3.27 
0 3.27 

Note; 24 hour TSP Background Level = 115 ug/rn3 

Date: 27/3/95 

Sewer Construction TOTAL 
Installation ofSTW 

166 
166 
166 
166 
166 
187 
203 
203 
203 
203 
203 
203 

12.39 7.55 221 
12.39 7.55 200 
12.39 7.55 201 

7.55 188 
7.55 188 
7.55 188 
7.55 188 
7.55 188 
7.55 188 
7.55 188 
7.55 188 
7.55 188 
7.55 188 
7.55 188 
7.55 188 
7.55 188 
7.55 188 
7.55 188 

180 
180 

Sewer Construction TOTAL 
Installation ofSTW 

115 
115 
115 
115 
115 
120 
124 
124 
124 
124 
124 
124 

3.86 1.39 129 
3.86 1.39 124 
3.86 1.39 124 

1.39 120 
1.39 120 
1.39 120 
1.39 120 
1.39 120 
1.39 120 
1.39 120 
1.39 120 
1.39 120 
1.39 120 
1.39 120 
1.39 120 
1.39 120 
1.39 120 
1.39 120 

118 
118 



SHAM TSENG SEWAGE TREATMENT WORKS 
Dust Impact Asse.sment by FDM 

SR4 Garden Bakery) 

1) 1 hourTS? Level 

y 
E 
A 
R 

y 
E 
A 
R 

2 

y 
E 
A 
R 

3 

A 
M 
J 
J 
A 
5 
o 
N 

F 
M 
A 
M 
J 
J 
A 
5 
o 
N 

F 
M 
A 
M 
J 
J 
A 
5 

- no mitigation 
- assumed using marine fill 

541.51 
541.51 
541.51 
541.51 
541.51 
541.51 
541.51 

541.51 
541.51 
541.51 
541.51 
541.51 
541.51 
541.51 
541.51 

Note: 1 hour TS? Background Level = 166 ug/m3 

0.45 
0.45 
0.45 
0.45 
0.45 
0.45 
0.45 

TS? Level exceeded EPO's recommended Level (SOD ug/m3) 

2) 24 hour TS? Level 

y 
E 
A 
R 

y 
E 
A 
R 

2 

y 
E 
A 
R 

3 

A 
M 
J 
J 
A 
5 
o 
N 

F 
M 
A 
M 
J 
J 
A 
5 
o 
N 

F 
M 
A -
M 
J 
J 
A 
5 

90.40 
90.40 
90.40 
90.40 

90.40 
90.40 

278.65 
278.65 

269.92 
269.92 
269.92 
269.92 
269.92 
269.92 
269.92 

Note: 24 hour TS? Background Level = 115 ug!m3 

TS? Level exceeded AQO Level (260 ug!m3) 

0.1 

0.17 
0.17 
0.17 
0.17 

14.96 
14.96 

4.911 
4.911 

Date: 27/3/95 

75.61 
75.61 
75.61 
75.61 
75.61 
75.61 
75.61 
75.61 
75.61 

75.61 
75.61 
75.61 
75.61 
75.61 
75.61 
75.61 

28.90 
28,90 
28.90 
28.90 
28.90 
28.90 
28.90 
28.90 
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r 
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[ 
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SHAM TSENG SEWAGE TREATMENT WORKS 
Dust Impact Assessment by FDM 

SR4 Garden Bakery) - with mitigation (by wetting) 
- assumed using marine fill 

1) 1 hour TSP Level 

1 HourTSP u m3 
Period Reclamation Erosion Construction 01 

+ Haulina Pumolino Station 
M 
A 

Y M 
E J 
A J 
R A 110.80 

S 110.80 
1 0 110.80 564.35 

N 110.80 564.35 
D 110.80 564.35 
J 110.60 564.35 
F 110.80 564.35 
M 110.80 564.35 

Y A 564.35 
E M 541.51 0.23 
A J 541.51 0.23 
R J 541.51 0.23 

A 541.51 0.23 
2 S 541.51 0.23 

0 541.51 0.23 
N 541.51 0.23 
D 541.51 
J 541.51 
F 541.51 

Y M 541.51 
E A 541.51 
A M 541.51 
R J 541.51 

J 541.51 
3 A 541.51 

S 541.51 
0 541.51 

[J Note: 1 hourTSP Background Level = 166 ug/m3 

TSP Level exceeded EPO's recommended Level (500 ug/m3) o 2) 24 hour TSP Level 

Sewer 
Installation 

7.46 
7.48 

Date: 27/3195 

Construction I ofSTW 
I 

37.80 
37.80 
37.80 
37.80 
37.80 
37.80 
37.80 
37.60 
37.80 
37.80 
37.80 
37.80 
37.80 
37.60 
37.80 
37.80 
37.80 
37,80 

14.45 
14.45 
14.45 
14.45 
14.45 
14.45 

I 

TOTAL 

166 
166 
166 
166 
166 
277 
277 
841 
841 
841 
841 
841 
886 
776 
746 
746 
746 
746 
746 
746 
746 
745 
745 
745 
745 
745 
745 
745 
745 
745 
708 
708 



SHAM TSENG SEWAGE TREATMENT WORKS 
Dust Impact Assessment by FOM 

Date: 27/3/95 

SR4 Garden Bakery) - with mitigation (by wetting and cover the ar •• [80m from the north site boundary} by hydro-seeding) 
- assumed using marine fill . 

1) 1 hourTSP Level 

y 
E 
A 
A 

y 
E 
A 
A 

2 

y 
E 
A 
A 

3 

A 
M 
J 
J 
A 
S 
0 
N 

F 
M 
A 
M 
J 
J 

.A 
S 
0 
N 

F 
M 
A 
M 
J 
J 
A 
S 

200.30 
177.46 
177 .46 
177 .46 
177.46 
177.45 
177.46 
177.46 
177.46 
177.46 

177.46 
177.46 
177.46 
177 .46 
177.46 
177.46 
177.46 
177.46 

Note: 1 hour TSP Background Level = 166 ugfm3 

2) 24 hour TS? Level 

y 
E 
A 
R 

y 
E 
A 
A 

2 

y 

E 
A 
A 

3 

A 
M 
J 
J 
A 
S 
0 
N 

F 
M 
A 
M 
J 
J 
A 
S 
0 
N 

F 
M 
A 
M 
J 
J 
A 
S 

26.03 
26.03 

102.49 
102.49 
102.49 
102.49 
102.49 
102.49 
102.49 
1 

Note: 24 hour TSP Background Level = 115 ugfm3 

7.48 
7.48 

381 
381 
381 
381 
381 
381 
381 

37.80 381 
37.80 381 
37.80 3~1 
37.80 381 
37.80 381 
37.80 381 
37.80 381 

115 
115 
115 
115 
141 
141 
252 
252 

2.50 
2.50 

0.09 
0.09 
0.09 14.45 
0.09 14.45 

14.45 232 
14.45 232 
14.45 232 

232 
232 
232 
232 
232 
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SHAM TSENG SEWAGE TREATMENT WORKS 
Dust Impact Assessment by FDM 

S R5 (Garden Villa) - no mitigation 
- assumed using marine fill 

1) 1 hour TSP Level 

A 
Y M 
E J 
A J 
R A 35.34 

S 35.34 79.01 
0 35.34 79.01 
N 35.34 79.01 

F 35.34 79.01 
M 35.34 55.05 

Y A 55.05 
E M 55.05 0.21 
A J 55.05 0.21 
R J 55.05 0.21 

A 55.05 0.21 
2 S 55.05 0.21 

0 55.05 0.21 
N 55.05 0.21 

F 55.05 
Y M 55.05 
E A 55.05 
A M 55.05 
R J 55.05 

J 55.05 
3 A 55.05 

S 

Note: 1 hour TS? 8ackgound Level = 166 ug/m3 

2) 24 hour TSP leVel 

24 HourTS? u rn3 
Period Reclamation Erosion Construction of 

+ HaulinQ PUrnDlino Station 
M 
A 

Y M 
E J 
A J 
R A 3.26 

S 3.26 5.55 
1 0 3.26 5.55 

N 3.26 5.55 
0 3.26 5.55 
J 3.26 5.55 
F 3.26 5.55 
M 3.26 4.15 

Y A 4.15 
E M 4.15 0.02 
A J 4.15 0.02 
R J 4.15 0.02 

A 4.15 0.02 
2 S 4.15 0.02 

0 4.15 0.02 
N 4.15 0.02 
0 4.15 
J 4.15 
F 4.15 

Y M 4.15 
E A 4.15 
A M 4.15 
R J 4.15 

J 4.15 
3 A 4.15 

S 4.15 
0 4.15 

Note: 24 hour TS? Backgound Level = 115 uglm3 

Oal. : 27/3/95 

166 
166 
166 
166 
201 
280 
280 
280 

5.31 79.30 
5.31 

301 
301 
301 
301 
301 
301 
301 

300 
300 
300 
300 
300 
300 
221 

Sewer Construction TOTAL 
Installation ofSTW 

115 
115 
115 
115 
115 
118 
124 
124 
124 
124 
124 
124 

1.0B 4.63 12B 
1.08 4.63 125 

4.63 124 
4.63 124 
4.63 124 
4.63 124 
4.63 124 
4.63 124 
4.63 124 
4.63 124 
4.63 124 
4.63 124 
4.63 124 
4.63 124 
4.63 124 
4.63 124 
4.63 124 
4.63 124 

119 
119 



SHAM TSENG SEWAGE TREATMENT WORKS 
Oust Impact Assessment by FDM 

SRB (Villar Mar) 

1) 1 hour TSP Level 

1 Hour TSPTu<iTm3 
Period Cons1ruction of Sewer 

Pumolina Station Installation 
M 4,96 
A I 4,96 

Y M 0,19 
E J 0,19 
A J 0,19 
R A 0,19 

S 0,19 
1 0 0,19 

N 0,19 
D 
J 
F' 
M 

Y A 
E M 
A J 
R J 

A 
2 S 

0 
N 
D 
J 
F 

Y M 
E A 
A M 
R J 

J 
3 A 

S 
0 

Note: 1 hour TS? Background Level = 166 ug/m3 

2) 24 hour TSP Level 

Date: 27/3/95 

- no mitigation 
- assumed using marine fill 

TOTAL 

171 
171 
166 
166 
168 
166 
166 
166 
166 
166 
166 
166 
166 
166 
166 
166 
166 
166 
166 
166 
166 
166 
166 
166 
166 
166 
166 
166 
166 
166 
168 
166 

24 Hour TSP luaim3 
Period Construction of Sewer TOTAL 

Pum"lin" Station Installation 
M 1.13 116 
A 1.13 116 

Y M 0,04 115 
E J 0,04 115 
A J 0,04 115 
R A 0,04 115 

S 0,04 115 
1 0 0,04 115 

N 0.04 115 
D 115 
J 115 
F 115 
M 115 

Y A 115 
E M 115 
A J 115 
R J 115 

A 115 
2 S 115 

0 115 
N 115 
D 115 
J 115 

. 

F 115 
Y M 115 
E A 115 
A M 115 
R J 115 

J 115 
3 A 115 

S 115 
0 115 

Note: 24 hour TS? Backgound Level = 115 ug/m3 
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SHAM TSENG SEWAGE TREATMENT WORKS 
Dust Impact Assessment by FDM 

SR7 (Edinburgh Villa) 

1) 1 hour TSP Level 

y 
E 
A 
R 

y 
E 
A 
R 

2 

y 
E 
A 
R 

3 

A 
M 
J 
J 
A 
S 
0 
N 

F 
M 
A 
M 
J 
J 
A 
S 
0 
N 

F 
M 
A 
M 
J 
J 
A 
S 

0.27 
0.27 
0.27 
0.27 
0.27 
0.27 
0.27 

Note: 1 hour TS? Background level = 166 ug/m3 

2) 24 hour TSP Level 

24 HourTS? u 
Period Construction of Sewer 

Pumolina Station Installation 

m3 

M 1.24 
A 1.24 

Y M 0.05 
E J 0.05 
A J 0.05 
R A 0.05 

S 0.05 
1 0 0.05 

N 0.05 
D 
J 
F 

.M 
Y A 
E M 
A J 
R J 

A 
2 S 

0 
N 
D 
J 
F 

Y M 
E A 
A M 
R J 

J 
3 A 

S 
0 

Note: 24 hour TS? Background Level = 115 ug/m3 

Date: 27/3/95 

- no mitigation 
- assumed using marine fill 

172 
166 
166 

TOTAL 

116 
116 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 



SHAM TSENG SEWAGE TREATMENT WORKS 
Dust Impact Assessment by FOM 

SR8 (Ting Kau Village) 

1) 1 hour TSP Level 

y 
E 
A 
R 

y 
E 
A 
R 

2 

y 
E 
A 
R 

3 

A 
M 
J 
J 
A 
S 
0 
N 

F 
M 
A 
M 
J 
J 
A 
S 
0 
N 

F 
M 
A 
M 
J 
J 
A 
S 

22.13 
1.53 
1.53 
1.53 
1.53 
1.53 
1.53 
1.53 

Note: 1 hour TSP Backgound Level = 166 ug'm3 

2) 24 hour TSP Level 

24 Hour TS? uQ/m3 
Period Construction of Sewer 

Pumoling Station Installation 
M 7.18 
A 7.18 

Y M 0.43 
E J 0.43 
A J 0.43 
R A 0.43 

S 0.43 
1 0 0.43 

N 0.43 
D 
J 
F 
M 

Y A 
E M 
A J 
R J 

A 
2 S 

0 
N 
D 
J 
F 

Y M 
E A 
A M 
R J 

J 
3 A 

S 
0 

Note: 24 hour TS? Backgound Level;;: 115 ug/m3 

Dat. : 27/3/95 

- no mitigation 
- assumed using marine fill [ 

[ 

c 
c 
o 
o 
c 
[ 

[ 
TOTAL 

122 
[ 

122 
115 
115 
115 

[ 
tl5 
115 
115 
115 c 
115 
115 
115 
tl5 
115 

c 
115 
115 
tl5 
115 

[ 
115 
tl5 
115 
115 
115 

[ 
115 
115 
tl5 
tl5 

[ 
115 
115 
tiS 
115 L 
115 
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SHAM TSENG SEWAGE TREATMENT WORKS 
Oust Impact Assessment by FDM 

SR10 (Anton Villa) 

1) 1 hour TSP Level 

y 
E 
A 
R 

y 
E 
A 
R 

2 

y 
E 
A 
R 

3 

A 
M 
J 
J 
A 
S 
o 
N 

F 
M 
A 
M 
J 
J 
A 
S 
o 
N 

F 
M 
A 
M 
J 
J 
A 
S 

0.68 
0.68 
0.68 

0.68 

II . 

Note: 1 hour TSP Backgound Level = 166 ug/m3 

Oate : 27/3/95 

- no mitigation 
- assumed using marine fill 

180 
167 
167 

o 2) 24 hour TSP Level 

24 HourTSP u m3 
Period Construction of Sewer TOTAL 

PUmolinn Station Installation 
M 4.32 119 
A 4.32 119 

Y M 0.25 115 
E J 0.25 115 
A J 0.25 115 
R A 0.25 115 

[, 
S 0.25 115 

1 0 0.25 115 
N 0.25 115 
0 115 

[, 
J 115 
F 115 
M 115 

Y A 115 L 
E M 115 
A J '115 
R J 115 

A 115 
2 S 115 

[i 
0 115 
N 115 
0 115 
J 115 
F 115 

Y M 115 
E A 115 
A M 115 
R J 115 

J 115 
3 A 115 

S 115 
0 115 [~ 

Note: 24 hour TSP Background level ~ 115 ug/m3 
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SHAM TSENG SEWERAGE AND SEWAGE TREATMENT 

EVALUATION OF POTENTIAL H,S PROBLEM IN SEWERAGE 

Revision Date Project N r File Nr 

A 2 Oct 94 T399 T399/05 

Status Originator Checked Approved 

Draft for internal comment G Hoyland 

INTRODUCTION 

The new sewerage system at Sham Tseng will contain about 7 km of new pipelines of 

which about 3 km will transfer sewage under pressure from seven pumping stations. The 

sewerage pipes especially those containing the pumped sewage have the potential to produce 

H,S and give rise to the associated problems of odour nuisance and corrosion inside and 

outside the sewerage system. 

The following investigates this potential problem and the strategies for a solution. 

SEWERAGE DESCRIPTION 

Diagram 

Figure 1 shows a schematic layout of the new sewerage system based on the information 

given in report {I}. The pumping stations and manholes have been labelled to designate 

the different sections of pipe, each referring to the section immediately downstream. 

Pumping station (-E) is at the western end of the sewerage and station (+H) at the eastern 

end. 

Pipe Diameters 

'As explained later, virtually all the sulphide produced in sewers arises from the reduction 

of sulphate by specific groups of bacteria growing in the anaerobic slimes attached to the 

sewer walls. To minimise the amount of slime and hence the SO; '-reducing potential, 

{I} Sham Tseng Sewerage & Sewage Treatment: Underground Cavern Options, prepared for 
Hong Kong Government EPD by Pypun-Howard Humphreys Ltd, January 1993 

T399/shmsewrllA Page I of 10 
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2.3 

{2} 

{3 } 

pIpes should be designed so that the shear stress at the wall is greater than a critical 

value {2}. Subjecting the pipe walls to this critical shear stress, say, once per day controls 

the build-up of the slime layer although the layer is generally not eliminated. The thickness 

and distribution of the residual layer depends on factors such as wall roughness and the 

number of bends in the pipe. 

The critical stress is different for gravity pipes and pumped pipes (pumping mains) having 

values of 3.35 Pa and 3.85 Pa respectively; these values are greater than needed for self-· 

cleansing of loose solids. The flow velocity required to obtain such values is approximately 

the same in the two types of pipes for the same pipe diameter when the gravity flow has 

a proportional depth of O. This flow velocity varies with pipe diameter and the relationship 

is shown in Table I. 

Table 1: Critical flow velocities for controlling slime build-up 

Diameter (mm) 200 400 600 800 1000 1200 

Velocity (m/s) 1.0 1.12 1.2 1.25' 1.31 1.35 

For this investigation, the simplifying assumption is made that the design velocity is 1.5 mls 

at peak flow for both types of pipes, assuming all the gravity pipes are full. Pipe diameters 

calculated on this basis are listed in Table 2, Page I and are shown to range from 200 to 

800 mm depending on the particular pipe. 

Calculations have been performed for all the pipes in the main flow. None has been 

perfonned for the branched pipes, although calculations \vill, of course, be needed at a later 

stage. 

Other Sewerage Data 

Table 2, Page I also lists the lengths of the various pipe sections and the peak flows in 

each calculated from values of the peaking factors taken from report {3}. The minimum 

gradients in the gravity pipe sections are also listed. 

Hydrogen Sulphide Control Manual: Septicity, Corrosion and Odour Control in Sewerage 
Systems, Technical Standing Committee on Hydrogen Sulphide Corrosion in Sewerage 
Works, Melbourne and Metropolitan Board of Works, 1989 

Drainage Works Manual, prepared in draft by the Drainage Services Department, Hong 
Kong Government 

T399/sl11nsewrIlA Page 2 of 10 
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3.1 

3.2 

HYDROGEN SULPHIDE PRODUCTION 

Mechanism 

As previously explained, specific bacteria present in the anaerobic region of the slime 

attached to the sewer walls reduce so;' to H,S. When the sewage is anaerobic, SO;' 

reduction can also occur in the bulk of the sewage although the rate is comparatively low. 

Reduction in slimes can occur even through the sewage may contain low concentrations of 

dissolved oxygen because the inner region of the slime may be anaerobic while the outer 

region is aerobic. However, under such conditions, the H,S produced in the inner region 

can be subsequently oxidised to sulphuric acid and other oxidation products by specific 

bacteria growing in the outer region. The soluble oxidation products then diffuse into the 

sewage to be carried away. 

Problems associated with H,S arise when the production rate exceeds the destruction rate 

allowing H,S to diffuse into the sewage and then desorb into the atmosphere above the 

sewage. The H,S can then cause odour nuisance and corrode exposed surfaces of metal 

fittings. Also, any H,S re-absorbing on damp surfaces oxidises to sulphuric acid which is 

corrosive to cement and concrete as well as being highly corrosive to most metals. 

Range of Calculations 

The potential for H,S production has been investigated for both the pumped and gravity 

pipes, although any production of H,S is only likely to arise in the pumped pipes. 

Calculations have been performed for three flow rates as follows: 

• recurring peak diurnal flow occurring during dry-weather 

• design ADWF 

• an estimated minimum diurnal flow 

The conditions in pumped pipes at peak flow is normally the least favourable for H,S 

production, since the amount of dissolved oxygen entering the pipes is then at its maximum. 

Thus, the probability of obtaining anaerobic conditions conducive to the reduction of SO;' 

is minimised. The peak flow of most relevance is that which is produced regularly from 

day to day. Taking into account that the design ADWF will not arise for a decade or more 

. and that at certain times of year rain is infrequent, the recurring peak flow is assumed to 

50% of the ultimate design peak flow. Such a flow for most of the pipes is equal to two 

times the design ADWF. 

The calculations for the future ADWF have been performed to represent average conditions. 

The most favourable conditions for H,S production ill the pumped pipes usually occurs at 

night when retention times are comparatively high. Minimum flow in all the pipes is 

assumed to be 0.15ADWF. 

T399/slunsewrl/A Page 3 of 10 
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3.1 

3.1.1 

3.1.2 

3.2 

3.2.1 

{4} 

A sewage temperature of 25' C has been assumed. An~ H,S problem will be exacerbated 

at higher temperatures. 

Production in Gravity Pipes 

Z Factor 

An indication of whether H,S is likely to be a problem in gravity pipes can be deduced 

from the value of a Z factor which has been developed by the US EPA {4} and is defined 

by 
Z = 0.3 BOD G-<l·, Q-<l.J3 R 1.07(T.20) 

where BOD is the BOD, (mg/l) of tIie sewage 

G is the pipe gradient (m/m) 

and 

Q is sewage flow rate (lIs) 

R is the ratio of the wetted perimeter to the surface width 

T is sewage temperature Cc). 

Sewers having Z values less than 5 000 will not generally give rise to a H2S problems and 

the sewage will be well aerated. Problems of odour nuisance and corrosion generally arise 

when the value exceeds 10 000. 

Results 

Z values have been calculated for the three flow rates and each gravity pipe section in the 

main flow. The calculations are based on the lowest gradient in each section so that the 

worst-case values of Z have been determined. Results in Table 2, Page 2 show that all the 

values are generally around 200 or less. Thus, it can be safely assumed that none of the 

gravity pipes will give rise to H,S production and that the degree of oxygen saturation in 

the sewage at the end of the sections will be high. 

Production in Pumped Pipes 

Anaerobic Length 

'In pumped pipes, the concentration of oxygen dissolved in the sewage declines with the 

distance from the inlet Most of the oxygen is consumed by heterotrophic microorganisms 

suspended in the sewage as well as resident in the slime and the sediment at the pipe 

bottom. When all the oxygen has been consumed, the sewage turns anaerobic. Pumped 

pipes can therefore be divided into an initial aerobic length followed, in problem pipes, by 

an anaerobic length. 

Pomeroy, Johnson and Bailey, 1974, Sulphide Control in SanilGlY sewerage Systems, 
published by US EPA 

T399/sl11llsewrllA Page 4 of 10 
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3.2.2 

As in gravity pIpes, H,S production can occur in aerobic lengths when the slime has 

anaerobic regions .. However, production rate in the anaerobic length of the pipe is several 

fold higher and none of the H,S is subsequently oxidised within the length. A simplifying 

assumption made here is that H,S'production occurs only in the anaerobic length and that 

the production rate is uniform along the length. 

Reaction Rates 

Rates for the various biochemical reactions occurring in the aerobic and anaerobic parts 

have been taken from Pomeroy {5} and are listed in Table 3. These rates pertain to 

favourable reaction conditions, such as reasonably constant oxygen potential and nutrient 

supply and a continuous flow of sewage. However, these conditions will not be found in 

the pumped pipes in the Sham Tseng sewerage for several reasons as follows. 

• Sewage will be pumped intermittently reducing the supply of nutrients to the wall 

slime. 

• Flow velocity during pumpmg will be comparatively high (1.5 m/s) reducing the 

thickness and coverage of the slime. 

• The aerobic and anaerobic lengths in any particular pipe may vary diurnally as the 

amount of dissolved oxygen entering the pipe and other factors vary. Thus, reaction 

rates in pipe lengths subjected to alternating aerobic and anaerobic conditions will be 

reduced owing to a reduction in the concentration of SO .. --reducing bacteria in the 

slimes. 

Table 3: Assumptions for calculating H,S production in pnmped pipes 

Parameter Value 

Normal respiration rate in sewage at 15'C (g O,lm'.h) 6.0 

Normal respiration rate in slime at 15'C (g O,lm'.h) 0.7 

Normal sulphide production rate in slime at 20'C (g S-"/m'-h) 0.00 I sewage BOD (mg/l) 

An allowance has been made for these factors by multiplying the reaction rates in Table 3 

by activity coefficients. For simplicity, the coefficient values vary only with flow rate; they 

_do not model the effect of any alternating oxygen potential on reaction rate. Table 4 lists 

a value of unity for the coefficient of respiration in the bulk sewage, indicating that such 

respiration is not influenced by the flow conditions in the pipe as would be expected. 

However, the coefficients for the slime reactions are assumed to decrease from a value of 

0.5 at peak flow to 0.1 at minimUll1 flow. These values are based on judgement and could 

contain large positive or negative errors. 

{5} Pomeroy R D, 1992, The Problem of Hydrogen Sulphide in Sewers, 2nd Edition, Clay pipe 
Association, Chesham, Bucks, England 
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3.2.3 

3.2.4 

3.2.5 

Table 4: Activity coefficients for modifying reaction rates 

Flow Activity coefficient 

Bulk respiration Slime respiration so;' reduction 

Peak '\.0 0.5 0.5 

Average 1.0 0.25 0.25 

Minimum 1.0 0.1 0.1 

Dissolved Oxygen at Inlet 

Assumptions also have to be made regarding the concentration of dissolved oxygen in the 

sewage at the pumping stations. For simplicity, it is assumed that the DO value is the same 

at each station but inversely related to flow rate. Since previous calculations have shown 

that the sewage is likely to be well aerated in the gravity sections, the assumed DO values 

are 5 mg!l, 6'mg!1 and 7 mgfl for peak, average and minimum flows respectively. 

In principle, the DO values at the pumping stations can be calculated from the aeration and 

respiration rates; these calculations are involved but should be undertaken at a later stage 

in the design. 

Sulphide at Inlet 

The sulphide concentration in the sewage at the inlet of each pumped pipe is assumed to 

be zero. Thus, the calculations predict the additional sulphide which may be produced in 

any particular pipe. 

Results 

Table 2, Page 2 shows the results of the calculations for the four main pumped pipes at 

(-E), (+H), (+E) and (+B). Table 5 summarises the main results. 

None of the predicted H,S concentrations in the sewage is particularly high. Never-the-less, 

'the concentrations are sufficiently high to cause odour and corrosion problems. 

Two pipes, namely (-E) and (+H) at the two ends of the sewerage, are predicted to have 

anaerobic lengths at all (dry-weather) flows indicating that they are likely to be a potential 

source of sulphide most of the time. Although some of the sulphide will be sequestered 

by compounds of metals such as Fe, Cu, Zn and Pb present in the sewage, the residual 

concentration of soluble H,S will probably be sufficiently high to cause problems. 
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Tabk 2: illS ASSESSMENT 

rJ 

PARAMETER 

FLOW RATES AND PIPELINE SIZES 
Additional population 
Tolal uIalion 
Perea 'bI. Dow 
Additional Dow 

IToralADWF 
P~aking faclor 
Peak flow rate 
Pipeline type 
Minimwn pipe gradient 
Max Dow velocity 
pjpe diamcler 
IChainaKe from manhole al X 

of streich 

GENERAL OAT A FOR H2S PRODUCTION 
Normal res iralioll ill sew c al 15C 
Normal rcspiraliOli al walls II 15C 
iNormal sulphide Jl(oduction at 20C IlIld Boo of2oo m: 
Solubili ofs hide al20C in sewaRe 
Tern lure coefficienl for solubilil 
Sewu.e lemperature 
Normal respiration in sewage al SCWaRe leml 
Normal respimtion at wa1Is al sewage lemp 

r:J 

Vc.da 
mJldo, 

mJlday ., 
mI, 
~ 

m 
m 

02lrn3.h 
02/m2.h 
Slm2.h 

mgll.hIl 
%ldcweeC 
C 

Nonnal sulphide production at sewage lemp IlIld BOD of2oo m: 

O2Irn3.h 
02lm2.h 
Slm2.h 

mgll.bar Solubility ofH2S al sewage lemp 
Partilion ceflicient for H2S in sew82e 

SIIAMI.OAOWK4,Rev A. gh 

L_. __ J c:::J 

Residential 
Commercial workers 
Induslrial workers 
Overnight visitors 
Day visioo[S 
Beach Boers 
Industrial etllucnt 
To"" 

6 
07 

--.lU. 
3700 

25 

" 1J.80 
0.94 
0.28 

3237.50 
O.S 

-F 

20250 
20250 

341 
690S 

690S 
690S , 
319.7 
G 

LS 
520.9 

c:::J r=J 

-E -D -c -8 

32" 0 >670 >670 
2]490 23490 29160 348JO 

341 341 341 
liDS 1933 1933 

1105 0 1933 193] 
8010 8010 9944 11877 , , , , 
370.8 370.8 460.' 549.9 
P G G G 

0.048 0.0034 0,0034 
LS 'S 'S LS 

>61 >61 625.1 683.2 
2400 1]20 1170 980 
1080 ISO 190 500 

L __ J L. __ .J :, ... _J CJ c-:J L .. J L ___ :::J ' •. __ J :-l ----, , 

MANHOLEIPUMPlNG STATION IDENTIFICATION 
-A +H ->{; +F +E +D +C +8 +A X Y Z 

3500 1620 0 24'" 0 0 1620 0 0 
38330 1620 1620 "50 "50 "50 >670 >670 >670 44000 

184 341 0 341 341 

'" 552.4 0 828,6 552.4 0 
'50 

0 

" 10 
150 

0 0 
1144 551.4 150 828.6 0 0 551.4 0 0 0 0 0 

13021 SR4 702.4 1531 15]1 1$31 2083 2083 2083 15iOS ISIDS ISIOS , 6 6 6 6 6 S S S , , 
602.8 38.36 48.78 106.3 106.3 106.3 120.6 120.6 120.6 699.3 699.3 699,] 
G P G G P G G P G G G G 

0.0034 0.012 0.012 0.014 0.028 0.016 
LS 15 'S LS 15 LS LS LS LS LS LS LS 

715.3 180,$ 203.5 300.' 300.' 300.4 319.9 319.9 319.9 770.4 770.4 170.4 
480 "SO "50 "50 1390 1050 830 350 100 0 
480 900 400 160 340 220 480 2SO 100 

Page I of2 
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Taltle 1: IDS ASSESSMENT 

PARAMETER 

I12S CALCULATIONS FOR PEAK DIURNAL DID' 
Aowrale ,ADWF 
BOD of sewage mBiI 
Sulphate reduction activity coefficient (0.1 to 1.5) 
Respiration activity coefficient at walls (0, I 10 151 
Respimtion activity coefficio!flt in ~wagc (0.5 to 2.0) 
00 at pwuping station g/m3 
'Av. flow rate m3Ih 
Av. flow vdocirv mI, 
Rel.:ntion time nWu 
ITotaI respiration over x-section gOl/m.h 
4ngth oC aerobic section m 
Length of anaerobic section m 
Sulphide production g!h 
Sulphide ooncenlnllion in sewage m8il 
Eouilibrium cone. in otmosphere ppm(vlv) 

Wetted po:rimder/surface wideh 
US EPA Z-raclor (no sulphide when <5000) 

illS CALCULATIONS FORADWF 
Flow rate xADWF 
BODofsewase mgl! 
Sulphate reduction activity coefficient (0.110 1.5) 
Respiration activity coefficient at walls (0.1 to 1.5) 
Respiration activity coefficienl in!eWage (0.510 2.0) 
00 at pumpins station glm3 
Av. Oow rate m3lh 
Av. Oow ve1ocill: mI, 
Retention time "'"" ITotal respiration over x·section g02lm.h 
Length of aerobic section m 
Length of anaerobic se<:tiOJl m 
Sulphide production g!h 
Sulphide concentration in sewage mgl! 

Equilibrium cone. in almosphere ppm (v/vl 
We"ed pc:rimeterfsurface widlh 
US EPA Z-(aclor(no sulphide when <SOOO) 

'Ii: .... .u ..... III.ATIONS FOR MINIM 11M n.ow 

Iptude pn 

Equilihril 
Wetted p 
US EPA 

phae ppm (vfv) 

SIlAMI.OAD.wK4,R~v A, gh 

c:J rJ c-J r-J 

-F _E -D -c -B 

2 2 2 2 
150 "0 'SO '50 
0.' 
0' , , 

66U 667.5 818.6 989. 
0.75 

24 
3.741 
890.7 
189.3 
35.1 

0.053 
8.12 

3 3 3 
66.22 231.7 218.5 

, , , , 
'30 '30 '30 '30 

0.25 
0.25 , 
• 

333,8 333.8 414.3 494.9 
0.375 

48 
3.333 
600.' 
479.1 
59.22 
0.177 
27.4 

" " " 38.47 134.6 126.9 

......Q,! 

CJ L .. "."J ~:-.J CJ 

MANHOLFJPUMPING STATION IDENTIFICATION 
-A +II «: +F +E +D +C 

, 3 3 3 3 3 2.' 
'50 '50 "0 '50 '50 '50 '50 

OJ 0, 
0.' OJ , , , , 

"" 69.05 87.8 191.4 191.4 191.4 217 
0.15 0.75 

20 U:!2 
0.835 l.n4 
411.4 554.9 
486.' 0 
29.02 0 
0,41 0 
64.9 0 

3 3 3 3 3 
211.9 258.7 200 185.2 125.6 

, , , , , , , 
'30 '30 '30 '30 '30 '30 '30 

0,25 0.25 
0.25 0.25 , 

• 542,5 23.02 29,27 63.79 63.79 63.79 86.81 
0.25 0.25 

60 22.67 
0.835 I.n4 
165.4 222 
TI4.6 "' 18.98 5.078 
0.825 008 
127.4 12,29 

1.6 ,., " " " 123.1 171.8 132,8 123 78.56 

~..Q:! 

Page 2 01'2 

CJ 

+B 

" '50 
0.' 
0.' , , 
217 

0.7S 
5.556 
1.894 
STI,9 

0 
0 
0 
0 

, 
'30 

0.25 
0.25 , 
• 

86.81 
0.3 

13.89 
1.894 

27S 
0 
0 
0 
0 

, 
13.02 
0,045 
92.59 

+A 

2.' 
'50 

217 

3 
166.2 

, 
'30 

86.81 

" 103.9 

L_ .... J ~ " J c-l c-l 

-
X Y Z 
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At average flow, three of the pipes are predicted to p,roduce H,S, The exception is the 

comparatively short length of pipe at (+B), 

At minimum flow, all four pipes are predicted to have anaerobic sections. The sulphide 

concentration from pipe (+H) is predicted to be 1.5 mgll. The volumetric H,S concentration 

in the atmosphere in equilibrium with this aqueous concentration is 232 ppm (as S) which 

is about 500 000 times higher than the standard detection limit for people. Such 

atmospheric concentrations would, of course, not be obtained in practice since the 

desorption of H,S from the sewage occurs at a comparatively low rate. 

In terms of the H,S production potential of each pipe, the following conclusions are drawn. 

• Pipe (+H) is likely to be a source of H,S throughout the day, the concentration of 

sulphide in the sewage varying up to a maximum of about 1.5 mg/I at night. 

Sulphide production rate is predicted to peak at a value of about 30 gill at high 

sewage flow. 

• Pipe (-E) could also be a continuous source of H,S. Although the sulphide 

concentrations in the sewage would be lower than in pipe (+H), the sulphide 

production rate could be appreciably higher having a maximum value of 60 gill at 

average sewage flow. 

• Pipe (+E) would be anaerobic only at flows less than average. The long periods of 

aerobicity would therefore suppress the presence of SO; '-reducing bacteria in the 

slime. Any significant production of H,S would probably only arise at night at a rate 

of less than 5 glh. 

• Pipe (+B) would be aerobic for most of the time and unlikely to be a source of 

significant quantities of H,S, although the occasional production at night may arise. 

T399/shmsewrllA Page 7 of 10 
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Table 5: Summary of main results for H,S production in pumped pipes 

Pipe Flow Sulphide 

Production (g/h) Concentmtion (mg/I) 

Peak 35 0.05 

-E 
Average 59 0.18 

Minimum 48 0.95 

Peak 29 0.42 

+H 
Average 19 0.83 

Minimum 5.2 1.5 

Peak 0 0 

+E 
Average 5.1 12.3 

Minimum 3.0 0.3 

Peak 0 0 

+B 
Average 0 0 

Minimum 2.1 0.16 

Table 6: Substances for controlling H,S 

Basis of technique Substances 

Preventive Maintain aerobicity Air, Pure oxygen 

Maintain anoxicity Nitrate salt 

Disinfection Chlorine, Hypochlorite, Hydrogen peroxide 

Remedial Sequestration Ferrous salt, Ferric salt, Mixture of these 

Chemicallbiochemical oxidation Pure oxygen 

Chemical oxidation Chlorine, Hypochlorite, Hydrogen peroxide 

T399/shmsewrl/A Page 8 of 10 
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4.1 

4.2 

CONTROL STRATEGY 

H,S could be produced in sufficient quantities, particularly at the two ends of the sewerage 

system, to cause odour and corrosion problems. The following investigates the various 

techniques and strategies for controlling such problems. 

Options 

Techniques can be classed as either preventive or remedial. Two preventive techniques 

have already been mentioned, these are to design the pipes for a velocity of at least 1.5 mls 

and to use pipes with comparative smooth walls. However, such techniques only reduce 

the size of the problem rather than eliminate it. 

Table 6 lists other techniques, all of which rely on dosing a substance into the sewage. In 

the preventive techniques, the substance is dosed into the pipe immediately downstream of 

the pumping station, and, in the remedial techniques, is dosed at the end of the pipe into 

say a tank or chamber. These success of these techniques various depending on the specific 

conditions in the sewerage. 

Another remedial option is to allow the H,S to escape from the sewage and then collect and 

treat the gases, and use materials resistant to corrosion by H,S and sulphuric acid for the 

pipes and fittings. In many cases, a combination of techniques is needed. 

Suitable Option 

An evaluation of the numerous options is beyond the scope of this report. Instead, one 

option which has some attractions and could be implemented for a comparatively small 

addition capital investment is described. 

In this option, a solution of an iron salt would be dosed at pumping stations (-E) and (+H), 

that is at both ends of the sewage system. Thus, only two dosing points would be 

involved. A disadvantage of iron is that it reacts or combines with other substances such 

as phosphates so that high doses up to say 20 mg/l are necessary. Mixtures of ferric and 

ferrous salts give the best performance per unit dose and ferrous salts the worst. However, 

.the efficacy of iron salts is im proved when the sewage contains oxygen since the iron has 

a dual role; serving as a catalyst in the oxidation of the H,S to sulphur as well sequestering 

the sulphide. The gravity pipes in the Shanl Tseng sewerage will serve as efficient aerators 

in this respect. 
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In spite of iron dosing, precantions wiII have to be taken as follows. 

• All the pumping stations wiIl, of course, have to be force ventilated. In particular, 

the ventilation system at stations at (+B) and (+E) wiII have to be designed so that 

the station and the adjoining gravity pipes receive an air-change rate of at least 

12 per hour and the air vented in open space well away from buildings. 

• One of the manholes at either (-B), (-C) or (-D) will probably have to be forced 

ventilated and the air similarly vented. 

• To eliminated the possibility of odours at manhole (X) which is in an extremely 

sensitive area, the gravity pipe downstream of (X) should be vented to the treatment 

works where the air can then pass through the works odour removal system. 

• The material of construction of the pipes especially the gravity pipes should be 

polypropylene. Similarly, the all the manholes and covers downstream of the pumped 

pipes should be protected from H,S and sulphuric acid corrosion. 

CONCLUSIONS 

Calculations have shown that the two pumped pipes at either end of the sewerage have the 

potential to produce H,S in sufficient quantities to cause odour and corrosion problems. 

The two intennediate pumped pipes are only likely to produce H,S at times of low flow 

and in much reduced quantities. 

An option for dealing with the potential problems associated with the H,S would be to dose 

a solution of an iron salt, preferably a proprietary mixture of ferric and ferrous salts or a 

ferric salt, at the two pumping stations at either end of the sewerage system. Pumping 

stations and some manholes would need to be ventilated and the air release in open space 

well away from buldings. Also, the gravity pipes near the treatment works would be vented 

into the works and treated in the works odour removal system. 

RECOMMENDATIONS 

The H,S production potential of the sewerage should be fully evaluated and the numerous 

options for controlling the production assessed in' ternlS of reliability and cost. The most 

attractive strategy may contain several stages allowing control measures to be implemented 

if experience at site demonstrates the need. For the study, the dosing a solution of an iron 

.salt and ventilating the pumping stations and some of the manholes should be assumed to 

be the preferred option. 
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Ting Kau and Sham Tseng Sewerage Scheme 
Environmental Impact Assessment 
Agreement No. CE 35/94 

Odour Assessment 

FILE: C:\TK-ODOUR\SEWERAGEWK1 
BY: ANTHONY LEUNG 

Sewerage: Ground Levels, Invert' Levels, Chainages, Pipe Diameters and Flows 

Section Upstream Levels (m Downstream Levels (m) Chainage from PS7 (m Length Diameter 
Ground Invert Ground. Invert Upstream Downstream (m) (m) 

COLUMN A B C D E F G H 
PS1 (-E) to (-D) 4.80 2.80 21.10 19.80 5390 4285 1105 0.400 
(-D) to (-C) 21.10 19.80 20.00 18.70 4285 4245 40 0.375 
(-C) to (-B) 20.00 18.70 6.40 4.70 4245 3950 295 0.375 
(-B) to (-A) 6.40 4.40 4.60 2.80 3950 3440 510 0.675 
(-A) to (X) 4.60 2.80 6.70 1.00 3440 2960 480 0.675 

PS7(+H) to (+G) 4.20 2.50 26.80 25.50 0 880 880 0.150 
(+G) to (+F) 26.80 25.50 17.00 15.30 880 1370 490 0.225 
(+F) to PS4(+E) 17.00 15.22 16.00 13.50 1370 1505 135 0.300 
PS4(+E) to (+D) 16.00 14.50 30.50 29.00 1505 1845 340 0.250 

(+D) to (+C) 30.50 29.00 26.50 25.00 1845 2125 280 0.300 

(+C) to PS3(+B) 26.50 25.00 6.00 4.40 2125 2570 445 0.300 
PS3(+B) to (+A) 6.00 4.40 9.50 7.80 2570 2845 275 0.250 

(+A) to (X) 9.50 7.80 6.70 5.15 2845 2960 115 0.300 

(-F) to PS1 (-E) 4.80 2.80 4.80 2.80 

PS2(-G) to (-A) 4.70 2.70 4.60 2.80 3440 

PS5(+I) to (+F) 3.40 1.40 17.00 15.30 1370 

PS6(+J) to (+G) 4.60 2.60 26.80 25.50 880 

References: 

Type 

I 
PUMPED 
GRAVITY 
GRAVITY 
GRAVITY 
GRAVITY 

PUMPED 
GRAVITY 
GRAVITY . 
PUMPED 
GRAVITY 
GRAVITY 
PUMPED 
GRAVITY 

GRAVITY 

PUMPED 

PUMPED 

PUMPED 

Column A to I: 
Column J: 

Sham Tseng Sewerage & Sewage Treatment Underground Cavern Options, Volume 2 of 2, Figure 7 
Ting Kau and Sham Tseng Sewerage Scheme EIA, Agreement No. CE 35/94, WP 3, Appendix C, Table 2 

PAGE1 

ADWF 
(cu.m/d) 

J 
8010.0 
8010.0 
9944.0 

11877.0 
13021.0 

552.4 
702.4 

1531.0 
1531.0 
1531.0 
2083.0 
2083.0 
2083.0 

6905.0 

1144.0 

828.6 

150.0 

DATE:24-Jul-95 
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.Ting Kau and Sham Tseng Sewerage Scheme 
Environmental Impact Assessment 
Agreement No. CE 35/94 

FILE: e:\TK -ODOUR\ODR -lse.WK1 
BY: ANTHONY LEUNG 

Odour Assessment ISCST Modelting 
Ail Sensitive Receivers 
I .... "'''"v.''' ...... \11 ... "" ... 'U"" , ....... ,¥", ..... ~ .... 
ASR Code Easting (m) Northing m' 
DD 387/ LOT 17 18 SR1 822420 824685 
Hong Kong Garden SR2 822530 824725 
Lido Garden SR3 824080 825230 
DD 390 LOT 94 SR4 824645 825165 
GoldenVilB SR5 825005 824990 

Villa fv1ar SR6 825650 825430 
Edinburgh Villa SR7 825800 825480 
Ting Kau Village SR8 826300 825610 
DO 399 LOT 367 - 368 SR9 826815 825465 
Anton Vile S~10 826290 825675 

Coordinates Measured from Survey Map 

Sources of Hydrogen Sulphide 
I .. ,,' "'~ .... '" ..... " ... 

Location 

Column 
Approach Beach 
Ting Kau Beach 
Lido Beach 
Casam Beach 
Sham Tseng East 
Sham Tseng West 
Tsing Lung Tau Tseung 
Sham Tseng STW (Inlet) 
Note~ 
Column (A) 
Column (B)&(C) 
Column (D) 
Column (E) 
Column (F) 
Column (G) 
Column (H) 
Column (I) 

Code Easting (m) Northing (m) H2S Flux Emission Rate AirFlow Emi~s(~n 
Height m 

Estimated ~~s'Na~~ 
Surface Area 'sCI.m (ug/,,,m-~\ (uo/, Rate Ceu.m/s 

(A (B) (e) D E (F) (G) 
PS7 826928 825378 3 7.84 20.00 156,80 
PS6 826231 825556 3 7.84 20.00 156.80 
PS5 825896 825449 3 7.84 20.00 156.80 
PS4 825680 825400 3 12.25 20.00 245.00 
PS3 824847 825021 3 9.00 20.00 180.00 
PS2 824158 825387 3 7.84 20.00 156.80 
PS1 822451 824682 3 23.04 20.00 460.80 
STW 824860 824978 3 120.00 20.00 2400.00 

Ting Kau and Sham Tseng Sewerage Scheme EIA, Agreement No. CE 35/94, WP 3, Appendix C, Figure 1 
Sham Tseng Sewerage & Sewage Treatment Underground Cavern Options, Volume 1 of 2, Appendix 1 
Assumed 
Estimated from flow rates and duty head of the pumping stations 
The flux were assumed to be the same as those estimated for the wet well of Cheung Sha Wan Pumping Station 
(G) = (E) x (F) 
Assumed 
(G)/(H) x 0.72/1000 

H 
0.10 
0.10 
0.10 
0,10 
0.10 
0.10 
0.10 
0.20 

Chambers (CHMBR) Downstreams Of Pum~ ed IlJlams 
Location 

Column 
TIng Kau CHMBR 
Hoi Mei Beach CHMBR 
Garden Bakery CHMBR 
TsinR LunR Wan CHMBR 
Note. 
Column (A) 
Column (B)&(C) 
Column (D) 
Column (E) 
Column (F) 
Column (G) 
Column (H) 
Column (I) 

PAGEl 

Code Easting (m) Northing (m) Emission Estimated SelA6ge ua/~2S FI~~ Emission Rate 
He;aht-i';'l Surface Area (sa.~) (u rsam-s (ua/, 

A B (C) (0) (E) (Fl (G 

+G 826125 825660 0 6.25 20.00 125,00 

+D 825420 825180 0 6.25 20.00 125.00 

+A 824665 825195 0 6.25 20.00 125.00 
-D 823465 825920 0 6.25 20.90 I 125.00 

TIng Kau and Sham Tseng Sewerage Scheme ErA, Agreement No. CE 35/94, WP 3, Appendix C, Figure 1 
Sham Tseng Sewerage & Sewage Treatment Underground Cavern Options. Volume 2 of 2, Figure 1 
Assumed the manhole covers are at ground level 

Air Flow 
Rate (cum/s 

(HI 
0.04 
0.04 
0.04 
0.04 

The sUrBce areas were assumed to be the same as those of similar chambers (e.g. Yau Tong Rising Main in Kwun Tong PTW) 
The flux were assumed to be the same as those estimated for the wet well of Cheung Sha Wan Pumping Station 
(G) = (E) x (F) 
Assumed 
(G)/(H) x 0.72/1000 

CJ c::J L_ ... :J c::-J : .] :-l :-l 

Concenb'ation 
(ppml 

(I) 
1.13 
1.13 
1.13 
1.76 
1.30 
1.13 
3.32 
8.64 

concen~:!i: 

I 
2.25 
2.25 
2.25 
2.25 

DATE:24-Jul-95 
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Ting Kau and Sham Tseng Sewerage Scheme 
Environmenlallmpact Assessment 
AWeement No. CE 35/94 

FILE:C:\TK-ODOUR\ODR-ISC.WK1 
BY: ANTHONY LEUNG 

Odour Assessment ISCST Modelling 

rlelLlTlllldlY 11_111111::1" I ... """"'.,,, "", ....... , ........ '" I,,,,a,,,,c ... I ....... ", .. .,'" "' .... " ..... , ''''''''' ...... 
Location Easting (m) Northing em) Base Area Height (m) V~IUr;;,~ [H2S] of Air 

Extracted' (~-pm (sq.m cU.m 

Column (A) (B) • (C) 0 E (F) 
Preliminary Treatment Facilities 824850 824990 294.00 7.00 2058.00 
SludRe Treatment Facilities 
Note, 
Column (B)&(C) 
Column (O) 
Column (El 
Column (F) 
Column (G) 
Column (H) 
Column (I) 
Column (J) 

824755 824985 875.00 10.00 8750.00 

Ting Kauand Sham Tseng Sewerage Scheme EIA, Agreement No. CE 35/94, WP 3, Figure 8.7 
Ting Kauand Sham Tseng Sewerage Scheme EIA, Agreement No. CE 35/94, WP 3, Figure 8.7 
Assumed 
(F) = (D) X (E) 
Assumed the concenbation is 0.1 ppm (1 OOppb) after odour treatment 
(H) = (F) X "No. of Air Changes per hour"j3S00; No. of Air changes per hour = 6 
(I) = (G) X (H) X 1390 
(J) = (E) + 3, stack height: 3m above roof 

.::.eI.lIlTlerU"UIUII ldlll\~ 1l1~11"'11 , .. .", ,TW ""n 
Location 

Column 
Sedimentation Tanks 
Note. 
Column (B)&(C) 
Column (D) 
Column (E) 
Column (F) 

South East Corner Se~a~e ml 
H2S Flux Emission 

Easting (m) I Northing (m Area 'Sa.m ·'uo/so m-s) Height (m) 
A (B C D E 

824804 824975 378.00 0.0004 3.50 

Ting Kau and Sham Tseng Sewerage Scheme EIA, Agreement No. CE 35/94, WP 3, Figure 8.7 
from Calculation Sheets: Odour Assessment, No.1-2, 23 March 1995 
from Calculation SheetS: Odour Assessment, No.1 -2, 23 March 1995 
Assumed to be the same as the height of the sedimentation tanks 

Summary of Sources of Hydrogen Sulphide for ISeST Input 
l'oIUIVIILI\:IdLlUII;,i ""' .. ., ., ..... ' , ..... " ..... ,. ", ... , ... , •• 

Gl 
3.00 
5.00 

Location Code Easting (m) ) Source Typ Northing (m Emission Height Emission Aate Emission Aate 
im) Unit 

Approach Beach PS7 826928 825378 Stack 3.00 156.80 (ug/s) 
Ting Kau Beach PS6 826231 825556 Stack 3.00 156.80 (ug/s) 

Lido Beach PS5 82'5896 825449 Stack 3.00 156.80 (ug/s) 
Casam Beach PS4 825680 825400 Stack 3.00 245.00 (ug/s) 
Sham Tseng East PS3 824847 825021 Stack 3.00 180.00 (ug/s) 
Sham Tseng West PS2 824158 825387 Stack 3.00 156.80 (ug/s) 
Tsing Lung Tau Tseung PS1 822451 824682 Stack 3.00 460.80 (ug/s) 

Sham Tseng STW (Inlet) STW 824860 824978 Stack 3.00 2400.00 (ug/s) 
Ting Kau CHMBR +G 826125 825660 Stack 0.00 125.00 (ug/s) 

Hoi Mei Beach CHMBR +0 825420 825180 Stack 0.00 125.00 (ug/s) 
Garden Bakery CHMBR +A 824665 825195 Stack 0.00 125.00 (ug/s) 
Tsing Lung Wan CHMBR -0 823465 825920 Stack 0.00 125.00 (ug/s) 

Preliminary Treatment Faciliti PTW 824850 824990 Stack 9.00 14303.10 (ug/s) 
Sludge Treatment Facilities STF 824755 824985 Stack 12.00 101354.17 (ug/s) 

Sedimentation Tanks SedTanks 824804 824975 Area 3.50 0.0004 IluQ/sqm-sl 
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AirFlow 
Aate (cu.m/~; 

(H) 
3.43 

14.58 

Air Flow Rate 
(cu.m/min\ 

6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 

12.00 
2.40 
2.40 
2.40 
2.40 

205.80 
875.00 

N/A 

CJ CJ c:::J c-J l. .J :-J :---j 

Emissio~1 R~!~ 
(ue/s 

EmiS~~~) 
Heiaht m 

II (J) 
14303.10 9.00 

101354.17 12.00 

Stack Diameter Velocity Area Length 
(m) (m/s 1m) 

0.30 1.415 N/A 
0.30 1.415 N/A 
0.30 1.415 N/A 
0.30 1.415 N/A 
0.30 1.415 N/A 
0.30 1.415 N/A 
0.30 1.415 N/A 
0.30 2.829 N/A 
0.30 0.566 N/A 
0.30 0.566 N/A 
0.30 0.566 N/A 
0.30 0.566 N/A 
1.00 4.367 N/A 
2.00 4.642 N/A 

N/A N/A 19.44 

OATE:24-Jul-95 
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ling Kau and Sham Tseng Sewerage Scheme 
EnvironmentallRFact Assessment 
Agreement No. CE 35/94 

FILE: C:\TK-ODOUR\ODAM-ISC.WKl 
BY: ANTHONYlEUNG 

Odour Assessment ISCST Modelling 
Wrth Further Mitigation Measures: Option 1 - Oedorismion of Air 
Air Sensitive Receivers 
,UO>'UU'"'' VI nil ..,.",;oo,,,¥c ,",,,,,",elY""" n .... ' '''' 

ASR Code Easti m Northi m' 
DD 387/ LOT 17 18 SRl 822420 824685 
Hor.g Kong Garden SR2 822530 ' 824725 
Loa Garden SR3 824080 825230 
DD 390 LOT 94 SR4 824645 825165 
Gok:len Villa SR5 825005 824990 
Villa Mar SR6 825650 825430 
Edirburgh Villa SR7 825800 825480 
Ting Kau Village SR8 826300 825610 
DD 399 LOT 367 - 368 SR9 826815 825465 
Anton Villa SR10 826290 825675 

Coordinates Measured fromSurvey Map 

Sources of Hydrogen Su~hide 
I"'umpln!=j ;;)Iallons 
Location Code Easting (m) Northirg (m) Emission Estimated Sew~e H2SFlux Emission Rate AirFlow 

Heghl {m Surface Area (sq.m {ug/,q.m-, {ug/, Rate lcu.m/s 
Column 
Approach Beach 
Ting Kau Beach 
Lido Beach 
Casam Beach 
Sham Tseng East 
Sham Tseng West 
Tsing Lung Tau Tseung 
Sham Tseno S1W ([nl~il 

Note: 
Column (Al 
Column (Bl&(C) 
Column (O) 
Column (E) 
Column (F) 
Column (G) 
Column (H) 
Column (I) 
Column (J) 
Column (I<) 

A C G 
PS7 826928 825378 3 7.84 20.00 156.80 
PS6 826231 825556 3 7.84 20.00 156.80 
PS5 825896 825449 3 7.84 20.00 156.80 
PS4 825680 825400 3 12.25 20.00 245.00 
PS3 824647 825021 3 9.00 20.00 180.00 
PS2 824158 825387 3 7.84 20.00 156.80 
PSl 822451 824682 3 23.04 20.00 460.80 
STW 824860 824978 3 120.00 20.00 2400.00 

Ting Kau and Sham Tseng Sewerage Scheme EIA. Agreement No. CE 35/94, WP 3, Appendix C, Fgure 1 
Sham Tseng Sewerage & Sewfge Treatment Underground Cavern Options, Volume 1 of 2, Appendix 1 
Assumed 
Estimated from flow rales and duty head of the pumping stations 
The flux were assumed to be the same as those estimated for the wet well of Cheung Sha Wan Pump ing Station 
(G) = (E) x (F) 
Assumed 
(G)/(H) x 0.72 /1000 
Recommended Level of Treatment 
(I<) = (J) X (H) X1390 

Chambers (CHMBR) Downstreams of Pum ad Mains 

H 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.20 

L~~ .. l 

Concentration 
{ppm 

I 
1.13 
1.13 
1.13 
1.76 
1.30 
1.13 
3.32 
8.64 

Location Code Easting (m) Northirg (m) Emission Estimated Sewi{le H2SFlux Emissio~lR~~~ AirFlow concentrati~~ 
Hegh1{m Surface Area (Sq.~\ (ug/,g.m ~;;; 'uq/s Rate i~u.m;~) Ippm 

Column 
Ting Kau CHMBR 
Hoi Mei Beach CHMBR 
Garden Bakery CHMBR 
Tsino Lunq Wan CHMBR 

Note: 
Column (A) 
Column (8)&(C) 
Column {OJ 
Column (E) 
Column (F) 
Column (G) 
Column (H) 
Column (I) 
Column (J) 
Column (I<) 
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A) C G 
+G 826125 625660 0 6.25 20.00 125.00 
+0 625420 825180 0 6.25 20.00 125.00 
+A 624665 625195 0 6.25 20.00 125.00 
-0 623465 625920 0 6.25 20.00 125.00 

Ting Kau and Sham Tseng Se\-Verage Scheme EIA. Agreement No. CE 35/94, WP 3, Appendix C, Figure 1 
Sham Tseng Sewerage & sewege Treatment Underground Cavern Options, Volume 2 of 2, Figure 1 
Assumed the manhole covers are at ground level 

H 
0.04 
0.04 
0.04 
0.04 

The surface areas were assumed to be the same as those of similar chambers (e.g. Yau Tong Rising Main in Kwun Tong PlW) 
The flux were assumed to be the same as those estimated for the wet well of Cheung Sha Wan Pumping Station 
(G) = (E) x (F) 
Assumed 
(G)/(H) x 0.72/1 000 
Recommended Level of Treatment 
(I<) = (J) X (H) X1390 

2.25 
2.25 
2.25 
2.25 

c::J C"J C_-.l CJ ,.--, 
, ... _ .. J :-l LI 

Concentration Emission Rate 
Deodorised (ppm) DOdorised (UQ/s) 

J 
0.005 0.70 
0.005 0.70 
0.005 0.70 
0.005 0.70 
0.005 0.70 
0.005 0.70 
0.005 0.70 
0.005 1.39 

Concentration Emission ~~~/S\ 
Deodorised -(~om\ Dodorised u Is 

J 
0.005 0.26 
0.005 0.26 
0.005 0.26 
0.00!5L....... 0.26 

DATE:24-Jul-95 
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Ting Kau and Sham Tseng Sewerage Scheme 
EnvironmentallfT1lacl Assessment 
Agreement No. CE 35/94 

FILE: C:\TK-ODOUR\ODRM-ISC.WK1 
BY: ANTHONY LEUNG 

Odour Assessment ISCST Modelling 
Wrth Further Mitigation MeasUfes: Option 1 - Dedorisalion of Air 
Preliminary Treatment Facili.he.sand Sludge Treatment Facilities in Sham Tseno 8lW 
Location I I:aStlng(rll)I Northirg (m)i Base Area 

Column 
Preliminary Treatment Facilities 
Sludge Treatment Facilities 

Note: 

'A' 
824850 
824755 

'C' 
824990 
824985 

~Q.m' 
(0) 
294.00 
875.00 

He9ht(m) 

E 
7.00 

10.00 

Volume [H2S] of Air 
(cu.mJ Extract~ 

'G 
2058.00 
8750.00 

3.00 
5.00 

Column (B)&(C) 
Column (D) 
Column (E) 
Column (F) 
Column (G) 
Column (H) 
Column (I) 
Column (J) 

ling Kau and Sham Tseng Sewerage Scheme EtA. Agreement No. CE 35/94, WP 3, Figure 8.7 
ling Kau and Sham Tseng Sev.erage Scheme EIA, Agreement No. CE 35/94, WP 3, Figure 8.7 
Assumed 
(F) = (0) X (E) 
Assumed the concentration is 0.1ppm (1 DqJpb) after odour treatment 
(H) = (F) X "No. of Air Changes per hour' 13600; No. of Air changes per hour", 6 
(I) = (G) X (H) X 1390 
(J) = (E) + 3, stack height: 3m wove roof 

Seclimentation Tanks in Sham Tseng STW 

AirFlow 
Rate (£.u.m/s 

H 
3.43 

14.58 

I) 

14303.10 
101354.17 

There should not be any hydrogen sulphide emission at the sedimentation tanks because odour is remove:! at the preliminary treatment facilities. 

Summary of Sources of Hydrogen Su~hide for (SCST (~ut 
No Miti~ations (except for PTW and SlF In STSTW) 
Location ,"Code I Easling (m) I Northirg (m)1 Source Typo 

Approach Beach 
Ting Kau Beach 
Loa Beach 
Casam Beach 
Sham Tseng East 
Sham Tseng West 
Tsing Lung Tau Tseung 
Sham Tseng STW (Inlel) 
Ting Kau CHMBA 
Hoi Mei Beach CHMBR 
Garden Bakery CHMBR 
TSlng Lung Wan CHMBR 
Preliminary Treatment Faciliti 
Slu.flg~ Treatment Facil"ilies 
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PS7 
PS6 
PS5 
PS4 
PS3 
PS2 
PSI 
STW 
+G 
+0 
+A 
-0 
PTW 
STF 

826928 
826231 
825896 
825680 
824847 
824158 
822451 
824860 
826125 
825420 
824665 
823465 
824850 
824755 

825378 Stack 
825556 Slack 
825449 Stack 
825400 Stack 
825021 Stack 
825387 Stack 
824682 Stack 
824978 Stack 
825660 Stack 
825180 Stack 
825195 Stack 
825920 Slack 
824990 Slack 
824985 Stack 

-Emission Height 
1m' 

3,00 
3,00 
3,00 
3,00 
3.00 
3.00 
3.00 
3,00 
0.00 
0.00 
0,00 
0,00 
9.00 

12.00 

Emission Rate I Emission Rate 
Unit 

0.70 (ugJs) 
0.70 (ug/s) 
0.70 (ug/s) 
0.70 (ug/s) 
0.70 (ug/s) 
0.70 (ug/s) 
0.70 (ug/s) 
1.39 (ug/s) 
0.28 (ugJs) 
0.28 (ug/s) 
0.28 (ug/s) 
0.28 (ug/s) 

23.84 (ug/s) 
101.35 lug/s) 

Aii-f!"fow Aalel Slack Diameterl 
(cu.m/min) (ml 

6.00 0.30 
6.00 0.30 
6.00 0.30 
6.00 0.30 
6.00 0.30 
6.00 0.30 
6.00 0.30 

12.00 0.30 
2.40 0.30 
2.40 0.30 
2.40 0.30 
2.40 

205.80 
875.00 

0.30 
1.00 
2.00 

CJ CJ ,-._..1 r::::J ~.J 

Concentration I Emission Rale 
Deodorised (ppm) Deodorised (ug/s 

9,00 
12.00 

Velocity 
(m/s1 

1.415 N/A 
1.415 N/A 
1.415 N/A 
1.415 N/A 
1.415 N/A 
1.415 N/A 
1.415 N/A 
2.829 N/A 
0.566 N/A 
0.566 N/A 
0.566 N/A 

0.5661N/A 
4.367 N/A 
4.642 N/A 

0.005 
0.005 

Area Length 
1m 

L' 

23.84 
101.35 

c-l ~ 

DATE:24-Jul-95 
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ISCST2 - (DATED 93109) 

IBM-PC VERSION (2.11 ) ISCST2 
(el COPYRIGHT 1992. TRINITY CONSULTlUfI'S, INC. 
SERIAL NUMBER 10386 SOLD TO MOTT MACDONALD 

Run Began on 1/24/1995 at 15:33,54 

**' TRINITY RECEPTOR FILE NlIME: C: \TK-ODOUR\ TK-OIS. REC 
CO STARTING 
CO TITLEONE Ting Kau and Sham Tseng Sewerage Scheme, Odour Assessment 
CO TITLE'I'WO Ground Level, No Mitiglltion Measures 
CO MODELOPT CONe RURAL NOCALM MSGPRQ 
CO AVERTIME 1 
CO POLLUTtD HlS 
CO TERRHGTS FLAT 
CO ELEVUNlT METERS 
CO FloAGPOLE 0.000000 
CO RUNORNOT RUN 
CO FINISHED 
SO STARTING 
so LOCATION ABPS POINT 826928,00 825378.00 
SO SRCPARAM ASPS 156.S000 LOO 298.0(1 
SO LOCA'l'lON TKBPS POINT 826231.00 825556.00 
SO SRCPARl\M TKBPS 156.8000 3.00 298.00 
SO LOCATION LBPS POINT 825896.00 825449.00 
SO SRCPARAM LSI'S 156.8000 3.00 298.00 
SO LOCATION CBPS POINT 625680.00 825400.00 
SO SRCFAAAM CBPS 245.0000 3.00 2516.00 
SO LOCATION STEPS POINT 824847.00 B25021.00 
SO SRCPAAAM STEPS 160.0000 3.00 296.00 
SO LOCATION STIlPS POINT 824158.00 825387.00 
SO SRCPARAM STIlPS 156.BOOO 3.00 298.00 
SO LOCATION TLTTPS POINT 822451.00 624662.00 
SO SRCPAAAM TLTTPS 460.7998 3.00 298.00 
SO LOCATION STSTWPS POINT 624660.00 824978.00 
SO SRCPAAAM STSTWPS 2400.000 3 .00 29B. 00 
SO LOCATION TKCBR POINT 626125.00 825660.00 
SO SRCPARAM TKCBR 125.0000 0.00 298. 00 
SO LOCATlON HMBCBR POINT 825420.00 625180.00 
SO SRCPARAM HMBCBR 125.0000 0.00 296.00 
SO LOCATION GBCBR POINT 824665.00 825195.00 
SO SRCPARAM GBCBR 125.0000 0.00 298.00 
SO LOCATION TLWCBR POINT 823465.00 825920.00 
SO SRCPAAAM TLWCBR 125.0000 0.00 298.00 
SO LOCATION STSTIlPTII POINT 824850.00 824990.00 
SO SRCPARAM STSTIlPTII 14303.08 9.00 298.00 
SO LOCATION STSTIlSTF POINT 824755.00 824985.00 
SO SRCPARIIM STSTIlSTF 101354.2 12..00 298.00 
SO LOCATION STSTIIST AREA 824804.00 624975.00 
SO SRCPARAH STSTIIST 0.000400 3.50 19.44 
SO EMISUNIT 76.600000 GRAMS/SEC USER-UNITS 
SO SRCGROUP ALL 
SO FINISHED 
RE STARTING 
RE DISCCART 822420.00 824685.00 0.000 
RE DISCCART 822530.00 824725.00 0.000 
RB DISCCART 824080.00 825230.00 0.000 
RE DISCCART 624645.00 825165.00 0.000 
RE DISCCART 825005.00 824990.00 0.000 
RE DISCCART 625650.00 825430.00 0.000 
RE DISCCART 625800.00 825480.00 0.000 
RE DISCCART 826300.00 625610.00 0.000 
RE DISCCART 826815.00 625465.00 0.000 
RE DISCCART 826290.00 825675.00 0.000 
RE FINISHED 
ME STARTING 
ME INPUTFlL C:\TK-ODOUR\TUN94.MET 
ME ANEMHGHT 10.000 METERS 
ME SURFDATA 99999 1994 SURFNAME 
ME UAIRDATA 99999 1994 UAIRNAME 
ME STARTEND 1994 1 1 1 1994 12 31 24 
ME FINISHED 
OU STARTING 
OU RECTABLE 1 FIRST 
OU FINISHED ............................... -._. 
: :: . ~~~::. ~ !~!!~:=. ~~~~:= = ;~~;r.::: 

0.00 
1.4150 
0.00 

1.4150 
0.00 

1.4150 
0.00 

1.4150 
0.00 

1.4150 
0.00 

1.4150 
0.00 

1.4150 
0.00 
2.8290 

0.00 
0.5660 
0.00 

0.5660 
0.00 

0.5660 
0.00 
0.5660 

0.00 
4.3670 

0.00 
4 6420 

0.00 

0.300 

0.300 

0.300 

0.300 

O.lOO 

0.300 

O.lOO 

0.300 

0.300 

0.300 

0.300 

0.300 

1.000 

2.000 

--- ISCST2 - VERSION 93109 Ting Kilu Ilnd Shllm Tseng Sewerllge Scheme, Odour Assessment 
Ground Level, NO Mitigation Measures 

-_. MODELING OPTIONS USED: CONC RURAL FLAT FLGPOL NOCALM MSGPRO 

MODEL SETUP OPTIONS SUMMARY 

"Model Is Setup For Calculation of Average CONCentration values. 

"Model Uses RURAL DisperSion. 

"Model Uses User-Specified options: 
1. Final Plume Rise. 
2. Stack-tip Downwash. 
J. Buoyancy-induced Disperaion. 
4. Not Use Calms Processing Routine. 
5. MiSSing Data Processing Routine. 
6. Default Wind profile Exponents. 
7. Default Vertical Potent!Ill Temperature Gradients. 

"Model Assumes Receptor!! on PLAT Terrain. 

"Mode1 Accepts FLAGPOLE ReceptOr Heights. 

"Model Calculates 1 Short Term Average(s) of, I-HR 

--This Run I,nc1udes: 15 Source(s); 1 Source Group(s); and 

"The Model Assumes A Pollutant Type of: A2S 

**Model Set To Continue RUNning After the Setup Testing. 

'-Output Options Selected: 

10 Receptor(s) 

Model Outputs Table!! of Highest Short Term Value!! by Receptor (RECTABLE Keyword) 

--NOTE: The Following Flags May Appear Following CONC Values: 

• ·MlSC. Inputs, Anem. Hgt. (m)' 10.00; 
;;:mission Units' GRAMS/SEC 
Output Units US;;:R-UNITS 

Decay Coe!. 

c for Calm Hours 
m for Missing HOUrs 
b for Both Calm and Missing Hours 

.0000 Rot. Angle _ .0 
Emisst.;,n Rate Unit Factor 76.600 

"Input Runstream Fila, C,\TK-ODOUR\TK-NO-MI.DAT ; -'OutPUt Print File: C:\TK-ODOUR\TK-NO-MI.LST 
.,. ISCST2 - VERSION 93109 ... Ting Kau and Sham Tseng Sewerage Scheme. Odour Aasessment .*. 

••• Ground Level, No Mitigation Measures 

MODELING OPTIONS USEO, CONC RURAL FLAT FLGPOL NOCALM MSGPRO 

POINT SOURCE DATA .. -

07/24/95 
15,33:56 
PAGE 1 

07/24/95 
15:33,56 
PAGE 2 

SOURCE 

" 
NUMBER EMISSION RATE 

PART. (USER UNITS) 
CATS. 

BASE STACK STACK 
X Y ELBV. HEIGHT TEMP. 

STACK STACK 
llXIT VEL. DIAMETER 

(M/SEC) (MllTERS) 

BUILDING EMISSION RATE 
EXISTS SCALAR VARY 

(METERS) (M£TERS) (METERS) (METERS) IDBG.K) " 
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ABPS 0 .15680E+03 
TKBPS 0 .15680E+03 
LBPS 0 .15680E+03 
CBPS 0 .24.6001;+03 
STEPS 0 .18000£+03 
STWPS 0 .15680E+03 
TLTTPS 0 .46080S.03 
STSTWPS 0 .24000E+04 
TKCI!R 0 .12500E+0) 
IlMBCBR 0 ,12500E.03 
GSCBR 0 ,12500E.OJ 
TLWCBR 0 .12500S+0) 
STSTIlPTW 0 ,14303E_05 
STSTWSTF 0 .1013SE.06 ... ISCST2 VERSION 93109 ... 

MODELING OPTIONS USEC: CONC 

SOURCE 

" 
NUMBER EMISSION RATE 

PART. (USER UNITS 
GATS. /METER**2) 

STSTWST 0 .40000£·03 
*u ISCST2 • VERSION 93109 

* .. MODELING OPTIONS USED: CONC 

GROUP 10 

82692B .0 925378.0 .0 00 298.00 
826231.0 825556.0 .0 00 298.00 
825896.0 825449.0 .0 00 298.00 
825680.0 825400.0 .0 00 29B.OO 
82484.7.0 1125021.0 .0 J .00 298.00 
82415B.O 625387.0 .0 3.00 29B.OO 
822451.0 1124682.0 .0 J .00 298.00 
924860.0 824978.0 .0 3.00 298.00 
826125.0 8.25660.0 .0 .00 298.00 
825420.0 825180.0 .0 .00 298.00 
824665.0 825195.0 .0 .00 298.00 
823465.0 825920.0 .0 .00 298.00 
824850.0 824990.0 .0 9.00 298.00 
824755.0 824985.0 .0 12.00 298.00 ... Ting '"" lind Sham Tseng Sewerage Scheme, ... Ground Level, No Mitigation Measures 

'0= '~T FLGPOL 

AREA SOURCE DATA ... 

COORD (SW CORNER) BASE RELEASE WIDTH 
X Y ELEV. HEIGHT OF AREA 

(METERS) (METERS) (METERS) (METERS) (METERS) 

824804.0 824975.0 .0 3.50 19.44 

1.41 ." 1.41 ." 1.41 . " 1.41 ." 1.41 ." 1.41 ." 1.41 ." 2.83 ." ." ." ." ." ." ." ." . " 4.37 1. 00 
4.64 .2 .00 

Odour Assessment 

NOCALM MSDPRO 

E:MISSION RATE 
SCM.AR VARY 

" 
••• Tin9 Xall and Sham Tseng Sewerage Scheme, Odour Assessment 
... Ground Level, No Mitigation Measures 

RURAL FLAT FLGPOL 

••• SOURCE lOs DEFINING SOURCE GROUPS 

SOURCE tea 

NOCALM MSGFRO 

,TRaps ,LBPS , caps ,STEPS ,STWPS ,TLTTPS ,STS'I'WPS, TKCBR 

STS'I'WPTW, STSTWSTF, STSTWST , 
ISCST2 - VERSION 93109 .h ... Ting Kau and Sham Tseng Sewerage Scheme, Odour Assessment 

••• Ground Level, No Mitigation Measures 

**. MODELING OPTIONS USED: CONC RURAL FLAT FLGPOL NOCALM MSGPRO 

, 
822420.0, 824685.0, .0, 
824080.0, 825230.0. .0, 
825005.0, 824990.0, .0, 
825800.0, 825480.0, .0, 
826915.0. 825465.0, .0, 

.oo DISCRETE CARTESIAN RECEPTORS 
IX·CooRD, Y-COORD, ZELEV, 2FLAG) 

(METERS) 

.OJ: , 822530.0. 824725.0. 

.0) , , 824645.0. 825165.0. 

.0) : , 825650.0, 625430.0. 

.0) : , B26300.0. 825610.0. 

.0) , , 826290.0. 625675.0, 

.0, 

.0, 

.0, 

.0, 

.0, 
ISCST2 - VERSION 93109 ... Ting Kau and Sham Tseng Sewerage Scheme, Odour Assessment ... Ground Level, No Mitigation Measures 

MODELING OPTIONS USED, CONC RURAL FLAT FLGPOL NOCALM MSGPRO 

, , , 

, , , , 

••• METEOROLOGICAL DAYS SBLECTBD FOR PROCESSING 
(l_YBS, a_NO) 

, , , , 

, , , 
L , , , 

, , , , 
MBTEOROLOGICAL DATA PROCESSED BETWBBN START DATE: 94 1 1 1 

AND END DATE: 94 12 J1 24 

" " " " " " " " '0 
'0 
'0 
'0 
'0 
'0 

, 

07/24/95 
15 :33 :56 
,~, , 

07/24/95 
l5:33,56 
PAGE 

HMBCBR ,GaCaR ,TLWCBR 

.0) : 

.0); 

.0) , 

.OJ: 

.0) , 

, , , , 

07/24/95 
15:33:56 
PAGE 5 

07/24/95 
15:33:56 
PAGE • 

NOTE: METEOROLOGICAL DATA ACTUALLY PROCBSSBD WILL ALSO DEPEND ON WHAT IS INCLUDEU IN THE DATA FILE. 

STABILITY 
CATEGORY 

A , , 
o , , 

STABILITY 
CATEGORY 

A , , 
o , , 

UPPER BOOND OF FIRST THROUGH FIFTH WIND SPBED CATEGORIES 
(METBRS/SEC) 

, 
.700008-01 
.70000E-01 
.10000B+00 
.150008+00 
.35000E+OO 
.55000E+OO 

1.54, 3.09. 5.H., 8.23, 10.80, 

••• WIND PROFILE EXPONENTS 

WIND SPEED CATBGORY , 
.70000E-Ol 
.70000B·01 
.10000E+00 
.15000E+00 
.35000B+00 
.55000B .. 00 

, 
.70000E-01 
.70000E-01 
.10000E+00 
• 15000B .. 00 
.35000E .. 00 
.55000E+00 

, 
.70000E-Ol 
.70000E-01 
.10000E .. 00 
.1S000E+00 
.35000B .. 00 
.55000B .. 00 

VERTICAL POTENTIAL TEMPERATURE GRADIBNTS 
(DEGREES KELVIN PER METER) 

WIND SPEED CATEGORY 

; 
.70000B·01 
.70000E·01 
.10000E+00 
.15000E_00 
.35000E_00 
.55000E+00 

1 2 3 4 5 
. OOOOOE_OO .OOOOOE_OO .OOOOOE_OO .OOOOOE_OO .OOOOOB_OO 
.OOOOOE_OO .OOOOOE_OO .OOOOOE+OO .000008_00 .OOOOOE_OO 
.0aOOOB+OO .OOOOOE_OO .OOOOOE_OO .OOOOOE_OO .aOOOOE_OO 
.OOOOOB_OO .OOOOOE+OO .OOOOOE_OO .OOOOOE_OO .OOOOOE+OO 
.20000E-01 .20000B_Ol .20000E-01 .20000E-01 .20000E_Ol 
.35000E-01 .35000B-01 .35000E-01 .35000E-01 .35000E-01 

.oo ISCST2 - VERSION 93109 ••• Ting Kau and Sham Tseng Sewerage Scheme, Odour Assessment 
.oo Ground Level, NO Mit.igat.ion Measures 

.oo MOOELING OPTIONS USED: CONC RURAL FLAT FLGPOL NOCALM MSGPRO 

.oo THE FIRST 24 HOURS OF METEOROLOGICAL DATA ••• 

FILB, C,\TK·OUOUR\TUN94.MET 
SURFACE STATION NO.' 99999 

NAME, SURFNAME 
YEAR, 1994 

YEAR MONTH DAY HOUR 

" " " " " 

FLOW 
VECTOR 

210.0 
170.0 
180.0 
190.0 
190.0 

SPEED 
(M/S) 

" ;0 

" " " 

FORMAT, (412,2F9.4,f'6.1,I2,2F7.11 
UPPER AIR STATION NO.' 99999 

NAME: UAIRNAME 
YEAR: 1994 

TEMP STAB MIXING HEIGHT (M) 
IK) CLASS RURAL URBAN 

28B .2 787.8 767.8 
287.7 787.8 767.8 
287.6 787.8 787.8 
287.2 787.8 787.8 
286.5 787.8 787.8 

• .70000E-01 
.70000E-01 
.lOOOOE_OO 
.15000E_00 
.J5000E+00 
.SSOOOE_OO 

• .OOOOOE+OO 
.OOOOOE+OO 
.OOOOOE+OO 
.OOOOOE+OO 
.20000B-01 
.35000E-Ol 

07/24/95 
15,33:56 
PAGB 7 
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.. .. .. .. .. .. ,. ,. .. ,. ,. ,. ,. ,. ,. ,. ,. ,. ,. 
... NOTES, STABILITY CLASS 

FLOW VECTOR " ISCSTl VERSION 93109 

MOO(;LING OPTIOnS US(;O: 

, 200.0 '" 286.3 , 787.8 , 180.0 ., 28S .1 , 772.9 

• 170.0 " 2a6.0 , 772.9 , 190.0 " 286.9 • 772.9 

" 200.0 " 288.2 , 772.9 
U 999.9 1.00 289.3 , 772 .9 

" 40.0 1.00 291.0 , 172.9 

" 999.9 1.00 292.6 , 772.9 

" 20.0 1.30 292.4 , 772.9 

" 360.0 1.80 291.5 , 772.9 

" 350.0 1.60 291.3 , 772.9 

" 999.9 1.00 291.0 772.9 

" 250.0 1. 00 290.2 772. ') 

" 330.0 1. 00 289.6 787.8 

" 350.0 1.20 289.3 787.8 

" 350.0 2.10 289.2 787.8 

" 350.0 1. 70 289.0 787.8 

" 160.0 1.00 26S .5 787 .8 

" 110.0 l.00 287.8 787.8 

I_A, 2_8, 3_C, 4_0, 5.£ AND 6_F. 
DIRECTION TOWARD WHICH WIND IS BLOWING. 

-** Ting Kau and Sham Tseng Sewerage Scheme, 
••• Ground Level. NO Mitigation Measures 

CONC '"= ""'T FLGPOL 

787.8 
172.9 
172.9 
772.9 
172.9 
772.9 
772.9 
772.9 
772.9 
772.9 
772.5 
77~. 9 
no , 
'" • 787.8 
787.8 
787.8 
787.8 
787.8 

Odour Assessment 

NOCALH MSGPRO 

07/24/95 
15,33:56 
PAGE B 

••• THE 1ST HIGHEST l-HR AVERAGE CONCENTRATION VALUES I"OR SOURCE GROUP: ~, 

INCLUDING SOURCE IS) : ABPS ,TKBPS ,Laps CBPS ,STEPS , STWPS , TLTTPS 
STSTWPS , TKCBR HMBCBR ,GBCBR ,TLWCBR ,STSTWPTW, STSTWSTF, STSTWST 

••• DISCRETE CARTESIAN RECEPTOR POINTS ... 

CONC OF 112S IN USER-UNITS 

X-COORD (M) Y'COORD (M) CONC (YYMMDDHH) X-COORD 1M) Y-COORD (M) CONC (YYMMDDHH) 

82242000 824685.00 
8240BO 00 825230.00 
82500500 824990.00 
82580000 825480.00 
826815.00 825465.00 

ISCST2 - VERSION 93109 

••• MODELING OPTIONS USED: CONC 

30054410 194111918) 822530.00 824725.00 
1091.17400 (94102618) 824645.00 825165.00 
1090.30200 (94031015) 825650.00 825430.00 

390.55980 (94010709) 826300.00 825610.00 
225.32600 (94082905) 826290.00 825675.00 
••• Ting Kau and Sham Tseng Sewerage Scheme, Odour AsseSBment 
••• Ground Level. No Mitigation Measures 

FLAT PLGPOL NOCALH MSGPRO 

·u THE SUMMARY 01" HIGHEST 1-HR RESULTS .,. 

CONC OF 1l2S IN USER-UNITS 

'" ." 
"" '" '"' 

GROUP 10 AVERAGE CONC 
DATE 

(YYMMODHH) RECEPTOR (XR, YR, ZELEV, ZFLAG) 

HIGH 1ST HIGH VALUE IS 

RECEPTOR TYPES: GC. GRIDCAAT 
GP • GRIOPOLR 
DC • OISCCART 
OP ~ OISCPOLR 
BD _ BOUNDARY 

1091 17400 ON 94102618: AT ( 824080.00, 825230.00. 

ISCST2 - V(;RSION 93109 ••• Ting Kau and Sham Tseng Sewerage Scheme, Odour Assessment 
Ground Level. NO Mitigation Measures 

.00, 

MODELING OPTIONS USEO: CONC RURAL I"LAT FLGPOL NOCALH ~SGPRO 

••• Message Summary I"or rSC2 Model Execution .~~ 

A Total of 
A TOtal of 
A Total of 

summary of Total Messages -------

o Fatal Error Message(s) 
1528 Warning Message (s) 
1242 Informational Message(s) 

A Total of 1242 MisSing Hours Identified 

FATAL ERROR MESSAGES ...... .. 
••• NONE ••• 

09960 (94010709) 
10670 19(021023) 
80040 19(080804) 
67850 19(100101) 

7120~.* 19402162~~/24/95 
15:33:56 
PAGE 9 

NETWORK 
OF TYPE GRIO-IO 

.00) DC 

01/24/95 
15:33:56 
PAGE 10 
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ISCST2 - (DATED 93109) 

IBM-PC VERSION (2.11 ) ISCST2 
(e) COPYRIGHT 1992. TRINITY CONSULTANTS, INC. 
SERIAL NUMBER 10386 SOLD TO MOTT MACDONALD 

Run Began on 7/24/1995 at 15:31,12 

••• TRINITY RECEPTOR FILE N}\Me, C,\TK-ODOUR\TK_DlS Rile 
co STARTING 
CO TITLBONE Tirlg Kau and Sham Tseng Sewerage Scheme, Odour Assessment 
co TITLBTWO Ground Level, Mitigations to 0.005 ppm 
CO MODELOPT CONC RURAL NOCALM MEDFRO 
CO AVERTIME 1 
CO POLLUTIO H2S 
CO TERRHGTS FLAT 
CO ELEVUNIT METERS 
CO FLAGPOLE O. OOOO()O 
CO RUNORNDT RUN 
CO FINISHED 
SO STARTING 
SO LOCATION MrS POUlT B26928.00 825378.00 
SO SRCPAAJ\M AllPS 0.100000 3.00 296.00 
SO LOCATION TKBPS POINT 826231.00 B25556.00 
SO SRCPARAM TKBPS 0.100000 3.00 298.00 
SO LOCATION LSI'S POINT 625896.00 825U9.00 
SO SRCPARJ\M LSI'S 0.100000 3.00 298.00 
SO LOCATION CBPS FOINT 825680.00 11254.00.00 
SO SRCPARAM CBPS 0.700000 3.00 298.00 
SO LOCATION STEPS POINT 824847.00 825(l21.00 
SO SRCPARAM STEPS 0.700000 3.00 298.00 
SO LOCATION STWPS POINT 824158.00 825387.00 
SO SRCPARAM STWPS 0.700000 3.00 298.00 
SO LOCATION TLT'1'PS POINT 1122451.00 824682.00 
SO SRCPARAM TLTIPS 0.700000 3.00 298.00 
SO LOCATION STSTWPS POINT 824860.00 824.978.00 
SO SRCPARAM STSTWPS 1.390000 3.00 298.00 
SO LOCATION TKCBR POINT 826125.00 825660.00 
SO SRCPARAM TKCBR 0.280000 0.00 298.00 
SO LOCATION HMBCBR POINT 825420.00 825180.00 
SO SRCPARAM HMBCBR 0.2110000 0.00 298.00 
SO LOCATION GBCBR POINT 824665.00 825195.00 
SO SRCPARAM GBCBR 0.280000 0.00 29B.00 
SO LOCATION TLWCBR POINT 823465.00 825920.00 
SO SRCPARAM TLWCBR 0.2110000 0.00 298.00 
SO LOCATION STSTWPTW POINT 824850.00 824990.00 
SO SRCPARAM STSTWPTW 23.84000 9.00 298.00 
SO LOCATION STSTWSTF POINT 824755.00 824985.00 
SO SRCPARAM STSTWSTF 101.3498 12.00 298.00 
SO EMISUNIT 76.600000 GRAMS/SEC USER-UNITS 
SO SRCGROUP ALL 
SO FINISHED 
RE STARTING 
RE DISCCART 822420 00 824685 00 0.000 
RE DISCCART 822530 00 824725 00 0.000 
RE DISCCART 824080 00 825230 00 0.000 
RE DISCCART 824645.00 625165.00 0.000 
RE DISCCART 825005.00 624990.00 0.000 
RE DISCCART 825650.00 825430.00 0.000 
RE DISCCART 825800.00 8254.80.00 0.000 
RE DrSCCART 826300.00 825610.00 0.000 
RE DISCCART 826815.00 825465.00 0.000 
RE DISCCART 826290.00 825675.00 0.000 
RE PINISHED 
ME STARTING 
ME INPUTFIL C,\TK-OOOUR\TUN94.MET 
ME ANEMHGHT 10.000 METERS 
ME SURFOATA 99999 1994. SURFNAMB 
ME UAIRDATA 99999 1994 UAIRNAME 
ME STARTEND 1994 1 1 1 1994 12 31 24 
ME FINISHED 
OU STARTING 
OU RECTABLE 1 FIRST 
OU FINISHED 

0.00 
1.4150 
0.00 

1.4150 
0.00 

1.4150 
0.00 

1.4.150 
0.00 

1.4150 
0.00 

1.4150 
0.00 

1.4150 
0.00 
2.8290 

0.00 
0.5660 
0.00 
0.5660 

0.00 
0.5660 
0.00 
0.5660 

0.00 
4.3670 

0.00 
4.6420 

0.300 

0.300 

0.300 

0.300 

0.300 

0.300 

0.300 

0.300 

0.300 

0.300 

0.300 

0.300 

1.000 

2.000 

ISCST2 ~ VERSION 93109 Ting Kau and Sham Tseng Sewerage Scheme, Odour Assessment 
Ground Level. Mitigations to 0.005 ppm 

MODELING OPTIONS USED, CONC RURAL FLAT FLGPOL NOCALM MSGPRO 

MODEL SETUP OPTIONS SUMMARY 

··Model Is Setup For Calculation of Average CONCentration VII lues . 

"Model Uses RURAL DisperSion. 

··Model Uses User-Specified Options, 
1. Final Plume Rise. 
2. Stack-tip Downwash. 
3. Buoyancy- induced Dispersion. 
4. Not Use Clllms Processing ROutine. 
5. Missing Data Processing Routine. 
6. Default Wind Profile Exponents. 
7. Default Vertical Potential Temperature Gradients. 

··Model Assumes Receptors on FLAT Terrain. 

··Model ACCepts FLAGPOLE ReceptOr Heights. 

··Model Calculates 1 Short Term Average(s) of, I-HR 

··This Run Includes: 14 Source(s), 1 Source Group(e), and 

··The Model ,Assumes A Pollutant Type of, H2S 

"Model Set TO Continue RUNning After the Setup Tescing . 

•• output Options Selected, 

10 Receptor(s) 

Model Outputs Tables of Highest Short Term Valuea by Receptor (RECTABLE Keyword) 

··NOTE, The follOwing Flags May Appear Following CONC Values, 

··MiSC. Inputs, Anem. Hgt. (m) - 10.00; 
Emission Units ~ GRAMS/SEC 
Output Units • USER-UNITS 

Decay Coef. -

c for Calm Hours 
m for Missing Hours 
b for Both Calm and !'iaYing Hours 

.0000 Rot. Angle ~ .0 
Emission Rate Unit Pactor 

·.Input Ruostream File: C,\TK_ODOUR\TK_MI.DAT ; ··Output print File, C,\TK-ODOUR\TK-MI.LST 

76 600 

ISCST2 VERSION 93109'" ••• Ting Kau and Sham Tseng Sewerage Scheme, Odour Assessment ••• 
•• ~ Ground Level, Mitigations to 0.005 ppm 

MODELING OPTIONS USED, CONC RURAL FLAT FLGPOL NOCALM MSGPRO 

PGINT SOORCE DATA ... 

07/24/95 
15,31:13 
PAGE 1 

07/24/95 
15,31:13 
PAGE 2 

SOURCE 

" 
NUMBER EMISSION RATE 

PART. (USER UNITS) 
CATS. 

BASE STACK STACK 
X Y ELEV. HEIOHT TEMP. 

STACK STACK 
EXIT VEL. DIAMETER 

(M/SECI (METERS) 

BUILDING EMISSION RATE 
EXISTS SCALAR VARY 

(METERS) (METERS) (METERS) (METERS) (DEG.K) " 
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~" • • 70000E+00 826928.0 825)78.0 .. 3.00 '" "" 1.41 .'" '0 
TKBPS • .700008+00 826231.0 825556.0 .. 3.00 '" "" 1.41 .'" '0 
LBPS • .70000E+00 825896.0 825449.0 .. 3.00 '" "" 1.41 .'" '0 caps • .700008+00 825580.0 825400.0 .. 3.00 '" "" 1.41 .'" '0 
STEPS • .70000E+00 824847.0 825021.0 .. 3.00 298.00 1.41 .'" '0 
STWPS • .70000E+00 824158.0 8253117.0 .. 3,00 298.00 1.41 .'" '0 
TLTTPS • .70000E+00 822451.0 824692.0 .. 3.00 29a.oo 1.41 .'" '0 
STSTWPS • .13900E+01 824860.0 824978.0 .. 3. 00 29B.OO 2.SJ .'" '0 
TKCBR • .28000£+00 826125.0 825660.0 .. .00 299. 00 ." .'" '0 
HMBCBR • .280008+00 825420.0 825190.0 .. .00 H8.00 ." .'" '0 
GBCBR • .28000E+00 824665.0 925195.0 .. .00 29B.OO ." .'" '0 
TLWCBR • .28000£+00 923465.0 825920.0 .. .00 299.00 ." .'" '0 
STSTWPTW • .23840E+02 1124850.0 824990.0 .. , 00 29B.OO 4.37 1.00 '0 
STSTWSTF • .10135E+0) 824755.0 824985.0 .. 12.00 298.00 4.64 2. .00 '0 

rSCST2 VERSION 93109 ... Ting Kau and Sham TSeng Se .. erage Scheme, Odour Assessment 07/24/95 ... Ground Level, Mitigations to 0.005 ppm 15,)1,l) 

""" 
, 

MODELING OPTIONS USED, CONC ,,~ FLAT f'LGPOL NOCALM MSGPRO 

*H SOURCE IDs DEFINING SOURCE GROUPS *** 

GROUP 10 SOURCE IDs 

ALL ABPS • TKBPS • LBPS , CBPS ,STEPS ,STWPS ,TLTTPS, STSTWPS • TKCBR ,HMBCBR • GBCBR ,TLWCBR 

STSTWPTW, STSTWSTF. 
•• , ISCST2 - VERSION 93109 ••• 

•• , MODELING OPTIONS USED, CONC 

, 822420.0, 824685.0. , 824080.0, 825230.0, , 825005.0, 924990.0, , 825800.0, 825480.0, , 826815.0, 825465.0, 
ISCST2 VERSION 93109 

Ting Kau and Sham Tseng Sewerage Scheme. Odour Assessment 
Ground Level, Mitigations to 0.005 ppm 

RURAL FLAT f'LGPOL NOCALM MSGPRO 

... ... ... ... ... 

'U DISCRETE CARTESIAN RECEP"r.JRS 
(X-COORD, Y-CooRD. ZELEV, ZFLAG) 

(METERS) 

.0) : , 822530.0, 824125.0, 

.0) , , 824645.0, 825165.0, 

.0) ; , 825650.0, 825430.0, 

.0) ; , 826300.0, 825610.0, 
0) ; , 826290.0. 825675.0. 

... ... 

.'. .'. . .. 
Ting Kau and Sham Tseng SeVerage Scheme, Odour Assessment 
Ground Level. Mitigations to 0.005 ppm 

MODELING OPTIONS USED: CONC RURAL FLAT FLGPOL NOCALM MSGPRO 

••• METEOROLOGICAL DAYS SELECTED FOR PROCESSING ••• 
n_YES, ODNO) 

, , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , 
METEOROLOOICAL DATA PROCESSED BETWEEN START DATE, 94 1 1 1 

AND END DATE: 94 12 31 24 

.0) I 

.0) ; 

.0) , 

.0) , 

.0) ; 

, , , , , , , , , , , 

NOTE: METEOROLOGICAL DATA ACTUALLY PROCESSED WILL ALSO DEPEND ON WHAT IS INCLUDED IN TIlE DATA FILE. 

.,. ISCST2 

STABILITY 
CATEGORY 

A , , 
o , , 

STABILITY 
CATEGORY 

A , , 
0 , , 

VERSION 9)109 

UPPER BOUND OF FIRST THROUGH FIFTH WIND SPEED CATEGORIES 
(METERS/SEC) 

, 
.10000E-Ol 
• 10000E- 01 
.10000E+00 
.15000E+00 
.35000E+00 
.55000E+00 

, 
.OOOOOE+OO 
.00000E+00 
.OOOOOE+OO 
.OOOOOE+OO 
.20000E-Ol 
.35000E-Ol 

1.54. 3.09. 5.14, 8.23, 10 90, 

\OIIND PROFILE EXPONENTS 

WIND SPEED CATEGORY , 
.10000E-Ol 
.10000E-Ol 
.10000E .. OO 
.15000E+00 
.35000E .. 00 
.55000E+00 

, 
.10000E-01 
.70000E-Ol 
.10000E+00 
.15000E .. 00 
.35000E+00 
.55000E+00 

, 
.10000E-Ol 
.70000E-Ol 
.10000E .. 00 
.15000E .. 00 
.35000E+00 
.55000E+00 

VERTICAL POTENTIAL TEMPERATURE GRADIENTS 
(DEGREES KELVIN PER METER) 

WIND SPEED CATEGORY , , 
.OOOOOE+OO .OOOOOE .. OO .OOOOOE+OO 
.OOOOOE+OO .OOOOOE+OO .OOOOOE .. OO 
.OOOOOE .. OO .OOOOOE .. OO .OOOOOE+OO 
.OOOOOE+OO .OOOOOE+OO .OOOOOE .. OO 
.20000E-Ol .20000E-01 .20000E-Ol 
.35000E-Ol .35000E-01 .35000E-Ol 

, . 
.70000E-01 
.70000E-Ol 
.10000E .. 00 
.15000E+00 
.35000E+00 
.55000E+00 

; 
.OOOOOE+OO 
.OOOOOE .. OO 
.OOOOOE .. OO 
.OOOOOE+OO 
.20000E-01 
.35000E-01 

*.~ Ting Kau amI Sham Tseng Sewerage Scheme, Odour Assessment 
•• ~ Ground Level. Mitigations to 0.005 ppm 

••• MODELING OPTIONS (JSED, CONC RURAL FLAT FLGPOL NOCALM MSGPRO 

... THE FIRST 24 HOURS OF METEOROLOGICAL DATA ... 

FILE: C: \TK-ODOUR\TUN94 .MET FORMAT: (412,2F9 .4. FG .1,I2,2F?1I 
SURFACE STATION NO., 99999 UPPER AIR STATION NO.: 99999 

NAME, SURFNAME NAME: UAIRNAME 
YEAR: 1994 YEAR: 1994 

FLOW SPEED TEMP ,,~ MIXING HEIGHT 'M' "'" MONTH '" HOUR VECTOR (MIS) '" 
,~, 

""'" URBAN -

" 
, 210.0 2.40 288.2 ; 191.9 781.8 

" 
, 170.0 1.50 291.1 , 181.8 181.8 

" 
, 180.0 1. 90 287.6 , 181.8 ?B7.8 

" 
, 190.0 1.80 287.2 , 7B1.B 787.8 ,. , 190.0 2.30 286.5 , 191.8 181.8 

" 
, 200.0 2.40 286.3 , 791.8 181.8 

" 
, 180.0 LBO 286.1 , 112.9 712.9 

" 
, 170.0 1. 70 286.0 , 112.9 112.9 

" 
, 190.0 1.60 296.9 • 172.9 712 .9 

" '" 200.0 1.50 29S .2 , 
'" 

, 712 .9 

" n 999.9 1.00 289.3 , 
'" 

, 112.9 

" " 40.0 1.00 291.0 , 
'" 

, 112.9 

" D 999.9 1.00 292 .6 , 
'" 

, 112.9 

" " 20.0 1.30 2n.4 , 
'" ., 112.9 

" " 360.0 1.80 291.5 , 
'" 

, 112.9 

" " 350.0 1.60 29l.3 , 112.9 112.9 

" " 999.9 1.00 291.0 112.9 112.9 

" " 250.0 1. 00 290.2 112.9 112.9 

" " 330.0 1. 00 2a9.6 7S1.9 781.8 

" '" 350.0 1.20 289.3 7B1.9 781.8 

" " 350.0 2.10 289.2 791.8 181.8 

" " 350.0 1.10 289.0 181.8 181.8 

, 
.10000E-Ol 
.70000E-01 
.10000E ... 00 
.15000E+00 
.35000E .. 00 
.55000E+00 

.OOOOOE .. OO 

.OOOOOE+OO 

.OOOOOE+OO 

.OOOOOE+OO 

.20000E-Ol 

.35000E-Ol 

-

07/24/95 
15,)1,13 
PAGE 4 

07/24/95 
15:31,t) 
PAGE , 

07/24/95 
15:31:1) 
PAGE , 
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" " " " 
160.0 
110.0 

00 2aB.5 
00 287.8 

'.' NOTES, STABILITY CLASS I_A, 2_5, J-e, 4_D. 5.g AND 6.P. 
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•• - ISCST2 - VERSION 93109 ... 'ring Kau Ilnd Sh"m Tseng Sewerage Scheme. Odour A"se9sment 
.. * Ground Level, Mitiglltions to 0.005 ppm 

•• - MODELING OPTIONS USSD: CONC RURAL FLAT fLGFOL NOCALM MSGPRO 
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•• - THE 1ST HIGHEST t-HR AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP: ALL 
INCLUDING SOURCE(S): ASPS • TKBPS • LapS ,CBPS ,STEPS ,STWPS • TLTTFS 

STSTWPS , TKCBR 

X-COORD {M} V-COORD 1M} 

822420.00 824685.00 
824080.00 825230.00 
825005.00 924990.00 
825900.00 825480.00 
826815.00 825465.00 

ISCST2 VERSION 93109 

IIMBCBR ,GaCSR • TLWCBR • STSTWPTW, STSTWSTF, 

... DISCRETE CARTESIAN RECEPTOR POlNTS ... 

CONe OF 112S IN USER-IDIlTS 

CONC (YYMMOOHH) X-COORD (M) Y-COORO 1M) 

.34627 (94051809) 822530.00 824725.00 
1.16235 (94102618) 824645.00 825165.00 
1.25111 (94031015) 825650.00 8254)0.00 

.53311 (94010709) 826300.00 825610.00 

.24981 (94082905) 826290.00 825615.00 
*** Ting Itau and Sham Tseng Sewerage Scheme, OdOllr Assessment 
*** Ground Level. Mitigations to 0.005 ppm 

.. * MODELING OPTIONS USED, CONC RURAL FLAT FLGPOL NOCALM MSGPRO 

u. THE SUMMARY OF HIGHEST I-HR RESULTS *** 

CONC OF H2S IN USER-UNITS 

CONC 

.31460 
1.21096 

.81411 

.18644 

.23221 

IHMMDDHH) 

(94010709) 
(94050404) 
(94080804) 
(94100101) 
(94021623) 

01/24/95 
15d1,13 
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GROUP 10 AVERAGE CONC 
DATE 

(YYMMDDHHI RECEPTOR (XR, YR, ZELEV. ZFLAG) 
NETWORK 

OF TYPE GRID-tO 

HIGH 1ST HIGH VALUE IS 

RECEPTOR TYPES, GC. GRIDCART 
GP _ GRIOPOLR 
DC _ orSCCART 
OP _ DrSCPOLR 
BD _ BOUNDARY 

ISCST2 - VERSION 93109 

1.27096 ON 94050404, AT 1 824645.00, 825165.00, 

Ting )(all and Sham Tseng Sewerage Scheme. Odour Assessment 
Gr-ounel Level, Mitigations to 0.005 ppm 

.00, 

MODELING OPTIONS USED: CONe RURAL FLAT FLGPOL NOCALM MSGPRO 

.~~ Message Summary For rSC2 Model Execution .** 

--------- Summary ot Total Messages --------

A Total of 
A TOtal of 
A Total of 

A Total of 

a Facal Error Messagers) 
1528 Warning Messag,ds) 
1242 Informacicmal Messagels) 

1242 Missing Hours Idencified 

FATAL ERROR MESSAGES **u*~u 
NONE *** 

** ••• ~. h ••• * •••••••••••••••••••••• ~ 

.00) oc 

07/24/95 
15,31,13 
PAGE 9 
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........... ILIIQLlV..: riling NOise ::;~L (dBA) at NSR I'~~~~~~~~~~~~~~~~~~~ 
--r;fSR# Eastil19. Northil19 M M 

- -
Elevation A J J A S 0 N D 

2 22530 24725 5 85 85 85 
3 24080 25230 5 
5 25005 24990 5 
6 25650 25430 5 92 92 
7 25800 25480 5 86 86 
8 26300 25610 5 85 85 

10 26290 25675 5 81 81 
-

Year 2 
NSR# J F M A M J J IA IS 10 IN JQ 

2 
3 79 79 67 67 67 
5 81 81 73 73 73 
6 
7 
8 

10 

Year 3 Year 3 
NSR# J F M A M J J A S 0 N D 

2 
3 

, 

5 
6 I 

7 ----I 

8 
10 
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NSR# Easting Northing Elevation M A M J J A S 0 N D 

2 22530 24725 5 89 93 83 77 79 75 75 75 79 75 
3 24080 25230 5 53 55 55 55 51 59 58 58 58 58 
5 25005 24990 5 60 61 62 62 57 65 65 65 64 64 
6 25650 25430 5 80 82 86 82 87 82 81 81 82 
7 25800 25480 5 84 87 80 76 81 76 75 75 76 
8 26300 25610 5 91 93 80 76 80 76 76 74 76 

10 26290 25675 5 97 99 76 72 77 72 73 70 72 

year2 
NSR# J F M A M J J A IS 10 IN ID 

2 75 76 74 74 74 75 70 7~1 711 691 701 3 64 63 95 99 97 70 75 70 66 
5 70 69 82 83 75 72 76 73\ 74\ 72\ 72\ 68 
6 
7 
8 

10 
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NSR# IJ IF 1M IA 1M IJ IJ IA IS 10 lN ID 

2 
3 62 62 62 62 62 62 57 57 
5 68 68 68 68 68 68 63 63 
6 
7 
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10 
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!Year3 

AcUvly E I mMI Of Swl TSwi m , m .Jj ::L' ~, J.o J.n J.d -V ~ -\.m -\.' -\.m 
grab dredger 1 112 

-V -\.' -\.' -\.' -\.0 .(.n :Jd :Ii :.u ],m :Ia ::rm :Ii jj Ja .(., -lP .(.n .(.d 
ExcavaU01 112 . . . 

:~:: 
.. 

I ~edcrng and Trlmmhg derrick Barge 2 104 107. -=::: 
Pipe Fabrication lower crane 1 95 95 =~~. =~== === 
Pipe Installation lilear winch ba 1 104 10. 1===4=~= 
8ackfil derrick Barge 1 104 10. "''''::: 

TugBoat 1 110 110 
Armour Placemmt derrick Barge 1 104 la' 

I Difi.Jser Cap Installation 
Tug Boat 1 110 110 
derrick Barge 1 104 1041 I I I I 1::::::= 

1~"kFili & Rook ",."", 
TugBoat 1 110 110 
derrick barge 1 104 10~! 

I I I I I=~= landward End Chanber excavator 1 112 112 
truck 1 117 117 

IToIalSINlvs. t I 112.T 112) 113.[ 113,) 104-:T 113,1 114.j113,Tl1aI112./-112 

Sewage Treatment Works 
PYE No/se Year 1 Year 2 Year 3 

Activ E j mB1t 01 Swl TSwl m , m , , 0 n d t m , m , , 0 n d t 
Excavatf01 excavator 2 112 121. . - ---

trucks 2 117 
SubstRJClure constructn crane 1 112 11. ==~= =~== 

concret lorry 1 109 
concrel vibr 1 113 

Backfll & extraction ash roller 1 106 121. ::"'''' 
hlMld compact 1 105 
lruck 2 117 
excavator 1 112 
crane 1 112 
vibr pile extrt 1 90 

CivlWorks "an. 2 112 12. =~=. ==~= :::=:: =~~. =='" =~=" "''''''''-= 
vibratk:;n poke 3 113 
bar bSlding m 2 90 
electric saws 2 108 
concrete wagc 1 109 
excavator 1 112 
rump truck 1 117 

Finis,ing Work & PIpe La excavator 1 112 "" ==~" =~=" ==='" =~"" "'== ~==" === 4= 
bulldozer 1 115 
concrete lorri~ 1 109 
vibrators 1 113 . . 

Total SlNl vs. I 121. 121. 124. 124. 12£ 124. 12. 124. 124. 



_. 

Piing Noise Year 1 Year 2 Year 3 
Acllv E i men! at Swl TSwl m , m , , 0 " d , m , m , , 0 " d , m a __ m , , 0 " d 
Sheet Pile crane , 112 129. - - - -

1 J 1 hammer , '2. 
Tolal L vs. t 129. 129. 129. 

PS#2 

IY~" I 
PUhg Noise Year 1 Year 2 
Aclivi E i ment Of SwI TSwl m , m , , 0 " d , m 

, m r 
r I' I' r I" Id 

1

m 

I' 1

m 

Ii Ii I' I' 1

0 

I" 
Id Sheet Pile crane 1 112 129. 

hemmer 1 129 ~~;±- i I' 
ToIalS'NL vs. I 129. 

PS#3 
PiIng Noise Year! Year2 Year 3 
Acliv E i menl at Swl TSwJ m , m , , 0 " d , m , m , , 0 " d , m , m , , 0 " d 
ShMPiJe. erNIe 1 112 129 -- --

hammer 1 129 
Tolal SWL vs. I 129. 129. 

P~,.4 
Pilna Noise Year! Year 2 Year 3 
Acliv E i mil'll Of SwI Swl m , m , , 0 " d , m , m , , 0 " d , m , m , , 0 " d 
Sheet Pile 

. 
crane T 112 129. -- --

1 1 hammer 1 '29 . 
Toial SWL vs. I 129. 129. 

PS#5 
Pllha Noise Year 1 Year 2 Y",,3 
Activ. E i menl QI Swl TSwl m , m , , 0 " d , m , m , , 0 " d , m , m , , 0 " d 
Sheet Pile crane 1 112 129. --- --

hammer 1 129 
Total 5WL vs. t 129. 129. 

PS#6 
PUna Noise Year 1 Y6ar 2 Year 3 I 

Actjv EimMt SwlTSwlmam asond Imam asond Imam asond 
Sheet Pile lorMe 111112 129. --== -- 1 1 I 

Ihammer 11129 
dal5WL VS. I 129. 129. 

Sewage :rrealmenl Works 
Piing Noise 
Acjjv E i men! 
Piing 1crane 

hMTlmer 
~ ._ ....... -

CJ 
,--.-., , ' 

[----~ 

~--

Year! 
Swl TSwl m , 

1 :1:~I'29. 1 

r- ; [ 

m 

1 1 1 

I' 

, , 0 " 1 1 1 1 1 

L __ ~ \ " 

(~~, 

Year 2 
d , 

J 

c::::=J 

m , m , 
I"::,' ::::'''::.1 ~.:r~=1 

:------, ~-, 

'~~~J .--~ 

, 0 " d 

1 1 1 I 

-- -i r--1 

Year~ 

1 

~ 'l.....---., c-----' 
~ 

,. -----, 
------" 

--, 
~ 
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ling Kau and Sham Tseng Sewerage Scheme 
Environmental llJl)act Assessment 
Agreement No. CE 35/94 

Operational Noise Assessment 
Summary 

Preliminary Treatment 
fan 

Sedimentation Tanks 
pump 

pump 

Ie Treatment Facilities 

Stations 

PAGE 1 

84,0 

74.5 
81.5 

84.0 
65.0 

50.51 

', ___ J 

2 

2 

1 I 

c-:J l ___ J Cl c-:l c::J Il_~._ • ...J 

FILE: C:\TK-NOI\SUMMARYWKI 
BY: ANTHONY LEUNG 

CHECKEDBY:W_P. KO 

CJ CJ c::::J r::-:J , ____ J ~ ~ 

Positions of NSA's 
SRI 

822420 826290 
I'll III 824685 825675 

824850 824990 22.23 22.64 31.88 41.40 46.20 30.80 29.43 
26.

05
1 23.

90
1 

25.98 
8.00 8.41 17.65 27.17 31.97 16.57 15.20 11.82 9.67 11.73 

824004 824975 9.90 10.32 19.81 29.63 31.42 17.86 16.55 13.29 
824004 824975 16.90 17.32 26.81 36.63 38.42 24.86 23.55 20.29 

824n5 824985 22.50 22.93 32.66 
19.37 19.78 29.01 

822451 824682 23.63 14.42 -11.21 -13.53 -14.71 -16.84 -17.24 -18.46 -19.44 
824158 825387 -11.98 -11.40 8.62 -1.07 -5.92 -9.98 -10.83 -13.17 -15.00 
824847 . 825021 -14.29 -13.87 -4.51 5.60 9.36 -5.60 -6.99 -10.41 -12.60 
825680 825400 -16.97 -16.67 -10.64 -7.02 -4.45 20.94 10.32 -2.82 -7.62 
825898 825449 -17.53 -17.24 -11.75 -8.67 -6.52 5.65 13.42 0.73 -5.77 
826231 825556 -18.35 -18.08 -13.26 -10.n -9.11 -1.99 0.67 14.64 -1.94 
826928 825378 -19.69 -19.46 -15.61 -13.71 -12.36 -8.64 -7.59 -3.02 10.41 
824860 824978 -3.42 -3.01 6.11 15.29 21.13 5.20 3.83 0.45 -1.70 1 0.35 
824860 824978 -3.42 -3.01 6.11 15.29 21.13 5.20 3.83 0.45 -1.70 0.35 

Total SPL IdBIA: NSRI NSR2 NSR31-NSR4 - TNSR5 -lNSR6 -lNSR7 --INSR8 INSR9 INSR10 
28.62 27.59 36.841 46.761 49.661 35.331 33.891 30.631 28.451 30.48 

DATE:03-Apr-95 



IlIIg"'., ..... d Sh.m T.eng S~Il"Sc:helJl4l 
EnVironmental Im~ .. • .. IlI ... ment 
Ag~ent No. CE 35/S4 
Operatlon.1 Noi .. A . ..,eatmant 

Prelimin.ry Treatment Flcilille. 

Average AbsorPtion CoefficIents 
Concrete 
200mm 

MY ,m 9n.OO 
Frequency (Hz) 

"' ... 0.01 
125Hz 0.01 
250'" 0.01 

""' ... 0.02 
'"00 ... 0.02 
2000 ... 0.02 
4000 ... 0.03 

""'" "' 0.03 

PAGEl 

Louvre RolierGata FRP 
1.2mmGJ. 

25.00 ",00 0.00 

0.01 0.01 0.'" 
0.01 ." 005 
0.01 0.01 0.10 
0.Q1 0.Q1 0.15 
0.01 '" 0.25 
0.01 0.01 0.30 

.0.01 am 0.30 
0.01 ." 0.25 

Skylight Door Average R~m 
Bmm-Q!ass 1.2mmGJ ConSr.!t 

0.00 0.00 

0.'" 0.01 0.010 10.73 
0.15 0.01 0.Q10 10.73 
0.06 0.01 0.010 10.73 
0.04 0.01 0.019 20.79 
0.03 0.01 0.019 20.79 
0.02 om 0.019 ,.'" 
0.02 0.01 0.023 31.04 
0.02 0.01 0.023 31.04 

FILE: C:\TK- NOf\PR-FC-INWKl 
BY: ANTHONY LEUNG 

CHECl<ED BY; W,K KO 

[ 

[ 
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c 
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Ting Kau and Sham Tseng Sewerage Scheme 
Envirorwnentallmpac:t Assessment 
"" ........ No. CE 35/94 

Operational Noise Assessment 
1 Noise Sensitive Receivers 

Positions of Noise Sensi~ve Rec, ~ivers CASAs 
ASA 
DD387/l0T17-18 
HongKongGarden 
UdoGarden 
00390 LOT 94 
Golden Villa 
Villa Mar 
Edinburgh Villa 
ling !{au Village 
DO 399 lOT 367 - 368 
Anton Villa 

.... __ • ..1". __ • __ .~ ___ , •• _"'~. __ "' •• _._u •• __ 

2 

3 Equipment Details at Every Source 

3.1 ApPf'Ollch Beach Pumping Station 
ling Kau Beach Pumping Slation 
Ljdo Beach PLmping Station 
Caaam Peach Pumping Slation 
Sham Tseng East Pumping Station 
Stwn Tseng West Pumping station 
Tsing lung Tau Tseung Pumping station 

Code 
SAl 
SA2 
SAa 
SA< 
SA5 
SAS 
SA7 
SAa 
SAo 
SA10 

826231 
825896 
825680 
824847 
824158 
822451 
824860 

FILE: C:\TK-NO\EQPTUST,WK1 
BY: ANTHONY lEUf\G 

CHECKED BY: W. P. KO 

Eastinq(m) 
822420 
a22530 
824080 
824645 
825005 
825650 
825800 
a26300 
826815 
626290 

825556 
825449 
825400 
825021 
825367 
824682 
824978 

Northing (m 
824685 
824725 
825230 
825165 
824990 
825430 
825480 
825610 
825465 
825675 

Asstnle there will be one pump in each of the above pumping stations 
Asstnle all pumps are submerged 

Characteristic Impedance of Water: 
Characteristic Impedance of Air: 
Transmission Loss: 

1480000 ray/s 
415 ray/s 

29.SO dB 

Pump Location Flow Ha~~ AD ... Flowx3 Duty Head 
(m 

Minimum P~~er 
cu.rrv's) (cu.rrv's) Required kW) 

Approach Beach 0.006 0.019 23.00 4.32 
TingKauBeach 0.002 0.005 22.90 1.17 
lido Beach 0.010 0.029 13.90 3.92 
Casam Beach 0.018 0.053 14.50 7.55 
Sham Tseng East 0.024 0.072 3.40 2.41 
Sham Tseng West 0.013 0.040 0.10 0.04 
.~ LunQ Tau TseunQ 0.093 
A.,.." ....... <> th ... <::.WI ..... f "",,,h n, • .-nn j" AA;O/~/A\ f ..... ", TM Ir.nn..tn,rtinn "'-I ..... i",,\ 

0.278 17.00 46.34 

PAGEl 

Speed SWL 
Asstnled (rpm) 

1000.00 
1000.00 
1000.00 
1000.00 
1000.00 
1000.00 
1000.00 

L ___ --1 c::J CJ !::J " ~--.- --' 
: J ~ :-l 

SWLabove SPL(l m) above 
(dB(A)) Water (dB (A» Water (dB (A» 

aa 58.50 SO.50 
8a 58.50 SO.50 
aa 58.50 SO.50 
aa 58.50 SO.50 
8a 58.50 SO.50 
aa 58.50 SO.50 
aa 58.50 SO.50 

DATE:03-Aor-9S 



TIng Kau and Sham Tsang Sewarag. Scheme 
Environmental Impact Ass.smant 
Agreement No. CE 35/U4 
Operational Nolae Ass.snHtnt 

Sludge Treatment Facilltf. 

Length: 
Width: 
Height: 

Enclosure Surface Area: 

SPLatNSR 
Area 

PAGE 1 

, .m 
2064.00 

35 m 
24 m 
10m 

2064 

FILE: C:\TK-NOI\ST - FC-IN .WK 1 
BY:ANTHONY LEUNG 

CHECKED BY: W. P. KQ 
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Ting Kau and Sham Tseng Sewerage Scheme 
Environmental Impact Assessment 
Agreement No. GE 35/94 

FILE: C:\TK-Na\EQPTUST.WKt 
BY: ANTHONY LEUJ\G 

CHECKED BY: W. P. KO 

Operational Noise Assessment 
3.2 Smm Tseng Sewage TrElBtmont Wotks Inlet and Outfall Pumping Stations 

Assume one pump will be in operation in inlet or outfall pumping station 
ADW=: 15104 cu.rrv'hr 

Peak Factor: 
DeSign Flow Rate: 
Duty head assLmed: 
RPM: 
Power: 
SPLofPump "" 
SPL of Motor = 

Motor 
SPL(lm), 
FreQuenc' 

63 
125 

0.17 cu.rry's 
3 

0.52cu.rry's 
10m 

1000 
51.40 KW 
".53 dB(F) 
90.44 d8(F) 

90.44 dB 

69.88 hp 

;::;- _ _ WelQhtin-as- SPL Predicted 
HZl dB dB dB) (dB A' 

SPL Subtracted \ SPL Predicted 1 A 

31 14 76.:44 -39.40 37.04 
63 14 76.44 -26.20 50.24 

125 11 79.44 -16.10 63.34 
250 9 81.44 -8.60 72.84 
500 6 84.44 -3.20 81.24 

1000 6 84.44 0.00 84.44 
2000 7 83.44 1.20 84.64 
4000 12 78.44, 1.00 79.44 
600J 20 70.44 -1.10 69.34 

Total 89.14 dBCA) 

T etal SPL of each inlet and outfaJi pump: 90.89 dBCA) 
-29.50 d8(A) 

61.39 dBCA) 
Transmission Loss Through Water to Air: 
Total Sound Pressure LelleJ abolle water: 

Pumo Location 

S-ham T SElOg STW Unlet) 
Sham Ts~STW (Outfall) 

PAGE2 

SPL(lm) 
'dBIA» 

61.39 
61.39 

C. I [, ... J c::J c:::J c:::J c._ ... J " ] :---J c-l 

nATt:·n':l_I\.~._ ,.,,, 



Ting Kau and Sham Tseng Sewerage Scheme 
Environmental Impact Assessment 
Agreement No. CE 35/94 

Operational Noise Assessment 

3.3 PreJimillllry Treatment Facilities 

Indoor Equipment 

Cease Screen 
Fine Screen 
Gril/Screenings Conveyer 
Washer Compaclar 
Grit Trap Mixer 
Air Blower 

EncJostre Details 
Length 
Width 
Height 
Louvre Area 
Roller Gate Area 

Outdoor E ui ment 
Extraction Fans tionFans 

Number 

Number 
I 

SWL of Extraction Fans was taken fram TM (constn.cllon) Extraction Fans was taken fram TM (constn.clion) 

3.4 Sedimentation Tank: entation Tanks 

3.5 

Outdoor Equipment: 

Sludge Pump 
Scum Pump 

Sludge Tree.tmentFacilities 

1:n-dciSu-iDetails 
Length 
Width 
Heiaht 

AsslI11a the SPL fmetre fram wall is 65 dBCA) 

No. 

Outdoor Equipment I Number 
Extraction Fans 

. SWL of Extraclion Fanswas t.iken -from TM (construction) 

PAGE3 

1 
1 
4 
1 
1 
1 

22 
13 
7 

25 
60 

2 21 

1 
1 

38 
24 
10 

2 

r-=-: r-: l'i r-J r-; rJ 

FILE: C:\TK-NQ\EQPTUST.WKl 
BY: ANTHONY LEUNG 

CHECKED BY: W. P. KO 

Sound Pressure Level (1 m), dBCF) 
63Hz 125Hz 250 Hz 

57 60 
57 60 
57 60 
69 72 
49 52 
58 67 

500Hz 
62 65 
62 65 
62 65 
74 77 
54 57 
78 78 

SWL(dB(A)) SILENCER J.L NETSWl(dB(~ SPL lmf(dB~» 
108 1001 16 10 1 92 !:r.!1 B4 ""I 

SPL (1 m), dB(A) Sound Pressure Level 1 m , dB A 
63Hz 125Hz 250Hz 

74.51 39 50 59 
81.51 46 57 66 

-SWL(dB(A: SILENCER It.- INE1SWL {dB _ _ _ SPL (1 m) (dB (A) 
161 921 B4 .108 

1000 Hz 

500Hz 

r-J r-J r-1 rJ r--l CJ 

] 
2000 Hz 4000 Hz 80001-1z 

65 64 59 51 
65 64 59 ·51 
65 64 59 51 
77 76 71 63 
57 56 51 43 
76 72 69 66 

1000 Hz 2000 Hz 4000 Hz 8000 Hz 
65 71 69 65 57 
72 78 76 . 72 64 

r-1 c:-:J Ll r-:J rJ ~ .:-1:-1 
DATE:03-Anr-Q" 
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ling Kau and Sham Tseng Sewerage Scheme 
Environmental Ill1lact Assessment 
AgreemenlNo. CE 35/94 

Operational Noise Assessment 
Summary 

CJ c=J c:J ~ c:l L._ .J CJ 

FILE: C:\TK-NOI\SUMMAAY.WKI 
BY: ANTHONY LEUNG 

CHECKED BY: W.P. KO 

c=J CJ L_._J L._J cD .:----1 --------, 

I 
Positions of NSR's 

SAl 
822420 826200 
824685 825675 

SPLofE· . ...... _. Its alNSA' 0 

@1maway LDcation SPLatNSA dBA 
EQuipment SPL (dB(A) Number E (m) N (m) SAl SR2 SA3 SA4 SA5 SA6 SA7 S·A8 .. SA9 SA10 

Preliminary Treatment Facilitie 
extraction fan 84.0 2 824850 824990 22.23 22.64 31.88 41.40 46.20 30.BO 29.43 26.05 23.90 25.96 
indoor equipment 8.00 8.41 17.65 27.17 31.97 16.57 15.20 11.82 9.67 11.73 

Sedimentation Tanks 
sludge pump 74.5 1 824804 824975 9.90 10.32 19.81 29.63 31.42 17.86 16.55 13.29 11.19 13.20 
scum pump 81.5 1 824804 824975 16.90 17.32 26.81 36.63 38.42 24.86 23.55 20.29 18.19 20.20 

SlUdge Treatment Facilities 
extraction fan 84.0 2 824775 824985 22.50 22.93 32.66 43.08 42.77 30.17 28.89 25.67 23.58 25.58 
indoor equipment (1m from Wall) 65.0 19.37 19.78 29.01 38.53 43.34 27.94 26.57 23.19 21.03 23.09 

Pumping stations 
PSI 50.5 1 822451 824682 23.63 14.42 -11.21 -13.53 -14.71 -16.84 -17.24 -18.46 -19.44 -18.47 
PS2 50.5 1 824158 825387 -11.96 -11.40 8.62 -1.07 -5.92 -9.98 -10.83 -13.17 -15.00 -13.16 
PS3 50.5 1 824847 825021 -14.29 -13.87 -4.51 5.60 9.36 -5.60 -6.99 -10.41 -12.60 -10.50 
PS4 50.5 1 825BBO 825400 -16.97 -16.87 -10.84 -7.02 -4.45 20.94 10.32 -2.82 -7.62 -3.01j 
PS5 50.5 1 825_ 825449 -17.53 -17.24 -11.75 -8.67 -6.52 5.65 13.42 0.73 -5.77 0.35, 
PS6 50.5 1 826231 825556 -18.35 -18.08 -13.26 -10.77 -9.11 -1.99 0.67 14.64 -1.94 11.03 
PS7 50.5 1 826928 825378 -19.69 -19.46 -15.61 -13.71 -12.36 -8.64 -7.59 -3.02 10.41 -3.45 
STWlnlet 61.4 1 824B60 824978 -3.42 -3.01 6.11 15.29 21.13 5.20 3.83 0.45 -1.70 0.35 
STWOu1let 61.4 1 824B60 824978 -3.42 -3.01 6.11 15.29 21.13 5.20 3.83 0.45 -1.70 0.35 

- --- - . 

Tolal SPL IdB NSAI NSR2 NSA3iNSA4 iNSA5 iNSA6 iNSA7 I NSA8· INS-A9 i"NSA10 
28.62 27.59 36.841 46.761 49.661 35.331 33.891 30.631 28.451 30.48 

PAGE 1 DATE:03-Aor-95 



Tlng K-.I III"Id Sh.m T.~g s.w.tBIge SetJeme 
EnvironmantallmpKt A ...... tr*'lt 
Agreement No. CE 35{94 
Oper.uotla/ Noit. A ..... ment 

Preliminary TrlNdmant F.eilitla 

Averade Absorption Coefficients 
Concrete 
,oomm 

A'M , .m 977.00 
Frequency (Hz) 
63", 0,01 
125 HI: 0.01 

,'" "' O.ot 

""'"' 0.02 

1000 "' 0.02 

'000 "' 0.02 

<000 "' 
0.03 

"""'"' 0.03 

eooo "' 70 

SPLatNSR 

Frequency I"') 
TO~~ 

63 52.47 
125 6622 
'50 79.31 
500 "03 

1000 "." 2000 57.72 
<000 .3.05 

""'" 75.19 

PAGEl 

Louvre 

25,00 

0.01 
0,01 
0.01 
0.01 
0.01 
0.01 
om 
om 

11 

M .. ',.,.m) 
776.00 
778.00 
778.00 
776.00 
778.00 
776.00 
778.00 
776.00 

RollerGate FRP Skylight Door 
1.2mmGJ. 6mm-Q~1 1.2mmG.I 

"'.00 0.00 0.00 000 

0.01 O.OS 0.06 0.01 
0.01 O.OS 0.15 0.01 
0.01 0.10 0.06 0.01 
0.01 015 0.0< 0.01 
0.01 0.25 0.03 0.01 
0.01 0.30 002 0.01 
0.01 0.30 0.02 0.01 
0.01 0.25 0.02 0.01 

44 " ... 25.Sll 

~@~.:)} '''i;,(,.~; S~I~~) , .... ;;.:~~) 
4&.15 -15.93 -15.5.2 ". 
61.93 -5.39 -7.Sl7 1.26 
75.03 0 .... 0." 10.11 
75.57 2.70 3.11 12.35 
51.23 1.04 2.25 11.048 ..... -0.03 0." '.82 
74.15 -2.63 -2.21 7.02 
".30 -9.50 -9.00 0.15 

Total SPt. '.00 ." 17.65 

Average Room 
ConsUrnt 

0.010 10.73 
0.010 10.73 
0.010 10.73 
0.D19 20.79 
0.019 20.79 
O.Olg 2079 
0.025 31.04 
0.025 31.04 

SPL.~~;) , .... ;;.:<~;) 
0.24 5.04 

10.75 IS.sa 
19.83 24.44 
21.57 2<67 
21.00 25.51 
19.14 23.!H 

".5< 21.35 
9.07 14.47 

27.17 31.97 

ALE: C:\TK-NOI\I"A-FC-IN.wKl 
BY: ANTHONY LEUNG 

CHECKED BY: W.K. KO 

'PL ~::(~)) SPL.~:iA~1 SPt ~:{~~} SPL ;;;{~~) 
-10.36 11.73 -15.11 17.27 

0.15 -1.19 -4.57 -6.72 
'.03 "17 '" 2.13 

11.27 '90 '.52 4.'" 
10.41 '.04 566 3'" 
,.54 7.17 3.79 1.64 
5.94 4." 1.20 -0.96 

-0.93 -2.30 -5.65 -7.53 
16.57 15.20 11.82 '.67 

[ 

[ 

f 
[ 

c 

c 
c 
[ 

SPL-(:~~C 
-152~L 
-~'i~ 

i~ '.4 

;:70r' 
1.10 

-5.77 
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TIng Kau and Sham TaMg SftMrage Schell* 
EnvlronmentaJ Impect Aa .... lrMH1t 
AgrlMtnMnt No. CE 35/SU 
Operationa' No.a Ass._men. 

Sludge Trea1ment FllCiliU. 

Length: 
Width: 
Height: 

Enclosure Surlaca Area: 

SPLatNSA 
Area 

, .m 
2064.00 

PAGE 1 

36m 
24 m 
10 m 

2064 

FllE:C:\TK-NOI\ST -FC-IN.wKl 
BY:ANTHQNYLEUNG 

CHECKED BY: W.P. KO 

DATE:03-Apr-95 



Ting Kau and Sham Tseng Sewerage Scheme 
EnvirorvnentaJ Imptlct Assessment 
Agreement No. CE 35/94 

Operational Noise Assessment 
1 Noige Sensftive Receivers 

Positions of Noise Sensitive Aeceivern (ASAs 
ASA 
003871 lOT 17 - 18 
Hong Kong Garden 
lido Garden 
00390 LOT 94 
Golden Villa 
VUIa Mar 
Edinburgh Villa 
Ting Kau Village 
DO 399 LOT 387 - 36B 
Anton Villa 

Coordlria!esMeasured from Survey Map 

2 location of S, ,~ 
Source 

Approach Beach Pumping Station 
Ting Kau Beach Pumping Station 
Udo Beach Pumping Station 
Casam Beach Pumping Station 
Sham Tseng East PUmping Station 
Sham Tseng West Pumping Station 
Tsing Lung Tau Tseung Pumping Station 
Sham Tseng STW (Inlet) Pumping Station 
Sham Tseng STW (Outfall) Pumping Station 
Preliminary Treatmert FacUities 
Sedimentation Tanks 
Siudoe Treatment Facilities 

3 Equipment Details at Every Source 
, 

3.1 Approach Beach Pumping Station 
Ting Kau BeI!lch Pumping Station 
Udo Beach POOIping Station 
Casam Beach Pumping Station 
Shun Tseng East Pumping Station 
Slwtm Tseng Wesl Pumping Station 

. T sing lung Tau T soong Pumping Station 

Code 
SA. 
SA2 
SA3 
SA< 
SAS 
SA6 
SA7 
SA6 
SA9 
SA10 

FILE; C;\TK-NCX\EQPTUST.WK1 
BY; ANTHONY lEUf'.l3 

CHECKED BY:W. P. KO 

Eastin m) Northin m) 
822420 824685 
B22530 824725 
624060 825230 
624845 825165 
625005 824990 
825650 825430 
B25BOO 825480 
B26300 825610 
828815 825465 
B26290 825675 

Notional Source Centre 
Eastin m Northin m 

626926 625378 
826231 825556 
825896 82544g 
6256BO 825400 
624847 625021 
824158 825387 
822451 824682 
624860 824976 
B24B60 824978 
824850 824990 
824804 824975 
824755 824985 

Asstme there will be one pump in each of the above pumping stations 
Asstme aU pumps are submerged 

Characteristic Impedance of Waler; 
Characteristic Impedance of Air; 
Transmission loss: 

148OODO rayls 
415 ray/s 

-29.50 dB 

Pump location Flow Rate AD~ Flowx3 Duly Head Minimum Power 
(cu.rrv's) (cu.rrv's) 

Approach Beach 0.006 0.019 
Ting Kau Beach 0.002 0.005 
Lido Beach 0.010 0.029 
CasamBeach 0.016 0.053 
Sham Tseng East 0.024 0.072 
Sham Tseng West 0.013 0.040 
Tsing lung Tau Tseung 0.093 0.27~ 

Assune the SWl of each pump is 88dB(A) from TM (ConstrudionNoise) 

PAGEl 

r- ,---. , , ' 
r---'" 
l ' 

r-- L'J r-J r1 

~ml Required (kW) 
23.00 4.32 
22.90 1.17 
13.90 3.92 
14.50 7.55 
3.40 2.41 
0.10 0.04 

17-,00 46.34 

r-1 r-J II 

Speed SWL SWlabove SPL(l m) above 
AssLXned J!p!11) _ (d~(A)) Wate!Jd~(A» Water (dB (A)) 

1000.00 BB 58.50 SO.50 
1000.00 B8 58.50 50.50 
1000.00 BB 58.50 SO.50 
1000.00 B8 58.50 SO.SO 
1000.00 BB 58.50 50.SO 
1000.00 BB 58.50 50.SO 
1000.00 B8 58.50 SO.SO 

r-1 r-1 r'"'"J C":'1 c::J r'"'"J c-J ~ II :---l 
nATI=.n':l_4 .... r_I~ .. ::: 
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Ting Kuu and Sham Tseng Sewerage Scheme 
Environmental Impact Assessment 
"0_ No. CE 35/94 

OpeRltional Noise Assessment 

... , .. _ .1 

FILE: C;\TK-NQ\EQPTUST.WKl 
BY; ANTHONY LEUN3 

CHECKED BY: W. P. KO 

3.2 Sham Tseng Sewage Treatment Works Inlet and Outfall Pumping Stations 

Assume one pump will be in operation in inlet or outfan pumping station 
ADWF: 15104 cu.rrv'hr 

Peak Factor: 
Design Flow Rate: 
Duty head assLmed: 
RPM: 
Power: 
SPLaf Pump "" 
SPl of Motor = 

Pump 
8PL!lm), 
FreQuen, 

~ 
31 
63 

125 
250 
500 

1000 
2000 
4000 
6000 

0.17 cu.rJVs 
3 

0.52 cu.rrv's 
10m 

1000 
51.40KW 
66.53 dB(F) 
90.44 dB(F) 

86.53 dB 
SPL Subtracted ! SPL Predicted 

'd8----CjB' 

13 75.53 
12 76.53 
11 77.53 
9 79.53 
9 79.53 
6 82.53 
9 79.53 

13 75.53 
19 69,53 

AWej 

69.88 hp 

ItinQS 
'dB) 

-39AO 
-26.20 
-16.10 
-8.60 
-3.20 

0.00 
1.20 
1.00 

-1.10 

SPLPredicted 
·d.§® 

36.13 
SO.33 
61,43 
70.93 
76.33 
~.53 
80.73 
76.53 
68.43 -------------T lotal Totar[ 86.091 

Motor Motor 
8PL(1,,", 90.44 dB(Il 
Fre uenc SPL Subtracted SPL Predicted A Wei hlin SPL Predicted 

~H' dB d6 dB (dB(A 
31 14 76.44 -39.40 37.04 
63 14 76.44 -26.20 50.24 

125 11 79.44 -16.10 63.34 
250 9 81.44 -8.60 72.84 
500 6 64.44 -3,20 81.24 

1000 6 64.44 0.00 64.44 
2000 1 63.44 1.20 64.64 
4000 12 78.44 1.00 79.44 
6000 20 70.44 -1,10 69.34-

dB(A) 

Total 89.14 ( dB(A) 

r pump~ 
Transmission Loss Through Water to Air: 
T etal Sound Pressure Level above water. 

Pump_l.Qcation SPL(lm 
dB-lA' 

sh:im TsengSTW (Inlet) L 61.39 
(Sham Tseng STW (OutfaU) __ 61.39 

PAGE2 

00.89 dB(A) 
-29.50 dB(A) 

61.39 dB(A) 

(_dJ CJ CJ CJ l_ J c::J I J ~ \ ' 
I' , 
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ring Kau and Sham Tseng Sewerage Sclleme 
Environmental Impact-Assessment 
AgraemerI No. CE 35/94 

Openttional Noise Assessment 

3.3 PrnlimiMry Jreatment Facilities 

Indoor Equipment 

Cease Screen 
Fine Screen 
Grit/Screenings Conveyer 
Washer Compactor 
Grit Trap Mixer 
AirBJower 

EnclosLre Details 
Length 
Width 
Height 
Louvre Area 
Roller Gate Area 

Outdoor Equipment 
Extraction Fans 

Number 

Number 

<:::wr .... f I=...t ....... ,;n ... 1= .. ,..,., ...... ., f .. I<" ... frnm TM trnndnl<"hnnl 

3.4 Sedimentation Tanks 

1 
1 
4 
1 
1 
1 

22 
13 
7 

25 
60 

2 

FILE: C:\TK-NQ\EQPTUST.WKl 
BY: ANTHONY LEUI\G 

CHECKED BY: W. P. KO 

Sound Pressure Level 1 m , dB{F) 
63Hz 125Hz 250Hz 

57 60 
57 60 
57 60 
69 72 
49 52 
58 67 

SWL cB SILENCER I.L. NETSWL dB 
1081 lOr 

--
500Hz 1000 Hz 2000 Hz --4000 Hz 8000 Hz 

62 65 65 64 59 51 
62 65 65 64 59 51 
62 65 65 64 59 51 
74 77 77 76 71 63 
54 57 57 56 51 43 
78 78 76 72 69 66 

SPL 1m)' dB ) 
92 84 

Outdoor Equipment: No. SPL(1m), dB{A) Sound Pressure LeveJ 1m, dBA 
63Hz 125Hz 250Hz 500Hz 1000Hz 12000 Hz 4000Hz 8000Hz 

SJudgepump 74.51 3~! ~I 59\ 651 7!1 6~! ~<; 
Scum Pump 81.51 46) 571 66! -:,,?I 

as Sludge Treatment Facilities 

EnclosLre Details 
Length 
Width 
HeiQht 

Asslnle the SPL 1 metre from waif1s 65 deW 

outdoor Equipment 
ExtractionFans 

NUnloor 

36 
24 
10 

2 
. sWL of Extraction Fans was taken 1fom TM (construction) 

PAGE3 

,...-. 
, . r: ~ r-1 r1 r-J 

SWL(dB SILENCER I.L I NET SWL (dB(A» ISPL(lm) (dB 
108 161 92 

c::1 r-J l"1 r-J rJ 

) 
B4 

.r-; c-J c::1 Ll ~ c-J r:-J :--l :-I 
DATE:03-Aor-9S 
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Ting. Kau and Sham Tseng Sewerage Scheme 
Environmental Impact Assessment Study 
Appendix K 

Doc.ReC: TJ991FR 
Date: 20 October 1995 
Revision C 

1. 

APPENDIXK 

PARTICULAR SPECIFICATION FOR ENVIRONMENTAL PROTECTION 
AVODIANCE OF NUISANCE 

AVOIDANCE OF NUISANCE 

(1) The Contractor. shall comply with the Public Cleansing and Prevention of 
Nuisances By-Law 1972. 

(2) The Site shall be maintained in a clean and tidy condition. MateriaIs, including 
materials required for Temporary Works, shall be stored in an orderly manner. 
Rubbish and debris shall be removed from the Site at a frequency agreed by of 
the Engineer. 

(3) Earth, rock or debris, including any deposits arising from the movement of 
Constructional Plant or vehicles, shall not be deposited on public or private rights 
of way. The Contractor shall provide wheel washing and vehicle cleaning 
facilities at the exits from siteS from which material is hauled. The facilities shall 
be a type approved by the Engineer and shall comply with the requirements of 
the Commissioner of Police; Cement and concrete trucks shall be effectively 
cleaned before leaving the Site. The Contractor shall provide a hard-surfaced 
road between the facilities and public roads. 

(4) Existing stream courses and drains within and adjacent to the Site shall be kept 
safe and free from any debris and any excavated material arising from the 
Works. Chemicals and concrete agitator washings shall not be deposited in 
stream coueses and drains. 

(5) Water and liquid waste products arising on Site shall be collected and removed 
from the Site by a suitable and properly designed temporary drainage system and 
shall be disposed of at a location and in a manner that will not cause pollution 
or a public health nuisance. 

(6) The Contractor shall construct, maintain, remove and reinstate temporary 
drainage works and shall take other precautions necessary to avoid damage by 
flooding and by silt washed down from the Works. Adequate precautions shall 
be provided to ensure that spoil or debris is not allowed to be pushed, washed 
down, fall or be deposited on land or on the seabed adjacent to the Site. 

(7) Spoil and debris from the Works which is deposited on adjacent land or seabed, 
and silt washed down to any area, shall. be immediately removed and the affected 
land or seabed areas restored to their natural state. 

(8) The Contractor shall make provision for the disposal from the Works of all solid 
waste products such that pollution and nuisance are not caused; the manner and 
location of disposal shall be as agreed by the Engineer. 

(9) An adequate fIrebreak shall be maintained between the Site and adjoining areas. 

(10) Wastes and other materials shall not be burned on the Site. 

D;\J9I)\fR·AK AK.l 
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(11) The use of access roads shall be kept to a minimum at night and spoil removed 
from tunnelling operations shall be stored on the Site and removed from the Site 
during daytime. 

r 
[ 

(12) The Contractor shall comply with and observe all Ordinances, bye-laws, 
regulations and rules for the time being in force in Hong Kong governing the [ 
control of any form of pollution, including air, noise, water and waste pollution, . 
and for the protection of the environment, and shall implement all pollution 
control measures to the satisfaction of the Engineer and the Director of 0: 
Environmental Protection. 

(13) Waste collected from grease traps shall be collected and disposed of by a C' 
licensed contractor. 

(14) The Contractor shall provide a refuse storage area with sewerage and drainage 0'1 
connections at each site. 

NOISE CONTROL 

2. GENERAL REQUIREMENTS FOR NOISE CONTROL 

(1) The Contractor shall consider noise as an environmental constraint in the 
planning and execution of the Works. 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

D:\J99\FR-AX 

The Contractor shall comply with the Noise Control Ordinance (Cap 400) and 
with any Regulations made under the Ordinance, including restrictions placed 
on noise from construction work and the requirements to seek Construction 
Noise Permits. Before commencing work which requires Construction Noise 
Permits, the Contractor shall obtain such permits and shall provide a copy of the 
application and permit to the Engineer for his information, together with two 
copies of relevant Technical Memoranda and . literature as published by the 
Environmental Protection Department. 

Rock breakers shall not be used within 125 m of noise sensitive receivers (NSR) 
unless permitted by the Engineer in writing. 

Blasting, if permitted, shall be carried out between 1200 and 1400 hours unless 
otherwise permitted by the Engineer. 

Noise mitigation measures agreed by the Engineer shall be provided when diesel 
cranes are operated within 40 m of any noise sensitive receivers. 

Methods of working shall be devised and arranged to minimize noise impacts; 
experienced personnel with suitable training shall be employed to ensure that 
these methods are implemented. 

Constructional Plant to be used on the Site shall be effectively sound-reduced by 
means of silencers, mufflers, acoustic linings or shields, acoustic sheds or screens 
or other means to avoid disturbance to any nearby noise sensitive receivers. 
Hand-held percussive breakers and air compressors shall comply with the Noise 
Control (Hand-held Percussive Breakers) Regulations and Noise Control (Air 
Compressors) Regulations respectively under the Noise Control Ordinance 
(NCO). 

AK.2 

[ 

[ 

[ 

[ 

[ 

[ 

D 
[ 

[, 

[ 

[ 

L 
[I 



[ 

[ 

o 
o 
o 
c 
o 
o 
o 
c 
c 
c 
c 
o 
c 

[ 

L 
L 
[ 

Ting Kau and Sham Tseng Sewerage Scheme 
Environmental Impact Assessment Study 
Appendix K 

Doc.Ref: T3991FR 
Date: lei 0d0beI' 1995 
Revision C 

3. 

4. 

5. 

PARTICULARS TO BE SUBMfITED 

(1) Particulars of all Constructional Plant which is likely to cause excessive noise 
shall be submitted to the Engineer. The particulars shall be submitted before the 
Constructional Plant is used on the Site. Unless otherwise permitted by the 
Engineer, trials of the Constructional Plant shall be carried out to demonstrate 
that the Constructional Plant can be operated in a manner which will minimise 
noise during the Works; the trials shall be carried out in the presence of the 
Engineer. The Constructional Plant shall not be used on the Site until agreed 
by the Engineer. 

(2) Particulars of all operations which are likely to cause excessive noise, together 
with measures to be implemented to control noise, shall be submitted to the 
Engineer for approval. The particulars shall be submitted before commencing 
any work and shall be revised and resubmitted when instructed by the Engineer. 

PERMITIED NOISE LEVELS 

(1) 

(2) 

Construction noise shall not exceed the terms and conditions set out in the 
Construction Noise Permit obtained for the Works. Construction noise shall not 
exceed the maximum permissible levels set out under the NCO, including its 
subsiduary regulations and Technical Memorandum. 

In addition to the requirements imposed by the NCO, the noise level of any 
construction work other than percussive piling, during the period from 0700 to 
1900 hours on any day not being a General Holiday (including Sunday), 
measured at 1 m from the most affected exterilal facade of the nearby noise 
sensitive receivers during any 30 minutes, shall not exceed an equivalent sound 
level (L.,) of 75 dB(A), reduced to 70 dB(A) for schools and 65 dB(A) during 
school examination periods. 

NOISE MONITORING 

(1) Monitoring equipment and methodology shall comply with the Technical 
Memorandum on Noise from Construction Work other than Percussive Piling, 
issued under section 9 of the Noise Control Ordinance. 

(2) 

(3) 

The Engineer will, prior to commencement of the relevant construction work, 
carry out baseline monitoring to determine baseline noise levels at the noise 
sensitive receivers. The baseline monitoring will be carried out for a period of 
at least two weeks, with measurements taken every day at locations and to a 
schedule determined by the Engineer. The baseline noise levels 1-..< ...... and L_ 
oUo) will be calculated from these measurements. 

Impact noise monitoring will be carried out at all noise sensitive receivers 
whenever Construction work is being carried out. The measurements and 
monitoring stations will be determined by the Engineer to measure the maximum 
noise impact during the period. Measurements will not be taken if the 
Contractor is not working during any of these periods. Monitoring will be 
undertaken according to the following schedule: 

D:\J9tI1.FR-AIC AK.3 
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r 

6. 

(4) 

(a) at least one L.,(s oUa) measurement between 1900 and 2300 hours on 
weekdays; 

(b) at least one L.,(s oUa) measurement between 2300 and 0700 hours on 
weekdays; 

(c) at least one L.,(s oUa) measurement on General Holidays and Sundays 
between 0700 and 1900 hours; 

(d) at least one L.,(.lO oUa) measurement between 0700 and 1900 hours on 
normal weekdays, one to three times each week; and 

(e) at any NSR as determined by the Engineer from time to time and when 
any powered mechanical equipment is operating from 0700 to 1900 hours 
on General Holidays (including Sundays) and from 1900 to 0700 hours 
on all days. 

Trigger, action and target levels will be based on complaints and the maximum 
allowable noise levels set out in PS Clause 4. If any of the trigger, action or 
target levels is exceeded, immediate action shall be taken by the Contractor in 
accordance with an action plan to be submitted to, and as agreed by, the 
Engineer. 

COMPLIANCE AUDIT REPORTING 

A monthly summary report of all noise monitoring data will be prepared by the 
Engineer, including at least the following: 

(a) copy of all data; 

L 

[ 

C 
o 
o 
o 
c 
[ 

[ 

(b) highlighting of any failures to comply with the criteria set out in the NCO or in [ 
the Contract; 

(c) . implementation of the action plan when the trigger, action or target levels are C 
exceeded; 

(d) identification of reasons for non-compliance; 0 
(e) identification of additional mitigation measures taken by the Contractor as a 

result of (b) above; C 
(f) copies of all Construction Noise Permits; and 

(g) copy of all noise complaints received. 

A copy of the summary report will be made available for inspection by the Director of 
Environmental Protection at his request. 

[ 

[ 

[ 
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7. ACTION ON DETECTION OF EXCESSIVE NOISE LEVEL 

(1) If monitoring of the noise level shows, in the opinion of the Engineer, an 
excessive noise level, the Contractor shall take all necessary measures to ensure 
that the actions of the Contractor are not contributing to the excess. The 
measures shall include, but shall not be limited to, the following; 

(2) 

(a) checking all Constructional Plant; 

(b) 

(c) 

(d) 

maintenance or replacement of any Constructional Plant contributing to 
the excess; 

installation of Constructional Plant soundproofmg, provISion of 
alternative Constructional Plant or erection of sound barriers; and 

review and modification of all working methods and scheduling of 
activities. 

The Contractor shall inform the Engineer of all measures taken, and shall submit 
to the Engineer written reports and proposals for action, whenever monitoring 
shows that an excessive noise level is arising. 

(3) If proposed remedial measures include the use of additional or alternative 
Constructional Plant, such Constructional Plant shall not be used on the Works 
until agreed by the Engineer. If proposed remedial measures include 
maintenance or modification of previously agreed Constructional Plant, such 
Constructional Plant shall not be used on the Works until the proposed 
maintenance or modification has been completed and the adequacy of the 
maintenance or modification has been demonstrated and agreed by the Engineer 
as being satisfactory. 

(4) If approved remedial measures are not being implemented and serious impacts 
persist, the Contractor shall cease related parts of the Works until the measures 
are implemented. 

AIR QUALl'lY CONTROL 

8. GENERAL REQUIREMENTS FOR AIR QUALl'lY CONTROL 

(1) 

(2) 

(3) 

D;\399\FR-AK 

Effective dust suppression measures as are necessary shall be installed to ensure 
that, at the boundary of the Site and at any sensitive receivers, the concentration 
of total suspended particulates (TSP) shall not exceed that defmed in the 
Hong Kong Air Quality Objectives or 0.5 mg/m', at a standard 
temperature of 25°C and pressure of 1.0 bar, averaged for one hour. 

Furnaces, boilers and other similar Constructional Plant which uses fuel that may 
produce air pollutants shall not be used without the prior written consent of the 
Director of Environmental Protection pursuant to the Air Pollution Control 
Ordinance. 

Debris and other materials shall not be burned on the Site. 

AK.5 
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9. 

(4) Methods of working shaII be devised and arranged to minimize dust emission. 

DUST SUPPRESSION MEASURES 

(1) Dust suppression measures shaII be implemented which shaII include, but shaII 
not be limited to, the measures stated in PS Clause 9 (2) to (13). 

(2) Stockpiles of sand and aggregate greater than 20 m3 for use in concrete 
man ufacture shaII be enclosed on three sides, with waIls extending above the 
stockpile and 2 m beyond the front of the stockpile. The locations of the 
stockpiles shaII be as agreed by the Engineer. 

(3) Effective water sprays shaII be used during the delivery and handling of raw sand, 
aggregate and other similar materials and when dust is likely to be created and 
shaII be used to dampen all stored materials during dry and windy weather. 

(4) Areas within the Site where there is a regular movement of vehicles shaII have 
a hard surface as agreed by the Engineer and shaII be kept clear of loose surface 
material. 

(5) Conveyor belts shaII be fitted with windboards and conveyor transfer points and 
hopper discharge areas shaII be enclosed to minimize dust emission. Conveyors 
carrying materials which have the potential to create dust shaII be totaIly 
enclosed through all stages of the process and shaII be fitted with belt cleaners . 

. (6) Cement and other fme grained materials delivered in bulk snaIl be stored in 
closed silos fitted with a high level alarm indicator. The high level alarm 
indicators shaII be interlocked with the filling line such that, in the event of the 
hopper approaching an over-full condition, an audible alarm will operate and the 
pneumatic line to the filling tanker will close. 

(7) Air vents on cement silos shall be fitted with suitable fabric filters provided with 
either shaking or pulse-air cleaning mechanisms. The fabric filter area shaII be 
determined using an air-cloth ratio (filtering velocity) of 0.01 - 0.03 m/s. 

(8) Weigh hoppers shaII be vented to a suitable filter. 

(9) Filter bags in cement silo dust collectors shaII be thoroughly shaken after cement 
is blown into the silos to ensure adequate dust collection for subsequent loading. 

(10) Adequate dust suppression plant, including water bowsers with spray bars, shall 
be provided. 

(11) Unless otherwise permitted by the Engineer, motorised vehicles on the Site shaII 
be restricted to a maximum speed of 8 kID per hour and haulage and delivery 
vehicles shaII be restricted to designated roads inside the Site. Suitable hard 
road surfaces agreed by the Engineer shaII be provided for lengths of road 
exceeding 100 m or if vehicle movements exceed 100 movements/day. 

(12) Vehicles with an open load carrying area used for moving potentiaIly dust 
producing materials shall have properly fitting side and tail boards. Materials 
having the potential to create dust shall not be loaded to a level higher than the 
side and tail boards and shall be covered by a clean tarpaulin in good condition. 
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10. 

The tarpaulin shall be properly secured and shall extend at least 300 mm over 
the edges of the side and tail boards. 

(13) The location of dust producing plant or facilities, either fixed or temporary, shall 
be as agreed by the Engineer. 

PARTICULARS TO BE SUBMfITED 

(1) 

(2) 

Particulars of all Constructional Plant which is likely to cause dust problems shall 
be submitted to the Engineer. The particulars shall be submitted before the 
Constructional Plant is used on the Site. Unless otherwise permitted by the 
Engineer, trials of the Constructional Plant shall be carried out to demonstrate 
that the Constructional Plant can be operated in a manner which will minimize 
dust during the Works; the trials shall be carried out in the presence of the 
Engineer. The Constructional Plant shall not be used on the Site until agreed 
by the Engineer. 

Particulars of all operations which are likely to cause dust emissions, together 
with measures to be implemented to monitor and control dust emissions shall be 
submitted to the Engineer for approval. The particulars shall be submitted 
before commencing any work and shall be revised and resubmitted when 
instructed by the Engineer. 

11. LICENCE FOR BATCHING PLANTS 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

O:\399\FR-AIC 

Concrete batching plant shall not be installed without obtaining a license from 
the Director of Environmental Protection in accordance with the Air Pollution 
Control Ordinance. Concrete batching plants shall comply with the particular 
requirements stated in PS Clause 11(2) to (6) . 

. 
The Contractor shall at all times prevent dust nuisance as a result of operation. 
of the plant. An air pollution control system shall be installed and shall be· 
operated whenever the plant is in operation. 

Where dusty materials are being discharged to vehicles from a conveying system 
at a fixed transfer point, a three·sided roofed enclosure with a flexible curtain 
across the entry shall be provided. Exhaust fans shall be provided for this 
enclosure and shall be vented to a suitable fabric fIlter system. . 

The concrete batching plant and ancillary areas shall be frequently cleaned and 
watered to minimize any dust emissions. 

Dry mix batching shall be carried out in a totally enclosed area with an exhaust 
to suitable fabric fIlters. 

In addition to the requirements stated in PS Clause 11(2) to (5), the Contractor 
shall employ the Best Practical Means (BPM) to reduce the air pollution impact 
from any batching plant as stated in PS Clauses 12 to 21. 
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U. GENERAL REQUIREMENTS FOR BATCHING PLANTS 

13. 

14. 

15. 

The minimum requirements for meeting the Best Practicable Means for Cement Works 
(Concrete Batching Plant) are stated in PS Clauses 12 to 21. In granting a licence under 
the Ordinance, the Authority, i.e., the Director of Environmental Protection, will· also 
consider all other relevant aspects and may impose more stringent and additional control 
requiremenis by taking into account individual process characteristics, local topography 
and air quality and any other factors. 

EXHAUST FROM PARTICUlATE ARRESTMENT PlANT 

Unless otherwise permitted by the Engineer, where it is not necessary to achieve 
dispersion of the residual pollutants, the final discharge point from particulate matter 
arrestment plant at batching plants shall be at low level to minimise the effect on the 
local community in case of abnormal emissions and to facilitate maintenance and 
inspection. 

EMISSION LIMITS 

All emissions to air, other than steam or water vapour, from batching plants shall be 
colourless and free from persistent mist or smoke. The maximum concentration of 
particulates in emissions shall be 50 mg/m3 expressed at the reference conditions of O·C 
and 101325 kilopascals, without correction for water vapour content. Dilution air shall 
not be introduced to achieve the emission concentration limits. 

FUGITIVE EMISSION CONTROL: BOUNDARY AMBIENT STANDARDS 

[ 

r 

[ 

[ 

c 
c 
[ 

[ 

The Boundary Ambient Standards for fugitive emission control for batching plants shall [ 
comply with the following: 

The maximum concentration of air pollutants at the boundary of the Site shall be: C 
- total suspended particulates: 260 p.g/m3 (24-hour average) 

160 p.g/m3 (24-hour average) - respirable suspended particulates: 

- odour: 

(where: 

D:\39!:IWR-AK 

2 odour units 

An odour unit is the measuring unit of odour level and is analogous to 
pollution concentration. The odour level is defmed as the ratio of the 
volume which the sample would occupy when diluted with air to the 
odour threshold, to the volume of the sample, i.e. one odour unit is the 
concentration of odorant which just induces an odour sensation.) 
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16. FUGITIVE EMISSION CONTROL:ENGINEERING DESIGN AND TECHNICAL 
REQUIREMENTS 

(1) 

(2) 

The engineering design and technical requirements for fugitive emission control 
for batching plants shall be as agreed by the Authority. The loading, unloading, 
handling and storage of fuel, raw materials, products, wastes or by-products shall 
be carried out in a manner agreed by the Authority so as to prevent the release 
of visible dust emissions and other noxious or offensive emissions. 

The control measures stated in PS Clauses 17 and 18 shall be implemented. 

17. FUGITIVE EMISSION CONTROL:CEMENT AND SIMILAR DUSlY MATERIALS 

18. 

(1) 

(2) 

Fugitive emission control for cement and similar dusty materials for batching 
plants shall comply with the requirements stated in PS Clause 17(2) to (6). 

The loading, unloading, handling, transfer and storage of cement, pulverised fuel 
ash and other similar dusty materials shall be carried out in a totally enclosed 
system agreed by the Authority. Dust-laden air or waste gas generated by the 
process operations shall be properly extracted and vented to a fabric filtering 
system to meet the emission limits stated in PS Clauses 14 and 15. 

(3) Cement, pulverised fuel ash and other similar dusty materials shall be stored in 
storage silos fitted with audible high level alarms warning of over-filling. The 
high-level alarm indicators shall be interlocked with the material filling line such 
that in the event of the silo approaching an overfilling condition, an audible 
alarm will operate and after 1 minute or less the material filling line will be 
closed. . 

(4) Vents of silos shall be fitted with a fabric filtering system to meet the emission 
limits stated in PS Clauses 14 and 15. 

(5) Vents of cement and pulverised fuel ash weighing scales shall be fitted with a 
fabric filtering system to meet the emission limits stated in PS Clauses 14 and 15. 

(6) . Seating of pressure relief valves of silos shall be checked, and the valves reseated 
if necessary, before each delivery. 

FUGITIVE EMISSION CONTROL: OTHER RAW MATERIALS 

(1) 

(2) 

(3) 

Fugitive emission control for raw materials other than cement and similar dusty 
materials for batching plants shall comply with the requirements stated in PS 
Clause 18(2) to (17). 

The loading, unloading, handling, transfer and storage of raw materials which 
may generate airborne dust emissions, such as crushed rock, sand and aggregate, 
shall be carried out in a manner which will prevent or minimise dust emissions. 

The raw materials shall be adequately wetted before and during the loading, 
unloading and handling operations. Manual or automatic water spraying systems 
shall be provided at unloading areas, stockpiles and material discharge points. 
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(4) Receiving hoppers for unloading the raw materials shall be enclosed on three 
sides up to 3 m above the unloading point. The hoppers shall not be used as the 
material storage devices. 

(5) Belt conveyors for handling the raw materials shall be enclosed on top and on 
two sides with a metal board at the bottom to eliminate dust emissions due to 
wind-whipping effects. Other types of enclosure which achieve the same 
performance may be provided. 

(6) Conveyor transfer points shall be totally enclosed. Openings for the passage of 
conveyors shall be fitted with adequate flexible seals. 

(7) Scrapers shall be provided at the turning points of conveyors to remove dust 
adhering to the belt surface. 

(8) Conveyors discharging to stockpiles of the raw materials shall be arranged to 
minimise free fall as far as practicable. Free falling transfer points from 
conveyors to stockpiles shall be enclosed with chutes and shall be sprayed with 
water. 

(9) Aggregates with a nominal size less than or equal to 5 mm shall be stored in a 
totally enclosed structure and shall not be handled in an open area. Where there 
is a sufficient buffer area surrounding the concrete batching plant, ground 
stockpiling may be used. The stockpile shall be enclosed at least on top and on 
three sides and shall have a flexible curtain to cover the entrance side. 

(10) Unless otherwise permitted by the Engineer, aggregates with a nominal size 
greater than 5 mm shall be stored in a totally enclosed structure. If open 
stockpiling is used, the stockpile shall be enclosed on three sides with the 
enclosure wall sufficiently higher than the top of the stockpile to prevent wind 
whipping. 

(11) The opening between the storage bin and weighing scale of the raw materials 
shall be fully enclosed. 

(12) Concrete trucks shall be loaded in such a way as to minimise airborne dust 
emissions. The following particular control measures shall be implemented. 

(a) 

(b) 

D:\39'J..FI..·AJC 

Unless otherwise permitted by the Engineer, the materials shall be pre
mixed in a totally enclosed concrete mixer before loading the materials 
into the concrete truck. Dust-laden air generated by the pre-mixing 
process, and by the loading process, shall be totally vented to a fabric 
fIltering system to meet the emission limits stated in PS Clauses 14 and 
26A.15. 

If truck mixing, batching or other types of batching method.is used, 
effective dust control measures agreed by the Authority shall be adopted. 
The dust control measures shall have been demonstrated to the Authority 
to prove that they are capable of collecting and venting all dust-laden air 
generated by the materialloa1ling and mixing to dust arrestment plant to 
meet the emission limits stated in PS Clauses 14 and 15. 
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19. 

20. 

21. 

(13) Loading bays shall be totally enclosed during the loading process. 

(14) All practicable measures shall be taken to prevent or minimize dust emissions 
caused by vehicle movement. 

(15) Roads within the premises shall be paved and adequately wetted. 

(16) Vehicle cleaning facilities shall be provided and used by all concrete trucks after 
loading, and by other vehicles leaving the premises, to wash off any dust or mud 
deposited on the wheels and vehicle body. 

(17) A high standard of housekeeping shall be maintained. Spillages and deposits of 
materials on the ground, support structures and roofs shall be cleaned up 
promptly by a cleaning method agreed by the Authority. Materials shall not be 
dumped at open areas. 

MONITORING REQUIREMENTS 

(1) 

(2) 

(3) 

Monitoring parameters and sampling frequencies for fugitive emission control 
for batching plants will be determined by the Authority. 

The total monthly raw input, product output and material stock (by manual 
recording) .. and other essential operating parameters which may significantly 
affect the emission of air pollutants will be monitored continuously. 

At the boundary of the Site or other locations agreed by the Authority, the total 
suspended particulates and respirable suspended particulates shall be monitored 
by taking at least one 24-hour sample per six calendar days. 

COMMISSIONING TRIALS 

Commissioning trials for batching plants shall· be conducted to demonstrate the 
performance and capability of the air pollution control measures. The commissioning 
trials shall be witnessed by the Authority when appropriate and a report of the· 
commissioning trial shall be submitted to the Authority within one month after 
completion of the trial. 

OPERATION AND MAINTENANCE 

(1) 

(2) 

Batching plants shall be operated and maintained properly, including provision 
of required appliances, proper operation and maintenance of equipment, 
supervision when in use and the training and supervision of properly qualified 
staff. Specific operation and maintenance requirements specified by the 
Authority for individual equipment shall be carried out. 

Malfunctioning and breakdown of the process or air pollution control equipment 
which would cause the emission limits to be exceeded or breaches of other air 
pollution control requirements shall be reported to the Engineer and the 
Authority within three working days of the event. 
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22. AIR QUALITY MONITORING 

23. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

The Engineer will carry out dust (TSP) impact monitoring throughout the 
construction period. The exact location and direction of the monitoring 
equipment will be determined by the Engineer. 

Monitoring stations shall be provided by the Contractor and shall be free of local 
obstructions and sheltering. Suitable access, security fencing and hardstanding 
shall be provided by the Contractor at each fIXed monitoring station. 

The dust (TSP) levels will be measured by the "High Volume Method for total 
suspended particulates" as described by the United States Environmental 
Protection Agency in 40 CFR Part 50. 

The Engineer will carry out baseline monitoring before the commencement of 
the Works to determine ambient dust (TSP) levels at each monitoring station. 
The baseline monitoring will be carried out for a period of at least two weeks, 
with measurements taken every day at each monitoring station, to establish the 
representative one hour and 24 hour TSP background levels. Readings will be 
taken for two weeks for the 24 hour TSP and three times daily for two weeks for 
the one hour TSP. Baseline monitoring will be repeated every six months when 
no activities are taking place on the Site. Baseline data will be prepared in a 
report on completion as the basis for calculation of the trigger, action and target 
levels to be used in subsequent impact monitoring. 

Impact monitoring during the Works will be undertaken at one or more of the 
monitoring stations as determined by the Engineer.- Impact monitoring will be 
designed by the Engineer to ensure that the one hour and 24 hour compliance 
standards of 500 p.g/m' and 260 p.g/m' respectively are not exceeded. 

If the impact monitoring records dust levels which are indicative of a 
deteriorating situation which are in excess of the trigger, action or target levels, 
immediate action shall be taken by the Contractor in accordance with an action 
plan to be submitted to, and as agreed by, the Engineer. 

COMPLIANCE AUDIT REPORTING 

A monthly summary report of all air quality monitoring data will be prepared by the 
Engineer, including at least the following: 

(a) copy of all the data; 

(b) 

(c) 

highlighting of any failures to comply with the required standards; 

implementation of the action plan when trigger, action or target levels are 
exceeded; 

(d) identification of reasons for non-compliance; 

(e) identification of remedial action taken by the Contractor as a result of (b) above; 
and 
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24. 

(t) copy of all air qualitY complaints received. 

A copy of the summary data will be made available for inspection by the Director of 
Environmental Protection at his request. 

ACTION ON DETECfION OF DETERIORATING AIR QUALl1Y 

(1) If monitoring of the air quality shows, in the opinion of the Engineer, a 
deteriorating air quality, the Contractor shall take all necessary measures to 
ensure that the actions of the Contractor are not contributing to the 
deterioration. The measures shall include, but shall not be limited to, the 
following: , 

(2) 

(3) 

(a) checking of all Constructional Plant; 

(b) 

(c) 

maintenance or replacement of any Constructional Plant contributing to 
the deterioration; and 

review and modification of all working methods and scheduling of 
activities. 

The Contractor shall inform the Engineer of all measures taken, and shall submit 
to the Engineer written reports and proposals for action, whenever monitoring 
shows an adverse impact upon air quality. 

If proposed remedial measures include the use of additional or alternative 
Constructional Plant, such Constructional Plant shall not be used on the Works 
until agreed by the Engineer. If proposed remedial measures include 
maintenance or modification of previously agreed Constructional Plant, such 
Constructional Plant shall not be used on the Works until the proposed 
maintenance or modification has been completed and the adequacy of the 
maintenance or modification has been demonstrated and agreed by the Engineer 
as being satisfactory. 

(4) If approved remedial measures are not being implemented and serious impacts 
persist, the Contractor shall cease related parts of the Works until the measures 
are implemented. 

REMOVAL OF WASTE MATERIAL 

25. REMOVAL OF WASTE MATERIAL 

(1) 

(2) 

The Contractor shall comply with the Waste Disposal Ordinance, the Public 
Health and Municipal Services Ordinance and the Water Pollution Control 
Ordinance. 

Sewage, wastewater and effluent containing sand, cement, silt or other suspended 
or dissolved material arising from the Works shall not be allowed to flow from 
the Site onto any adjoining land. Waste matter and refuse from the Works shall 
not be allowed to be deposited anywhere within the Site or onto adjoining land. 

(3) Open streams and drains intercepted by the Works shall be trained, diverted or 
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conducted and shall be reinstated to their original courses on completion of the . 
Works. 

(4) Existing drainage systems shall be properly maintained at all times, including 
removal of solids in sand traps, manholes and stream beds. 

(5) Inert construction waste material suitable for reclamation or land formation shall 
be segregated and disposed of·at such public dumping areas as may be specified 
from time to time by the Director of Civil Engineering Services. 

(6) Non-inert construction waste material deemed unsuitable for reclamation or land 
formation and all general refuse other than chemical wastes shall be disposed of 
at a public landfill. 

(7) Waste oil, grease, lubricants and batteries arising from the construction phase are 
classified as chemical wastes. Their storage, transportation and disposal are 
subject to control under the Chemical Waste (General) Regulation. Waste oil, 
grease and lubricants should be delivered to the Chemical Waste Treatment 
Centre in Tsing Yi for treatment and waste batteries to landfill for co-disposal. 

DISCHARGE INTO SEWERS AND DRAINS 

26. DISCHARGE INTO SEWERS AND DRAINS 

(1) 

(2) 

The Contractor shall comply with the Buildings Ordinance, the Water Pollution 
Control Ordinance and the Technical Memorandum ·Standards for Effluents. 
Discharged into Drainage and Sewerage Systems, Inland and Coastal Waters·. 

Effluent, foul or contaminated water and cooling or hot water shall not be 
discharged directly or indirectly into public sewers, storm-water drains, channels, 
stream-courses or the sea without the prior approval of the relevant authority. 
The Contractor shall provide, operate and maintain suitable works for the 
treatment and disposal of such effluent, foul or contaminated water or cooling 
or hot water unless otherwise approved by the relevant authority. The design of 
such treatment works shall be submitted to the Engineer for approval not less 
than one month before the commencement of the relevant work. 

(3) Foul water effluent from offices, site canteens and toilet facilities shall be 
directed to a foul sewer or to a sewage treatment facility either directly or 
indirectly by means of a pumping facility of a type approved by the Engineer. 

WATER POLLUTION CONTROL 

27. GENERAL REQUIREMENTS FOR WATER POLLUTION CONTROL 

(1) The Contractor shall carry out the Works in such a manner as to minimize 
adverse impacts on the water quality during execution of the Works. Methods 
of working shall be arranged to minimize the effects on the water quality within 
the Site, adjacent to the Site, on transport routes and at loading. dredging and 
dumping areas. 

(2) Methods of working shall be designed to minimize adverse impacts upon water 
quality in Hong Kong waters in terms of the WQO; experienced personnel with 
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28. 

(3) 

(4) 

(5) 

(6) 

(7) 

suitable training shall be employed to ensure that these methods are 
implemented. 

Particulars of proposed methods of working which are likely to cause adverse 
impacts upon water quality shall be submitted to the Engineer. The particulars 
shall be submitted before such work starts. 

Seawater intakes which may be affected by dredging or by placing fill shall be 
surrounded with suitable silt curtain systems to prevent excess silt contaminating 
the water drawn into the intakes. The silt curtain systems shall be designed to 
ensure that the intake water shall contain less than 140 mg/I suspended solids. 

The Contractor shall comply with the provisions of the Summary Offenses 
Ordinance, particularly with respect to marine littering. 

The transport of sediment to a fresh water environment shall be minimized by 
the installation of appropriate sediment traps within the drainage system. 

The marine environment and all existing stream courses and drains within and 
adjacent to the Site shall be kept safe and free from debris and excavated 
material arising from the Works. Chemicals and concrete agitator washings shall 
not be deposited in watercourses. 

(8) Site compounds shall be designed to take account of contaminated surface water, 
including provision of drainage channels and sediment lagoons where necessary 
to allow interception and controlled release of settled and treated· water and 
provision of bunding for hazardous materials including fuels. Emergency 
procedures in the event of any spills of hazardous materials shall be established 
as agreed with the Engineer. 

(9) Discharges from concrete batching shall be settled and necessary pH 
adjustments shall be made to the supernatant liquor. If settlement alone is 
insuffucient to settle colloidal materials, further treatment with settling agents 
shall be given prior to discharge. 

GLOSSARY OF TERMS 

(1) 

(2) 

(3) 

(4) 

(5) 

Terms used in PS Section 26A shall have the meanings stated in PS Clause 28(2) 
to (6). 

Dredged material is all dredged material. 

Marine mud is dredged material which is to be removed from reclamation or 
borrow areas and which will not be reused in the Works. 

Contaminated marine mud is designated dredged material which, in the opinion 
of the Director of Environmental Protection, is contaminated by pollutants such 
as to require particular handling and disposal procedures and as defined in the 
Environmental Protection Department Technical Circular (TC) No. 1.1.92. 

Fill material is dredged or land based material which is to be used in 
reclamation, including foundations to seawalls, drainage layers and similar works. 
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(6) Unsuitable material is materia!, other than marine mud, which is to be taken 
from the Site, including borrow areas, and which is unsuitable for use as fill 
material. The unsuitable material is to be disposed of at designated spoil 
dumping grounds. The unsuitable material may include builder's debris, spoil 
and hard material dumped by others, and seabed debris. 

29. WATER QUALI1Y REQUIREMENTS 

30. 

Methods of working shall be designed and implemented to minimize adverse impacts 
resulting from the Works on the water quality. Methods of working shall: 

(a) minimize disturbance to the seabed while dredging; 

(b) minimize leakage of dredged material during lifting; 

(c) 

(d) 

(e) 

minimize loss of material during transport of fill or dredged material; 

prevent discharge of fill or dredged material except at approved locations; 

prevent the unacceptable reduction, due to the Works, of the dissolved oxygen 
content of the water affected by the Works; and 

(f) prevent excess suspended solids from being present in intake waters. 

WATER QUALI1Y MONITORING 

(1) 

(2) 

The Engineer will carry out water quality monitoring throughout the period of 
construction of the Works. 

Water quality monitoring will be carried out in accordance with the following. 

(a) The 'Baseline' conditions for water quality will be established before 
commencement of marine works. The Engineer will establish the 
'Baseline' conditions by insitu measurement of dissolved oxygen 
concentration (mg/L) (DO), dissolved oxygen saturation (%) (DOS) and 
temperature (0C). Water samples will be taken for immediate insitu 
measurement of turbidity (NTU) and laboratory analysis of suspended 
solids (mg/L). 

(b) 

(c) 

Baseline monitoring will be undertaken at monitoring stations on four 
days per week for a period of four consecutive weeks within a period of 
six weeks before commencement of the marine works. Monitoring will be 
undertaken at each station on the mid-flood and mid-ebb tides at three 
depths, namely, one metre below the water surface (upper), mid-water 
depth ( middle) and one metre above the sea bed (lower). 

The baseline results control station monitoring results and WQO shall 
form the basis for calculating trigger, action and target (TA 1') levels to 
be used in the impact· monitoring. 
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(d) During the Works, 'Impact' monitoring will be undertaken on three 
working days per week at each monitoring station. The interval between 
each sampling series (mid-ebb and mid-flood) will not be less than 36 
hours where two sets of the turbidity, DO, DOS and temperature levels 
will be measured and water samples for suspended solids will be taken 
at each depth. IT the difference in value between the first and second 
reading of each set is more than 25% of the value of the first reading, 
the readings will be discarded and further readings will be taken. 

(3) . IT the monitoring data of turbidity or suspended solids or dissolved oxygen shows 
a deteriorating trend or if TAT levels for any of these three parameters are 
exceeded, the Contractor shall take action in accordance with an action plan to 
be submitted to, and as agreed by, the Engineer. 

31. COMPLIANCE AUDIT REPORTING 

32. 

(1) A monthly summary report of all water quality monitoring data will be prepared 
by the Engineer, including at least the following: 

(a) 

(b) 

(c) 

(d) 

(e) 

(1) 

copy of all the data; 

highlighting whenever the trigger, action and target limits or WQO's are 
exceeded; 

implementation of the action plan when the trigger, action and target 
levels are exceeded; 

identification of reasons for non-compliance; 

identification of mitigation measures taken by the Contractor as a result 
of (b) above; and 

copy of all water quality complaints received. 

A copy of the summary data will be made available for inspection by the 
Director of Environmental Protection at his request. 

(2) The Contractor shall provide a summary of any specifIC activities recently 
undertaken which may affect the water quality parameters and any remedial 
measures deemed necessary as a result of non-compliance whenever target limits 
are exceeded. 

(3) If, in the opinion of the Engineer, the Contractor has not taken appropriate and 
effective measures to reduce the water quality impacts, the Engineer may instruct 
the Contractor to take such measures as the Engineer considers necessary to 
improve the water quality. 

ACfION ON DETECTION OF DETERIORATING WATER QUALITY 

(1) If monitoring of the water quality shows, in the opinion of the Engineer, a 
deteriorating water quality, the Contractor shall take all necessary measures to 
ensure that the actions of the Contractor are not contributing to the deteriora-
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33. 

(2) 

(3) 

tion. The measures shall include, but shall not be limited to, the following: 

(a) checking of all Constructional Plant; 

(b) maintenance or replacement of any Constructional Plant 
contributing to the deterioration; 

(c) 

(d) 

checking and maintenance of all silt screens; and 

review and modification of all working methods and scheduling of 
activities. 

The Contractor shall inform the Engineer of all measures taken, and shall submit 
to the Engineer written reports and proposals for action, whenever monitoring 
shows non-compliance with the WQO. 

If proposed remedial measures include the use of additional or alternative 
Constructional Plant, such Constructional Plant shall not be used on the Works 
until agreed by the Engineer. If proposed remedial measures include 
maintenance or modification of previously agreed Constructional Plant, such 
Constructional Plant shall not be used on the Works until the proposed 
maintenance or modification has been completed and the adequacy of the 
maintenance or modification has been demonstrated and agreed by the Engineer 
as being satisfactory. 

(4) If approved remedial measures are not being implemented and serious 
deterioration persists, the Contractor shall cease related parts of the Works until 
the measures are implemented. 

GENERAL PROCEDURES DURING DREDGING, TRANSPORTING AND DUMPING 

(1) Constructional Plant shall be designed and maintained to minimize the risk of 
silt and other contaminants being released into the water column or deposited 
in locations other than designated locations. 

(2) Pollution avoidance measures shall include, but shall not be limited, to the 
following: . 

(a) 

(b) 

(c) 

(d) 

mechanical grabs shall be designed and maintained to avoid spillage and 
shall seal.tightly while being lifted; 

cutterheads of suction .dredgers shall be suitable for the material being 
excavated and shall be designed to minimize overbreak and sedimen
tation around the cutter; 

if trailing suction hopper dredgers for dredging of uncontaminated 
marine mud are used, overflow from the dredger and the operation of 
lean mixture overboard systems shall not be used, unless permitted by the 
Engineer; 

vessels shall be sized such that adequate clearance is maintained between 
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. (3) 

(4) 

(5) 

D:\399\FR-AJC 

vessels and the sea bed at all states of the tide to ensure that undue 
turbidity is not generated by turbulence from vessel movement or 
propeller wash; 

( e) pipe leakages shall be repaired promptly and plant shall not be operated 
with leaking pipes; 

(t) the Works shall not cause visible foam, oil, grease, scum, litter or other 
objectionable matter to be present on the water within the Site or 
dumping grounds; 

(g) 

(h) 

(i) 

0) 

barges and hopper dredgers shall be fitted with tight fitting seals to their 
bottom openings to prevent leakage of material; 

excess material shall be cleaned from the decks and exposed fittings of 
barges and hopper dredgers before the vessel is moved; 

loading of barges and hoppers shall be controlled. to prevent splashing of 
dredged material to the surrounding water and barges or hoppers shall 
not be filled to a level which will cause overflow of material or polluted 
water during loading or transportation; and 

adequate freeboard shall be maintained on barges to ensure that decks 
are not washed by wave action. 

Marine mud, contaminated marine mud and unsuitable material shl!ll be 
disposed of at the approved locations. Vessels shall be accurately positioned 
before discharge. Particulars of the method of accurately controlling position at 
disposal sites shall be submitted to the Engineer for agreement. The particulars 
shall be submitted before dredging starts. 

Disposal in designated marine dumping grounds shall be in accordance with the 
conditions of a licence issued by the Director of Environmental Protection under· 
the Dumping at Sea Act (Overseas Territories) Order 1975. Floatable and 
contaminated materials, as defmed by the Director of Environmental Protection, 
shall not be permitted at marine dumping grounds and other methods of disposal 
shall be used. 

The Engineer may monitor vessels transporting material to ensure that dumping 
outside the approved location or loss of material does not take place. 
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[ 

The locations and depths of the designated contaminated marine mud will be as l 
instructed by the Engineer on' the Site. Designated contaminated marine mud shall be 
dredged, transported and placed in approved special dumping grounds in accordance 
with the provisions of PS Section 26A and in such a manner as to minimize the loss of [ 
material to the water column.·, 

35. SPECIAL PROCEDURES DURING DREDGING, TRANSPORTING AND DISPOSAL 

(1) 

(2) 

D:\39IJ\fR·AJt 

Uncontaminated mud shall only be dumped in dumping grounds as approved by 
the Director of Environmental Protection and in accordance with the Dumping 
at Sea 1974 (Overseas Territory) Order 1975. Contaminated mud shall not be 
dumped in gazetted dumping grounds. Contaminated mud which cannot be left 
in situ shall be disposed of by specific methods as directed by the Director 
Environmental Protection. The Contractor shall be responsible for obtaining all 
necessary licences for these operations. 

When dredging, transporting or disposing of designated contaminated marine 
mud, additional special procedures for the a.voidance of pollution shall be 
implemented including, but not limited to, the following: 

(a) dredging of designated contaminated marine mud shall only be under
taken by a suitable grab dredger using a closed watertight grab; 

(b) transport of designated contaminated marine mud shall be by split barge 
of not less than 750 m3 capacity; the barge shall be well maintained and 
shall be capable of rapid opening and discharge at the disposal site; 

(c) the material shall be placed in the pit by bottom dumping at a location 
within the pit to be specified from time to time by the Secretary of Fill 
Management Committee; 

(d) 

(e) 

(1) 

(g) 

discharge shall be undertaken rapidly and the hoppers shall then 
immediately be closed; any material adhering to the sides of the hopper 
shall not be washed out of the hopper and the hopper shall remain closed 
until the barge next returns to the disposal site; 

the dumping vessel shall be positioned to an accuracy of 10 m; 

the Engineer will inspect and record the disposal operation; the details 
of the inspection and record keeping will be agreed beforehand by the 
Director of Environmental Protection; and 

the dumping vessel shall be stationary throughout the dumping operation. 
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SPECIAL REQUIREMENTS FOR MARINE DISPOSAL OF DREDGED MATERIAL 

36. GENERAL REQUIREMENTS 

37. 

(1) 

(2) 

Surplus dredged material shall be disposed of according to the requirements of 
the Fill Management Committee (FMC) and the Environmental Protection 
Department (EPD). Contaminated material will have different disposal 
requirements to uncontaminated material. 

The Contractor will be required to obtain a licence from EPD for the disposal 
of all dredged material. 

DISPOSAL OF UNCONTAMINATED MATERIAL: FMC GENERAL CONDmONS 

(1) A spoil ground will be allocated to the Ting Kau and Sham Tseng Sewerage 
Scheme project for the disposal of uncontaminated mud arising from dredging 
works for the project. 

(2) The exact location for dumping spoil will be indicated on the dumping licence to 
be issued to the Contractor by EPD. The dumping location will be changed from 
time to time. 

(3) 

(4) 

(5) 

(6) 

(7) 

Mud dumped within the South Cheung Chau or East of Ninepins marine 
disposal sites shall be uncontaminated. Prior conflCmation of the uncontami
nated nature of the mud shall be obtained in writing from the Director of 
Environmental Protection. The same shall apply to any mud which the FMC has 
agreed may be disposed of in exhausted marine borrow pits. 

The dumping of mud shall be strictly within the designated marine disposal sites. 
The Contractor shall properly locate the boundaries of the dumping site to 
ensure that the mud is dumped at the correct location. The dumping of mud 
shall be carried out in accordance with the requirements of the Director of 
Environmental Protection and shall be controlled through a separate licence, to 
be issued by the Director of Environmental Protection, who may at any time 
during the Contract, with reasonable notice, change the areas available for 
dumping within the designated marine disposal sites. 

The Contractor shall provide, through the Engineer, to the Director of 
Environmental Protection and the Secretary FMC, a programme for the relevant 
work showing the number of barge loads and the estimated quantity of dumped 
material at the dumping site on a monthly basis and within one week after the 
completion of dumping. 

The Contractor shall carry out bathymetric surveys of the mud disposal sites as 
stated in the accompanying Special Conditions of Allocation, and shall submit 
these, through the Engineer, to the Secretary FMC and the Director of Marine. 

Water quality monitoring will be carried out during the dumping of mud in 
marine borrow areas. Water quality monitoring shall be as stated in PS Clause 
39. 
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38. DISPOSAL OF CONTAMINATED MATERIAL: FMC GENERAL CONDmONS 

39. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

The Contractor will be permitted to use the contaminated mud disposal pit on 
a non-exclusive basis only, and shall delay dumping operations temporarily if 
other users are positioned to dump at the same time. 

Mud shall be placed in the pit, at a location within the pit to be specified from 
time to time by the Engineer, on advice from the Secretary FMC. 

Barges and dredgers shall be stationary throughout the dumping operation and 
throughout the flushing of the hopper. 

The dumping vessel shall be positioned to an accuracy of 10 m. 

The Engineer will supervise and record the disposal operation. Details of the 
supervision and record keeping shall be as agreed beforehand by the Director of 
Environmental Protection. 

A comprehensive water quality monitoring programme shall be submitted to the 
Director of Environmental Protection for his approval before the commencement 
of any dumping activity. Depending on the disposal method and site conditions, 
extra monitoring requirements may be imposed by the Director of 
Environmental Protection. 

WATER QUALITY MONITORING OF DISPOSAL SITES 

(1) 

(2) 

(3) 

The Engineer will carry out water quality monitoring at disposal sites. 

Water quality monitoring will be carried out in accordance with the following. 

(a) 

(b) 

(c) 

The 'Baseline' conditions for water quality will be established before 
commencement of the dumping or dredging operation. The Engineer 
will establish the 'Baseline' conditions by insitu measurement of turbidity, 
dissolved oxygen concentration (mg/L)(DO) and dissolved oxygen 
saturation (%) (DOS). 

Baseline monitoring will be undertaken at monitoring stations on four 
days per week for a period of one week before commencement of the 
operation. Monitoring will be undertaken at each station on the mid
flood and mid-ebb tides at three depths, namely, one metre below the 
water surface (upper), mid-water depth (middle), and one metre above 
the sea bed (lower). 

During the dumping operation, monitoring will be undertaken on three 
working days per week at each monitoring station. The interval between 
each sampling series (mid-ebb and mid-flood) will not be less than 36 
hours where two sets of turbidity, DO and DOS will be measured. If the 
difference in value between the fIrst and second reading of each set is 
more than 25% of the value of the fIrst reading, the readings will be 
discarded and further readings taken. 

If the monitoring data of turbidity or dissolved oxygen shows a deteriorating 
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40. 

41. 

(4) 

(5) 

trend such that, in the opinion of the Engineer, closer monitoring is required, 
monitoring will be undertaken daily at each Designated Monitoring Station until 
the recorded values of these parameters indicate to the satisfaction of the 
Director of Environmental Protection an improving and acceptable level of water 
quality. 

The initial target limits will be determined by the Engineer for each monitoring 
station. 

Trigger, action and target (TAT) levels for dissolved oxygen, turbidity and 
suspended solids for the Marine Disposal Areas will be determined by the 
Engineer. An action plan illustrating what to do if TAT levels are exceeded shall 
be prepared by the Contractor and submitted to the Engineer for approval. 

COMPLIANCE AUDIT REPORTING 

(1) The Engineer will submit the results of all monitoring to the Director of 
Environmental Protection and DAF at the end of each month. 

(2) The Contractor shall provide a summary of any specific activities recently 
undertaken which may affect the water quality parameters and any remedial 
measures deemed necessary as a result of non-compliance. 

(3) If, in the opinion of the Engineer, the Contractor has not taken appropriate and 
effective measures to reduce the water quality impacts, the Engineer may instruct 
the Contractor to take such measures as the Engineer considers necessary to. 
improve the water quality. 

SPECIAL PROCEDURES FOR THE PROTECTION OF CHINESE WHITE 
DOLPHINS 

"Dredging or blasting works may have an impact on the dolphins and the measures which 
are recommended for the protection of Chinese White Dolphins include: 

(a) the Contractors will be required to undertake dolphin spotting when operating 
in these waters; 

(b) the Contractors will be required to use predefmed and regular routes, especially 
when disposing of spoil, as these will become known to dolphins and porpoises 
using these waters; 

(c) the Contractors should be required to provide a buffer/safety zone of at least 
500m for the dolphin during stressful construction activities (eg percussive piling) 
should they take place; 

(d) the Contractor will be required to minimise the impacts of his works on water 
quality particularly with respect to dissolved oxygen and turbidity; and 

(e) the Contractor should be required to control and manage all effluent from 
vessels and worksites as described in the Practice Note on ·Construction Site 
Drainage.· 
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S.I 

S.2 

SUMMARY 

A sewerage and sewage treatment scheme is planned for Sham Tseng; the treatment 
works will be constructed on a coastal site to be reclaimed from the sea. The main 
objective of this study is to perform a process evaluation of the treatment options for the 
works and identify two or so preferred options which can then be given a full 
environmental assessment. Aspects considered in the process assessment include the 
size of the works footprint, performance and reliability of the treatment and the capital 
and operating costs. 

The major conclusions drawn in the study are listed as follows: 

• Hydrogen sulphide and similar odorous gases could be produced in the sewerage 
pumping mains. 

• The marine outfall is likely to be comparatively short, say up to 200m. 

• 

• 

• 

• 

• 

• 

A review of the Water Quality Standards has indicated that the main parameters 
controlling the type of treatment at the prospective works will be the removal of 
E coli and nitrogen and the pH value of the effluent. 

The favoured forms of treatment for the prospective works are lime treatment 
(Option 1), activated sludge (Option 2) and submerged aerated filtration 
(Option 3). 

The conventional operational pH value of 11 has been specified for the lime 
treatment.-

All three treatment options can safely reduce the E coli content of the sewage 
by the necessary amount and remove inorganic nitrogen. However, the lime 
treatment effluent will almost certainly cause, at certain times of the tide and 
year, the pH value of the sea water to increase above the WQO limit of 8.5 
within and possibly outside the primary mixing zone. 

Production rate of sludge solids from lime treatment would be extremely high 
owing to the presence of sea water in the sewage at Sham Tseng. The 
production rate of the calcium and magnesium salts precipitated by the lime 
would be some 10 times higher than the production rate of the organic solids 
removed from the sewage. 

The capital and operating costs of the three options are as follows. 

Cost Option 1 Option 2 Option 3 

Capital (MHKS) 99 113 110 

Operating (MHKS/year) 12.3 4.71 5.48 

Net Present Costs indicate that lime treatment is between 33% and 50% more 
expensive than Options 2 and 3. 
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• It may be possible to reduce the operational pH value of lime treatment from 11 
to 9.5 and retain compliance with the E coli standard, but removal of ammoniacal 

. nitrogen from the sewage would not then be viable. However, the NPC of the 
treatment would still be higher than that for Options 2 and 3. Also, the 
treatment would have no performance or operational advantages over the other 
treatment options. 

E 

S.3 Given the conclusions, it is recommended that treatment should be based on either 
activated sludge or submerged aerated filtration. C 
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1. INTRODUcnON 

1.1 

1.2 

1.3 

. 1.4 

1.5 

1.6 

Plans are advanced to provide a new sewerage and sewage treatment scheme for Sham 
Tseng. The site for the treatment works will be a coastal reclaimed area near the main 
commercial centre of the town. The environmentally-sensitive n~ture of this area will 
require the works to be enclosed in a building and all gaseous emissions to be controlled 
to prevent odour nuisance. A full a5$essment of the environmental impact of the works 
during the construction phase and thereafter when the works is operational will be 
performed. 

The type of treatment to be used at the new works will be largely determined by the 
requirement to comply with the Water Quality Objectives and Standards specified for 
the mixture of treated effluent and sea water outside the mixing zones. Part of the 
environmental assessment is to assess the impact of the treated effluent on the coastal 
water using mathematical models of dispersion. 

The part of the overall study described in this report is a process assessment of the 
treatment options suitable for the new works. The main objective is to identify two 
preferred options for further study, particularly with respect to their environmental 
impact. Aspects considered in the process assessment include the size of the works 

. footprint, performance and reliability of the treatment and the capital and operating 
costs. 

To focus the process assessment on appropriate types of treatment, this study reviews 
the Water Quality Objectives in the context of the existing quality of the coastal water 
around Sham Tseng. The review provides guidance on the type of treatment which will 
be most Valuable in terms of alleviating sea water pollution in the area and on the 
quality of the treated effluent necessary to obtain compliance with the WQOs. 

This study also includes a synthesis of the characteristic flows and loads for Sham Tseng 
sewage. Based on the latest per-capita production rates issued by the Drainage Services 
Department, the synthesis takes account of future population increases. 

New sewerage will also be provided as part of the overall scheme. This sewerage will 
collect the sewage from the various villages in Sham Tseng and transfer it to the new 
works. Pumping will be involved in the transfer and this may give rise to hydrogen 
sulphide production which, in turn, may cause corrosion and odour nuisance. An 
assessment of this problem is made and presented in Appendix C. 
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2. SYNTHESIS OF FLOWS & LOADS 

2.1 

2.2 

2.3 

2.4 

25 

2.6 

2.7 

2.8 

2.9 

Major parameters for designing the sewerage and pumping stations for the Sham Tseng 
Scheme include the maximum flow rate of the sewage, the ADWF and the minimum 
night flow rate. These parameters also selVe in the design of the treatment works, 
together with the loads of BOD, SS, NH.-N and pathogens. The following derives values 
for these design parameters. 

Values for DWF and the various loads have been synthesised from the per-capita 
production rates and the sizes of the various demographic groups living, working or using 
the facilities in the drainage area. Similarly, account is taken of the pollution arising 
from the industrial and commercial activities in the area. 

Synthesises have been performed for the present and for the planning horizon which is 
assumed to be 20 years ahead, that is 2011. 

Maximum and minimum flow rates have been determined by applying factors to the 
ADWF. 

Population Sizes 

The demographic. groups in the area have been classified as either, residents, office, 
selVice workers, industrial workers and visitors. Care has been taken to avoid any 
double counting. 

Residential Population 

Information from the Planning Department (PlanD) has been obtained on the sizes of 
the current and future residential popUlations. Currently at 28 500, the population is 
expected to increase over the next 20 years or so to around 44 000. This will then be 
the ceiling value for the area. 

Housing is largely R3/R4 type in all the villages apart from Kau Tsuen where it is 
largely Rl type. An assumption is that all the population growth will be accommodated 
in R3/R4 type housing and that the growth in each village, apart from Kau Tsuen, will 
be proportional to the current population size. No growth will occur in R 1 type housing. 

Workers 

The second largest demographic group in the area comprises workers in offices and in 
selVices such as shops, restaurants and hotels. The size of this group is assumed to be 
2 250, increasing to 3 500 by the planning horizon. 

Another significant group contributing to the pollution load comprises the industrial 
workers at the three major factories, namely the Garden Bakery, the San Miguel brewery 
and the Union Carbide Depot. The current size of the workforce at these factories is 
assumed to be 300. However, the factories are on a prime site, and PlanD has plans is 
to move these factories within the next 10 years or so to vacate the site for housing 
development. The new factories will be outside the drainage area of the prospective 
treatment works. 
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2.10 This category largely comprises beach goers. As indicated in report " the beaches in C 
the area have the capacity for 76 000 people. However, on the basis that the beaches 
rarely, if ever, fill to capacity it has been assumed that a maximum of 25 000 currently 
visit the beaches on occasional days. When the works is operational, the concomitant [ 
improvement in water quality will probably increase interest in bathing. In the future, .' 
therefore, the number of beach goers is expected to increase, and 50 000 has been 
assumed. Such high numbers will, in all probability, arise only during public holidays and [ 
Sundays when offices are closed so that some of the pollution load from workers and 
beach goers may not arise simultaneously. However, for safety, this study assumes the 
loads are additive. G 
Students 

2.11 The area contains no institutions of higher education so that the student population 
visiting the area daily is effectively zero. School children attending local schools are 
taken into account by an allowance in the per capita production rates for residents. 

Commercial & Industrial Loads 

2.12 Pollution generated by commercial activities such as restaurants and hotels is assumed 
to be proportional to the number of employees. The number of employees in these 
activities is assumed to be 250 currently, increasing to 500 by the planning horizon. 

2.13 . As previously explained, there are three major factories in the area. However, only two, 
namely the Garden Bakery and the San Miguel Brewery discharge trade effluent to the 
sewerage system. According to the information given in report {I}, the combined flow 
from the two factories on a weekday is 4 150 m' /day and on a weekend, 1 200 m' /day, 
the brewery effluent accounting for about 88% of the total. 

2.14 Report {2} indicates that the current consent standard for the brewery waste specifies 
BOD and SS values of 300 mg/I. Assuming these are 95 percentiles, the average values 
can be assumed to be around 100 mg/~ giving average loads for BOD and SS of about 
415 kg/day from both factories. 

2.15 The industrial effluents are also likely to contain some NH~N. In the absence of any 
detailed information, the load is assumed to be 1% of the BOD, giving a value of 4 
kg/day. 

2.16 The industrial loadings are a significant fraction of the total from the drainage area. 
Even though the factories are due to be resited elsewhere, it may be expedient to 
confum that the estimated pollution loads are reasonably accurate since the performance 
of the prospective treatment works could be affected by the loads in the short term. 

Sham Tseng Sewerage &: Sewage Treatrn£nt: Underground Cavern Options, prepared for 
HK Government EPD by Pypun - Howard Humphreys Ltd, January 1993 
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Per Capita Production Rates 

2.17 Table 2.1 lists the annual average per capita production rates for the various population 
groups. All the values are the latest issued by the DSD in the draft manual '. 

2.18 The per capita flows rates for residents includes an allowance for inflltration of ground 
water. . 

Total Flows & Loads 

2.19 Table 2.1 also lists the data involved in synthesising the ADWF and the various loads. 
ADWF is predicted to have a current value of 14.5 Mild, increasing to 16.0 Mild at the 
planning horizon . 

. 2.20 The synthesis of ADWF is based on the production of pollution loads occurring on 
working days. No calculations have been performed for non-working days since the 
general assumption is that the flows and loads on such days are no greater than those 
on the working days. For a largely commuting population like that at Sham Tseng, this 
assumption may not be necessarily valid. 

2.21 The strength of the sewage is comparatively low owing to the predominance in the area 
of R3/R4 housing for which per capita sewage flow rates are comparatively high. 

Peakin& Factors 

2.22 The maximum or peak flows are calculated from the ADWF using peaking factors. 
These relate to either the instantaneous peak which is required for the design of the 
pumping stations and sewerage or to the hourly-average peak which is more relevant to 
the design of the treatment works. 

2.23 By comparison with flow, the daily-average loads of the various pollution parameters can 
be assumed to be reasonably constant from day-to-day, although they may increased on 
occasional days owing to the influx of beach goers and other visitors. 

Treatment Peaking Factors 

Flow 

2.24 Report {1} explains that the DWF varies seasonally, reaching a peak in summer owing 
to the increased per capita consumption of water. The summer peaking factor (SPF), 
equal to the maximum DWF occurring in summer divided by the ADWF, is typically 1.17 
irrespective of the nature of the drainage area. 

, 
Draft Drainage Works Manual, HK Government, Drainage Services Department 
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Table 2.1; Summary of current and Cuture loads 

Current 
Pollution sources Housing Dally >or capita producUon Population A "erage dally loads 
Tv... Identification Tvoe DWF(I) BODloJ SS I.) NH4·N_(gl Il Coli (TNr) INr) Flow (m3) BOD h) SS Ik.) NH-Iflki)· Ilcoll (GNr\ 
Residential Ting Kau R31R4 370 42 40 5 43 1000 370 42 40 5 43 

Casam R31R4 370 42 40 5 43 1500 555 63 60 8 65 
~~eung Sin Wan R31R4 370 42 40 5 43 1000 370 42 40 5 43 

RI 240 42 40 5 43 3500 840 147 
_. 

18 Kau Tsuen 140 151 
Pai Min Kok A R31R4 370 42 40 5 43 3500 1295 

- ;----
18 147 140 151 

Pai Min Kok 8 R31R4 370 42 40 5 43 3500 1295 147 140 18 151 
Yuen Tun B R31R4 370 42 40 5 43 2000 740 84 80 10 86 
Yuen Tun A R31R4 370 42 40 5 43 12500 4625 525 500 63 538 
TOTAL 28500 

Employees Office. shops & service 60 34 34 4 35 2250 135 77 77 '---. 9 79 
Commercial activit)! 290 53 25 . I 0 250 73 13 6 0 0 .--
Industrial 60 34 25 3 28 300 18 10 8 I 8 --_. 

2.4 1.2 L2 0.9 1.9 25000 Visitors Beach goers 60 30 30 23 48 
Indus,ry Gamen Bakery 500 50 50 0.5 0 

San Miguel Brewery 3650 365 365 3.7 0 
Union Carbide 0 0 0 0 0 

TOTAL 14526 1742 1675 179 1360 
CONCIlNTRATION 120 lIS 12.3 9.4 

(mg/l] (mg/lJ (m,,1IJ (MNrIlOOml 

Future 
Pollution sources Housing Dally ",r capita producUon Population A ver~g~ da!'! .Ioads 
TJ'P" IdentlficatJon Tvoo DWF{I) BOD (0) SS Co) NH4·N (0) Il Coli ITNr Nr Flo,., 1m3) BODlk.) SSlko) NH4·N (0) Il Coli IGNoj 
ResidentiaJ Ting Kau R31R4 370 42 40 5 43 1544 571 65 62 8 66 

Casam R31R4 370 42 40 5 43 2316 857 97 93 12 100 
Sheun~ Sin Wan R31R4 370 42 40 5 43 1544 571 65 62 8 66 
Kau Tsuen RI 240 42 40 5 43 5404 1297 227 216 27 232 
PaiMin KokA R31R4 370 42 40 5 43 5404 1999 227 216 27 232 
Pai Min Kok B R31R4 370 42 40 5 43 5404 1999 227 216 27 232 
Yuen Tun B R31R4 370 42 40 5 43 3088 1142 130 124 15 133 
Vuen TunA R3IR4 370 42 40 5 43 19298 7140 811 772 % 830 
TOTAL 44000 

Employees Office. shops & service 60 34 34 4 35 3500 210 119 119 14 123 
Commercial activities 290 53 25 I 0 500 145 27 13 o 0 

Industrial 60 34 25 3 28 0 0 0 0 U; 0 

Visitors Beach goers 2.4 L2 1.2 0.9 1.9 50000 120 60 - 60 45=-.: 95 -
0 0 0 Industry Garden Bakery o 0 

San Miguel Brewery 0 0 0 0 0 
Union Carbide 0 0 0 0 0 

T()TAL-- -
16053 2054 1952 279 2110 

CONCIlNTRA TION 128 122 17.4 13.1 

_ .. _-- lmJl!li (mg/lJ (mg/l) IMNrllOOml. 

2777WSHAMLOAD.WK4/RevA 
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2.25 Within any diurnal period, the flow varies from hour to hour, usually peaking during late 
morning and late evening. A diurnal peaking factor (DPF), equal to the maximum 
hourly-average flow rate divided by the daily-average DWF, characterises the maximum 
flow. According to report 3, drainage areas of a sinlilar size to Sham Tseng are 
characterised by a DPF usually in the range 1.53 to 1.94 depending on factors such the 
domestic and working patterns of the local popUlation. Since the Sham Tseng 
population has a large commuting component, the DPF is likely to have a value at the 
high end of the scale. 

2.26 Further flow variation occurs owing to the infiltration of surface storm water. 
Depending on factors such as housing density and the number of illicit sewer connections 
carrying storm water, the infiltration peaking factor (IPF), equal to the maximum hourly
average flow rate of infiltrated water divided by the ADWF, is typically less than 0.4 but, 
in some areas, has been found to be greater than 2. 

2.27 It follows that an overall peaking factor (OPF) equal to the maximum hourly-average 
flow rate occurring at any particular time divided by the ADWF, is given by: 

OPF = SPF.DPF + IPF. 

2.28 Substituting 1.17, 1.94 and 0.4 for SPF, DPF and IPF respectively gives a value of 2.7 for 
the OPF. This value is slightly lower than the standard value of 3.0 specified by the 
SDD for treatment works of the size to be provided at Sham Tseng. 

2.29 In this study, full treatment is provided for flows up to 3xADWF and preliminary 
treatment for flows between 3xADWF and 4xADWF. There is no provision for flows 
greater than 4xADWF. 

Loads 

2.30 Maximum hourly-average load is assumed to twice the average. 

Sewerage Peaking Factors 

2.31 Peaking factors for designing sewerage and pumping stations are given in the DSD 
manual {2} and listed in Table 2.2 The overall factors are relevant to this study. 

3 

Table 2.2: Values of Sewerage Peaking Factors 

Population size Peaking factor 

Overall Without stormwater 

<1000 8 6 

1 000 to 5 000 6 5 

5 000 to 10 000 5 4 

10 000 to 50 000 4 3 

Sewage Strategy Study, prepared for Hong Kong Government EPD by Watson Hawksley 
Consulting Engineers, November 1989 
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[ 

2.32 

2.33 

2.34 

Minimum FlowS 

Minimum flow is a pertinent design parameter since it determines the maximum [! 
retention time in sewers and treatment processes. Such retention times influence, for 
example, the production of odorous gases. [ 

Six sample patterns showing the diurnal variation in sewage flow are given in paper '. 
These show that the minimum night flow occurring typically between 03:00 and 05:00 
varies between virtually zero up to 0.57DWF with an average of 0.31DWF. In the 
largely residential area of Sham Tseng the minimum night flow is likely to be 
comparatively low and a value of 0.15ADWF will be assumed. 

Sewage Temperature 

Sewage temperature is a major design parameter since it controls the rate of the 
biochemical reactions occurring in process units and sewers. The temperature is 
assumed to vary between 20·C in winter and 28·C in summer. 

Leung CT and Tai TH, Operation and Mailllenance Experience of Wastewater Treatmelll 
PlalIIs in Hong Kong, presented at the Joint Seminar for World Environment Day, HK 
University, May 1987 
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3. WATER QUALm STANDARDS 

3.1 

3.2 

3.3 

Treatment of the sewage at the works will be supplemented by further treatment and 
dispersion of the residual pollution in the sea. The water quality standards or objectives 
controlling the overall degree of treatment relate to the mixture of the effluent and the 
sea water at the periphery of the mixing zone and are reproduced in Table 3.1 

The following reviews these standards, comparing them with the current actual water 
quality to determine the implications for treatment at the prospective works. Actual 
water quality expressed in terms of measured values of the relevant pollution 
parameters has been taken from the latest publication of Marine Water Quality in Hong 
Kong, 1992. 

Table 3.1 : Water Quality Objectives 

Pollution parameter . Value 

E coli Geometric mean' at any position inside water- <610 per 100 ml 
sport and fish culture areas 

Geometric mean' at bathing beaches <180 per 100 ml 

Inorganic N Averaged value' at any position on periphery of <0.4 mg Nil 
mixing zone 

Un-ionized Maximum value at any position on periphery of <0.021 mg Nil 
ammonia mixing zone 

pH value Instantaneous value at any position on 6.5 to 8.5 
periphery of mixing zone 

Dissolved Minimum depth-average value at any position >5 mgll 
oxygen in fish culture area 

Minimum depth-average value at any position >4 mgll 
on periphery of mixing zone 

Minimum value within 2 m of sea bed >2 mgll 

Note': Refers to long-term or annual values 

Review of WOOs 

Biological Standard 

Standards for E coli which serve as an indicator for other more potentially harmful 
pathogens are specified primarily to protect bathers and consumers of marine food from 
infection. Two standards defined in terms of geometric mean concentrations are 
specified, one for the bathing beaches and the other for the water-contact sports and fISh 
culture areas. At Sham Tseng, the bathing beach standard will be controlling since the 
concentration specified in this standard is lower and, unless the marine outfall pipe is 
extremely long, dispersion of the treated effluent in the sea water will be lower at the 
beaches than at the cOntact sport and fish culture areas. 

D:\T'J99\IRSTO.S3 3 - 1 
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3.4 

3.5 

3.6 

3.7 

[ 
Table 3.2 compares E coli concentrations measured in samples of sea water taken from 
three beaches, namely Gemini, Anglers' Reach and Lido, and from two water-quality 
sampling sites, namely NMI and WM4. Gemini and Anglers' Reach are the two nearest n 
beaches and NMI and WM4 the two nearest sampling sites to the prospective works. 
Anglers' Reach is the most polluted of the beaches in the area, probably because a 
polluted nullah discharges to the sea nearby. Lido Beach is the least polluted. The data 
for the beaches, provided by the EPD, pertain to the period 04 Jan 94 to 14 Sep 94. 

The comparison shows that none of the beaches currently complies with the E coli 
standard presumably owing, at least partly, to the pollution from Sham Tseng sewage 
which currently discharges untreated into the sea. 

Geometric mean concentrations of E coli at the water quality sampling locations, NMI 
and WM4, are 49 Nr/l00 ml and 122 Nr /100 ml respectively. The higher count found 
at WM4 can probably be directly attributed to the discharge of sewage from Sham Tseng 
and Ma Wan. The count found at NMI typifies the minimum values found in the 
coastal waters around this area and is probably close to the background level. On this 
basis, the current background level in the coastal water off Sham Tseng is assumed to 
be 40 Nr /100 ml expressed as a geometric mean. Given the typical relationship of a 
factor of2 between the geometric and arithmetic means, the background level expressed 
as an arithmetic mean is roughly 80 Nr/l00 ml. In the long term, the background level 
will presumably decline as more of the sewage produced by neighbouring communities 
in HK is treated before discharge. 

Table 3.2 : Comparison between Water Quality E coli Standards and Measured Values 

Sampling station E coli concentration (N/lOO mI) 

Min Geometri Arithmetic Max 
c mean mean 

WQO Beaches - <180 - -
Other controlled - <610 - -
areas 

Lido beach 43 195 289 1800 

Gemini beach 29 257 495 2500 

Anglers' beach 19 720 1630 10000 

NMI 20 49 - 110 

WM4 15 122 - 1200 

pH Standard 

Table 3.3 compares the pH values, nitrogen concentrations and DO values specified in 
the WQOs with values measured at NMI and WM4. The measured values vary over a 
range presumably owing to the activity and growth of algae. Maximum pH values occur 
during the summer months when algal activity is highest. 
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3.8 

3.9 

3.10 

3.11 

3.12 

The minimum value measured at the two sites is 7.3 which is safely above the minimum 
value of 6.3 specified in the WQO. However, the maximum measured value of 8.3 is 
very close to the maximum value of 8.5 allowed by the standard. Thus, a treatment 
process like lime treatment involving the elevation of sewage pH value will put at risk 
compliance with the pH standard unless the treated effluent can be either neutralised 
before discharge or sufficiently diluted after discharge. 

Table 3.3: Values of Physical PoUution Parameters Measured at Various Stations 

Slatloa pH Nitrogea (mg NIl) DO (% sat) 

Uaioalsed Total Total Surface Bottom 
NH, Inorganic 

WQO (65 to 8.5) <0.021 <0.4 - >55 >22 

NMl 7.9 - 0.48 0.73 102 100 
(7.6 - 8.1) (0.15 - 0.78) (0.10 - 1.15) (75 - 137) (75 - 137) 

WM4 8.0 - 032 0.74 86 87 
(7.7 - 83) (0.13 - 0.68) (036 - 1.81) (67 - U7) (62 - 136) 

Note: All concentrations are arithmetic means 

Nitrogen Standards 

With regard to nitrogen, the WQO specifies two standards; compliance with the standard 
for inorganic nitrogen safeguards against algal growth, and compliance with the standard 
for unionized -ammonia safeguards the health of fISh. 

The unionised ammonia concentration in water is approximately related to the total 
ammonia concentration by 

R = 1 + 10(10."'" -O.Q31.4T - pH) 3.1 

where R is the ratio of total to unionised ammonia, T is water temperature ("C) and pH 
refers to the value of the water in the gills of fISh rather than in the bulk. Owing to the 
production of CO2 by fISh in their gills, the gill pH value is always slightly less than the 
value in the bulk value, especially when the water is slightly alkaline. Although 
Equation 3.1 is specifically applicable to fresh water, it is sufficiently accurate to be used 
for the purpose here. 

The worst-case value of R, that is the minimum value giving the highest concentration 
of unionised ammonia, arises when the values of pH and T are high. 

As explained previously, sea water pH in the coastal waters around Sham Tseng varies 
between about 7.6 and 8.3. On this basis, assume the maximum value in the gills is 8.0. 
Since the high pH values occur during summer when algal activity is high, they coincide 
with high water temperature. Substituting a pH value of 8 and a temperature of 28°C 
into Equation 1 gives a worst-case R value of 15.0. Thus, a value of 0.021 mg Nil 
specified in the WQO for unionised ammonia is approximately equivalent to a total 
ammonia concentration of 0.31 mg NIL By comparison, the value of the Total Inorganic 
N concentration specified in the WQO is 0.4 mg NIL Since most of this N can be 
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[ 
assumed to be in the form of NH.-N rather than NO,-N, it follows that compliance with 
the unionised ammonia standard will automatically provide compliance with the Total r_: 
Inorganic N standard. L 

3.13 The average concentrations of Total Inorganic N measured at NMI and WM4 are 
greater than 0.31 mgt!' and the maxima are more than twice this concentration. Also, 
the Total Inorganic N concentrations measured at NMI and WM4 are not compliant 
with the standard of 0.40 mg NIl. Similarly, Total Inorganic N concentrations measured 
at sampling sites to the east of the prospective works (and elsewhere in the coastal water 
around Hong Kong) are equally high indicating that the concentrations measured at 
NMI and WM4 are close to the background levels. Such concentrations indicate a high 
degree of pollution, probably from industrial effluents, and the major source of this 
pollution is probably the Pearl River. Thus, any reduction in the discharge rate of 
nitrogen stemming from treating sewage at Sham Tseng sewage will not significantly 
reduce the level of nitrogen pollution in the coastal water. 

Dissolved Oxygen Standard 

3.14 The current values of DO at NMI and WM4 are high compared with the values 
specified in the WQO. Even if treated effluent containing little or no dissolved oxygen 
is discharged from the prospective works, the dilution in the primary mixing zone will 
be sufficient to obtain compliance with this standard. 

Implications of WOOS for Treatment 

3.15 The review of the WQO's and the current concentrations of pollutants in the coastal 
waters around Sham Tseng has indicated that treatment at the prospective works will 
have to address, in particular, E coli and possibly nitrogen removal. The following 
investigates the implications for the quality of the works' effluent. 

Nitrogen Standard 

3.16 It has previously been shown that the coastal waters around Sham Tseng currently 
contain inorganic nitrogen concentrations well above the WQO values owing to the 
pollution load in the Pearl River. In the short term, any removal of nitrogen from Sham 
Tseng sewage will have little or no impact on water quality. Within the time horizon of 
the treatment works, however, the nitrogen load in the Pearl River is expected to decline 
as environmental improvements continue to be implemented in China. Eventually 
therefore, the removal of nitrogen from Sham Tseng sewage may make a crucial 
contribution to the alleviation of nitrogen pollution in the immediate coastal waters. 
Accordingly, the assumption is made here that nitrogen removal is included in the 
treatment. To obtain compliance with both the unionised ammonia and the Total 
Inorganic N standards, any NO,-N as well as NH.-N should be removed. 

E coli Standard 
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3.17 Compliance with the E coli standard will be obtained by a combination of treatment and 

dispersion. L 

L 
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3.18 The sea off the southern boundary of the prospective reclaimed area is about 18 m deep 
increasing to a maximum of about 40 m in a depression at a distance of about 400 m, 
that is, in mid-channel between Sham Tseng and Ma Wan. Dispersion of the effluent 
could prob~bly be maximised by locating the diffusers (at the end of the outfall pipe) in 
this depression. However, in the direction from Sham Tseng to Ma Wan, the sea bed 
changes from colluvium rock to hard granite. Although comprehensive bore-hole data 
on the bed in the vicinity of the prospective reclaimed area is not yet available, it seems 
likely that the southern tip of the reclaimed area will be over the granite. Thus, the 
options of burying the outfall pipe in a trench or enclosing it in a tunnel are precluded 
on economic grounds. The only viable alternative is to lay the pipe on the sea bed, 
fixing it in position with concrete collars or some similar system. However, this method 
obstructs the sea bed so that the pipe may foul anchors and fishing nets. Thus, 
irrespective of the method used for the installation, the outfall pipe is likely to be 
relatively short, say, less than 250 m. At this distance offshore, sea depth is about 25 m. 

Dispersion in Sea 

3.19 The dispersion and treatment provided by such an outfall arrangement will, of course, 
depend on factors such as diffuser layout and the diurnal pattern of current velocity. 
Until data are available from the mathematical modelling of the dispersion, assumptions 
have been made to provide an estimate of the concentration 'of E coli necessary for 
compliance with the WQO. As previously explained, the standard specified for the 
beaches rather than for the other controlled areas will be controlling. 

3.20 Given the inshore position of the pipe, it is assumed that the dispersion will be confmed 
to a primary mixing zone and that the reduction of E coli concentration due to die-off 
will be small compared with the reduction due to the dispersion. To a good 
approximation, the (arithmetic) average concentration, C" of E coli at the beaches will 
then be given by 

C. = CJD + C. 3.2 

where C, is their average concentration in the works' effluent, C. is their average 
background concentration and D is the average dispersion. 
Dispersion has been calculated on the basis of the information given in the WRe Design 
Guldejor Marine Treatment Schemes, May 1990 which gives the formula 

D = 0.3 U If/Q 3.3 

where U is the current velocity, H is water depth and Q is the flow through each 
diffuser. Current velocities in the coastal waters off Sham Tseng reverse with the ebb 
and flood of the tide, the magnitude varying from zero at slack tide up to maximum-of 
about 0.8 mls at the location of the diffusers. Assume an average velocity of 0.4 m/s. 
Also assume a diffuser configuration comprising four segregated diffusers. It follows 
that, for a water depth of 25 m and an ADWF of 16 000 m3/day, the average dilution 
ratio resulting from the primary dispersion will be about toDD; 1. 
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3.21 

.3.22 

E coli in Works' Effluent 

The background level of E coli has been determined to be roughly 80 Nr /100 mi. It may 
be further assumed that the geometric mean of 180 Nr/IOO mI specified in the WQO 
is equivalent to an arithmetic mean concentration of 360 Nr /100 mi. Substituting these 
concentrations into Equation 32 suggests that the average concentration of E coli in the 
treated effluent from the works needs to be less than 280 kNr/IOO mi. By comparison, 
the average concentration of E coli in the sewage is 13.2 MNr/100 mi. Thus, including 
a safety factor of say 2, the E coli concentration must be reduced by a factor of at least 
100, equivalent to a removal of 99%. 

pH Standard 

The pH standard has to be taken into account only if the treatment involves a pH 
excursion. Since the only common form of treatment which falls into this category is 
associated with adding lime to the sewage, the implications are reviewed later in the 
section on lime treatment. 
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4. 

4.1 

4.2 

4.3 

4.4 

4.5 

4.6 

OVERVIEW OF WORKS' TREATMENT OPTIONS 

The following reviews the various treatment options to provide a shortlist for a more 
detailed investigation. 

Treatment Requirements 

Some of the treatment requirements for the prospective works have been derived in 
Section 3. Other requirements apply generally to virtually all sea outfalls, while others 
stem from the constraints on treatment specified by the HK Drainage Services 
Department (DSD). The major requirements are listed as follows. 

(a) the E coli concentration must be reduced by a factor of at least 50; 

(b) nitrogen should preferably be removed from the sewage; 

(c) 

(d) 

the pH value of sea water at periphery of mixing zone must be between 6.5 to 
8.5; 

the treated effluent must not contain any solids which may settle and accumulate 
on the sea bed, risking the health of the benthos. Similarly, the effluent must not 
contain significant concentrations any toxic metals or organic compounds; 

( e) the effluent must not produce a visible plume in the sea; 

(1) 

(g) 

(h) 

(i) 

the sludge produced at the works must be disposed of to a landfill, in the form 
of a cake containing solids at a concentration of at least 30 w jw%; 

no odours or air emisSions must be perceived inside and outside the works; 

no odours must be perceived during the transport of the cake to the landfill site; 
and 

the treatment technology should be established and have a proven performance 
record. 

The first two of these requirements have been derived from the review of the WQOs 
and requirement (c) is reproduced from the WQOs. . 

Requirements (d) and (e) are generally applicable. 

Requirement (1) is a DSD specification made so that the cake can be conveniently 
handled at the landfill site. An implication is that for most treatment processes, 
especially those producing a biological sludge, a fIlter press will be needed to dewater 
the sludge. 

Requirements (g) and (h) arise because the works will be constructed in an 
environmentally sensitive area. On the same note, the view of the works must be 
aesthetic, which will almost certainly require the works to be enclosed in a building. 
Such a requirement will favour treatment processes with small footprints. Although the 
architecture of the building is not investigated in this part of the study, an allowance is 
made in the costings for a building of suitable constructed. An implication of 
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Requirement (i) is that the raw sludge should preferably be stabilised or disinfected 
before transport from the works. 

4.7 Requirement (j) eliminates the consideration of options which may have uncertain 
performance or costs. 

Appraisal of Treatment Options 

4.8 Table 4.1 lists the major treatment options which largely comply technically with the 
requirements, giving the advantages and disadvantages. Although not shown in the table, 
each option would be preceded by preliminary treatment comprising screening, grit 
removal and, in some cases, grease removal. Similarly, odour control and pumping are 
not included in the table. 

4.9 Of the options, lime-assisted sedimentation can probably satisfy all the requirements with 
the possible exception of (c). This particular option has attracted much attention in 
previous studies and seems to have become a yardstick for comparison against other 
types of treatment. Accordingly, lime treatment is included for further investigation. 

4.10 Full treatment comprising primary sedimentation, biological treatment and disinfection 
can safely satisfy all the requirements. This type of treatment can take several forms 
depending on the processes involved and type of plant provided for each. 

4.11 Primary sedimentation may be provided in the form of conventional tanks, lamella 
separators or Swirljlo tanks and may be implemented with or without the assistance of 
flocculating chemicals such as iron salts and polyelectrolytes. To reduce the number of 
options, lamella separators are specified for this study on the basis that they have the 
smallest footprint. Also, the study assumes that no flocculating chemicals would be used, 
although this might lead to a smaller overall footprin~ for the works. 

4.12 The forms of biological treatment considered here are the activated sludge process and 
submerged aerated fLltration. At this stage of the evaluation, it is not clear which 
options would be technically or fmancially more attractive so that both are investigated 
further. 

4.13 The effluent from biological treatment could be disinfected by adding chemicals such as 
chlorine/hypochlorite, ozone or lime, by fLltering through microsporous membranes or 
by UV radiation. For the size of works at Sham Tseng, UV radiation will almost 
certainly be the most cost-effective environmentally-friendly option and is therefore 
specified in the design. 

ShortUst of Preferred Options 

4.14 Table 4.2 gives the short-list of preferred options. These options are investigated further 
by preparing flowsheets and layouts and then determining the capital and operating 
costs. 
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Table 4.1 : Technical Appraisal of Treatment Options 

Main treatment stages Comments 

First Second Third Advantages Disadvantages 

Chemically-assisted (a) Very small footprint if (a) Non-compliance with (i) and (ii) I 

primary sedimentation lamella sedimentation 
used 

Chemically-assisted Disinfection by (a) Very small footprint (a) Non-compliance with (ii) 
primary sedimentation chlorination (b) Dosing of CI- environmentally 

questionable 

Chemically-assisted . Disinfection by (a) Very small footprint if (a) Non-compliance with (ii) 
primary sedimentation membrane fJltration lamella sedimentation (b) Non-compliance with (ix) 

used 

Lime disinfection Desorption of NH3 (a) Small footprint (a) Non-compliance with (iv) 
(b) Possible non-compliance with (iii) 

and (v) 
(c) Scaling problems , 

Lime-assisted Desorption of NH3 (a) Possible non-compliance with (iii) 
sedimentation (a) Scaling problems 

. (b) Increased sludge production 

Primary sedimentation Biological filtration Disinfection (a) Large footprint 

Primary sedimentation Activated sludge Disinfection (a) Well established 
process 

Activated sludge Disinfection (a) Non-compliance with (vii) 
I 

Sequential batch AS Disinfection (a) Non-compliance with (vii) 
I 

(b) Limited operational experience 

Primary sedimentation Submerged aerated Disinfection (a) Small footprint 
fJlters 

r:J r:-:J 
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Table 4.2: Shortlist of Preferred Treatment Options 

Number Treatment 

1 Lime-assisted sedimentation with desorption of NH, 

Doc.ReI: T399/IRl 
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2 Primary sedimentation (lamella separation) followed by actived sludge and 
then by UV disinfection . 

3 As for 2 but using submerged aerated filters for the biological stage 
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5. 

5.1 

5.2 

5.3 

5.4 

5.5 

5.6 

5.7 

5.8 

PROCESS ENGINEERING OF TREATMENT OPTIONS 

The following describes the main process features of the three preferred options, 
presenting for each option: 

• 
• 
• 

calculation sheet; 
flowsheet; and 
layout plan. 

Calculations and Drawinu 

Calculations 

All the calculation sheets listing the assumptions and the major design criteria are 
presented in Appendix A. Each sheet, essentially a Lotus 1-2-3 Spreadsheet, gives the 
values of the various characteristics of the streams entering and leaving the treatment 
stages. Also, the sheets· are interactive allowing the effect on performance of design 
changes or different assumptions. 

Flowsbeets 

FIowsheets for the treatment options are presented at the back of the report. Drawings 
1.1 to 1.5 are the flowsheet for Option 1 (lime treatment); Drawings 2.1 to 2.5 are the 
flowsheet for Option 2 (activated sludge) and Drawings 3.1 to 3.5 are the flowsheets for 
Option 3 (submerged filters). Drawing 1.0 is the common legend for all the flowsheets. 

The flowsheets have been prepared to defIne treatment logic and for costing purposes. 
They were not·· intended for use in future detailed design. Values of stream 
characteristics and plant sizes are given in the calculation sheets. 

Layouts 

Layouts are also presented at the back of the report. Drawings 01, 02 and 03 are the 
layouts for Options 1 to 3 respectively. 

Common Features between Options 

The three treatment options have features in common; these are described as follows. 

Sewage Flow 

A pumping station lifts the sewage mto the screens installed on an elevated platform. 
The main stream then flows by gravity through the treatment stages to an outfall 
pumping station. 

The loss in hydraulic head over the works depends on the treatment option, the 
approximate values being 1.5 m, 2.5 m and 3 m for Options 1,2 and 3 respectively. Such 
differences are accommodated by varying the elevation of the screens and fInal pumping 
station. The effect of such differences in head loss on the cost of pumping has been 
taken into account. 
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5.9 

5.10 

5.11 

5.12 

5.13 

5.14 

5.15 

5.16 

Any flow greater than 3xADWF bypasses treatment after screening and grit removal, 
flowing directly to the outfall pumping station. 

Screens 

The same type of moving-band screen is specified in each option. To. eliminate 
operational problems, such as ragging of valves and instrumentation, and to minimise 
the risk of visible debris appearing in the treated effluent, the screens have an aperture 
size of about 6 mm. 

The screening plant comprises two machines comprising duty and automatic standby, 
supported by a manually-raked 15 mm bar screen on an overflow. Capacity of each 
screen is 4xADWF. 

The screenings are cleaned and then dewatered in a Jones & Attwood Washpactor or 
similar plant. In. contrast to most screenings handling machinery, this type is capable of 
cleaning and then dewatering screenings into solid product without the prior need to 
comminute the screenings. The Washpactor is also reliable and cost-effective. The 
screenings would be deposited in a skip for transport to a landfill site. 

Sludge Treatment 

The sludge in all options is thickened by gravity and then dewatered in conventional 
chamber presses, producing cakes containing dry solids at a concentration of at least 
30 w (w% suitable for disposal at a landfill site. . . 

After release from the chambers, the cakes from each press travel on a conveyor belt 
fitted with a swivel end to one of two 6 m3 skips. The number of skips either in place 
by the presses or on the road is equal to twice the number of presses. Disposal trucks 
fitted with an on-board loading and off-loading mechanism carry the skips to and from 
the landfill site. 

Storage is also provided between the thickeners and the presses. A capacity of 4 days 
provided in two tanks allows the works to be run with little or no manning for short 
holiday periods. 

Odour Control 

As previously explained, the risk of odour nuisance is virtually eliminated by enclosing 
the works in a building. The strategy for controlling odours is as follows. 

• 

• 

Process units having the potential to produce odour are either covered or 
separated into rooms and the enclosed air space ventilated to an odour control 
plant, from where the cleaned air is discharged to a stack. 

Open space inside the building outside the covered areas is force ventilated but 
the air is not scrubbed. 

5.17 This strategy minimises the cost of the ventilation and scrubbing system as well as the 
residual concentration of the odorous gases in the emission. The stack is placed on the 
roof of the building. 
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5.18 The odour control plant has been designed with two stages to remove H,5 and similar 
compounds. The fIrst stage is a bioscrubber capable of reducing the H,5 conce~tration 
in the ventilated air to a concentration of about 100 to 200 ppb (v Iv); the second stage 
is a fixed granular bed containing, for example, Purajil and capable of reducing the 
concentration to about 10 to 20 ppb. Atmospheric dispersion then reduces the 
concentration below the detectable limit. 

5.19 Table 5.1 lists the air-change rates which have been used for calculating ventilation rates 
and the sizes of the components in the odour control plant. 

Table 5.1 : Air-cllange Rates 

Plant Nr/hour 

Covered sewage and sludge tanks 1 

General space inside building 4 

Inlet pumping station 4 

Cowlings for screens 4 

Lamella room and ftIter press area 6 

Layout 

5.20 For each option, treatment layouts have been compacted to reduce works' footprints and 
hence the size and cost of the building. The building is located adjacent to the southern 
perimeter of the reclaimed area to maximise the size of the buffer area between the 
building and the main inhabited areas. 

5.21 Delivery and disposal vehicles would visit the building via a road running along the 
eastern and southern perimeters of the reclaimed area, disposal vehicles for the sludge, 
grit, and grease gaining entry to the building through plastic strip opening in the 
southern wall of the bUilding. Chemicals including lime would be pumped from delivery 
vehicles outside the building to reception tanks and silos inside the building. Similarly, 
spent chemicals would be pumped from inside the building. 

5.22 Internal roads are provided inside the buildings giving crainage access to all treatment 
units. 

5.23 Car park and administrative areas are located on the northern side of the building, away 
from the delivery and disposal traffic. 

Lime Treatment 

Design Overview 

5.24 Lime treatment can be implemented in several ways. The process specified in this study 
. comprises separate flocculation and pH control tanks followed by upward flow blanket
type sedimentation tanks. Compared with conventional sedimentation without lime, the 
process gives a higher removal of suspended solids and a greatly enhanced removal of 
bacteria and other microorganisms. 

5-3 
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5.25 The coitventional pH value used for the process is 11, the value used in this study. 
[ 

5.26 

5.27 

5.28 

5.29 

5.:W 

5.31 

5.32 

5.33 

Ammonia may be readily air-stripped from sewage at a pH value of 11 either by r 
bubbling air through the sewage or by passing the sewage through a packed column. An 
additional benefit of using bubble stripping in a desorption tank is an increased pathogen 
kill arising from the retention of the sewage at high pH value. [: 

Removal Mechanisms 

Two mechanisms are responsible for the enhanced bacterial removal in lime-assisted 
sedimentation. First, bacteria are trapped and adsorbed onto the lime floc, and, second, 
the increased pH value increases their death rate. Both these mechanisms are very 
effective when the pH value of the sewage is raised to 11. 

A parameter used to quantify the death rate of pathogens is the time, T"" required for 
90% of the individuals to die. At a pH value of 11 and sewage temperature of 20"C, the 
T90 value for E coli is typically 0.5 to 1.0 hours, changing by a factor of 10 to 15 as the 
pH changes by one unit either side of 11. Thus, treatment at a pH value of 11 or above 
is needed to. ensures a high degree of kill within the time provided by primary 
sedimentation. 

A pH of 11 maximises the removal of E coli by causing virtually all the magnesium 
present in the sewage to precipitate as the hydroxide, adding to the precipitated calcium 
carbonate. The floc then becomes very voluminous and has good adsorption properties. 

The solubility of Mg(OH), is very sensitive to pH value. Equal to only 0.085 mg Mg/l 
at a pH value of 11, the solubility increases by a factor of 100 for every unit decrease in 
pH until the value reaches 9. Operating at reduced pH values can therefore leave 
significant concentrations of Mg+ + in solution. 

Sludge Production 

A major problem associated with lime treatment is the increased sludge production from 
the precipitation of the calcium and magnesium compounds. The application of lime 
treatment at Sham Tseng (and many other sites in HK) will give a particularly high 
sludge production because sea water is used for toilet flushing. About 25% of Sham 
Tseng sewage is sea water. 

Typically, sea water contains Ca + + and Mg+ + at concentrations of about 400 mg/l and 
1270 mg/l respectively. Making an allowance for their presence in the tap water as well 
as in the sea water, the Ca + + and Mg+ + concentrations in Sham Tseng sewage have been 
calculated to be 110 mg/l and 325 mg/l respectively. Sewage also contains bicarbonate, 
typically at a concentration of 150 mg/l. 

Adding lime to the sewage causes calcium carbonate to precipitate when the pH reaches 
about 8.3, according to the reaction: 

Ca(HCO,), + Ca(OH), = 2CaCO, + 2H,Q. 5.1 
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5.34 Because the Ca ++ initially present in the sewage at Sham Tseng will exceed the 
stoichiometric amount, some will remain in solution. As more lime is added and the pH 
value reaches about 9.2, magnesium hydroxide will start to precipitate according to the 
reaction: . 

Mg++ + Ca(OH)2 = Mg(OH)2 + Ca++. 5.2 

5.35 It follows from Equation 5.1 that 1 kg of HCO; produces 1.64 kg of Caco, precipitate 
and consumes 0.61 kg of Ca(OH)2' Similarly, it follows from Equation 52 that 1 kg of 
Mg++ produces 2.40 kg of Mg(OH)2 precipitate and consumes 3.05 kg of Ca(OH)2' 
Thus, after the lime addition is complete and the pH raise to 11, the concentration of 
precipitate in the sewage will be 1030 mg/I comprising 23% calcium carbonate and 77% 
magnesium hydroxide. 

5.36 Most (but not all) of this precipate will settle in the primary sedimentation tanks 
together with organic solids removed from the sewage. About 80% of the sewage solids 
will be removed, equivalent to a concentration in the sewage of about 100 mg/1. It 
follows that the mass of precipitated solids in the sludge will be greater by about a factor 
of 10 than the mass of sewage solids, increasing the volume of the sludge by a similar 
ratio. 

Scaling 

5.37 Surfaces in contact with the limed sewage and sludge will be susceptible to scaling from 
calcium carbonate and, to a lesser extent, magnesium carbonate. Scaling may occur for 
two reasons. First, primary sedimentation will not remove all the precipitated CaCO, 
and Mg(OH)2 so that some will be carried downstream in the main flow. Second, the 
sewage will absorb carbon dioxide from the atmosphere causing further CaCO, to form. 
Exposed weirs where CO2 can be readily absorbed are particularly vulnerable. Scaling 
of the outfall pipe may also be a problem, especially at the diffusers where the reaction 
with HCO; in the sea water will cause carbonates to form. 

5.38 Methods of alleviating the potential scaling problem are available. as follows: 

• 

• 

• 

• 

Sludge containing precipitate may be recycled to the flocculation tanks to 
promote the growth of comparatively large crystals which are less likely to adhere 
to surfaces; 

Polyphosphate may be dosed into the sewage at a concentration of about 
0.5 mg/I to stabilise the suspended precipitate; 

Tanks and distribution boxes may be designed with submerged rather than 
exposed weirs; and 

The sewage may be neutralised using sulphuric acid or carbon dioxide before it 
enters the outfall pipe. 

5.39 The frrst three of these methods can be implemented for a marginal cost, and sludge 
recirculation is included in the design. By comparison, -neutralisation has major capital 
and operating cost implications and has not been included. 
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Odour Control r 
5.40 Two types of odorous gases will be emitted from the treatment units; H,s and similar r 

gases will be emitted from the preliminary units, and ammoniacal gases from all the "" 

5.41 

5.42 

5.43 

5.44 

5.45 

other treatment units. Each type of gas will require a separate removal system. 

The H,s would be removed from the ventilated air using the system described 
previously. The ammoniacal gases would be removed using an acid scrubber. Spent acid 
will contain high concentrations of nitrogen and be suitable for use as a fertiliser. 

A second acid scrubber will be needed to remove ammonia from the stripping air, 
allowing the clean air from the scrubber to be recycled to the desorption tank. Recycling 
of air in this way reduces the amount of CO2 passing through the desorption tank and 
hence the production rate of calcium carbonate in the sewage. 

pH Value in mixing zone 

Discharging the treated effluent at a pH value of 11 will almost certainly cause the pH 
value of the sea water outside the primary mixing zone to rise above a value of 8.5 at 
certain times of the tide and year. Highest values· will be obtained at slack tide in 
summer. The extent of the area affected by the high pH values will need to be 
investigated using a mathematical dispersion model. 

Visibility of Plume 

The formation of calcium carbonate in the sea around the diffusers could, in principle, 
give rise to a visible plume with a white colouration. This is investigated as follows. 

The concentration of lime (including some calcium carbonate and magnesium hydroxide) 
in the treated effluent will be around 150 - 200 mg (G:aC03)/1. At concentrations less 
than say 10 mg/!, the calcium carbonate should not be visible. Thus, a dilution of 20 will 
be s\!fficient to prevent visual detection and, at much higher dilutions, the calcium 
carbonate will redissolve. Since dilutions of at least 20 should always be obtained, even 
at slack tide, the plume should never be visible. 

Optimisation 

5.46 Operating costs for lime treatment are comparatively high owing to the high 
consumption rate of lime and the high treatment and disposal costs of the sludge. Such 
costs may, in principle, be reduced by lowering the operational pH value. Other 
advantages include compliance with the WQO for pH and possibly reduced scaling. 
However, if the pH is reduced to a value less than 10 to 10.5, ammonia stripping will not 
then be possible. 

5.47 To make a significant saving in operating costs, the pH value must be lowered to about 
9.5 when much of the Mg> > will remain in solution. The removal of E coli by 
flocculation would probably remain reasonably high but the kill would be negligible. 
Overall removal, however, may still be sufficient to obtain compliance with the WQO for 
E coli. 
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5.48 Provided ammonia stripping is not an essential requirement, operation at a pH value of 
about 9.5 should be investigated further. However, we have not been able to predict 
process performance under these conditions for a sewage containing 25% sea water since 
virtually no relevant data are available in the literature. Such data may have to be 
generated from pilot plant work or by making measurements at existing HK works using 
the same type of treatment. 

Design of Treatment Units 

5.49 The following describes the main process features of the treatment units. 

Grit Treatment 

5.50 Grit removal plant comprises two circular spiral~flow traps, each capable of handling 
2xADWF. The grit is transferred from these tanks to duty and standby classifiers for 
cleaning. From the classifiers, the cleaned grit falls into skips for disposal. 

Flocculation and pH Control 

5.51 Lime slurry is dosed into the fITst of two flocculation tanks in series. The first tank 
contains a mixer for dispersing the slurry, and the second, a stirrer for promoting 
flocculation. 

Primary sedimentation 

5.52 Primary sedimentation comprises four upward-flow blanket type separators designed to 
give an upward velocity· of 2 m/h at maximum hydraulic flow rate, with one tank out of 
service. Such a design gives 4 tanks, 10.5 m diameter. 

5.53 Based on the best information available, the overall removals of the sewage suspended 
solids and E coli entering the treatment stage are estimated to be 80%, and 99.7% 
respectively. E coli removal safely accords with the required minimum removal of 99%. 

5.54 Total production rate of sludge solids is calculated to be 183 tSS/day of which 89% 
stems from inorganic precipitate and 11 % from the sewage solids. 

Stripping Tank 

5.55 The stripping or desorption tank provides a retention time of 1 hour at ADWF. Owing 
to the potential scaling problem, a coarse-bubble is specified. As previously explained, 
the stripping air is recirculated through the desorption tank and acid scrubber to 
minimise the amount of CO2 passing through the tank. The concentration of inorganic 
nitrogen in the effluent is estimated to be 1.2 mg/I, all in the form of NH.-N. 

5.56 The extra disinfection in the desorption tank reduces the E coli concentration in the 
effluent to 4 kN /100 rnl, giving a total reduction ratio of over 3 000. 

Sludge Thickening 

5.57 The continuous sludge thickeners are designed at a specific surface area of 20 
m2.day/tSS, giving four tanks, 11 m diameter. Concentration of the thickened sludge is 
assumed to be 5w/w%. 
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------Fil-·t-e-r-Pr-~--m-g------------------------------------------------ [ 

Filter pr~ produce a cake with a solids concentration of 35 w /w%. For a plate size r
of 1.5 m by 1.5 m and a chamber thickn~ of 32 mm, three presses each contammg 88 

5.58 

5.59 

5.60 

5.61 

5.62 

5.63 

5.64 

5.65 

5.66 

5.67 

plates are required. A polyelectrolyte conditions the sludge. 

The cakes are deposited mto 6 m3 skips for disposal. 

. Lime Storage 

Lime consumption is estimated to be 20.8 t Ca(OH),jday. The largest silo which can 
be readily accommodated m buildmg has a capacity of 33 t of slaked lime. The provision 
of 5 days storage to cover for mterruptions m supply and holidays will require three 
silos. 

Activated Slud~e 

Design Overview 

The activated sludge works would use mostly conventional pr~ to produce a 
dismfected denitrified effluent. 

The only aspect of the treatment not commonly found m practice is the combmation of 
lamella separation for primary treatment with activated sludge. However, such a 
combmation is technically sound and has been used previously m France and probably 
elsewhere. 

Like Option 1, lime is used but only for dismfectmg and stabilismg the sludge. Lime 
consumption is consequently reduced by more than an order of magnitude. 

Design of Treatment Units 

Grease and grit removal 

Generally, the use of lamella separators m primary treatment requires the prior removal 
of grease as well as grit. Two conventional aerated channels, 3 m wide by 21 m long are 
specified for the duty. . 

Grit removed from the sewage is cleaned in a classifier and then deposited m a skip for 
disposal. The separated grease is pumped to another skip. 

Lamella Separation 

Several proprietary lamella separators are commercially available from mtemational 
companies such as OTV and Degremont in France and Biwater, Pwf, John Brown 
Engmeermg and Water Engmeering m the UK. Components such as lamella, weirs and 
sludge scrapers can also be purchased separately from several suppliers. 

A conventional process design has been used, that is an upward velocity of 1.2 m/h at 
maximum flow on the vertically-projected area of the plates. Four tanks, 4 m by 16 m 
are required. 
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5.68 The aeration tank has a capacity of 3240 m' and depth of6 m. It is configured into four 
lanes, each separated into three zones, headed by a common anoxic zone. Four 
clarifiers, 22.4 m diameter, are required. 

5.69 Nitrate recycled with the clarifier underflow is removed in the anoxic zone. Further 
nitrate is removed by recycling mixed liquor from the end of the aeration lanes to the 
anoxic zone at a rate of up to 2xADWF. When recycling at the full rate, the Total 
Inorganic N concentration of the treated effluent is predicted to be 6.0 my I of which 
1.5 mg/I is NH.-N. If necessary, implementation of the internal recycling could be 
deferred until the removal of NO,-N becomes beneficial to water quality. 

5.70 Average power consumed for aeration is 52 kW. 

Disinfection 

5.71 The UV has a power rating of 40 Wh/m' which is sufficient to reduce the average E coli 
concentration in secondary effluent by a ratio of about 500, giving an average 
concentration in the works' effluent of about 1 kN /100 mi. The overall reduction in E 
coli over the works is therefore equal to a factor of more than 13 000. 

5.72 The UV plant has four separate lamp units comprising three duty and one standby. 
Average power consumption is 40 kW. 

Lime Stabi1isation 

5.73 A lime dose of 10 w/w% (CaO/SS) is sufficient to raise the pH of the sludge to a value 
of about 11 for a few days, minimising the risk of odour nuisance inside and outside the 
works and of operatives and others contracting an infection. Any ammonia liberated 
from the sludge in the various process units is vented to the bioscrubber where most 
would be removed. 

5.74 Lime consumption is 0.34 t Ca(OH)Jday, requiring only one small silo for storage. The 
lime is dosed into the thickener feed pipe. 

Sludge Thickening 

5.75 Two continuous consolidation tanks, 7.3 m diameter, thicken the mixed sludge to a solids 
concentration of 6 w /w%. 

Filter Pressing 

5.76 Only one filter press comprising 72 plates, 1.3 m by 1.3 m, with a chamber thickness of 
32 mm is required. Three pressings would be performed daily, and the cake transported 
from site in 6 m' skips. 
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5.77 

5.78 

5.79 

5.80 

5.81 

5.82 

5.83 

Submemd Aerated Filtration 

Design Overview 

Submerged aerated fIltration is the newest form of treatment .under consideration. 
Developed in France in the 1970's the process has become widely established in many 
countries. Interest in the process has developed largely because its footprint is 
Comparatively small. Some systems need clarification tanks to produce a high quality 
effluent; these have not been seriously considered for this application owing to the 
increased size of the footprint. 

Many fIlter systems are commercially available, each with unique features. The theme 
common to all the systems is that the process stream flows through a submerged bed 
containing a medium with a high surface area. Air bubbles created at the foot of the 
bed pass upwards through the bed, providing oxygen for the biochemical reaction 
occurring in the biofllm attached to medium surface. Collection of solids in the bed and 
the growth of the biofllm increases the hydraulic resistance over the bed. When the 
hydraulic resistance increased beyond a certain threshold, the bed is backwashed and 
intensely aerated to remove the accumulated matter and restore the permeability. 

. Differences between proprietary systems include: 

• the direction of flow through the bed, whether up or down; and 

• the nature of the medium, whether particulate or modular. 

Only one system has been evaluated in this study, namely the Biopur Process which is 
supplied by John Brown Engineering. The choice of this process is not intended to 
indicate that this particular process is superior. 

A unique feature of Biopur is that the modular medium can be stacked to a depth of 
6.5 m, whereas other types are limited to a depth of about half this value. An 
implication of this increased bed depth is that, for certain applications, the footprint size 
of Biopur is comparatively small, even for submerged fIlters. The effect of this small 
footprint on the overall size of the works and costs is investigated in this study. 

Very little information is available on the removal of E coli in submerged fIlters. 
Filtration inside the bed will contribute to the removal of E coli, but the short retention 
time will reduce the loss through death. In the absence of reliable information, a 
reduction of 90% is assumed. For comparison, the reduction assumed for the nitrifying 
activated sludge plant in Option 2 is 95%. 

Design of Treatment Units 

Apart from secondary treatment, the design and sizes of the treatment units are very 
similar to those specified for the activated .sludge option. 

Submerged Filters 

5.84 The submerged fIlters comprise two stages in series, an anoxic stage comprising 4 ftlters 
followed by an aerobic stage comprising 5 ftlters. All the ftlters are the same size, that 
is 3 m wide by 7.8 m long by 6.5 m deep. 
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5.85 The aerobic filters oxidise 90% of the NH.-N producing an effluent containing NH.-N 
at a concentration of 1.8 mg/l. Effluent from the aerobic filter is recycled at a rate of 
2.5xADWF to the inlet of the anoxic fLIters which remove 70% of the NO,-N, giving a 
NO,-N concentration in the effluent of 5 mg/l. 

5.86 Both the aerobic and anoxic stages are aerated. The amount of oxygen in the air 
supplied fo the anoxic stage is, of course, less than the biochemical oxygen demand, 
otherwise the NO; is not reduced. This oxygen is required to remove some of the solid 
matter which collects in the bed thereby increasing the time between backwashings. 

5.87 Average aeration power is 67 kW which, because of the lower aeration efficiency, IS 

29% higher than the power in Option 2. 

UV Disinfection 

5.88 The UV unit is identical to that specified in Option 2. Average concentration of E coli 
in the works' effluent is 2 kN/100 mI, equivalent to an overall reduction of 6500. 

Sludge Treatment 

5.89 . Sludge treatment is virtually identical to that specified for Option 2. 

Size of Works 

5.90 Sizes of the footprints for three options have determined from the layout plans given in 
Drawings Nos 01,02 and 03. Table 5.2 summarises the fmdings; the metalled area refer 
to the roads, car parks and hardstandings. 

Table 5.2: Sizes of Works Footprints for the Three Treatment Options 

Option Size of areas (hectares) 

Reclaimed Building Metalled BulTer 

Lime treatment 4.46 0.48 0.52 3.46 

Activated sludge 4.46 0.58 0.52 3.36 

Submerged filters 4.46 0.32 0.47 3.67 

5.91 The findings show that the footprints of all the treatment buildings are small compared 
with the size of the reclaimed area. It follows that the size of the building is unlikely to 
be an environmental issue in any of the options, although the size affects the cost and 
possibly the economic ranking of the option. Option 3 has the smallest footprint and 
Option 2 the largest. 
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6. 

6.1 

6.2 

6.3 

6.4 

6.5 

ECONOMIC EVALUATION OF OPTIONS 

The following explains how the capital and operating costs of the three options have 
been derived and makes a comparison between the costs to determine the most cost
effective option. 

Derivation of Capital Costs 

Civil and mechanical engineering costs have been derived from information obtained 
from the following sources: 

• Spon's Price Books for Architects and Builders, Mechanical and Electrical 
Services and for Civil Engineering and Highway Works, 1994 

• WRc Reports TR61 and UC1491 

• quotations provided by plant suppliers 

• cost data from similar schemes. 

No account has been taken of any special geotechnical problems that could significantly 
affect the cost of constructing the treatment units or the building. 

Derivation of Operatin& Costs 

Operating costs have been derived for staffmg, maintenance, electricity and water, 
chemicals, cake transport and landfill charges. Table 6.1 lists the unit cost data. 

Table 6.1: Unit Costs for Consumables and Other Items 

Item Unit cost 

Electricity HKS 0.6/kWh 

Water HKS 6/m3 

Lime (90% Ca(OH)2) HKS 600/t 

Solid grade polyelectrolyte HKS 36/kg 

96% Sulphuric acid HKS 600/t 

Transport of cake HKS 50ft 

Landfill charge HKS 200/t 

Supervisor salary inc. on-costs HK$ 480 OOO/year 

Operator and technical salary inc. on-costs HKS 270000/year 

Staffing, assumed to be the same for each option, comprises 3 operatives, a technical 
officer and a supervisor. 
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6.6 

6.7 

6.8 

6.9 

6.10 

6.11 

6.12 

Cost of maintenance covering labour and replacement plant is assumed to be a 
percentage of the cost of the mechanical plant as follows: 

Lime treatment 4% 

Activated sludge 4% 

Submerged fIltration 6%. 
The higher percentage for submerged fIltration reflects the increased cost of maintaining 
the high number of values, pumps and blowers. 

Electricity and chemical consumption for the various treatment units are given in the 
calculation sheets. Minor electricity consumption arising from small motors less than 
1 kW has not been included in the calculation. 

Cake transport and disposal costs have been assumed to be directly proportional to the 
cake production rate. 

Comparison or Costs 

Appendix B gives the detailed results of the costings. Tables Bl.l to B1.3list the results 
for Option 1, giving breakdowns of capital costs, operating costs and electricity 
consumption respectively. Similarly, Tables B2.1 to B2.3 and Tables B3.1 to B3.3list the 
results for Options 2 and 3. 

Net Present Costs for each option have been calculated asSuming an accounting period 
of 40 years, discount rates of 5%, 7.5% and 10% and lifetimes for the civil and M&E 
plant of 40 years and 20 years respectively. Table 6.2 summarises all the results, giving 
breakdowns for the capital and operating costs and the results of the NPC calculations. 

Capital Cost 

The results show that the Option 1 has the lowest capital cost and Option 2 the highest, 
although the difference between these costs is 14%. Option 3 has the highest Civil and 
M&E costs but these are compensated by the low cost of the building associated with 
this option. 

Operating Cost 

6.13 Operating costs of Option 1 are more than twice those of the other two options, largely 
owing to the costs of the lime and the landfill charges which respectively account for 
44% and 24% of the total operating costs for this particular option. The cost of cake 
transport is also substantial in this option, amounting to 6%. 

6.14 Option 2 has lower operating costs than Option 3 owing to the lower maintenance and 
aeration costs. 

Net Present Cost 

6.15 The NPC calculations indicate that the overall costs of Options 2 and 3 are very similar, 
and, given the accuracy of the derived costs, the difference between these costs is 
probably not significant. However, the overall cost of Option 1 is some 50 % higher at 
a discount rate of 5% decreasing to 33% higher at a discount rate of 10%. The 
comparatively low capital cost of Option 1 is offset by the high operating cost. 
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6.16 As previously explained, tlie design and costing of the treatment units for Option 1 have 
been undertaken assuming an operational pH value of II, the value conventionally used. 
Operation at a reduced value of around 9.5 will substantially reduce the amount of 
magnesium hydroxide precipitated thereby reducing the capital costs of the sludge 
treatment plant and the building and the operating costs for chemicals and cake disposal. 
By careful control of pH, it may be possible to reduce the production of sludge solids by 
a factor of two while remaining compliant with the E coli concentration in the sea water. 
However, stripping of NH.-N will not then be viable. 

6.17 In Option I, the operating costs associated with chemicals and cake disposal amount to 
an annual sum of HKS 9.0M. If half of this can be saved, total operating costs will 
reduce to HKS 7.7M/year Similarly, approximate capital saving may be made as follows: 

Item Saving (MHK$) 

Building 6 

M&E 4 

Civil 

Lime handling 

3 

1 

Contingencies 5 

Total 19. 
6.18 This saving reduces the capital cost to HKS 80M. The NPCs calculated for the reduced 

capital and operating costs, at the discount rates of 5%, 75% and 10%, are then 
HKS 214M, HKS 173M and HKS 148M respectively. 

6.19 If removal of nitrogen is not required, then saving can also be made in Options 2 and 
3. However, the savings will be small, say 10% overall. On this basis, the NPCs for 
Options 2 and 3 without nitrification will be in the range HKS 135M to HKS 180M 
depending on the discount rate. 

6.20 Option 1 performed at a reduced pH value would therefore have a slightly higher NPC 
compared with Options 2 and 3. Also, Option 1 offers no advantages over Options 2 
or 3 in terms of effluent quality or operational reliability. 
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Table 6.2: Summary or Costs for Treatment Options 

Cost centre Option 1 
Lime 

treatment 

Capital Civil & roads, etc. 21.4 
(million HK$) Building 23.0 

M&E 27.6 

Contingency & design 26.7 

Total 98.7 

Operating Staff 1.56 
(million HKS Iyr) Maintenance 1.08 

Electricity 0.39 

Water 0.11 

Chemicals 5.41 

Cake transport 0.73 

Landfill charge 2.92 

Total 12.3 

NPC 5% 308 
(million HK$) 7.5% 246 

.10% 207 
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Option 2 
Activated 

sludge 

25.3 

27.6 

29.5 

30.6 

113 

1.56 

1.72 

0.89 

0.02 

0.21 

0.14 

0.56 

4.71 

201 

172 

154 

Option 3 
Submerged 
mtratlon 

32.9 

15.4 

32.1 

29.6 

110 

1.56 

2.06 

0.94 

0.02 

0.21 

0.14 

0.55 

5.48 

211 

178 

159 
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7. 

7.1 

CONCLUSIONS 

Conclusions are listed as follows. 

• The ADWF of the sewage in the Sham Tseng area is expected to increase to 
about 16 000 m' I day within the time horizon of the prospective sewage 
treatment works. Similarly, the dry-weather BOD and SS loads are expected to 
increase to about 2.0 tl day. 

• Hydrogen sulphide and similar odorous gases could be produced in the sewerage 
pumping mains. Of the several preventive or remedial measures available for 
dealing with this problem, dosing a proprietary solution of iron salts at both ends 
of the sewage system is probably the most attractive. 

• The granite sea bed off the coast at Sham Tseng will probably make the 
construction of a long-sea outfall prohibitively expensive. A short outfall about 
100 m long discharging into 20 m of water is likely to be preferred. 

• A review of the Water Quality Standards has indicated that the main parameters 
controlling the type and degree of treatment at the prospective works will be the 
removal of E coli and the pH value of the effluent. Also, the removal of 
inorganic nitrogen from the sewage will be beneficial especially in the long term 
when the background level of nitrogen in the coastal water has been reduced by 
new treatment works elsewhere. The major source of the nitrogen pollution is 
almost certainly the Pearl River. 

• The favoured forms of treatment for the prospective works are lime treatment 
(Option 1), activated sludge (Option 2) and submerged aerated filtration (Option 
3). To reduce the size of the footprint for the activated sludge works, lamella 
separators would be specified for primary treatment. Lamella separators would 
also precede the submerged filters' in Option 3. 

• The treatment option of using activated sludge without primary sedimentation 
is generally attractive for small footprint works. However, it has been discounted 
as an option since such treatment cannot readily comply with the requirement 
to produce a cake containing solids at a concentration of at least 30 w /w%. 

• All three treatment options can safely reduce the E coli content of the sewage 
by the necessary amount and remove inorganic nitrogen. In the case of lime 
treatment, ammoniacal nitrogen would be removed by stripping at high pH value 
rather than. biochemically as in the other options. 

• The conventional operational pH value of 11 has been specified for the lime 
treatment. The discharge of effluent at this pH value into the coastal water will 
almost certainly cause, at certain times of the tide and year, the pH value of the 
sea water to increase above the WQO limit of 8.5 within and possibly outside the 
primary mixing zone. 

• Production rate of sludge solids from lime treatment performed at a pH value 
of 11 would be extremely high owing to the presence of sea water in the sewage 
at Sham Tseng. Assuming the typical volumetric concentration of the sea water 
in the sewage of 25%, the production rate of the calcium and magnesium salts 
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precipitated by the lime would be some 10 times higher than the production rate 
of the organic solids removed from the sewage. 

Owing to the environmentally-sensitive nature of the area, the treatment works 
would be enclosed in a building. Assuming a compacted layout for the treatment 
units, the footprints of the buildings would be 0.48, 0.58 and 0.32 hectares for 
Options I to 3 respectively. These sizes are only about 10 % of the prospective 
reclaimed area. 

The capital and operating costs of the three options are as follows. 

Cost Option 1 Option 2 Option 3 

Capital (MHKS) 99 113 110 

Operating (MHKS/year) 12.3 4.71 5.48 

The high operating cost of Option I largely stems from the consumption of lime, 
the transport of cake and landfill charges. 

Net Present Costs for Options 2 and 3 are virtually equal whereas the NPC of 
Option I is 33 to 44% higher depending on the discount rate. 

It may be possible to reduce the operational pH value of lime treatment from 11 
to 9.5 and retain compliance with the E coli standard, but removal of ammoniacal 
nitrogen from the sewage would not then be viable. Such operation would give 
substantial reductions in capital and operating costs, but approximate calculations 
shows that the NPC of the treatment would still be higher than that for 
Options 2 and 3 providing equivalent treatment. Also, the treatment would have 
no performance or operational advantages over the other treatment options. 
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8. RECOMMENDA nONS 

8.1 If nitrogen removal is necessary as part of the treatment to be provided at the Sham 
Tseng Works, either in the immediate future or in the long term. the treatment should 
be based on either 

8.2 

8.3 

• activated sludge or 

• submerged aerated filtration. 

If nitrogen removal is not necessary. then lime treatment at a pH value of about 9.5 
could be considered on the basis that such treatment has been used previously and is 
familiar to the DSD. However. further evaluation work should be performed to establish 
that such treatment is capable of obtaining compliance with the E coli standard. 

It will not be possible to differentiate between the Options 2 and 3 in terms of cost 
unless a detailed engineering study is undertaken. Either such a study should be 
undertaken or the works should be provided on the theme of a design. build, operate 
and transfer type of contract. 
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SHAM TSENG SEWERAGE AND SEWAGE TREATMENT D Table AI: Desio ... CalculatlollS ro; Q;tIon I - Lhne Treatment 
CHAIlACTEJUmCIPARAMETER UNm DFSIGN CALCULATIONS EFFLUENT CHARACTERlmCS - I - Ilori,"" 

.. _, 
EftM~'""(: Prima" s..:. ... " T ...... 

WORKS INnVENT Malo ! S ...... ~ S ...... - , 

Peak nowrw mJ/day 48000 I 
ADWF mJ/day 16000 rli Minimum flow rate m3/day 2400 I 

I 
ADW BOD load """ 2.054 

-II ADW sewage SS load """ 1.952 
I ADW NH4-N load """ 0.279 , 
I ADW E coli load GNr/day 2110 

I 
[I , Free bicari:lonale load I HC03fday 0.000 

" i Attached bicarborwe load I HeOJ/day 2.400 -~ il 

I 
Dissolved Mg load I Mglday 5.200 I I [il Precipiwed load """ 0.000 I ! ToLa! SS load """ 0.000 i I ADWBOD mg/I 128 i i ~il 

I I 
i I 

ADW sewage 5S mg/I 122 I 

I 

, 
II ! ADW NH4-N concenlllUion mg/I 17.4 I ADW E coli concentration kNrllOO ml 13188 [ii ! -- ! 

Free bicarbonate concentration mg HCOM 0.0 

I 
I Attached bicarbonau: concentration mg HC0311 ISO I ,I Dissolved Mg concentration mg MgII J2S 
, .' 

pH,value 7.0 I 
Qi SS w/w% 

,I 
-" MIXING Moln Topwa&er FIltrate Moln 
I Stream Chancterinics S ....... 5' ..... 

Peak flow rate mJI"', 48000 48988 [JI ADWF mJlday 16000 699 289 16988 
Minimum flow rate m3/day 2400 3388 I 
ADW BOD load """ 2.054 0.056 0.012 2.121 

[I ADW sewage 55 load """ 1.952 0.062 0.013 2.027 
ADW NH4-N load """ 0.279 0.014 0.006 0.299 ~ I ADW E coli load GNrlday 2110 0 0 2110 
Free bicarbonate load I HC031day 0.000 0.000 0.000 0.000 

I 
I 

, 
Atta:hed bicwbonate load t HC031day 2.400 0.000 0.000 2.400 [i Dissolved Mg load tMgfday S.200 0.000 0.000 5.200 
Precipu.1ed load """ 0.000 0.497 0.103 0.600 
ToW SS tOld """ 0.000 0.SS9 0.1 IS 0.675 
ADWBOD mg/I 128 80 40 I I2l ! ADW sewage SS mgII 122 800 400 I 119 

[ ADW NH4-N concenttat..ion mg/I 17.4 20.0 20.0 17.6 
ADW E coli concentration kNrllOO mI 13188 0 2l 124209 
Free bicarbonate concenttarion mgHC03J1 0.0 0.0 0.0 0.0 

\ 

Attached bicarbonate C~[falion mgHC03J1 ISO 0 0 141 
Dissolved Mg concenuation mgMgII 32S 0 0 

I 
306 [ pH value 7.0 11.0 11.0 7.0 

I SS w/w% 

[ 

[ 

[i 

[ 

[ 

[ 

[ 

[ 
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5 ...... ChanId<riotIoo 
Peak flow rate 

AOWF 
Mirumum now !'aU: 

ADW BOD load 
ADW sewage S5 load 
ADW NH4·N load 
ADW E coli load 

. Free bicarbona&e load 
Aua::hed bicarbonate load 
Dissolved Mg load 
Preclpl.3.ttd load 
Tola! 55 load 
ADW BOD 
ADW sewage 55 
ADW NH4-N concenlrlUion 
ADW E coli concentration 
Free bicarbonate concentration 
Attached bicarbonate concentration 
Dissolved Mg concentration 
pH value 

SS 

DnI .. -Daily averaac SCteenings content of sewage 
Mu.in..m hourly average screenings conlerl( 
A venae production Ble of screenings 
Maximum production ratc of screenings 
Density of screenings 
Capacity of each skip 
Number of skips requim:i per week 

Grit RtIDOyal (Cenb"iruPI type with air pump) 
Maximum lOading (Aow/dia3) 
Number oif duty units 
Number of standby units 
Capacity 
Diameter 
Installed duty air power 

Grit C .. lften 
Daily average maximum grit content of sewage 
How1y average maxilTKlm grit content 
Number of duty machines 
Number of standby machines 
Average production flUe of grit 
Muimam production rate of grit 
Capacity of skips 
Density of grit 
Volume of grit produced 
Number of skips required 
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Malo Main 
5 ....... Stream 
48988 48988 
16988 16988 

3388 3388 
2.121 2.121 
2.027 2.027 
0.299 0.299 

2110 2110 
0.000 0.000 

2.400 2.400 
S.2OO 5.200 
0.600 0.600 

0.675 0.675 
125 125 
!l9 119 

17.6 18 

124209 124209 
0 0 

141 141 

306 306 

7.0 7.0 
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s~ CIoandtriotIcs 
Puknow rate 
AOWF 
Minimum flow rate 

ADW BOD load 
ADW sewage SS load 
ADW NH4·N load 

ADW E coli load 
Free tncarbo~ load 
AttaChed bic8fbonMe load 
Dissolved Mg load 
Precipitate load 
Total 55 load 
AOWBOD 
ADW sewage 55 
AOW NH4-N concentration 
ADW E coli concenttation 
Free bicarbona&e concentration 
Auached bicaJborwe conccntra.tion 
Dissolved Mg concentration 
pH value 
SS 

Retention time in flocculation Wlks at max flow 
Volume of retention tanks 
Number of tanb 
Volume per tank 

Depch of ""'" 
Diameler of tanks 
pH value of effluent 

Avenge removal of BOD 

A venae removal of SS 
Avenge removal of NH4-N 
Averqe removal olE Coli 
Mass of CaC03IMass of free HCOJ 
Mass of cacOJlMass of attached HCOJ 
Mass of Mg(OH)2IMass of Me 
Mass of CaCJll',.fass of free HCOJ 
Mass of caoJMass of IIltached HCOJ 
Mass of CaOIMass of Mg 
Concentr.llion of lime to obtain pH = 11 
Lime required for pH rise 
Lime requireed for free HC03 precipitation 
Lime required for attached HC03 precipitation 
Lime required for Mg precipitation 
Toullime required 
Average lime consumption 
Concentration of lime suspension 
Average dosing rare of suspension 
Maximum dosing rate of suspension 
Minimum dosing rate of suspension 
caCOJ precipiwed from free HCO) 
CaC03 precipiwed from au.cbed HC03 
Mg(OH)2 prccipated 
Total precipiWC concencratiou 
Average precipitall.: production (ale 

Average destruction of E coli 
Average removal of NH4-N 
Recycle I'3Ie of sludge 
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10 
340 

2 
170 

4 

7.36 
II 
0 
0 
10 
0 

1.64 
1.64 
2.4 

0.92 
0.46 
2.3 
65 

65.0 
0.00 
65.0 
704 
834 
14.2 

60 
9.84 

28.37 
1.96 
0.00 
232 
735 
966 
16.4 

0 
20 
20 

A 1.3 

MoJo MaIn 
Stnsm Stud .. SInam 
48988" 68\ 49912 
16988 236 243.66 11467 
3388 47 3678 
2.121 0.017 0.243 2.381 
2.021 0.006 0.405 2.437 
0.299 0 OJX)) 0.241 
2110 0 0 2110 
0.000 0 0 0 
2.400 0 0 0 
5.200 0 0 0 
0.600 0.002 3.250 16.416 
0.675 0,008 3.655 18.853 

125 72 1J6 
119 25 140 
17.6 0 11.881 13.8 

124209 0 0 12080 
0 0 0 0.0 

141 0 0 0 
306 0 0 0 
7.0 12.0 11.0 11.0 

1.5 

[, 
I 
I q 

0 
[I 

l 
[ 

[ 

L 
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[ SHAM TSENG SEWERAGE AND SEWAGE TREATMENT 
Table AI: Desim Calculations r.; Q;tloa 1 - Lime Tnatmeal 

CHAJlACTEItISTIC/PARAMETER IJNI1S DrslGN CAl.CtJLATlONS EFJ1,VENT CRAIlACTERImCS .- ""hod ....... . ........ 
I'rtaIan l' ......... 

PRIMARY SEDIMENTATION Mala I Mala SIud .. 
S_~ S ...... S ...... 

Peak flow raae m3/day 49912 

I 
48694 

ADWF m.3/day 17467 16249 1218 

Minimum flow rate m3/day' I 3678 2460 

ADWBOD load "day 
, 

2.381 I 1.t67 1.214 

ADW sewage 55 load "day 2.437 0.414 2.023 

o 
ADW NH~N load "day 0.241 0.193 0.014 

ADW E coli load GNr/day 2110 6 0 

Free bicarbonate load t HCOJ/day 0.000 0.000 0 

Attached bicarbonate load tHeOJ/day 0.000 0.000 0 
c 

Dissolved Mg load I Mglday 0.000 0.000 0 

Precipilale load "day 16.416 0.164 16.252 

Total 55 load "day 18.853 0.578 18.275 I 
ADWBOD mgIl 136 72 , 

ADW sewage S5 mgIl 140 25 : 
I 

o 
ADW NH4-N concenu-uion mg/1 13.8 11.9 11.9 

ADW E coli concentration kNr/lOO mI 12080 39 0 I Free bicarbonate concentration mgHCOJIl 0.0 0.0 0 

Attached bicarbonate concenlraUon mgHC03.11 0 0 0 
t 

I 
Dusolved Mg concentration mg Mg/1 0 0 0 ! 
pH value 11.0 11.0 11.0 

55 wlw'" 1.5 

c 
o -.. 

Upward vc:locity at max flow (one tank down) m'h 2 
Number of tanks N, 4 

Total plan~ m2 347 

Plan area per tank m2 86.7 
o 

Diamelel'ofWlks m IO.SO 
Wall depth of tanks m 2.5 
Averaae removal of 55 .. 8J 
Average removal of NH4-N (by desorption) .. 20 o 
Avenge removal ofE Coli .. 99.7 

o 
Avenge removal of precipitate .. 99 
5S of sludge wlw" 1.5 
DensilY of sludge "mJ I 
Average total SS production in sludge "day 18.21 
Average volumerric production rare mJlday 1218 

[ 
BOD of sewage sludge solids g(BOOYg(SS) 0.6 

c 
o 
o 
o 

[ 

L 
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stt.. ChanderiItk's 
Peak now ra&e 

ADWF 
Mirumum flow'TaIe 
ADW 800 load 
ADW sewage S5 load 
ADW NH4·N load 
ADW E coli load 
Free bicarbonate load 
AtuCl'Ied bicarbonate load 
Dissolved Mg load 
Precipiwe load 
Total 55 load 
ADW80D 
AOW55 
ADW NH4-N concentt'allon 
ADW E coli concentt:ation 

TANK 

Free bicarbonafe C(IOCenttaLIon 
Attached bicarbonate concentration 
Dissolved Mg conc:enU'ation 
pH value 
SS 

[)r,e,dp • E COU removal 

Retention time at average flow 
Votu'me of tank 
T'lX) for E coli 
Average ~moval ofE Coli 

DeIIp • NH .... N rea.oval 
Average ~moval of NH4-N from sewage 
Aeration intensity 
Air now rate 

Installed aeration power 
Air flowm.e 
Air flow rate 
Rate of ammonia desorption 
Ammonia concenttation in air 

Deslp • NH4-N ablorptloa 
Row me of air through absorber 
Diamcler or absorber 
Row me of acid through abSOfber 
Row rate of acid through absorber 
Head on acid pump 
Power of acid pump 
Height of transfer unil 
Removal of ammonia of air stream 
Number of transfer units 
Total height of pICking 
Total height of column 

Deslp • 1US04 ColllUJlllpdH 
Average toeaI removal race of ammonia from sewage 
H2SO4 consumed by ammonia 
Strength of H2SO4 
Consumption of H2SO4 solution 

Deslp • 800 &: SS n!lItOvai 

Average removal of BOD 
Average removal of 5S 
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90 
25 
70 

2000 

ISOOO 

0.25 

99.' 

96 

0 
0 

AI.S 

Malo 
S ...... S, ..... 
48694 48694 
16249 16249 

2460 2460 
1.167 1.167 
OAI4 0.414 

0.193 0.019 
6 , 

0.000 0.000 
0.000 0.000 
0.000 0.000 
0.164 0.164 
0.578 0.578 

72 72 

25 2S 
11.9 1.2 
J9 , 

0.000 O.()(X) 

0.000 0.000 
0.000 0.000 
11.0 11.0 

677 

90.0 

16.9 
1185 
1523 
0.17 
8051 

0.98 

11.4 
5.92 
0'.31 

5.30 
1.92 
3.92 

0.26 
0.91 

0.95 

c 
L 
L 
l 
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[ SHAM TSENG SEWERAGE AND SEWAGE TREATMENT 
Table AI: Desi ... CakulatloDl r.~ o.;IIoD 1. Lime T .... bDeDI 

CllARAcrERlSTICIPARAMETER VN1TS DfSlGN CALCULATIONS EFn.UENT CHARACTERISTICS ........ Doriwd 1_, 
E ...... ' n - T..u.n - -......" 

PLITTER MoJo won. Makt-up 

S~~ s ...... Etlllxnt 

o 
pw: now ra&e mJ/day 

I 
48694 48013 681 

ADWF mJ/day 16249 16013 236 
Minimum flow rare mJ/day I 2460 2413 .7 

ADW BOD load ""'y i 
1.161 uso 0.017 

ADW sewage S5 load ""'y 0.414 0.408 0.006 

o 
ADW NH4-N load ""'y 0.019 0.019 0.(0) 

ADW E coli load GNr/day I I 0 
Free btcarbonate load t HeOJ/day 0.000 0.000 Q,CXX) 

Attached bicarbonate load t HCOJ/day 0.000 0.000 0.000 
Dissolved Mg load tMglday 0.000 0.000 0.000 

o 
o 

Precipiwt la.d ""'y 

I 

0.164 0.162 D.002 

I 
Tow 55 load ""'y 0.578 0.570 I 0.008 
AOWBOD mgII 72 72 i 72 

I ADW sewage 55 mgII 2S 2S I 2S 
ADW NH4-N concenD:a1ion ImgJ1 1.2 1.2 I 1.2 
ADW E coli concenlnltion kNr/lOO ml • 4 I • Free bic..oona1e concenttauon rng Hemll 0.0 0.0 D.t) 
Attal::hed bicarbonalc concenttalion mgHC031l 0 0 0 
Dissolved Mg concentrlll:ion ""MgJ1 0 0 0 

o pH value 11.0 11.0 11.0 
55 w/w'O 

SPLI1TER MainSludte MaiIISludp RtcircuJaled 

o 
StnMI CharKteristks S, ..... S, ..... ShAdte 
PeaIc flow note mJlday 
ADWF mJlday 1218 975 243.66387 
Minimum flow m.c mJ/day 
AOW BOD load . ""'y 1.214 0.971 0.242754 

o ADW sewlle S5 load "day 2.023 1.618 0.40459 
ADW NH4·N lold "day 0.014 0.012 0.002895 
ADW E coli load GNt/day 0 0 0 
Free bicubonale load t HC031day 0 0 0 
Attached bic.oonate load tHC03/day 0 0 0 o 

[ 

Dis.solved Mg load I Mgfday 0 0 0 
Precipiwe load "day 16.252 13.001 

I 
3.250368 

Total SS load "day 18.275 14.620 3.654958 
ADWBOD mgII 
ADW sewage SS mgII 
ADW NH4-N concentration mgII 11.881 I J.88I 11.881 
ADW E coli concentration kNtllOO m! 0 0 0 
Free bicarbonace concentration mgHC0311 0 0 0 
Anached bicarbonate concentration mgHC0311 - 0 0 0 

o Dissohed Mg concentration ""MgJ1 0 0 0 
pH value ILOOO II II 
SS w/w'O 1.500 I.S I.S 

o DnIp 
Fnction recycled '0 20 
Aow rate of recycled sludge mJlday 244 

o 
o 

[ 

c 
[ 

[ 
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_ .... 
Raw ..... 

sa- CIIarodaiotI<s SIud .. 
Peak flow tw 
AOWF 975 27. 

Minimum flow rate 

ADW BOD load 
ADW sewage 55 load 1.618 1.556 
ADW NH4-N load 
ADW E coli load 

FIft bicvbonalt: load 0 
Atl.Khed bicarbonate load 0 
Dissolved Mg load 0 
Precipiwe load 13.001 12.504 
Total 55 load 14.620 14.061 
ADWBOD 
ADW sewage 55 
ADW NH4-N concenttaLion 
ADW E coli concentration 
Fm: bicarbona.re concenuation 0 
Attached bicarbonau: concentration 0 
Dissolved Mg concentration 
pH value 11.0 11.0 
S5 1.5 5 

."".. 
Specific swface area 20 
Total s~ids 10«1 14.6 
ThickeGing sunace area 292 
Number of dury tanks 

Number of standby ~ 
Total DUmber of tanks 4 
Tank diameter 11.1 
Tank height 4 
Avenp upward velocity 0.14 
Thickenod shxlge concentralion 5 
55 of topwalef 800 
800 of lOpW"aler 80 
ADW E coli coocentration in topwuer SO 

I Density of thickened sludge 1.02 . 
AvcBgc flOYt.rate of thickened 51udge 276 
A ver3gc flow rate of topwlltf .99 

"''''' ..... "''''' ..... StreMI Ckancteristks SIud .. SIud .. 
Peak flow rate 
ADWF 27. 27. 
Minimum flow rate 

,o\OW BOD load 
ADW sewage 5S load 1.556 1.556 
ADW NH4-N load 
ADW E coli load 
Free bicarbonate load 
Anau:bed bicarbonate load 
Dissolved Mg 10id 
Precipiwe load 12.504 12.504 
Total 55 load 14.1:161 14.061 
ADWBOD 
ADW sewage S5 
ADW NH4-N concentrlll..ion 
ADW E coli concentration 
Free bicarbOnate concentralion 
Attached bicarbonate concentration 
Dissolved Mg concentration 
pH value 11.0 11.0 
DS I 

I 
""''' [I Rentention time 4 
Total volume 1103 
No of tanks 2 II Depth of tanks 4 II 
Diameter of tanks 13.2 :1 

L 
[ 
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[: 

r Co" FUente 
S .... ~ SIud .. 

0 
Peak flow '* 
ADWf 27. 3. 289 
Minimum flow rate 
ADW BOD load 0.012 
ADW sewage S5 load 1.556 1.544 0.013 

0 ADW NH4·N load 0.006 
ADW E coli load 0 
Free bicuborWe load 0.000 
Atwcbed bicarborwe load 0.000 
Dissolved Mg load o.()()() 

0 Precipitate load 12.504 12.402 0.103 
Total 55 load 14.061 13.945 O.IIS 
ADWBQD '" ADW sewage 5S 400 

C 
ADW NH4-N concentration 20.0 
AOW E coli concenttation 25 
Free btcarnonate concentration n.D 
Anached bicarbonate concenll'ation 0 
Dissolved Mg cooccnttation 0 

0 pH value 11.0 11.0 11.0 
DS 3S 

"""" 0 
Width of plares 1.5 
Depth of plates 1.5 
Nominal size of plates 2.25 
Nominal chamber thickness 32 
Actual clwT\ber volume 0.058 I 

0 OS of cake 3S 'I 
5S offiluwe 400 I 
BOD of filtrate 40 11 
ADW E coli concentralion in filtrlUe 2S , 

0 
[)ensilY of cake 1.1 
Average total solids load 14.1 
Volumetric flow of cake 3. 
Mass now rate of cake 40 
Number of pressingsJday.press 

0 Spare capacity 25 
Nr of duty presses 3 
Nr of standby presses 0 
Nr of c hambers " 

0 
PolyeJectroly\e dose 3.5 
Average polyelectrolyte COClSUll1'tion 49 
Polyelecttolyte make-up water M.w 
Concentration of polyelectrolyte in dosirlg solution 
Consumption of make-up water 49 

0 AND PREPARATION 
Type oflimc 5 ..... 
Malee-up Walei' EffIU<n' 

0 
Activity of lime 0.9 
Consu.on~ 20.' 
Capacity of silo 33 
Number of silOl 3 
Storage capltity of silo 4.' 

0 
Maximum rrake-up mAe 28.4 
Cycle time of blllChes .20 
Volume o(balch tank 56.7 
Nr of balch tanks 3 

C 
Mixing intensity .00 
Stirrer power 5.67 

0 
0 
[ 

L 
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s ..... CIw'odn'IotkI s ...... 
Peak now rate 48000 

ADWF 16000 
Mirumum flow rate 2400 

ADW BOD load 2.054 

ADW 55 load 1.952 
ADW NH4-N load 0.279 

ADW E coli load 2110 

ADWBOD 128 
AOWSS 122 
ADW NH4-N concentration 17.4 
AOW E coli concentrauon 13188 
pH value 7.0 

SS 

Maln Topwater Filtrate Main 
Stream Characteristk:l S ........ Strum 
Peak flow rate 48000 48160 

ADWF 16000 II. 44 16160 

Mirumum flow rate 2400 2560 
ADW BQDload 2.054 0.046 0.009 2.109 
ADW 55 load 1.952 0.092 O.otS 2.062 
ADW NH4-N load 0.279 0.002 0.001 0.282 
ADW E coli load 2110 0.116 0.000 2110 
ADW80D 128 400 200 131 
ADWSS 122 800 400 128 
ADW NH4-N concentraLion 17.4 20.0 20D 17.5 
ADW E coli concentration 13188 100 0 130S79 
pH value 7.0 11.0 10.0 7.0 
Solids Conlcnt 

[ 

[ 

[ 

[ 

D 
c 
c 
[ 

[ 

L 
L 
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n 
o 
c 
o 
c 
o 
fJ 

o 
o 
o 
c 
o 
o 

[ 

L 
L 
[ 

s .... CIIand<riotIcs 
Peale flow rw 
ADWF 
Minimum Row RalC 

ADW BOO load 

ADW S5 load 
ADW NH4-N load 

ADW E coli Load 

ADWBOD 
ADWSS 
ADW NH4-N coocentral1on 
ADW E Coli conccntrauon 
pH value 

Sohds Con~nt 

o..i .. 

""-
Dally average screenings content of sewage 
Maximum hourly average screenings conlent 
Average production rate of screenings 
Maximum production nit: of screerungs 
Density of screenings 
Capacity of each skip 
Number of skips required per week 

Grit and are-e cbuatk 
Design flow 
Maximum upward velocity 

Tonk_ 
Aeration intensity 
Tank width 
Numheroftanks 
Total tank Ilea 

Length of each tank 
Installed duty aeration Power 
Installed power of grit pumps 

Grit ClaaIners 
Daily average maximum grit COnlcnt of sewage 
Hourly average nwifOOm 8111 con lent 
Number of dUlY machines 

. Number of sWldby maclliDCs 
Average production rate of grit 
Maxim.lm production rate of grit 

Capacity of skips 
DensilY of grit 
Volume of grit produced 
Number of sk.ips required 
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25 
l 

6 

4 
16 
l.l 
JO 
l.l 
2 

l 

IS 
4 
1 

6 
2.02 

A2.2 

s ...... S ...... 
48160 48160 
16160 16160 
2560 2560 
2.109 2.109 
2.062 2.062 

0.282 0.282 

2110 2110 
131 131 

128 128 
17.5 17.5 

130579 130579 
7.0 7.0 
0.0 0.0 

0.40 
0.08 

167 
23.81 
17.50 

0.24 
0.04 

0.12 

~,\ 
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Su- C!oanderiIII<s 
Peak flow rate 

ADWF 
Minimum flow me 

ADW BOD load 

ADW 55 load 
ADW NH4-N load 
ADW E coli load 
ADWBOD 
ADWSS 
ADW NH4-N concenlJ1l1ion 
ADW E coli conccntrauon 
pH value 
SS 

""'on 
Maximum allowable upward velocity over plate area 
Normal maximum upward velOCity over plate area 

Plate angle (55 to 60 degrees) 

Perpendicular spacing berween plates (70 to 100 mm) 
Length of plates (L5 to 2.5 m) 
Len"gt.h of inlet area 
Calcul~ Active Ratio 
Assumed Active Ratio 

Total dUlY plate aru 
Total duty tank area 

Number of duty tanks 
Depth of tanks (4.5 to S m) 

Width of tanks 
Length of tanks 
Number ofwortcing standby tanks 
Total number of tanks 
Total plale area 
Peak opeBling upward flow velocity 
ADF openting upward flow velocity 
Peak upward flow velocity.(OOt)' tanks only) 
Primary solids loading 

Secondary solids loading 

A verage ~mo';aI of primary solids 

Average removal ofsccondary solids 

Average removal of NH4-N 

AvCl1l8C removal of E-coli 
Primary solids production row: 
Secondary solids production raLe 

Total solids production rate 

BOD of primary sludge 
BOD of secondary sludge 

BOD load of mixed sludge 

BOD remaining 
BOD removed from main scream 
Sludge solids content 

Density of sludge 
Sludge production rare 
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I.. 
1.2 

60 
80 

2 
I.S 

9.37 
8.50 

1672 

197 

3 
4.8 

4 

16.4 

4 

1672 

1.20 

0.40 

1.60 

2.06 
1.11 

65.00 

90.00 

0.00 

25.00 

1.34 

1.00 

2.34 

0 .• 

0.' 
1.30 

1.36 

35.5 

1.50 

1.00 

156 

A2.3 

Mala ...... 
S ...... SIud .. S ...... 
48160 48235 
16160 232 16235 

"60 2635 
2.109 0.554 1.360 
2.062 1.107 0.832 
0.282 0.000 0.282 
2110 12 1583 
131 2391 84 
128 4782 " 17.5 I.S 17.4 

130579 4980 9748 
7.0 7.0 7.0 

o 
c 

[ 

l 
[ 
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[: 

n 
o 
o 
o 
o 
o 
o 
D 

D 
c 
c 
o 
c 

[ 

[ 

L 
[ 

I 
I 

i 
I , 
I 
I 
I 
I 

I 

I 
! 

CHARACTERIS11CJPARAMETER 

AcnV A. TED SLUDGE 
S .... CIooncUriotks 
Peak. flow ~ 
ADWF 
Minimum flow ~ 
ADW BOD load 
ADW SS load 
ADW NH4·N load 

ADW E coli load 
ADWBOD 
ADWSS 
ADW NH4-N concemraLioo 
ADW NOl·N conccmtalJon 
ADW E coli concentration 
pH value 

55 

Drsip • Aeration tanks 
BODIMLSS ratio 

Depth of aeration tanks 
MLS5 
Average BOD load 

Volume of aenlion tanks 
Surfa::e area of aention tanks 
A ver2gC n'!laItion time in aeration tanks 
Internal recycle ratio 
Intemal recycle BIt: 

Pumpi"l head for internal recycle 
Installed duty pumping power for internal recycle _.a.n/Ion 
DesignSSVI 

Critical underflow raIe 

Design underflow nile 

Musolid.sflull 
Maximum undedIOIIf concentntion 
Total clarifICation area. 
Number of c1arificalion tanks 
Plan area. of each clarification tank 
Diarneler of clarification tanks 
Wall depth 

Maximum upward velocity 
Average retention time in clarifiers -
&tcmal recycle raIt 

External. recycle ratio 
Pumping head on eXlemallbCycle 
Installed duty pumping power on extemallbCycie 
Average underflow concentnUion 

Deslp • PerfOl"lDUtCZ 
Average BOD of effluent 
Average SS of effluent 
Removal of E coli 
Average NH4-N concentration of effluent 
Removal of N03-N in aooxic toDC 

Average N03-N in effluent 

Oesip-Slud~~ 

AveBgC BOD removal rile 

SS yield per unit BOD removed 
Average 5S production 

Sludge age 

DtsIp • Aendon 
Average oxygen consumed per unit BOD removed 
Average oxygen consumption for BOD removal 
Average removal rate of ammonia 
Average oxygen consumption for NH4-N removal 
Average removal rate of N03-N 
Avernge ra%e of oxygen recovered 
Average oxygen consumption 
Average aeration efficiency 
Average el«mciry consumption 
Maximum/average oxygen consumption 
Maximum acrauon effiCiency 
Installed duty aeral:Ion capacity 
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SHAM TSENG SEWERAGE AND SEWAGE TREATMENT 
Table Al: Desim CalculatiODl (or ODlloo 1· Activated Slum 

UNITS 

m3fday 
mJ/day 

l

m3tdaY 
"day 
"day 
"day 
GNrfday 
mgfI 

,mgfI 
jmgfl 
mgfI 
kNr/lOO mI 

wfw% 

IkgJ\:g.daY 
m 
mgfI 
"day 
m3 
m2 
h 
RaleJADWF 
mJlday 
m 
kW 

mVg 

"'" "'" kglm2.h 
mgfI 
m2 
N, 
m2 
m 
m 

"'" h 
m3n. 
RaleJADWF 
m 
kW 
mgfI 

mgfI 
mgfI 

" mgfI 

" mgfI 

"day 
kg,tg 
tSS/day 
day. 

k .... 
"day 
"day 
"day 
"day 
"day 

,I/day 
kg02A;Wh 
kWh/day 
Ratio 
kg 02A;Wh 
kW 

I 

DESIGN CALCULAnONS 

"--I 
_ .... 

I'rUaary 

Malo 
Strauo 
48235 
16235 
2635 I 1.360 

0.832 

0.282 

1583 
84 

" 17.4 
0.0 

9748 

7.0 

0.15 

6 
2800 

1.36 

3239 

540 
4.8 

2 

32000 

1 

6.1 

125 

0.78 

0.6 

5.27 
8776 
1569 

4 

392 
22.4 

3 

1.28 
6.96 

942 
1.41 

3 

12.8 
4782 

8 

12 
9S 

I.S 

80 
4.SO 

1.23 
0.9 

1.11 
8.19 

1.03 
1.27 
0.26 
1.11 
0.18 
0.52 
t.S6 

LS 
1242 

1.6 

I.. 

69 

A2,4 

un.UENT CHARACl'ERlSTICS . .-. Emu.., 
s.c......,. T",,"" ......,. s.c.~ 

Mala -.....". 
S ....... S ..... 

I 
48004 

16004 232 I 
I 2404 

I I 0.128 0.554 

I 0.192 \.107 , 
I 0.024 0.000 

I , 
80 12 

!I 8 2391 
12 4782 

:1 L5 L5 
4.5 I 0.0 

il 
498 I 4980 
7.0 7.0 I. 

ii 
" , 
I' 

il 

I II 
II 

I 
I 

I 

I 

I I 
I I 
I I 

II 
it 

;: 

<" 

I, 

I I , 
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Malo 

5 .... ~ 5 ...... Errluellt 

Peak now rate 48004 48004 

ADWF 16004 16004 

Minimum now rate 2404 2404 

ADW BOD load 0.128 0.128 

ADW SS load 0.192 0.192 

ADW NH4·N load 0.024 0.024 

ADW E coli load 80 0.159 

ADWBOD 8 
ADWSS 12 12 
ADW NH4-N concentration 1.5 1.5 
ADW N03-N concentration 4.5 4.5 
ADW E cob concentrauon 498 

pH value 7.0 7.0 
SS 

""'''' Superficial retention time at maximum flow 18 
Volume of plant 10.0 
Superficial vc]oclIY through plant 0.5 
X-sectional area 1.11 

Totallcngth of plant 9.00 
Nt of duty units 3 
Nt of standby units 
Total number of units 4 
Power requirement 40 
Installed duty power 80 
Power load f.::tor 0.5 
Average power consumption 40 
Avenge !rill ratio ofE coli SOO 

" ..... mtnte u ... 
StrtMI CIww:t.eriItk::s 
Peak flow rate 

ADWF 48 44 4 
Minimum flow rare 
ADW BOD load 0.010 0.009 0.001 
ADW SS load 0.019 O.otS 0.002 
ADW NH4-N load 0.001 0.001 0.000 
ADW E coli load 0 0 0 
ADWBOD 200 200 200 
ADW S5 400 400 400 
ADW NH4-N concentration 20.0 20.0 20.0 
ADW N03·N concentration 
ADW E coli concenuation \0 10 10 
pH value: 11.0 11.0 11.0 
55 

o 
o 

[ 

[ 

L 
L 
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SHAM TSENG SEWERAGE AND SEWAGE TREATMENT 
Table Al: Deslm Calculado. ro; o;,Uoa 1 • Activated Sludll" I, 

CHAIIAcn:RIS11C1PARAMETER UNJ'!'S DESIGN CALCULATIONS EFn.VENT CHARACTERISTICS 

o 

- llor"'" IalMot Eft'lutnt ......., T......" Primory s..-da",l, 
UME STABILISATION Mis ... U ... u ..... 

! Su..daaI.;.allidu S ...... SIud .. 

Peak now rate m3/day 

I 
I I II ADWF m3/day 156 4 

, 
160 

I Minimum flow rate mJ/day ! il 
It/daY 

, , 
ADW BOD load 1.302 

I 'I 

I 
ADW sewage 55 load V .. , 2.337 0.343 2.801 I: 
ADW NH4-N load V .. , II 
ADW E coli load GNr/day 

II 
ADWBOD '"8i1 
ADW sewage 55 '"8i1 
ADW NH4-N' concentration '"8i1 

I 
II ADW E coli concentration kNr/lOO mI 

pH value 7.0 12.5 11.0 ,I 

I 
SS w,,"'< L5 8.0 I L7 i! I , 

I 
, 

I 
I 

" 
0..\ .. 

!! 
Dose of lime, CaO/55 w/w'< \0 i 
Sluny concentration wlw'< 8 

:, 

Density VmJ 1.07 r 
I 

II 
Activity of lime 'k 90 

I, 
'1 

Lime consumption rate t Ca(OH)1Jday 0.34 i! 
Carborwe production t CaC03/day 0.46 I! 
Lime consumption rase rn3/day 4.01 I' 
Lime storage capacity t Ca(OH)2 15 ,I 
Lime storage .. ,. 43.7 I: 

" Density of lime (Ca(OH)2) VmJ 0.48 
I' Volume of silo mJ 31.25 

I Diameter of silo m 4 

Height of silo m '.2 II 
Cycle time of balc:bes min. 240 I. 

Capacity of balCh tanlr.s mJ 0.7 II 
Number of balch tanks 2 

!i 
Density of limed sludge VmJ 1.01 

o 
n 

[J 

o 
o 
o 
c 
c 
o 

o 
c 

L 
L 
L 
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SHAM TSENG SEWERAGE AND SEWAGE TREATMENT r Table Al: Desian Cai<uiaUoD5 (or OpUoa 1 • Acti .. 1ed Siud .. 
CHAlIACTERlSTIC/PARAMETER UNITS DESIGN CALCULATIONS EFFLUENT CHARACTERISTICS .......... o.m.r "'- Etl'luent 

I'rimary T......,. Prinwy -. I 
LUDGE T1DCKENING a.wslud. 'I1lId<mod TOP •• let_ 

S.,.. Chand<riotIcs S1ucl .. 
Peak now rate mJlday I 
ADWF m3/day 16() 44 

116 r i Mirumum flow r.uc m3/day 

ADW BOD load 
l"m

Y 

I 
ADW 55 load "my I 2.801 2.708 

I :::: r ADW NH4-N load "my 0,002 

I ADW E coli load !GNr/day 0 

I 
ADWBOD """ I I 

"Xl I 
ADW sewage S5 """ I 300 ~ 

ADW NH4-N concentralion """ I 
20.0 " 

I II ADW E coli concentration kNr/lOO mI 

I 
100 [I 

I 
pH value 11.0 I 11.0 II-U 
SS w/w% L7 6,0 I 

I 
I 

, 
DHI"" 

I i I !I , I I 

d I 
Specific surface area ml.dayftDS 15 

\ 

Thickening sudacc area m2 42.0 

I Number of duty tanks N, I 
Number of standby tanks N, I 

'\ Total number of tanks N, 2 
Tank diameter m 7.31 q Tank height m 4 
Average upwan:l velocity """ 0.16 
llrickened sludge concentration w/w'" 6 II 
55 of topwatef 

""" 800 

~i 
BOD of lOpwater """ 400 
ADW E coli concentration in topw~r kNr/lOO ml 100 
Density of thickened sludge "mJ 1.02 
Average flow ta1e of thickened sludge m3/day 44,' 
Average flow rate oftopwater m3/day 116 [ 

SLUDGE STORAGE """'mod Thickened 

II 
Stream Characteristics S1ucI .. Slud,e 
Peak flow rate m3/day 
ADWF m3/day 44 44 

[I Minimum flow ~ m3/day 
ADW BOD load "day (I ADW SS)oad "my 2.708 Z.708 
ADW NH4-N load "my 
ADW E coli load GNr/day 
ADWBOD 

""" 
G 

ADWSS 

""" ADW NH4-N concentration 

""" ADW E coli concentr:ltion kNrJlOO mI 
pH value 11.0 11.0 
DS w~ 6,. 6,. [I -.. 
Rcntention time day. 4 
Total volume mJ 177 
Number of tanks N, 2 
Depth of tanks m 4 0 Diameter of tanks m 5.31 

c 

[ 

[ 

[ 
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[ 

[i , 
S .... CIuncIa'IodcI SIud .. 

Peak flow r.ue 

0 
ADWF 44 7 48 

Minimum flow rate 

ADW BOD load 0010 

ADW S5 load 2.708 2.689 0,019 

ADW NH4-N load O.(XH 

[] ADW E coli load 0 

ADWBOD 200 
ADW sewage 55 400 

ADW NH4-N concenttaLion 20.0 

[J 
ADW E coli concentration 10 
pH value 11.0 11.0 11.0 
DS 6.0 35.0 

C 
""'on 
Width of plates 1.3 
Depth of pJate5 1.3 
Nominal size of plates 1.69 

Nominal chamber thickness 32 

0 
Actual chamber volume 0.043 
OS of cake " 5S offiltnlle 400 
BOD of filtrate 200 
ADW E coli concentra.!ion in filtralC 10 

0 Density of cake 1.1 
Average total solids la.d 2.71 
Volumetric flow of cake 7.00 
Mass flow rate of c~ 7.69 

0 
Number of pressingslday.pn!ss 3 
Space capacity J3 
Nr of duty presses 1 
Nr of srandby presses 0 
Nrofchambers 72 

0 Polyelectrolyte dose 4 
Avenge JXIlyelectrolyu: consumption 10.8 
Polyelectrolyte make-up Wiler M"'" 
Concentration of polyelectrolyte in dosing solution 1 

[ 

[ 

C 
[l 

U 
C 
E 
[ 

[, 

L 
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Stream Charadtristlcs 
Peak flow nate 
ADWF 
Minimum flow nate 
ADWBODload 
ADWSSload 
ADW NH4-N load 
ADW E coli load 
ADWBOD 
ADWSS 
ADW NH4-N concentration 
ADW E coli concentration 
pH .... a1ue 
SS 

Stream Characteristics 
Peak flow nate 
ADWF 
Minimum flow rate 
ADWBODload 
ADWSS load 
ADW NH4-N load 
ADW E coli load 
ADWBOD 
ADWSS 
ADW NH4-N ooncentn.tion 
ADW E coli conce.nttation 
pH value 
Solids Content 

r:\ppd\projects\2777 680 1 \process\BAFF3. WK4 

kNr/lOO ml 

w/w% 

m3/day 
m3/day 

m1 

Derived 

A3,1 

Main 
S .... m 
48000 
16000 
2400 
2,054 
1.952 
0.279 
2110 
128 
122 
17,4 

13188 
7.0 

Main Topwater 
Stream 
48000 
16000 115 
2400 
2,05' 0.046 
1.952 0,092 
0,279 0.002 
2110 0,12 
128 400 
122 800 
17,4 20.0 

11188 ' 100 
7.0 11.0 

i 

0;: 
" .':: 

:1 

',i [ -~ :1 

': 0: 
~ 'j 

.)', 

Filtrate Main C Stream <Ii 
48159 ':! 

43 16159 
2559 

0.009 2,109 
0.017 2.061 
0,001 0,282 
0,00 2110 
200 131 
400 128 
20.0 17,5 
10 130588 

11.0 7,0 

[ 

[ 

c 
c 
c 
[ 

[ 

[ 

L 
L 
[ 
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SHAM TSENG SEWERAGE AND SEWAGE TREATMENT 
Table A3: Desio Calculations Cor OotiOD 3 • Subme '1!ed Aerated Fillers 

CHARACI'EItISTIC/PARAMETER UNITS DESIGN CALCULA nON EFFLUENT CHARACTERISTICS 
A<sumed Derived Innuent Emuent 

Prima~ Sec:ondary Tertia" PrimarY Secondar'V 

PREL~ARYTREATMENT Main Main 

I 
Strum Chancteristics Stream Stream ; 

I 
, 

I Peak flow rate m3/day 48159 48159 I 

I ADWF im3/daY 16159 i 16159 
I, 

I I I 

II 
! Minimum Row Rate Im3/day 2559 I 

I 

2559 ! ! , ADW BOD load "day 2.109 2.109 

il ADW 55 load !"day 2.061 2.061 'I 

ADW NH4-N load !"day 0.282 0.282 II 
II ADW E coli Load 

i~~daY 
2110 2110 'I 

! ,I 
ADWBOD 131 131 !I ADWSS mgll 128 , 128 

i 'I 
ADW NH4-N concentration mgll 17.5 

I 
17.5 

i! ADW E Coli concentration IkNr/100 ml 130588 130588 i 
I 

pH value I 7.0 I 7.0 , ., 
I 

" Sohds Content Iw/w% 0.0 I , 0.0 I ,I 
: 'I 

i 
1 i 

Design 

I 
I 

'I 
·i 

Screens I II 
" Daily average screenings content of sewage 

Imgll 
25 

I ! 
Ii 

Maximum hourly average screenings conlent II hourly average 5 \\ 
Average production rate of screerungs "day 0.40 I 
Maximum production rate of screenings lIhour 0.08 I 
Density of screenings "m3 1 I Capacity of each skip m3 6 
Number of skips required per week Nr 1 

I 

I Grit .nd grease channels ~ 

I 
Design flow xAOWF 4 

I Maximum upward velocity mIh 16 

[j 

[1 

o 
o 
c 
o 
o 

o 

Tank depth m 3.5 
, 

Aeration intensity W/m3 30 I 
Tank width m 3.5 I 
Number of tanks Nr 2 i 
Total tank area m2 167 I 
Length of each tank m 23.81 

I I Installed duty aeration Power kW 17.50 
Installed power of grit pumps kW 3 

I I i 
Grit Classifters I I I 

i 
Daily average maximum grit content of sewage mgll 15 I Hourly average maximum grit content :It hourly average 4 
Number of duty machines Nr 1 

Ii Number of standby machines Nr I 
Average production rate of grit "day 0.24 I: Maximum production nile of grit rlhour 0.04 
Capacity of skips m3 6 II 

II 
Densiry of grit 11m3 2.02 I' 
Volume of grit produced m3/d 0.12 

:I 
Number of skips required Nr/week 1 ii 

o 

[
~1 

.J 

fJ 

c 

[ 

L 
L 
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Stram Characteristics 
Peak flow rale 
ADWF 
Minimum flow rale 
ADWBODload 
ADW S5 load 
ADW NH4-N load 
ADW E coli load 
ADWBOD 
ADW55 
ADW NH4·N concenU'ation 
ADW E coli concentr.mon 
pH value 
55 

Design 
Maximum allowable upward velocity over plale 
NonnaJ maximum upward velocity over plale area 
Plale angle (55 10 60 degrees) 
Perpendicular spacing between plates (70 to 100 
Length of plales (1.5 to 2.5 m) 
Length of inlet area 
Calculated Active Ratio 
Assumed Active Ratio 
Total duty plate area 
Total dUlY lank area 
Number of dUly tanks 
Depth of tanks (4.5 105m) 
Width of tanks 
Length of tanks· 
N"umber of working standby tanks 
Total number of tanks 
Total plale area m2 
Peak operating upwud flow velocity mIh 
ADF operating upwud flow velocilY mJb 
Peak upward flow velocity (dUlY tanks only) mIh 
Primary solids loading t1day 
Secondary solids loading t1day 
Average removaJ of primary solids % 
Average removaJ of secondary solids % 
Avenage removal of NH4-N % 
Average removal of E-coli % 
Primary solids production rate tJday 
Secondary solids production rate 
Total solids production rate 
BOD of primary sludge 
BOD of secondary sludge 
BOD load of mixed sludge 
BOD remaining 
BOD removed from main stream 
Sludge solids content 
Density of sludge 
Sludge production rate 
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ml 

1.6 
1.2 
60 
80 
2 

1.5 
9.37 

850 
1672 
197 

3 
4.8 
4 

16.39 

4 
1672 
1.20 
0.40 
1.60 
2.06 
1.09 

65.00 
90.00 
0.00 
25.00 

1.34 
0.98 
2.32 

0.6 
0.5 

1.29 
1.49 

29.45 
150 
1.00 

m 

A3.3 

MaJn 
Stream Backwash 
48159 
16159 1003 
2559 
2.109 0.674 
2.061 1.091 
0.282 ·0.002 
2110 99 
131 672 
128 1339 
l7.5 1.763 

130588 9889 
7 7 

Stream 
49007 
17007 
3407 
1.488 
0.831 
0.282 
1583 
87 
49 
17 

9306 
7 

t 

Sludge 

154·V 

1.295 
2.322 

C 
70 

1.5 

C 
0 
C 
C 
[ 

[ 

[ 

C 
C 
[ 

C 
[ 

[ 

L 
[ 

03:16PM on 04fJl/( 



[
~ 

. , 

fl u 

[] 

o 
o 
o 
o 
o 
[ 

[l 

c 
o 
c 
c 
[ 

l 
L 

SHAM TSENG SEWERAGE AND SEWAGE TREATMENT 
Table AJ: Desip Calculations ror OptiOD 3 • Subme "lied Aerated Filte .. 

CBARACTERlSTICIPARAMETER UNITS ILESIGN CALCULA nON EFFLUENT CHARACTERISTICS 

I' ,I 

'I 

11 

II 
II 

II 
II 
II 

!I 
II 
'I 
Ii 
I 

II 
'I 

II 
'I 

" 

BIOLOGICAL AERATED FLOODED FILTERS 
Stream Characterisda 
Peak flow rate 

ADWF 
Mimmum flow rate 
ADW BOD load 
ADW 5S load 
ADW NH4-N load 
ADW E coli load 
ADWBOD . 
AOWSS 
ADW NH4-N concentration 
ADW N03-N concentration 
ADW E coli concentration 
pH value 
SS 

Design - General 
Maximum bed depth 
Maximum velocity through bed 
Maximum unit plan area 
Air scour velocity 
Water backwash velocity 
Consumption of backwash water per backwash 
Frequency of backwash 
Head on backwash pump 
Head on backwash blower 
Volume of backwash water 
Volume of backwash tank 

Design· Anoxic FII~rs 
Rccycle ratio 
Recycle rate 
BOD loading on aerobic filters 
Duty volume of media 
Bed depth 
Total plan area of filters 
Number of duty filters 
Number of standby filters 
Total number of filters 
Volume of media in each filter 

" 
Plan area per filter 
Width of each unit 
Length of each unit 
Average N03-N removal over anox.ic filter 
Rate of N03·N removal 
Rate of BOD removal 
Backwash frequency 
Rate of washwater useage 
Volume of backwash tank 

Design. aerobic fUten 
BOD loading on second stage 
Ammonia loading on filters 
Duty volume of filters 
Bed depth 
Total plan area of filters 
Stage BOD loading (based on settled sewage) 
Stage BOD loading (based on stage influent) 
Number of duty filters 
Number of standby filters 
Total number of filters 
Volume of media in each filter 
Plan area each filter 
Width of each filter 
Length of each filter 
Average removal of ammonia 
N03·N concentration of effluent 
Backwash frequency 
Rate of back.wash useage 

Insign • General Performance 
Average BOD of treated effluent 
Average SS of treated effluent 
Removal of E Coli 
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Iml/day 

im3/daY 
rn3/day 

itlday 
Itlday 

It/daY 
GNr/day 
mgll 
mgll 
mgll 
mgll 
kNr/lOOml 

wfw% 
i 
! 
I~ 
1m2 
mIh 
mIh 
m3/m3 (bed) 

Id 
m 
m 
x bed volume 
x bed volume 

RatolADWF 
m3/day 
kglml/day 
ml 
m 
m2 
N, 
N, 
N, 
ml 
m2 
m 
m ,., 
tlday 
tlday 
per day 
m3/day 
ml 

tlday 
kg·N/m3.day 
ml 
m 
m2 
kglml.day 
kglml.day 
N, 
N, 
N, 
ml 
m2 
m 
m 

I'" Imgll 

iper day 
m3/day 

I 

imgll 
'mgll ,., 

I 

AM""'" 

6.5. 
20 
80 
100 
100 
2 

0.5 
9 
7 

2.5 
l 

2.5 

2.65 

6 

4 
0 

l.OO 

70 

0.5 

0.4 

6 

5 
0 
5 

90 

O.ll 

10 
15 
90 

AlA 

I 

I 
I 

Derived InOuent Emuent 
Primarv S<conda", Tertian Prima", Secondary 

Main 

I 
Main Dirty 

Stream Stream Backwash 
49007 

I 
, I 48004 

17007 I 
I , 16004 100l 

l407 
I I 

.1 

2404 
1.488 0.160 0.674 
0.8ll 

I 
0.240 1.343 

0.282 

I 
0.Q28 0.002 

158l 
I 

158 99 
87 , I 10 672 
49 

, I 15 1339 I 
16.6 

I 
I 

1.8 1.8 
0 5 5 

9l05.6 i 988.9 9888.8 
7.0 I , 7.0 7.0 

t 

1 I 
I , , 

I , 
i 

i , 
I 
Ii 
I· 
I 
I 
I , 

40000 

I 
561.38 I 

i 
, 

9l.56 , 
[! 

, 
I 

i !i , I' 4 I II 
140 

II 2l.l9 
I' 

7.80 

0.16 
0.60 

702 
421 

0.89 
I 

I 
, 

705 I 

I 

I , 
118 

I 2.11 
1.26 i 

i 
1 
I 

, I 
141 

, 
2l.51 
l.OO 
7.84 

5.43 . 
I I 

582 I 
I 

I , 
I t 

i 
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F 

and Backwashina 
:r 

Overall BOD removed rJday 1.33 
Sludge solids yield kglkg BOD removed 
Solids production rJday 1.33 
Production rate of backwash water m3/day 1003 
Addition 55 of backwash water mgll 1324 

~ 
BOD of backwasn solids 0.5 
Additional BOD of backwash solids 662 
Maximum bed volume 141 
Volume of dirty and clean backw:,-sh tanks 423 

. , 
[ 

Maximum bed plan area 23.5 
Backwash rate 100 
Capacity of bacKwash pumps 2351 
Installed duty power of backwash pumps 96 
Air scour rate 100 

C 
Capacity of air scour blowers 2351 
Installed duty power of air scour blowers 55 

DesiKn - aeration C 
Oxygen for carbonaceous oxidation 0.9 
Oxygen consumed for carbonaceous oxidation 1.19 
Oxygen for ammonia removal NH4-N 4.5 
Oxygen consumed for ammonia removal 1.14 
Oxygen recovered in denititication N03·N 2.8 

C 
Oxygen recovered in denitrification 0.45 
Overall average oxygen consumption 1.89 
Avcnlge aeration efficiency 1.20 
Average electricity consumption 1575 

[ 
Max/average oxygen demand 2 
Peak aeration efficiency 1.5 
Installed duty aeration power 105 C 
Desicn • Recycle pump 
Capacity 463 
Pumping head 2 
Installed duty pumping power 15.14 [ 

[ 

[ 

[ 

C 
[ 

[ 

L 
[ 

L 
[ 
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SHAM TSENG SEWERAGE AND SEWAGE TREATMENT 
Table A3: Desio Calculations ror Qotioo 3 • Subme'1led Aerated Filters 

CHA&AC\'ERlSTICIPARAMETER 

I 

UV DISINFECTION ,. 
ii 
'I 

Stream Characteristics 
Peak flow rate 
ADWF 
MinImum flow rate 
ADW BOD load 
ADW S5 load 
ADW NH4-N load 
ADW E coli load 
ADWBOD 
AOWSS 
ADW NH4-N concemrauon 
ADW NOJ-N concentratlon 
ADW E coli concentration 
pH value 
SS 

Design 
Superficial retention time al maximum flow 
Volume of plant 
Superficial velocity through plant 
X-sectional area 
Total length of plant 
Nr of duty urnes 
Nr of standby urnts 
Total number of units 
Power requirement 
Installed duty power 

I 
Power load factor 

i A vcrage power consumption 
II Average kill rauo of E coli 

'I 
ilSPLITIER 

,I 

I 
I 

II 
I , , 
'I 
" 

" I 

Stream Characteristics 
Peak flow r.ue 
ADWF 
Minimum flow rale 
ADW BOD load 
ADW 55 load 
ADW NH4-N load 
ADW E coli load 
ADWBOD 
ADW 55 
ADW NH4·N concemrauon 
ADW E coli concentration 

) pH value 

!' SS 

'IILIME ST ABILISA nON 

I 
Stream Characteristics 
Peak flow rate 

I ADWF 

'I' 
i 
1 

I 

i 

Minimum flow rale 
ADW BOD load 
ADW sewage SS load 
ADW NH4-N load 
ADW E coli load 
ADWBOD 
ADW sewage SS 
ADW NH4-N concentration 
ADW E coli concentration 
pH vaJue 
SS 

Design 
Dose of lime. CaO/SS 
Slurry concentration 
Density 
Lime consumplion rate 
Carbonate production 
Lime consumption rate 
Lime storage capaclly 
Lime storage 
Cycle time of batches 
Capacity of batch tanks 
Number of batch lanks 
Density of limed sludge 

r:\ppd\proJeeL~\2777 680 1 \process\B Am. WK4 

I UNITS 

I 
i 

:m3/day 
I a m3 d y 

m3/day 
Uday 

.lIday 
"tlclay 
GNr/day 
'mgll 
mgll 

.mgll 
mgll 
kNr/lOO ml 

w/w'k 

'sees 
m3 
mI, 

,m2 

im 
:Nr 
[Nr 

INr 
!Whlm3 

;m3/day 
!m3/day 
Im3/day 
it/day 
it/day 
:t/day 
IGNr/day 
:mgll 

I
::~ 
kNrllOO ml 

w/w% 

m3/day 
m3/day 
m3/day 
Uday 

It/day 
Uday 
GNr/day 
mgll 
mgll 
mgll 

IkNrllOO ml 

IW/W% 

I 
jw/w% 
,w/w% 
:t/m3 
I Ca(OH)21day 
a CaC03/day 
Im3/day 
'I Ca(OH)2 
day, 

,mms 
,m3 

!Nr 
itlm3 
I 

DESIGN CALCULATION 

Assumed ! Derived 
I 

i , 
: 

18 
10.00 

0.5 
1.11 

9 
3 

4 

40 
80 

0.5 
40 

500 

10 
8 

1.07 
0.31 
0.41 
3.58 

15 
48.9 

240 
0.6 

2 
1.01 

A3.6 

I 
i 

PrimarY 

Main 
Stream 
48004 
16004 
2404 
0.160 
0.240 
0.028 

158 
10 
15 
1.8 
5 

988.9 
7.0 

Filtrate 

46.96 

0.009 
0.019 
0.001 
0.000 
200 
400 
20 

10.0 
11.0 

Mixed 
Sludge 

15S 

2.322 

7.0 
1.5 

: 
I 
I 

EFFLUENT CHA&AC\'ERISTICS 
Innuen! Emuent 

SecondarY i Tertiarv i PrimarY ! Secondary 

I 

Lime 

3.S8 

0.307 

12.S 
8.0 

I Final ! 
i Emuent i 
, 

! 
48004 
16004 
2404 
0.160 
0.240 
0028' 
0.160 

10 
15 
1.8 
5.4 
1.98 
70 

Filtrate 

·B.37 

0.009 
0.017 
0.001 
0.000 

200 
400 
20 

10.0 
11.0 

Limed 
Sludge 

158 

2.736 

ll.O 
1.7 

I 

Lime 
!\lake-up 

3.58 

0.001 
0.001 
0.000 
0.000 

200 
400 
20 

10.0 
11.0 
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SHAM TSENG SEWERAGE AND SEW AGE TREATMENT L Table A3: Desip Calculations Cor Option 3 - Submerged Aerated Filters 
CBAJlACTERlSTICIPARAMETER UNITS DESIGN CALCULA nON EFFLUENT CHARACTERISTICS 

I 
i 

i 
: 
:, 
!i 
H 

SLUDGE T1DCKENING 
Stream Characteristics 
Peak now rate 
ADWF 
Minimum flow rate 
ADW BOD load 
AOWSS load 
ADW NH4-N load 
ADW E coli load 
ADWBOD 
ADW sewage 55 
ADW NH4·N concentr.l.tion 
ADW E coli concentration 
pH value 
SS 

Design 
Specific surface area 
Thlck.ening surface area 
Number of dUlY laRks 
Number of standby tanks 
Total number of wtks 
Tank diameter 
Tank height 
Average upward ... elocity 
Thickened sludge concentration 
55 of lopwater 
BOD of topwater 
ADW E coli concenuation in topwater 
Density of thickened sludge 
Average flow rate of thickened sludge 
Average flow rate of lopwater 

SLUDGE STORAGE 
Stream Characteristics 
Peak flow rate 
ADWF 
Minimum flow rate 
AOWBODload 
ADW 5S load 
ADW NH4-N load 
ADW E coli load 
ADWBOD 
ADWSS 
ADW NH4-N concentration 
ADW E coli concentration 
pH vaJue 
DS 

Desien 
Rentention time 
Total volume 
Number of tanks 
Depth of tanks 
Diameter of tanks 

r:\ppd\projects\2777 6BO I \process\B AFF3 _ \\' K4 

I 
Im3/day 
:m3/day 
im3fday 
it/day 
I"day 
!TJday 
IGNr/day 
Img/l 
img/l 
,mg/l 
lkNrllOO ml 

I 
iw/w% 

m2.day/tDS 
m2 
Nr 
Nr 
Nr 
m 
m 
mIh 
w/w% 
mg/l 
mg/l 
IeNr/IOO ml 
11m3 
m3/day 
m3/day 

m3/day 
m3/day 
m3/day 

IIIday 
llday 
llday 
GNr/day 
mg/l 
mg/l 
mg/l 
IeNr/IOO ml 

w/w% 

days 
m3 
Nr 
m 
m 

i 
, 

Assumed Derived 

15 
41.05 

2 
7.23 

4 
0,16 

6 
800 

400 
100 
L02 

43.21 
115 

4 
173 

2 
4 

5,24 

A3,7 

Innutnt 
Prima .. S<condary I Terti.", 

Raw 

I i 
Sludge 

I 
158 I 

i 2,736 

I 

11 
L7 

I 

I 
Thickened 

Sludge 

43.21 I 
,-
i 

2-644 

11 
6 

I 

i 

Emuent 
Prima .. SecondJi 

Thickentd I- Topwat 
Sludge i 

I : , 
I , 

I 
I 

I 

4321 

2M4 

11 
6,0 

I 
i Thickened I 
i Sludge I. 

I 43.21 I 
I 

2.644 I 
I 

11 
6 

I 
I 

i 

115 JJ 
0-1)46 ,-
0,092 
M02 I 

, 

[ 
.. 1 

ii 
il 

0,11 : I 

~il 

[ 

L 
L 

L 
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[ 

o 
c 
[] 

c 
o 
o 
o 
o 

c 
c 
o 
o 

[ 

[ 

{-' 
L, 

Strum Charact.tristics 
Peak flow rate 
ADWF 
MlnlffiUm flow rate 
ADW BOD load 
ADW 55 load 
ADW NH4-N load 
ADW E colt load 
ADWBOD 
ADW sewage 5S 
ADW NH4-N concentrauon 
ADW E coli concentration 
pH value 
DS 

Design 
WIdth of plates 

Depth of plates 
Nominal sIze of plates 
Nominal chamber thickness 
Actual chambtr volume 
DS of cake 
SS of filtrate 
BOD of filtrate 
ADW E coli concentration In filtrnte 
Density of cake 
Average total solids load 
Volumetric flow of cake 
Mass flow rate of cake 
Number of pressingslday.press 
Spare capacity 
Nt of duty presses 
Nt of standby presses 
Nt of chambers 
Polyelectrolyte dose 
Average polyelectrolyte consumption 
Polyelectrolyte make-up water 
Concentration of polyelectrolyte in dosing solution 

m f w 

r:\ppd\proJects\2777 680 I \process\B AFF3. WK4 

m3/day 
.m3/day 
m3fday 
"doy 
t/clay 
"doy 
GNr/day 
mg/l 

imgll 
mg/l 
kNr/lOO ml 

w/w'1r: 

m 1.3 
m 1.3 
m2 
mm J2 

im3 , 

iwfw% 35 
!mgfl 400 

Img/l 
kNrllOO ml 10 

!tlm3 1.1 
it/day 
irn3/day 
~"day 
iNc 3 

',% 33 
IN, 1 

IN' 0 
N, 

ikgltSS 4 

Ikgldoy 
I Mains 
Ikglm3 1 

I 

A3.8 

1.69 

0.04 

200 

2.64 
6.83 
7.51 

70 

10.58 

Sludge 

43.21 

2.644 

[1 

6 

Cake 

6.83 

2.626 

11 
35 

46.96 

0.009 
0.0[9 

O.OOt 
0.000 
200 
400 
20 
10 
[1 

03:17 PM on 04111/9· 
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SHAM TSENG ~~,,!RAGE ~~WAGE TREA ThiENT 
Table 81.1: Ca c- tor I - Lime Tralment 

I- N_ ConPlirunder 1 Coot tboasaads HKSl ~o 

Du~ Std--;;;-- V .... Vatu CiyU M&:E: T ..... , 

[ 

o 
c 
o 

'""'W .... i , 
lntlueat PumPnI 4 1 Total installed power 23 kW 469.6 655.71 I 

lJUc:I works· Civil 1 DryWeatbcrAow 16000 mJld 1561.2 ! Lcngd> 9 m 
\l14s[ Saoens 1 Dry Weather Row 16000 mJld 

W .... pKtOr 1 /SCfeeningS throughput 0.42 tid 876.0: 
I 

1,1 

GrilT~fie~ 2 ! 
Gril throughput I 

0.25 tid I I 1080.01 

I I 575" 0' 
, 

i I 
[ 

I 
IIPH CorrectionlFloo:ularion I 1 

33
' 

i, Lime Slcnge Silos 
, 3 ICapacuy tlime 1560·°1 ! I 3 i I Volume of each tank 

56;1 
m3 I 550.0 

'i 
Balch Mixing T-:."'o;s I Lime Slurry Pur..~'~ 3 iTotai installed power kW I ! 364.5 ! 

:i , 
I 649.01 

, 
'J . AoccuJation/pH ConO"ol Tanks 2 Total volume 340. m3 , 

SorrerlMlxer I Diameter SOJA! 
36"'70 

7.4) m 

" 
, -

i 
1 

i I 
i !Pnmary Treatment 

I I 
Primary Sedimentation Tanks 4 

I I~~' 10.50 1 
m 1713.5\ 1955..11 

Sludge Pumps 4 4 Total installed power 
1 

24 kW I 1603.1 ! 
,I 5272.1 

i:Dismfecoon and Outfall i i 

I 
I , , 

:1 
StrippmgIDismfection Tank I 

1 Total VoJwnc 
6771 

m3 665.7! 
Dismfection Tank Aeraoon System 1 1 Total inslalled power 3' kW I 1029.21 

i Outfall Pumps 
1 

2 1 Total installed power 18 kW 425.8 ! 3+U 1 

ii 
Marine Outfall 

I 
1 Lon"" 0.1 10m 

i 
2248.3 ! 

~"""" 0.750 m i , 
"7133 

o (Sludge Treattnenl 
, 

. Sludge Recirculation Pumps 1 1 ToW installed power 6 kW 262.91 197.6 
, 

I 
Continuous Sludge Thickeners 3 1 Volume of each tank 389 m3 1376.S 1944.2 

Sludge Pumps 2 2 ToW installed power 6 kW 364.2 

Sludge Storage Tanks 4 Total volwne 1103 m3 1192.9 

o 
o 

I 
PolyeleCtrolyte Dosmg System J 
Press Feed Pumps J 1 Total installed power 60 kW 816.0 

Filler Press J Cake throughput 14.1 tDS/day 4680.0 

I 
Conveyor System 3 Cake throughput 14.1 "d 828.0 

Sk.ips 6 72.0 i 
I , , 11734.): 
I 
jOdour Control and Ventilation 

Covered area 1439 m2 1122.41 1 I Cowlings. and Covers , 
I ! 

i DuctWorX 1 i 
, 

I 
, 

Odour Control Fans 2 1 Total installed power 5.3 kW , 
Sulphuric Acid Tank. 1 Total capacity 5 tonnes 58.6 ! 

I Arrunonia Scrubber 2 ToW air flow rate 25\0 m3Jh 1800.0j : 

I Spent Acid Tank. 1 Total capacity 5 tonnes 58.6 ! 
I Bioscrubber 1 Air flow rare 3556 m3Jh 888.3 i 

o 
c 
o 

" Roof Extractor Fans 8 Total installed power 14 kW \46.21 , 
I : 407-'.11 

i Associated Civils Works 1 I 

I 
Buildings: ! ; 

I Control Buildings Plan Area 50 m2 320.91 I 
i 

I Treatmenl Buildings Plan..,.. 4800 m2 23040 I ! 

I 

, 
Mess/Administration Plan"'" 50 m2 322.5 , 

Indirect Civil Costs: I i 
RoadslbardsWldings 

'I Inter-process Pipework 1 
Drainage 

i 
I 

Fencing ! 
Sub-IOtai 6996.4 I I 

30679.8! 

o Indirect M&E Costs i , 
Plant Control, Cabling ! 

DeliYa')' i ! 
6212.31 

, 

Sub-local 6212.3) 

c jLand Reclaimation ..,.. 4.45 ha NOT INa..UDED 

Sub-IOtai 44477.7 27592.1 ; 720698' 
iconlin"encies 30 % of Subtotal 21620.91 
I Desi"n and Suoervision 7 % of Subtotal 5044.9: 

[ 

l 
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SHAM TSENG SEWERAGE AND SEW AGE TREATMENT 'j 

Table 81.2: OoeratiDR Cost for OntiOD 1 - Lime Treatment 
I! 

CostlReveDue Items Quantity Units Rates i Total : Notesl 
' (oe""" annum) Innes oer unitll IHKS) 

Staff COSIS 
1 

300000i :! Managerial Ilmanyear 

I 
3000001 

Technical 1 manyear 1680001 168000' 

ur 3.man ear 168000 504000' 
[ 

Labo y 

Employment CoSIS (0.6xSalary) 5832001 

11 'Maintenance 
Maintenance (Consumables and Laboul) 

, 
1103684 ! I ;j 

Site Vehicles 
i 

0.25 lItem 408000i 102000] 

C ii, 
i iServices , , 

:i Clean Water 178851m3 6.W 109456; 
'.! 

657000ikWh 0 lmported Electricity 0.61 394200 

Rates 
, 1 , 
:!Chemical COSIS 

17885ikg 
I 

II Polyelectrolyte 36 643860i 
, Sulphuric Acid 3471Tonnes 600 208050 
i Hydrated LIme 75921Tonnes 600 45552001 

I I Transport and Disposal COSIS i 
1 
i 

I Cake Export 14600 Tonnes 50.04 7305841 " 
" Disposal 14600 Tonnes 200.04 29205841 " :1 

iTnTA.T~ 
i 

123228181 ; 

D 
[ 

Notes 
1. Maintenance of mechanicaJ plant assumed at 4% per annum of total plant cost [ 

[ 
<r===============~S~HA~M~TS~E~N~G~SE~W~E;RA~G;E~A~N~D~S~E~W~A~G~E~T=RE=A~TM~;E~NT==================Ji! 

i Table Bl.3: Power ConsumDtioD Cor OntioD 1 - Lime Treatment 
, Item Total Installed I Operating Usage 
II Power (kWI ] Power (kW) _(h/d~y) 

" 'iiniet Works 

II Influent Pumping 23 6 

I ScreensiGrit Classifiers I I 

I pH CorrectionlFlocculation 
Batch Tank Stirrers 9 6 
Lime Slurry Pumps 9 1.5 

Primary Treatment 
Primary Sedimentation Tanks 4 2 
Sludge Pumps 24 6 

I Disinfection and Outfall 
I Disinfection Tank AerationSystem 34 12 

Outfall Pumps 18 6 

Sludge Treatment 

i 
Sludge Recirculation Pumps 6 3 
Continuous Sludge Thickeners I I 
Sludge Pumps 6 1.5 
Press Feed Pumps 60 40 
Conveyor System 3 3 

1 Odour Control and Ventilation 
Odour Control Fans 5 8 

14 8 

1 Consumption I 
I (kWh/day) , 

i 
24i 1441 
24i 24' , ; 

I I 

I 
241 

144 
24 36 

24 48 
24 144 

, 
241 288 
24 144, 

1 
, 

24 72 
24 24 
24 36 

61 240 

241 72 

I 

241 192 
241 192; 

I 

': 
Notes i: 

., [ 
, 
, 

~ i c 
'I 

1 

II 
[ 
I 

:1 

[ 

[ 
i , 

:1 

:! 

[ 

[ 

[ 
I Roof Fans 

~:IT~O~T~AL~======================~======~========~======~====~1~80illO~'==~[ 
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SHAM TSENG S~~RAGE ~r!~WAGE TREATMENT 
Table 82.1: Ca"" tal CQIU lor 1. Activated Sludft 

[ 

[ 

o 

1- Number COlt Paramden co.! lbousands HKS) '!'II, 
Out Sldb - Val ... Units , Chill M&E' Total' 

In:kr Worts 
, 

lDtlueal PumpiDI 4 I Tow installed power 35 kW 570.1 852.9 i 
Inlet Works· Civil I Dry Wealbc:r Aow 16000 mJ/d 1561.2 

I 

Length I' 
9 m ! 

Saocos I Dry Weamer Row 16000 m3/d , [11·U 

Wash_ 1 I , iScreenings throughput , 0.4 vd , 876.0! , 1 I Grit/Grease Channels I Dry Weather Row 160001 m3/d 1638_~· 

GriliGrease Channels Blower I i I ITotal installed power 35i kW I 6282 . 
I Grit Classifiers I I i0ri! throughput 0.24! vd 

i 
, 

"'" 

c 

c-

tnITWY ""'''''~, 
I 1 I I ;i Lamella SeparaJ:or Tanks 3 1 I 'Width 1 1: m 

I '~:h 
i m 

,I I. 
i 

16.4 m ! 1532.5 ! 1100.2 

Lamella Plates 3 I i Yo·i~~ of plaits 
, 

192: m3 978.0: 
, i ! W.", 

. , 
3 

I 
I 120 ~ , 

,Total installed power 6! i 1 Sludge Pumps I I " kW 1976 ! 
'! I 

; 
39"3 1 

Treaunenl I 
I 

; I I 
, 

Aeranon.Tank (including AnoXJc Zone: 
, 

'i I I Volume of aeraaon tank ' 12l: m3 , 20345 ! 

i Mixers 6 i~~: installed power kW i 576.0· 

ii BlowerslAeranon System I 3 1 I I installed power ii' kW I i 2393.81 

:'[ 
Internal Recycle Pumps I I 

I 
I it~~~laJled power kW , 373-1 

Clarifiers 4 
22i: 

m 4268.1 ! 1700.1 
1 T~~·insta.lled power 

:1 
Retwn Activated Sludge Pumps 4 I kW 433.5 ! 515.1 

1229'" 

o 
c 
o 

i I and ~~~~~infeCtion Units 3 I ~ Weather Row 
I! 

mJ/d 1561.2 4983.61 
1 

~~ •. th m I 
80 kW I : 

Outfall Pumps 2 I ~: :;;: 
0'.: 

kW 425.8 344,31 
I 

~~~ 
power 

i Marine Oulfall I km 2248.31 
, 

).750 m 1 

1 
i 956' ,! 

i SI"d,. T~''''''"L S S' 
~apaciry of each Silo 

I I I HTle torage 1105 I I ~;~ tlime i 600,0 
! 

Batch MiXing Tanks I I I~d,""'; of ""h_ m3 37.3 : 

i Lime Slurry Pumps 2 16~ 
kW ~;~~ I 

i 
Continuous Sludge Thickeners I I 1 Volume or each tank mJ 485.1 1 
Sludge Pumps I I l~i:··inSta.lled power 6 kW 1 1976 I 

; Sludge Storage Tanks 2 volume 177 mJ ]12.2: 

i 
" 

Polyelectrolyte Dosing System I 
, 

Press Feed Pumps I I ITotal installed power 20 kW 408.0! 
Filter Press I 2.71 ~S/"') 1260.0 : 
Conveyor System I Ic~~ throughput 2.71 176.0! 

[ 

c 

Skips 2 ; mo 
ilOdOur Control and Ventilation 

Icov"""",,, 97s' 1 Cowlings. and Covers 125 m2 
Ductwori;. I 

, 

l~~: installed power 
I 

i 
Odour Control Fans 2 I 17.1 kW 1 
Biosaubber 2 air flow rate !I~ mJth 1 1786.91 
Roof EXlr3Ctor Fans IT~~ installed power 

, 
146,2j 8 kW -1 20'0 , 

iCiviisWom , 

c Buildings: 

I::~"'" Control Buildings 57;~ m2 320.9 
Treatment Buildings m2 27600 
Messl Admin.istration Plan Area 50 m2 ]22.5 -

o Indirect Civil Costs: 
RoadsIhudstandings 

I IDICr-proce&s Pipeworl; , 
Dnmace 

o ...... , 
! 

SulHotai 8288,9 
"m.,: 

Ilodi"'" M&E Costs 

[! 
, Plant Conlrnl. Cabling , 

Delivery 

6615.81 

, 

Sub-total 66IS8! 

Land Rcclaimation ..,..- 4.45 '" ~OTINCLUDED 
1 

[ ! 53257,51 29478.3 , 82735.81 
30 24"0.81 

~ 
% of<"b.ow 5791.5' 

L 
L 
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SHAM TSENG SEWERAGE AND SEWAGE TREATMENT 
Table BU: OoeraliD .. Cost (or ()ptjou 2 • Activatod Slud .. e 

StaffCoslS 

MaIntenance 

:1 

ii 

CostIRevenue Items 

Managerial 
Technical 
Labour 
Employment Costs (0.6xSaiary) 

Maintenance (Consumables and LabourJ 
UV Lamp Replacement I'i 

Site Vehicles 
i 

Clean Water 
Imported Electricity 
Rates 

i ,Chemical Costs 
il Polyelectrolyte 
I: Hydrated Lime 

I!':.':,) Units Rates 
1(1l1es Der unit' 

, 

I manyear 300000 
I Imanyear 
31manyear 

168000 I 
168000 . 

I i i 
! , , , 

i 
i 

! 
100iNr 444j 

0.25 iltem 408000 1 

3942\m3 6.12 
1484820 I kWh 0.6 

1 
! 
i 

3942.0 kg 36 
124.1 Tonnes 600 

~~ta1 Notes. 
KS) : : 

[ 
300000 i 
168000 ! 
504000 . 

[ 
583200 

1179133 : 
44400 

102000 . [ 
24125· 

890892 . c 
141912 c 
74460 

, 
I Transport and Disposal Costs 

I Cake Export 2806.9 Tonnes 50.04 140455 Ie 
I Disposal 2806.9 Tonnes 200.04 561482 

I 
[ITOTAL COST 47140591 

, 
i 

C 
Notes 

2. ~aintenance of mechanical plant assumed at 4% per annum of total plant cost [ 

I SHAM TSENG SEWERAGE AND SEWAGE TREATMENT 
Table B2.3: Po .. er Consumntion Cor Ontion 2· Activatod Slud.e 

, 
[ 

Item TotailnstaIIed Operating Usage i Consumption Notes 
Power(kW) Power(kWJ (hld';-y) : (kWh/day) : . 

Inlet Works i 'I 
[ 

Influent Pumping 35 7 241 168 : 
Screens/Grit Classifiers I I 

241 
24 ! 

Grit/Grease Channels Blower 
, 

35 14 24 3361 :: , 
i: 

[ 
Primary Treatment 

721 
, ., 

Sludge Pumps 6 3 24 j: 
It , , 

Secondary Treatment , 
" 

Blowers 92 51.5 24 1236 'I 

Mixers 6 4 24 96 il 
Internal Recycle Pumps IS 6 24 144 'j 

Return Activated Sludge Pumps 19 12 24 288 'i 
I 

c 
': 

Disinfection and Outfall 
,j 
, 

UV Disinfection UnilS 80 40 24 960 c 
Outfall Pumps 18 6 24 144 

, 

:1 
Sludge Treatment i 

Lime Slurry Pumps 6 1.5 24 36 ! 
[ 

Continuous Sludge 1b.ickeners I I 24 24 
Sludge Pumps 6 1.5 24 36 " 
Press Feed Pumps 20 8 6 48 ','I L 
Conveyor System I I 24 24 

-

Odour Control and Ventilation 
Odour Control Fans 17 iO 24 240 i. l 
Roof Fans 14 8 24 192 : 

IITOTAl 
, 

, i 4068, l 
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[ I-

InktWorks, 
Influent Pumping 

[ 
Iniec Works - Civil 

Screens 
Wuhpo:tm" 
Grit/Grease Chan~Js 

n Grit/Grease Channels Blower 
Grit ClassIfiers 

:Pnrnary T reatmenl 
Lamella Separator Tanks 

Lamella Plates 

w"" 

o 
Sludge Pumps 

'Secondary TlUlInCnt 
:11 AnOXIC BAFFs 

Aerobic BAFFs 

c BlowersiAernaon System 
,I Internal Recycle Pumps 

'I Air Scour Blowers 
Backwash Pumps i! 
Washwater Tank 

o 
, 

Diny WashwaterTank i Dirty Washwater Pumps I 

I Pipework 

Disinfection and Outfall 

o UV Disinfection Units 

I 

c I 
Outfall Pumps 
Marine OUifail 

I Sludge Tn!atment 

I Lime Storage Silos 

I 
Balch M.iXlng Tanks 
Lime Slurry Pumps 
Continuous Sludge Thickeners 

I Sludge Pumps 
I 
1 

Sludge Storage Tanks 

[ 
I Polyelectrolyte Dosing System 
i Press Feed Pumps 
I Filter Press 
I Conveyor System 

! Skips 

c 
c 

[IOdo", Coo"ol ond V,"ti1atioo 
I Cowlings. am Covers 

i DlJCtWort 

I 
Odour Control Fans 
Bioscrubber 

I Roof Extractor Fans 

AssOCIated Civils Worts 
Buildings: 

o Control Buildings 
T~t Buildings 
MesilAdminisnlion 

c Indirect Civil Casu: 
ROIdIIhardstandings 

I 
Intu-prOCeSS Pipc:work 
DnUnage 
Fencing 

c: 
Sub-total 

Indirect M&E Costs 
Plant Control, Cabling 
Delivery 

[ Sub-Iotal 

I LaOO R.clalnw;oo 

I;!SuIHOtal 
i Contine.encles 
~ Desi2n and Suocrvision 
:PVERt\ll TOTA) , 

L 
[ 

r:\ppd\proj«cs\27776BOl\BAFFCOST.WK4 

SHAM TSENG SEWERAGE AND SEWAGE TREA TM£NT 
Table 83.1: CaDI tal COfti ror Oodoa: 3 - Sabmt..-.t Aented Fllters 

I 

I 

N_ 
DulY 

4 
1 

1 
2 
1 
1 

3 
3 
1 

4 
l 
3 
1 

• 
3 
1 
1 
1 

3 

2 
1 

1 
1 
2 
1 
1 
Z 
1 
1 
1 
1 
Z 

1 
Z 
2 
4 

I 
I 

30 
7 

Stdb 

·1 
1 
1 

1 
1 
1 
1 

1 

1 

1 

1 
1 

1 
1 

1 

1 

Cod Parmnder ........... 
Total i..astallcd power 
Dry Weather Row 
Length 
Dry Weather Row 
IScreenings throughput 
Dry Weather Flow 

jTotal installed power 
IGn! throughput 

IWldll1 
Depll1 
I,-"ogth I Volume of plates 

jTOtal installed power 

I 
(Total volume ofanks 
ITotal volume of tanks 
Total inswled power 
Total installed power 
Total installed power 
Total installed power 
Volwnc 
Volwnc 
Total installed power 

Dry Wealher Row 
Length 
Total installed power 
Total installed power 
'-"ogth 
01...-

Capacity of each silo 
Volume of each tank 
Total installed power 
Volume of each tank 
Total installed power 
Totalvolumc 

Total installed power 
Cake throughput 
Cake throughput 

Covered &raI 

Total installed power 
Total air flow rate 
Total installed power 

PIon """ 
PIon""" 
PIon""" 

-
% of Subtotal 
% of Subtotal 

Vol .. UnIU 

! ... 'II 
l6000i ,nJ/d 

91 
m 

16000 m31d 
0.4 tid 

160001 ml/d 
351 kW 

0.241 tid 

, 
1 

4.001 m 
4.801 m 
16.4 : m 
192i ml 

I 

6! kW 

,.,i ml 

10581 m3 
140 kW 
30 1 kW 
69

1 

kW 
128 kW 
423 ml 
.23 ml 

3 kW 

16000 m31d 
9 m 

80 kW 
18 kW 

0.1 Ian 
0.750 m 

7.50 tlime 
1.00 ml 

6 kW 
164 ml 

6 kW 
173 ml 

20 kW 
2.64 tDS/day 
2.64 tid 

125 mZ 

17.1 kW 
11400 m3/h 

7 kW 

50 mZ 
3200 mZ 

50 mZ 

4.45 ha 

, 

i , , , 
I 

I 
1 

I 

COlt thousands HKS) 
Civil' M&E, 

T 
628.8/ 974.0 I 

1561.2 ! 

15]2.5 ; 
978.0: 

120: 

2]26.8 ' 
-W244: 

535.0 ! 

521.3 : 
521.3i 

I 
3600

1 , 
I 

1561.2 i 
i 
I 

425.81 
2248.3 : 

1 

44.9 ! 
! 

'81.0 i 
, 

]68.51 

i , 
, 

! 

! 
97.51 

i 

I 
! 
I , 

320.91 
15]601 
322.5i 

! 
, 

10430.9i 
: 
I 

, 

I 
1 

"OT INCLUDED 

48010.8: 

! 114.5! 
876.0 i 

16]8.4, 
618.1' 

197.6! 

30796: 
640.8' 

2089.3 
1589.3 . 

161.91 

i , 
'. 

4983.6 i , 
I 

344.31 

i 

! 
i 

600.0: 

197.6; 
690.6; 
197.6 ! 

.w8.0i 
1260.01 

276.oi 
24.01 , 

1 

I 
I 

1786.9'1 
73.11 

i 
I 

, 

, 

7178.91 
: 

32110.5 : 

Total; 

3928.3 

I 
I 
, 

19089.8i , , , 
I 
i 

I 
! 

9563.21 

i 
i , , 
, , 
i 

, 
, 
! , 
, 

4548.3 i 

, , 
; , 

1957.51 
. 

1 
I , , 

26434] i 

, 
7178.9 1 

801213 
240364-
5608.5 ; 

IQ9766 ' 

07111194. I! 



SHAM TSENG SEWERAGE AND SEWAGE TREATMENT 
Table B3.2: ODeratina Cost for ODtion 3 - Subme ....... Aerol'" Fillers 

CostIReveDue Items Quaatlty Units 
ill Flal.. illl 

Total Notes .i 
(~r lUlIIuml HKS oerunil IHKS) 

, 
i! 

Staff Costs 

I 300000 I Managerial 1 manycar 300000 

Technical 1 !manyear , 168000 I 168000 

Labour 3 im.nyear I 168000 I 504000 : 
Employment Costs (0.6xSalary) I 583200 

:Malntcnance 
, 

! Maintenance (Consumables and Labouh 1926631 • 
UV Lamp Replacement 100 iNr 444 ' 44400, 
Site Vehicles 0.25 j Item 408000 : 102000 

Services 
3862 1m3 ',I Clean Water 6.12 23634. 

" 1563113 'kWh 0.6. 937868 I Imported Electricity , 
Rates I , 

, 
: ',Chemical Costs " , 

; 

:1 Polyelectro).yte 38621kg i 361 139021 , 
1131Tonne5 

, 
il Hydrated Lime I 600 I 67890 

" 

, , i 
I' 

I 
i 1,ITransport and Disposal Costs 

II Cake Export 2741 Toones 50.04 1 137167 ! 
Disposal 2741 TODnes 

I 
200.04 1 548340 ! II 

'I liTQTAL COST , ~4~21)0 I 

Notes 
I. Maintenance of mechanical plant assumed at 6% per annum of total plant cost 

SHAM TSENG SEWERAGE AND SEWAGE TREATMENT 

!-__________ ~----T~.b~l~e~B~3~J~:~P~o~w~.~r~C~o~nnun~~n~DtI~o~D~fo~r~O~)~DltI~o~Df3~-~S~u~b~m~e~ ........ ~pA~era~tod~£F~iI~te~n~=_--__ ~--~----
1 Item TotallnstaJled Operating I Usage Consumption ~otes i 
! Power IkWl Power IkW, IhId';vl IkWhldav)' ! 
:~~~-----------------+~~~~~~~I ~~~~~~~--! 
Inlet Works I! 

Influent Pumping 44 9 24 216 : 'I 
ScreensiGril Classifiers 1 141 I, 24 32346 I:. 'I ,ii' 
Grit/Grease Channels Blower 3S 24 

!~:-__ :::-____________________________ -+ __________ -+-________ -+ __________ +-________ -+-___ :l 
Primary Tre.unent i 'I,'l 

Sludge Pumps 6 3 24 72 i 

Secondary Treatment 
Blowers/Aeration System 140 66 24 1575 
Internal Recycle Pumps 30 15 24 360 
Air Scour Blowers 69 50 O.S 25 
Backwash Pumps 128 85 O.S 42.5 

'II Dirty Washwater Pumps 3 1 24 24·:i 

.~~--~~------------+-----~-----+------~------~' 

I
IDiSinfection and Outfall .: 
, UV Disinfection Units 80 40 24 960 ., 
I Outfall Pumps 18 6 24 1-14 

! IllS Sludge Treatment 
Lime Slurry Pumps 

I Continuous Sludge Thickeners 
I Sludge Pumps 

I
I Press Feed Pumps 

II Conveyor System 

!IOdour Control and Ventilation . 
\ Odour Control Fans 
; Roof Fans 

iTOTAI . 

.,lpp<ilprojectsl27776BOIIBAFFCOST.WK4 

6 
I 
6 
20 
I 

17 
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1.5 
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1.5 
8 
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10 
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24 
24 

6 
24 
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2~ I 

36 
24 i 

36 
48 'I 

24 ; 

, 
240 1 
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EVALUATION OF H,S GENERATION IN SEWERS 
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INTRODUCTION 

The new sewerage system at Sham Tseng will contain about 7 km of new pipelines of 

which about 3 km will transfer sewage under pressure from seven pumping stations. There 

is potential within these pipes. especially those containing pumped sewage. to produce H,S 

and give rise to the associated problems of odour nuisance and corrosion inside and outside 

the sewerage system. 

The following investigates this potential problem and the strategies for a solution. 

SEWERAGE DESCRIPTION 

Diagram 

Figure Cl shows a schematic layout of the new sewerage system based on the information 

given in report 15}. The pumping stations and manholes have been labelled to designate 

the different sections of pipe. each referring to the section immediately downstream. 

Pumping station (-E) is at the western end of the sewerage and station (+ H) at the eastern 

end. 

Pipe Diameters 

As explained later. virtually all the sulphide produced in sewers arises from the reduction 

of sulphate by specific groups of bacteria growing in the anaerobic slimes attached to the 

sewer walls. To minimise the amount of slime and hence the sulphate-reducing potential. 

pipes should be designed so that the shear stress at the wall is greater than a critical 

value 16}. Subjecting the pipe walls to this critical shear stress. say. once per day controls 

the build-up of the slime layer although the layer is generally not eliminated. The thickness 

and distribution of the residual layer depends on factors such as wall roughness and the 

number of bends in the pipe. 

The critical stress is different for gravity pipes and pumped pipes (pumping mains) having 

values of 3.35 Pa and 3.85 Pa respectively; these values are greater than needed for self

cleansing of loose solids. The flow velocity required to obtain such values is approx.imately 

the same in the two types of pipes for the same pipe diameter when the gravity flow has 

Sham Tseng Sewerage & Sewage Treatment: Underground Cavern Options. prepared for 
Hong Kong Government EPD by Pypun-Howard Humphreys Ltd. January 1993 

16} Hydrogen Sulphide Control Manual: Septicity. Corrosion and Odour Control in Sewerage 
Systems. Technical Standing Committee on Hydrogen Sulphide Corrosion in Sewerage 
Works. Melbourne and Metropolitan Board of Works. 1989 
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a proportional depth of 0.8. This flow velocity varies with pipe diameter and the 

relationship is shown in Table Cl. 

Table Cl: Critical flow velocities for controlling slime build· up 

Diameter (mm) 200 400 600 800 1000 1200 

Velocity (mls) 1.0 1.12 1.2 1.25 1.31 1.35 

For this investigation. the simplifying assumption is made that the design velocity is 1.5 mls 

at peak flow for both types of pipes. assuming all the gravity pipes are full. Pipe diameters 

calculated on this basis are listed in Table C2. Page 1 and are shown to range from 200 to 

800 mm depending on the particular pipe. 

Calculations have been performed for all the pipes in the main flow. None has been 

performed for the branched pipes. although calculations will. of course, be needed at a later 

stage. 

Other Sewerage Data 

Table C2. Page I also lists the lengths of the various pipe sections and the peak flows in 

each calculated from values of the peaking factors taken from report {7}. The minimum 

gradients in the gravity pipe sections are also listed. 

C3 HYDROGEN SULPHIDE PRODUCTION 

C3.1 Mechanism 

As previously explained, specific bacteria present in the anaerobic region of the slime 

attached to the sewer walls reduce SO;' to H2S. When the sewage is anaerobic. SO;' 

reduction can also occur in the bulk of the sewage although the rate is comparativelv low. 

Reduction in slimes can occur even through the sewage may contain low concentrations of 

dissolved oxygen because the inner region of the slime may be anaerobic while the outer 

region is aerobic. However. under such conditions, the H2S produced in the inner region 

can be subsequently oxidised to sulphuric acid and other oxidation products by specific 

bacteria growing in the outer region. The soluble oxidation products then diffuse into the 

sewage to be carried away. 

Problems associated with H2S arise when the production rate exceeds the destruction rate 

allowing H2S to diffuse into the sewage and then desorb into the atmosphere above the 

sewage. The H2S can then cause odour nuisance and corrode exposed surfaces of metal 

{7} Draft Drainage Works Manual, HK Government, Drainage Services Department 
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Table C2, Page 1 or 2: HlS Assessment 

PARAMETER F -_._-_._- MANiiOLF..JPUMPING STATiON"iiiENTiFICATION--
_._ _ .F--"'T-;j):.rrL:~ CA- I .H I +G=r=+FT-;ET:&C.t-l .~~ L+AL.~1.:vTT3 

FLOW RATES AND PIPELINE SIZES 
Additional population 20250 3240 0 5670 567tr- ]S<X) 1620 0 2430 0 -- -- -0 .- "16'2('" 0 0 
TouJ lalion 20250 23490 23490 29160 ]48]0 38330 1620 1620 4050 4050 405:1)' '5670'-567() S610'-44iXXJ-' 
Per CI ita! flow Ik.day ]70 370' .J -'0 ]7() 240 370 0 370 --3m ----- _.' ---~-.-

Additional flow .. 31day ResidcmiaJ 749] t 199 
-.-~--. 

.. v98 2098 840 599.4 0 899.1 -- - ---- .-~~~~}99·X·~-~.-· - 0 0 
210 .. -_ .... __ . 

0 0 
.... v ........... , i41 Deact - ------ ------

~~~~~================================~~~==~'nd~"~'m~.~u~,~f~"~~"~'=== 0 0 
T .... 

Total ADWF n 
2098--2098 1195 599.4 120 899.1 0 () ·599.4---- 0- tl (I 0 0 

1493 8691 8691 10789 11887 14082 . 599.4 ii9.4 1619 1619 1619 2218' 2:218 22lif"-i6"jij}--R;]()() 16300 
I 4 4- 4 4 6 6 6 6 6 5 ·5-------·5·-4···. 4 

346.9 402.4 402.4 499.5 596,6 651.9 41.63 49.96 112.4 III4 i12.4· 128.4 12If"4--12/347S4]'···-'54·.6 754.6 
G G G G P G G -'P 0 -0 p-----~--·G--G~~G~ 

0.048 0,00]4 0.00]4 0.00]4 0.012 0.012 O.OI4Ii.02S-- .--.- 0.0I6·--'--~-
u 1.5 1.5 U I.S I.S· 1.5 U 1.5 - 1.5 f5-~-I.s---IT--'j~5·--I.S---I.S 1.5 

S42.6 S84.4 584.4 651.1 711.6 743.9 188 205.9 ]08.9 .]Og~9 ]08.9-=-]jOT3IDT-j3OT800j~ 8(XU 800.] 
2400 1320 1170 980 480 2850 1950 15SO 1390 1050 8]0 ]50 100 0 
1080 ISO 190 500 480 900 400 160 ]40 2211 480- _-250 __ -Joo--==-~=-===-

GENERAL DATA FOR HlS PRODUcnON 
Nannal respirltion in sewlle II ISC gOl1m3.h 6 
Nannal rcspiralion I' walls II 1 SC ,Ol1m2.h 0.7 
Nonnal sulphide production II 20C and BOD of 200 mg/l gS/m2.h 0.2 
Solubili,y of 5ulphide II 20C in sewIgc mgll.bar 3700 
Tem~ralurc: cocmctc:nl for solubililY 'l./deSrceC 2.S 
ScwIgc Icmpclll.turc C 2S 
Nonnal rcspirltion in sewasc II sewlSC temp c02Jm3.h 11.80 
Normal rcspiration II walls II sewagc temp gOl1m2.h 0.94 
Nonnal sulphide produclion al sewa,c temp and BOD of 200 mwe S/m2.h 0.28 
Solubility of H2S at 5Cwasc temp mgll.bar ]237.50 
Partition cdftcicnl for H2S in sewagc O.s 



-

Table e2. Page 2 of 2: H2S Assessment 

]
--- .~~. - .. -----.- -.- ··~-MAN"OLF.lPUMPljiiG·STAtioNil)ENTIFICATl6N· 

_.__ -F L-~R~_L -D ITI::B I -A- :GiI1---.cT-;F~T~!_-J ~~ [ .it i +B [._-----
PARAMETER 

1. ... A x I_Y:.Ii3 
CAI.CULATIONS FOR PEAK DIURNAL DWF 
Row rate lL ADWF ----- .------ ----·~i-·-·2 ---2----2 -~i·---J---J-- y-"-- '"j" 3 . 25' 2.5 
BODofsc~~ _ mall 150-'-' -150--'150-'-150-150 ISO ISO 150--'--j56' 150'--'-150 "--ISI) 
~~~.!!~~!~!!. acLivity coefficientiQl.lo 1.5) ___ .. _ .. _~_._ 0.5 -'IS - -----··----·--Ii S 
~e~!!~~!!~!1~~~~~s (0.110 1.5) ______ !!:~__ 0.5 ·.fi:s-· -.-. --- '0.5' 
~~~tion ac!!!!!l' coefficient in sew~ (0.5 to 2.0) ___ . __ .. ___ . ! _______________ ,_ __~ ---.- --T- --
OO~n&stalion &1m3 5 5'- ----- . S··- .'i 
Av. now rate m].1:I 724-.3 724.3 899.1 -'ifii4"---1174 74.93 89-:932()2.J2!jij---202.3 . 231 - - vi 

2S 
·I~Q. 

231 
Av. flow vc:ioci!l:'. mfs 0.75 -. ---0-.75' -- -ii.7S -.~.-----.. - -'-'--1175 
Relc:ntionlime -- mins 24 ·---------iO-------"1"556- - - ---s":S56-
T.;!alres iralionoverll.·section 02lm.h "4:03---- ----·-------·rui83--··-----·----i~7i}7 - -- - --'i":985 
Length of aerobic seclion m ·89~.7-_=__====~=_~-=-= ___ ~24.~ _ _=__==___=_-=-_=.~~ _ ~I~ ________ ._~~·.-~_~~-t .. 
Length of anaerobic section m .J.~~_____ _115.8 ____ .Q. __ . _____ ._Q._. 

-- _ ... _----

Sui ide uction gtb 35.02 29.55 _ (J II 
Sulphide concentration in sewage mall 0.048 0.]94 -------~~ -... "== _______ ._. ~_~~_-.-li ~- ------ . ---- ------
Equilibrium cone. in almosphere ppm (liM 7.468 60.92 __ __!~ ._ .. ________ ~_ (J 
Wetted perimeter/surface width 3 3 3 ._3 3 _ _ 3 . _ ~ ___ _ J 

162.8 US EPA Z-faclor (no sulphide: when d(XX) 64.46 225.5 212.7 206.5 256.6 196.4 181.8 12J.!. ___ ._ 

CALCULATIONS FOR ADWF 
Aow ralc x ADWF 
800 of sewage mg.t1 
Sulphate reduction activilY coc:fftdem (0.1 10 1.5) 
Respiration actillity coefficient al walls (0.1 to 1.5) 
Respiration ACtivity coefficient in sewage (0.5 10 2.0) 
DO al pumping station 
All. now ralc 
A v. now yclocil 
Relenlion lime 
ToW respiration over x~$CCtion 
Length of aerobic sa::tion 
Length of anaerobk section 
Sulphide production 
Sulphide (:oncentration in sewage 
Equilibrium cone. in all1lospherc 
Wetted pcrimctc:rlsurface wKith 
US EPA Z-faccor(nosulph.idc: when .0000) 

mJ/h 

'"" mins 
02lm.h 

!!! 
m 

m .1. 

, 
flO 

0.25 
0.25 -, 

-. 

, 
'30 

, 
130 130 130 

]62.1 362.1 449.6 537 586.8 
0.375 -..-
3.598 
60].9 
476.1 

61.3 
0.169 
26.i4 

I~ I~ I~ 1.6 
37.45 131 123.6 120 

130 ,30 
0.25 
0.25 

" 24.98 29.98 
0.2S 

60 
0.883 
169.7 
730.3 
19.66 
0.787 
121.6 

I." 
170.s 

C- I ---I I i---'j" 
130---130-130 '--jjij--130--'-"130 

67.44 

I." 
130.4 

(US --- -··-----O.lS --.-.-
·0.25----· --0.25--' 

" 67:"44 
--'0.25 

22.67 
1.797 
225.1 
114.9 
5.081 
0.075 
11.64 

67.44 

I." 
120B 

92.-41 

1.6 
.-101:8 

.- _._-•. _._--

CAI.CULA TIONS FOR MINIMUM FLOW 
Flow rate x ADWF ---O:lso.IS 0.15 0.15 0.15 0.15 0.15 0.15 -=-O·J.f----=."]]~_._~.!!:!["_·:-Q:~r::~-~Uf-·-·---- ----I 
BODofscwage mg.t1 75 75 75 75 75 75 7S 75 75 75 75 75 75 --'--'--
Sulphale reduction actillity coeffidenl(O.IIO 1.5) 0.1 ----0-.. -- --··ii.l_··--·-----· ·-----·--(11-- .-.--- - --.. -.-. 
Respiralion activ!!'y~fficient at walls (0.1 to 1.5) . ....!!:_, _ __ 0.1 __ ~C~-=-=-..::~ - ----·0.,-
RespiraLion acUV!!l' coelficienl in sewage (0.5 102.0) ___ .. _....!____ _____ _ ____ , __ . _ .. _J. -- i 
OO.!!~pinglitaLion glm3 ?.. _. _____________ 7 _______ ._~ _.1 __ . .._. j' 
~1I. no~.. m311l _____ ~~:n .. _ ~1l. 67.43 ___ 80.54 _~!l.!..---.!~~46 4.496 10:!.~ _ ~().I_~ ____ !_!l!2 _,!~.,~6- I].IH~ 1]_86 
~y;flowvc:locity .. _______ ._m/s _. ______ Q;056_________ _ __ 0.D38___ I~~~__ _ - o (i4s- -- ... --
Retention time mins 320 400 -----. --I S 1.1 - iji.59 
!~!!!!.~rali0f! oyer __ ~:se~lion _=----=-=:=--=~~=~-==~ 02l~ ______ _ =-=--=_~~.-=~- t~~=~::= ::=-: ~==: --- ----.. -----O:88J-----_-~~!.7?r~ _ r?~~ 

I~~m ~~~~!f~~;~~_. __ .~:_~.=_~-~~_-:~-- -.. ---.- .-~_=_~==~=-=_-_~-:=_= _____ . __ .. ___ ~!J-_--" -- =~:~.~_ ·=--8~~:~ ______ . !.~~.~ - -i~n 
~u!2~!~ l!..~~~~!! ___ . ____ . ________ __ _ __ . _. __ ~_ g}!l ______ .... ________ ~___ 1~~ ____ .. _____ .J.~Q6 __ . _. __ ,,_ ~_t~~ ! !<~~ 
~l!.lphide ~!!~!!trilt!~_!~y~~~~____ . ___ . _____ ._~._. __ . _____ ~ ___ n ___ •• _ • _______ .Q.~!~. ______ .~...!~L.. __ . __ . __ . _. _ t~ l~~~ Q.! ~ _ 

~~~~~I;~~~!~J~i~~[~=-~~~_______ __P£!!~~v~~:_~-~~-~~~=_= ________ ._. __ ~~=~-- _ I._~ _I.! ~"J.~~=Ii~-·22~~~ __ ... _U _____ .1I 4~.K~ II I! ~~.~4 
illS EPA Z-faclOI (no sulphide when <5tXlOJ 27.78 97.2 91.66 89.02 12b.4 %.76 K'J SII 57119 _. __ .- ._--_._. __ ._- --------_ ... _. -------_ .. _--_.. - _. --- .. _-_ .• _-_.- -----------

~ r--J r:; r:J r:J 1 •• _."] r-1 r-1 r-1 rI r-1 r:'""l L.~" ... J c:-J r:-::J 

" H'S2 

r:-J r:l :---l :---l 
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fittings. Also, any HzS re-absorbing on damp surfaces oxidises to sulphuric acid which is 

corrosive to cement and concrete as well as being .highly corrosive to most metals. 

Range of Calculations 

The potential for H2S production has been investigated for both tl)e pumped and gravity 

pipes. although any production of H,S is only likely to arise in the pumped pipes. 

Calculations have been performed for three flow rates as follows: 

• recurring peak diurnal flow occurring during dry-weather 

• design ADWF 

• an estimated minimum diurnal flow 

The conditions in pumped pipes at peak flow is normally the least favourable for H,S 

production, since the amount of dissolved oxygen entering the pipes is then at its maximum. 

Thus, the probability of obtaining anaerobic conditions conducive to the reduction of SO; . 

is minimised. The peak flow of most relevance is that which is produced regularly from 

day to day. Taking into account that the design ADWF will not arise for a decade or more 

and that at certain times of year rain is infrequent, the recurring peak flow is assumed to 

50% of the ultimate design peak flow. Such a flow for most of the pipes is equal to rwo 

times the design ADWF. 

The calculations for the future ADWF have been performed to represent average conditions. 

The most favourable conditions for H,S production in the pumped pipes usually occurs at 

night when retention times are comparatively high. Minimum flow in all the pipes is 

assumed to be 0.15ADWF. 

A sewage temperature of 25° C has been assumed. Any H,S problem will be exacerbated 

at higher temperatures. 
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C3.3 Production in Gravity Pipes 

C3.3.l Z Factor 

An indication of whether H,S is likely to be a problem in gravity pipes can be deduced 

from the value of a Z factor which has been developed by the US.EPA {S} and is defined 

by 
Z = 0.3 BOD G-O s Q-OJJ R 1.07rr-20) 

where BOD is the BODs (mg/l) of the sewage 

G is the pipe gradient (mlm) 

and 

Q is sewage flow rate (Us) 

R is the ratio of the wetted perimeter to the surface width 

T is sewage temperature ('C). 

Sewers having Z values less than 5 000 will not generally give rise to a H2S problems and 

the sewage will be well aerated. Problems of odour nuisance and corrosion generally arise 

when the value exceeds 10 000. 

C3.3.2 Results 

Z values have been calculated for the three flow rates and each gravity pipe section in the 

maili flow. The calculations are based on the lowest gradient in each section so that the 

worst-case values of Z have been determined. Results in Table C2. Page 2 show that all 

the values are generally around 200 or less. Thus. it can be safely assumed that none of 

the gravity pipes will give rise to H2S production and that the degree of oxygen saturation 

in the sewage at the end of the sections will be high. 

C3.4 Production in Pumped Pipes 

C3.4.1 Anaerobic Length 

{S} 

In pumped pipes (rising mains), the concentration of oxygen dissolved in the sewage 

declines with the distance from the inlet. Most of the oxygen is consumed by heterotrophic 

microorganisms suspended in the sewage as well as resident in the slime and the sediment 

at the pipe bottom. When all the oxygen has been consumed, the sewage turns anaerobic. 

Pumped pipes can therefore be divided into an initial aerobic length followed, in problem 

pipes, by an anaerobic length. 

As in gravity pipes, H2S production can occur in aerobic lengths when the slime has 

anaerobic layers. However. production rate in the anaerobic length of the pipe is several 

Pomeroy, Johnson and Bailey. 1974. Sulphide Control in Sanitary Sewerage Systems. 
published by US EPA 
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fold higher and none of the H2S is subsequently oxidised within the length. A simplifying 

assumption made here is that H2S production occurs only in the anaerobic length and that 

the production' rate is uniform along the length. 

C3.4.2 Reaction Rates 

{9) 

Rates for the various biochemical reactions occurring in the aerobic and anaen;:,bic parts have 

been taken from Pomeroy {9) and are listed in Table C3. These rates pertain to favourable 

reaction conditions. such as reasonably constant oxygen potential and nutrient supply and 

a continuous flow of sewage. However. these conditions will not be found in the pumped 

pipes in the Sham Tseng sewerage for several reasons as follows. 

• Sewage will be pumped intermittently reducing the supply of nutrients to the wall 

slime. 

• Flow velocity during pumping will be comparatively high (1.5 mls) reducing the 

thickness and coverage of the slime. 

• The aerobic and anaerobic lengths in any particular pipe may vary diurnally as the 

amount of dissolved oxygen entering the pipe and other factors vary. Thus. reaction 

rates in pipe lengths subjected to alternating aerobic and anaerobic conditions will be 

reduced owing to a reduction in the concentration of SO .. '-reducing bacteria in the 

slimes. 

Table C3: Assumptions for calculating U,S production in pumped pipes 

Parameter Value 

Normal respiration rate in sewage ai 15°C (g Ojm3.h) 6.0 

Normal respiration rate in slime at 15°C (g 0/m2.h) 0.7 

Normal sulphide production rate in slime at 20°C (g S-/m2.h) 0.001 sewage BOD (mg/l) 

An allowance has been made for these factors by multiplying the reaction rates in Table C3 

by activity coefficients. For simplicity. the coefficient values vary only with flow rate; they 

do not model the effect of, any alternating oxygen potential on reaction rate. Table C4 lists 

. a value of unity for the coefficient of respiration in the bulk sewage, indicating that such 

respiration is not influenced by th.e flow conditions in the pipe as would be expected. 

However, the coefficients for the slime reactions are assumed to decrease from a value of 

0.5 at peak flow to 0.1 at minimum flow. These values are based on judgement and could 

contain large positive or negative errors. 

Pomeroy R 0, 1992, The Problem of Hydrogen Sulphide in Sewers, 2"" Edition, Clay pipe 
Association, Chesham, Bucks, England 
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Table C4: Activity coefficients for modifying reaction rates 

Flow Activity coefficient 

Bulk respiration Slime respiration SO;' reduction 

Peak '1.0 0.5 0.5 

Average 1.0 0.25 0.25 

Minimum 1.0 0.1 0.1 

C3.4.3 Dissolved Oxygen at Inlet 

Assumptions also have to be made regarding the concentration of dissolved oxygen in the 

sewage at the pumping stations. For simplicity, it is assumed that the DO value is the same 

at each station but inversely related to flow rate. Since previous calculations have shown 

that the sewage is likely to be well aerated in the gravity sections, the assumed DO values 

are 5 mg!l, 6 mg!l and 7 mgtl for peak, average and minimum flows respectively. 

In principle, the DO values at the pumping stations can be calculated from the aeration and 

respiration rates; these calculations are complex but should be undertaken at a later stage in 

the design. 

C3.4.4 Sulphide at Inlet 

The sulphide concentration in the sewage at the inlet of each pumped pipe is assumed to 

be zero. Thus, the calculations predict the additional sulphide which may be produced in 
any particular pipe. 

C3.4.5 Results 

Table C2, Page 2 shows the results of the calculations for the four main pumped pipes at 

(-E), (+H), (+E) and (+B). Table C5 summarises the main results. 

None of the predicted H,S concentrations in the sewage is particularly high. Nevertheless, 

the concentrations are sufficiently high to cause odour and corrosion problems. 

Two pipes, namely (-E) and (+H) at the two ends of the sewerage network, are predicted 

to have anaerobic lengths at all (dry-weather) flows indicating that they are likely to be a 

potential source of sulphide most of the time. Although some of the sulphide will be 

sequestered by "compounds of metals such as Fe, Cu, Zn and Pb present in th"e sewage, the 

residual concentration of soluble H,S will probably be sufficiently high to cause problems. 
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At average flow, three of the pipes are predicted to produce H2S. The exception is the 

comparatively short length of pipe at (+B). 

At minimum flow, all four pipes are predicted to have anaerobic sections. The sulphide 

concentration from pipe (+H) is predicted to be 1.4 mgll. The volumetric H,S concentration 

in the atmosphere in equilibrium with this aqueous concentration is 223 ppm (as S) which 

is about 500 000 times higher than the standard detection limit for people. Such 

atmospheric concentrations would, of course, not be obtained in practice since the desorption 

of H,S is very slow. 

In terms of the H,S production potential of each pipe, the following conclusions are drawn. 

• Pipe (+H) is likely to be a source of H2S throughout the day, the concentration of 

sulphide in the sewage varying up to a maximum of about 1.4 mg/l at night. 

Sulphide production rate is predicted to peak at a value of about 30 gIh at high 

sewage flow. 

• Pipe (-E) could also be a continuous source of H,S. Although the sulphide 

concentrations in the sewage would be lower than in pipe (+H), the sulphide 

production rate could be appreciably higher having a maximum value of 61 g/h at 

average sewage flow. 

• Pipe (+E) would be anaerobic only at flows less than average. The long periods of 

aerobicity would therefore suppress the presence of sulphate -reducing bacteria in the 

slime. Any significant production of H,S would probably only arise at night at a rate 

of about 3 gIh. 

• Pipe (+B) would be aerobic for most of the time and unlikely to be a source of 

significant quantities of H,S, although the occasional production at night may arise. 
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Table cs: Summary of main results for H,S production in pumped pipes 

Pipe Flow Sulphide 

Production (g/h) Concentration (mgll) 

Peak 35 0.05 

-E 
61 0.2 Average 

Minimum 50 0.9 

Peak 30 0.4 
+H 

Average 20 O.S 

Minimum 5.4 1.4 

Peak 0 0 
+E 

Average 5.0 0.1 

Minimum 3.1 0.3 

Peak 0 0 
+B 

Average 0 0 

Minimum 2.2 0.2 

Table C6: Substances for controlling H,S 

Basis of technique Substances 

Preventive Maintain aerobicity Air, Pure oxygen 

Maintain anoxicity Nitrate salt 

Disinfection Chlorine, Hypochlorite, Hydrogen peroxide 

Remedial Sequestration Ferrous salt, Ferric salt, Mixture of these 

Chemicallbiochemical oxidation Pure oxygen 

Chemical oxidation Chlorine, Hypochlorite, Hydrogen peroxide 
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C4 

C4.1 

C4.2 

CONTROL STRATEGY 

H,S could be produced in sufficient quantities, particularly at the two ends of the sewerage 

system, to cause odour and corrosion problems. The following inve~tigates the various 

techniques and strategies for controlling such problems. 

Options 

Techniques can be classed as either preventive or remedial. Two preventive techniques have 

already been mentioned, these are to design the pipes for a velocity of at least 1.5 m1s and 

to use pipes with comparative smooth walls. However, such techniques only reduce the size 

of the problem rather than eliminate it. 

Table C6 lists other techniques, all of which rely on dosing a substance into the sewage. 

In the preventive techniques, the substance is dosed into the pipe immediately downstream 

of the pumping station, and, in the remedial techniques, is dosed at the end of the pipe into 

say a tank or chamber. These success of these techniques varies depending on the specific 

conditions in the sewerage system. 

Another remedial option is to allow the H2S to escape from the sewage and then collect and 

treat the gases, and use materials resistant to corrosion by H2S and sulphuric acid for the 

pipes and fittings. In many cases; a combination of techniques is needed. 

Preferred Option 

An evaluation of the numerous options is beyond the scope of this report. Instead, one 

option which has some attractions and could be implemented for a comparatively small 

addition capital investment is described. 

In this option, a solution of an iron salt would be dosed at pumping stations (-E) and (+H), 

that is at both ends of the sewage system. Thus, only two dosing points would be involved. 

A disadvantage of iron is that it reacts or combines with other substances such as phosphates 

so that high doses up to say 20 mg/l are necessary. Mixtures of ferric and ferrous salts give 

the, best performance per unit dose and ferrous salts the worst. However, the efficacy of 

iron salts is improved when the sewage contains oxygen since the iron has a dual role; 

serving as a catalyst in the oxidation of the H2S to sulphur as well sequestering the sulphide. 

The gravity pipes in the Sham Tseng sewerage system will serve as efficient aerators in this 

respect. 
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C5 

In spite of iron dosing, precautions will have to be taken as follows. 

• All the pumping stations will, of course, have to be force ventilated. In particular, 

the ventilation system at stations at (+B) and (+E) will have to be designed so that 

the station and the adjoining gravity pipes receive an air-change rate of at least 

6 per hour and the air vented in open space well away from butidings. 

• One of the manholes at either (-B), (-C) or (-D) will probably have to be forced 

ventilated and the air similarly vented., 

• To eliminate the possibility of odours at manhole (X) which is in an extremely 

sensitive area. the gravity pipe downstream of (X) should be vented to the treatment 

works where the air can then pass through the works odour removal system. 

• The material of construction of the pipes especially the gravity pipes should be 

polypropylene. Similarly, the all the manholes and covers downstream of the pumped 

pipes should be protected from H,S and sulphuric acid corrosion. 

CONCLUSIONS 

Calculations have shown that the two pumped pipes at either end of the sewerage have the 

r 
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potential to produce H,S in sufficient quantities to calise odour and corrosion problems. The c'. 
two intermediate. pumped pipes are only likely to produce H,S at times of low flow and in 

much reduced quantities. 

The preferred option for dealing with the potential problems associated with the H,S is to 

dose a solution of an iron salt, preferably a proprietary mixture of ferric and ferrous salts 

or a ferric salt, at the two pumping stations at either end of the sewerage system. Pumping 

stations and some manholes would need to be ventilated and the air released in open space 

well away from buildings. Also, the gravity pipes near the treatment works and the inlet 

pumping station would be vented into the works and treated in the works odour removal 

system. As described in the main text, the odour control system has been designed and 

costed accordingly. 
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AGREEMENT NO. CE 35/94 
T1NG KAU AND SHAM TSENG SEWERAGE SCHEME 

ENVIRONMENTAL IMPACT ASSESSMENT (EtA) 

Revised Water Quality Working Paper - WP4 
Draft Final Report and Executive Summary, and 

Draft Environmental Monitoring & Audit Manual 

Comments 

Drainage Services Department 
Ref: (66) In CM 10/30/1 VII 
Dated 15 May 1995 

My comments on the Draft Final Report and the 
Draft Executive Summary are as follows:-

Draft Final Report 

(i) Figures 1.1. 2.1. 12.1 & 4.1 

In the light of the recommendation on the outfall's 
location in Section 6, please· amend the alignment of 
the outfall in the figures for clarity. 

(ii) Section 7 

The recommended level of treatment differs 
substantially from that proposed in the Interim 
Report on Sewage Treatment Options. As such, 
please elaborate more on the overview of works 
treatment options and the process engineering of 
the treatment options with illustrations. 

(iii) Figure 7.1 

I have reservation in the order of the magnitude of 
the DWF for the be~ch goers. Please check. 

Besides, please review the methodology used in the 
flow estimate as stated in my earlier letter ref (5) in 
the even series dated 14.3.95. 

(iv) Table 8.1 

The submarine outfall will be constructed after the 
completion of the reclamation contract. Please 
amend the assumption for the submarine outfall 
works and its implications accordingly. 

D:\399\FR-AM AM.1 

Responses 

Agreed. These will be revised accordingly. 

The recommended level of treatment provided in 
the Interim Report was derived before the 
modelliog was undertaken for reasons of 
programming. The text will be supplemented for 
the Final Report. 

These figures have been checked and approved at 
the Study Group Meeting. 

The methodology adopted is based upon the Draft 
Drainage Manual issued by HK Government 
Drainage Services Department, which we were 
instructed by the client to use for this project. 

It was stressed in S.6.37 that the outfall must be 
constructed before the reclamation is completed. 
However, suggestions will be put forward to 
indicate methods by which the outfall, can be 
constructed after the com pletion of the reclamation. 
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TING KAU AND SHAM TSENG SEWERAGE SCHEME 
ENVIRONMENTAL IMPACT ASSESSMENT (EIA) 

(v) 

Revised Water Quality Working Paper. WP4 
Draft Final Report and Execntive Summary, and 

Draft Environmental Monitoring & Audit Manual 

Comments Responses 

Figures 8.1. 8.2, 8.3. 8.4 8.5 & 8.6 

[ 

r 
o 
[ 

o 
c 

The programme for the implementation works is 
unrealistic. According to the latest information, the 
tentative programmes for the commencement of the 
works packages are as follows: 

The programmes were devised to illustrate the 
worst case scenario, particularly with reference to 
noise and air impacts and therefore presents a 0 
programme where the highest environmental 
impacts will occur. In terms of the tentative 
programmes, it is stressed that the outfall must be Di. 

reclamation 
sewerage reticulation 
pumping station 
sewage treatment plant 
and outfall 

(vi) Section 10 

- early 1996 
- early 1997 
- early 1997 
- mid 1997 

Please address the option for the sludge treatment 
and disposal strategy. 

(vii) Section 12.32 

The tentative programme for the commencement of 
the sewer laying is early 1997. 

(viii) Table 14.3 

It is doubtful that the operating costs for the 
activated sludge and submerged sludge options are 
less than that for the primary treatment with long 
outfall taking into consideration of the staff costs, 
maintenance costs and the chemical cost. Please 
clarify. 

D:\399\FR-AM AM.2 

constructed before the reclamation is completed. 

The tentative programme gives here will be stated 
in the EM + A Manual and also section 8 of the 
Fmal Report. 

Agreed. An additional section bas been included in 
the Report. 

Noted. The text bas been amended accordingly. 

Tbe costs estimates included in the report were only 
preliminary estimates which have been revised. 

c 
[ 

[ 

[ 
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AGREEMENT NO. CE 35/94 
TING KAU AND SHAM TSENG SEWERAGE SCHEME 

ENVIRONMENTAL IMPACT ASSESSMENT (EtA) 

Revised Water Quality Working Paper - WP4 
Draft Final Report and Executive Summary, and 

Draft Environmental Monitoring & Audit Manual 

Comments 

(ix) Table 14.4 

It is quite surprising to note that the capital cost for 
the secondary treatment with short outfall differs 
less than 10% when compared with the capital cost 
for the long outfall with primary treatment. Given 
the enhanced water quality benefit that can be 
achieved if secondary treatment with short outfall is 
adopted, it may not be justified to rule out the 
secondary treatment option. Please elaborate more 
on how you arrive at the recommendation of the 
proposed level of treatment. 

Draft Executive Summary 

(x) Figure 1.1 & 2 

Please refer to my comments in (i) above. 

(xi) Environmental Monitoring and Audit 

Please include a section on the Environmental 
Monitoring and Audit requirement. 

Drainage Services Department 
Ref. (19) in DSD/EM/PI23 III 
Dated 15 May 1995 

I refer to the memo from DEP dated 24 April 1995 
together with a copy of the above 4 reports and 
would comment on the reports as follows:-

I. Revised Water Quality Working Paper -
WP4 

I have no comment on this Working Paper. 

II. Draft Environmental Monitoring & Audit 
Manual 

D:\399\FR-AM AM.3 

Responses 

The cost estimates have been revised and 
elaborated upon in the Fmal Report. 

Noted. These figures will be amended. 

A separate EM&A manual has been issued. 

Noted. 
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ENVIRONMENTAL IMPACT ASSESSMENT (ElA) 

Revised Water Quality Working Paper - WP4 
Draft Final Report and Executive Summary, and 

Draft Environmental Monitoring & Audit Manual 

Comments 

The above manual only covers the construction 
phase. The issues for post project monitoring and 
audit as highlighted in Section 7 of the manual 
should be resolved. 

III. Draft Executive Summary 

A. Section E.12. Page E.3 

The estimated maximum design flow for the sewage 
treatment plant (STP) was stated in the Brief as 
22,000 m' /day. The effluent flow rate mentioned in 
this section for the design horizon of 2011 will be 
13,367 m3/day. Please clarify the maximum design 
flow rate for the STP. 

B. Section E.25, Page E.5 

Responses 

It is not customary to include operation phase 
monitoring and audit in the same manual. Details 
of operation phase monitoring requirements have 
been set out in Chapter 15 and will be repeated in 
one chapter in teh EM + A manual entitles "Post 
Project Monitoring". 

The correct design flow rate is 13,367m3/day. 

[ 

o 
o 
o 
o 
o 
o 
o 
[ 

[ 
It is mentioned in this section that the construction 
and operating costs for secondary treatment would 
be higher than primary treatment. The costs shown 
in Page 14.3 of the draft Final Report for activated 
sludge and submerged aerated options are however 
lower than the primary treatment. Please clarify. 

The cost estimates included in the report were only [" 
preliminaiy estimates which have been revised and 
elaborated upon in the Final Report. 

IV. Draft Final Report 

A. Section 1.4. Page 1.1 

See comments in Item IlIA. 

B. Section 1.17. Page 1.4 

From a maintenance point of view, 4m headroom 
may not be sufficient for pumping stations with 
large capacity pum ps. The actual sizes of the 
pumping stations will be determined at the detailed 
design stage. As vehicular access will be required 
for each pumping station, traffic impact during the 
operation phase should also be addressed. 

AMA 

The design flow rate is 13,367m3/day. 

Traffic im pacts during the operation phase are not 
significant because they should all be installed with 
automatic systems. Perhaps only one vehicle per 
day will be going to the pumping stations. This has 
been stated in the fmal report. 

[ 

o 
c 
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AGREEMENT NO. CE 35/94 
TING KAU AND SHAM TSENG SEWERAGE SCHEME 

ENVIRONMENTAL IMPACT ASSESSMENT (EIA) 

Revised Water Quality Working Paper. WP4 
Draft Final Report and Executive Summary, and 

Draft Environmental Monitoring & Audit Manual 

Comments 

C. Section 6.5, Page 62 

As the proposed long sea outfall will be laid io the 
Ma Wan Chaooe~ it may cause difficulties io 
carrying out dredging work for the fairway io the 
future. As such, comments on the design of the 
outfall from D of M and CE/Port Works, CED 
should be sought. 

D. Section 6.7Cb). Page 62 

Should 'reduce' be read as 'iocrease'? 

E. Section 8.2. Page 8 1 

The construction programme outlioed io Figures 8.1 
to 8.6 is not io Iioe with the current programme. 

F. Table 8.1. Page 82 

With regard to the assumptions on the overall 
buildiog dimensions, please refer to comments io 
Item IVB. 

G. Section 4.5. Page 8 15 

Please clarify the ventilation systems to be used at 
the pumpiog stations (natural or forced)? 
Furthermore, other types of deodorisation 
equipment such as biofilter, potassium 
permanganate based type filter, etc. should be 
considered and compared before the chemically 
treated activated carbon type is selected. 

H. Section 9.40Cd)CD. Page 9 13 

At least 2 pumps (1 duty + 1 standby) should be 
provided at each pumping station. 

D:\J99\FR-AM AM.5 

Responses 

The Fioal Report will state that consultation with D 
of M, CE/Port Works and CED should sought 
duriog the detailed design stated. 

Agreed. 

The programmes outlioed io Figures 8.1 to 8.6 were 
iocluded to iodicate the worst case scenario 
particularily for the air quality and noise impacts. 
This has been outlioed io section 8.2. 

This should be dealt with duriog the detailed 
design. 

The text should read natural ventilation. The 
choice of deodorisation plant was based on the 
methods already accepted for the Strategic Sewage 
Disposal Strategy studies. However, the conclusions 
that any system adopted should be capable of 
achieving. The 99.9% odour removal efficiency has 
been added to the Fioal Report. 

Noted. This has been added to the Fioal Report. 
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TING KAU AND SHAM TSENG SEWERAGE SCHEME 
ENVIRONMENTAL IMPACT ASSESSMENT (EIA) 

Revised Water Quality Working Paper. WP4 
Dran Final Report and Executive Summary, and 

Dran Environmental Monitoring & Audit Manual 

Comments 

I. Section 10.10. Page 10.2 

It seems that the amount of screenings and grit 
produced from the STP is overestimated and the 
amount of sludge is underestimated. Please qualify 
the figures shown in Table 10.1. 

]. Section 10.11. Page 10.3 

Should <30% moisture content' be read as '30% 
solid content'? 

K Section 11.2, Page 11.1 

Responses 

Estimates are currently being revised and 
amendments will made in the F'mal Report. 

Noted, and agreed. 

[ 

r 
r 
[ 

c 
c 
o 
D 
C 

Please specify the requirements of the gas detection 
system. 

A sentence reading 'The gas detection system C 
should be in com pliance with Regulations, 
Standards and Guidelines enforced by Hong Kong 
Government, Factory Inspectorate, Labour [. 

L. Section 11.4. Page 11.1 

Please explain why basic treatment can still be 
provided in the event of a total power failure at the 
Works. 

M. Section 11.11. Page 11.2 

Please refer to comments in Item IVH. 

N. Section 11,15. Page 11.2 

Sudden failure of pumps can still occur even with 
close monitoring. Please further elaborate on the 
diagnostic system with which sudden failure of 
pumps can be avoided. 

D:\399\FR-AM AM.6 

Department", shall be added to tbis Chapter. . 

Basic treatment refers to coarse screening as this 
does not require power. 

Noted. 

Further details have been added to the Final 
Report. Details of fail safe systems have been 
discussed. 

c 
C 

o 
[ 

[ 

[ 
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l 
[ 
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ENVIRONMENTAL IMPACT ASSESSMENT (EIA) 

Revised Water Quality Working Paper. WP4 
Draft Final Report and Executive Summary, and 

Draft Environmental Monitoring & Audit Manual 

Comments 

O. Cost Benefit Analysis 

1. General Comment 

The exercise carried out in this section is only a 
cost comparison among the feasible options and an 
option is recommended on this basis. The 
recommended option with a just acceptable 
standard may not be the best especially if more 
stringent requirements are to be imposed on the 
treated effluent in the future. 

In a cost benefit analysis, the lifetime of the plant, 
the capital and the total operating costs throughout 
the lifetime of the plant, the associated 
environmental benefits, etc. should also be 
considered and compared. The analysis should then 
come up with an optimum solution between costs 
and benefits. In this study, the primary treatment 
and the secondary treatment options can both meet 
the present water quality objectives. The 
anticipated performance of the latter is however 
superior than the former, e.g. the E Coli count for 
the latter is an order of magnitude lower than that 
of the former, with a difference in the capital cost 
of about SlOM. This difference is only a small 
percentage when comparing with the overall cost of 
the project. In view of the above, the conclusion of 
this section should be reviewed if a cost benefit 
analysis approach is to be adopted. 

2. Table 14,1 (1). Page 14.2 

'213.5' should read '2135'. 

3. Table 14.4 Page 14.3 and Appendix J 

In the cost comparison, the O&M cost should be 
further broken down into cost for plant operation, 
plant maintenance, outfall maintenance/repair, etc. 
for reference. 

This is a consolidated reply of the ST and E&MP 
Divisions of DSD. 

D:\399\FR·AM AM.7 

Responses 

Noted. 

The cost estimates included in the report were only 
preliminary estimates which have been reviewed and 
elaborated upon in the Final Report. 

Agreed. 

With the absence of any detailed design information 
this cannot be carried out. 
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Revised Water Quality Working Paper - WP4 
Draft Final Report and Executive Summary, and 

Draft Environmental Monitoring & Audit Manual 

Comments 

Chief Engineer/Sewerage Projects, 
Drainage Services Department 
Ref (3) in SW 7/1/14 
Dated 17 May 1995 

I refer to your memo under reference: I have no 
comment on the captioned documents. 

Chief Engineer/Mainland South, DSD 
Ref. ( ) in MS 10/5/34 
Dated 22 May 1995 

I have the following comments on the Draft Final 
Report. Where applicable, these comments shall 
apply to the other reports as well:-

Air & Noise Sensitive Receivers 

Para 2.28, 2.31 - It is expected that the trunk sewer 
to be constructed under this project should follow 
the alignment of the new Castle Peak Road to be 
constructed under the Castle Peak Road 
Improvement project. According to the latest 
information (the preferred alignment proposed 
under the Castle Peak Road Improvement 
Feasibility Study), the longitudinal profile of this 
road will be somewhat different from the alignment 
of the existing Castle Peak Road. The positions of 
the pumping stations ShOWD in the Report may have 
to be revised, and some pumping stations may even 
be omitted (e.g. PS2, PS3 & PS4). the noise and 
odour sensitive receivers for Environmental 
Monitoring and Audit purposes (see Figure 2.2, 
Table 2.4 & Table 2.6) should therefore be subject 
to review at the detailed design stage. 

D:\J99\FR-AM AM.S 

Responses 

Noted, at earlier Study Group meetings we were 
instructed to discount details regarding the Castle 
Peak Road Improvement Study as it had not yet 
been completed. Hence it was agreed that any 
impact from that study should be reviewed at the 
Detailed Design Stage. 
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Draft Final Report and Executive Summary, and 

Draft Environmental Monitoring & Audit Manual 

Comments 

The Outfall and Diffuser Section 

Figure 6.6 • This figure shows the I.L. of the outfall 
pipe outside the Sewage Treatment Works to be • 
22.8mPD which is 29m below the ground level. 
This is far too deep for construction of the terminal 
manhole of the outfall pipe. The Consultants 
should address this problem and suggest solutions 
that are feasible from the construction point of 
view .. 

Para. 6.46 • The Consultants should clarify whether 
the proposed diffuser caps will be able to withstand 
impact from ship anchors and dredging operations, 
or whether the caps should be designed for repair 
or replacement if damage really occurs. 

Estimates for the "Long" Outfall 

Table 14.1 • The quantity of rock requiring blasting 
appears to have been underestimated. From the 
rock profIle shown in Figure 6.6 and assuming a 
trench width of 4m (for placing bedding and armour 
around the outfall pipes), the quantity of rock is 
already 200m3

• 

Disposal of Marine Mud 

Para. 15.16, Appendix K. Cl. 33(4) &. 35(1) • The 
Dumping at Sea Act (Overseas Territories) Order 
1975 is now superseded by the Dumping at Sea 
Ordinance. 

Evaluation of Potential H,S Problem in Sewerage 

Appendix G Para. 2.1 • Figure 1 is missing. The 
Consultants appear to have used the sewerage 
layout of the previous study instead of the current 
layout shown in Figure 2.1/2.2. 

D:\399\FR·AM AM.9 

Responses 

Whilst not entering into the engineering issues for 
this environmental impact assessment we would 
point out that this issue has been addressed and 
resolved for the Strategic Sewage Disposal Scheme 
which has terminal manholes/drop shafts 
approximately 100m below G.L. 

See response to para 6.9 to 6.10 presented by EPD 
(page 30). 

The quoted figure is 120 lineal meters of trenching 
rock at a rate of HK$20 per lin meter. 

Noted. The text will be amended. 

Figure 1 will be included. The study has been 
based upon the Tsuen Wan, Kwai Chung, Tsing Yi 
Sewerage Master Plan Study, F'mal Report. 
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AGREEMENT NO. CE 35/94 
TING KAU AND SHAM TSENG SEWERAGE SCHEME 

ENVIRONMENTAL IMPACT ASSESSMENT (ElA) o 
Revised Water Quality Working Paper· WP4 

Draft Final Report and Executive Summary, and 
Draft Environmental Monitoring & Audit Manual 

c 
Comments 

Appendix G Para. 4.2 - Tbe effect of dosing of iron 
salts on tbe operation of tbe sewage treatment plant 
sbould be cbecked. In addition, tbe Consultants 
sbould explain tbe choice of polypropylene pipes 
whicb bad not been used in Hong Kong before, 
instead of, say, sulphate-resistant concrete pipes. 

Environmental Protection Department 
E(LP)1 
Ref. (2) in EPlO/08/26X 
Dated 8 May 1995 

I refer to your above memo and my comments on 
tbe draft Final Report and draft Executive 
Summary are given in the following paragraphs. 

2. Comments on the draft Final Report: 

a. Section 2.25 - WQO's bave statutory 
meaning and could not be proposed by the 
Consultants for use in tbe EIA study. 

b. Section 4.25, 2nd paragraph - The 
recommended measures for protecting tbe dolphins 
did not make m ucb sense: 

What is the practical meaning of asking the 
contractor to undertake dolphin spotting? 
If dolphin is spotted, does it mean that any 
subsequent operation will do tbe creature 
no barm? If it is not spotted, shall tbe 
contractor stop his work waiting for one to 
appear? 

It would not be possible for tbe contractor 
to fIX the routes for operation as it would 
depend on the stage and location of work 
and very much dictated by tbe need to 
minimize disturbance to tbe busy 
navigation cbannel. 

What are tbe objective criteria for defining 
tbe so called buffer/safety zone for 
dolphin? 

D:\399\FR-AM 

Responses C 
The cbolce of pipe is not of great significance to the C., 
EIA and this sort of detailing would be best dealt 
witb during tbe detailed design. 

o 
o 

[ 

Agreed. Tbe text bas been amended to read 'the 
WQO's whicb are applicable for this Study .. .'. 

[ 

C 
o 

AM.I0 

Tbese measures bave been incorporated on other 0 
Contracts in Hong Kong and bave been proven! 
successful as the Contractor is more aware of the 
Impact his operations could bave on marioe life. It 
is tbe intention tbat if a dolphin is spotted tbe [. 
course taken by tbe work boat will be sucb that no . 
injuries will be incurred. 

Tbe best practical approacb is to require the C 
contractor to reconnoitre the works area before 
marine works commence. If dolphins are in the [ 
vicinity these should be watcbed and once tbey have '. 
left, tben work sbould begin. 

It is unlikely tbat tbe dolphins will frequent this [ 
area, bowever this sbould be confirmed by tbe 
contractor witb inter alia in AFD and tbe Swire l 
laboratory. 

[ 
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d. 

e. 

f. 

AGREEMENT NO. CE 35/94 
T1NG KAU AND SHAM TSENG SEWERAGE SCHEME 

ENVIRONMENTAL IMPACT ASSESSMENT (EIA) 

Revised Water Quality Working Paper. WP4 
Drall Final Report and Executive Summary, and 

Drall Environmental Monitoring & Audit Manual 

Comments 

Section 6.4(c) • Could the Consultants 
elaborate on the cause, frequency and 
environmental impacts of the emergency 
overflow during a typhoon surge. Could 
the overflow be controlled by appropriate 
measures? 

Section 7.18 • It has been shown in the 
report that secondary treatment with short 
outfall not only could meet the WQO's but 
also could reduce significantly the pollution 
loading on the receiving water body. The 
summary of costs on Table 14.4 indicated 
that the difference in capital and operating 
costs for the primary treatment with long 
outfall and the secondary treatment plus 
short outfall is insignificant given the crude 
nature of the costing exercise. I think that 
the secondary treatment option would be 
as good as, if not better than, the primary 
treatment option and the Consultants shall 
therefore provide the discharge consents 
the former as well. 

As regards the proposed discharge 
standard, its fairly uncommon (at least in 
Hong Kong) to have organic nitrogen 
specified in the discharge licence. Should 
it be total nitrogen, or oxidized nitrogen? 

Sections 7.'23 and 7.24 • The Consultants 
shall provide the resulting water qualities 
for the secondary treatment option as well. 

Section 13.16 • It seems that the section on 
pumping stations has not finished yet and 
there are a few missing pages. 

Responses 

The frequency of typhoon surges is difficult to 
predict. The environmental impacts pertains to the 
discharge of partially treated effluent (screened). 
The discharge of screened effluent will have only a 
short term effect on water quality. 

The costing exercise is presently being refmed and 
the comments made are being taken into 
consideration. Discharge consents could be 
provided for effluent treated to a secondary 
standard. However the design Brief was to achieve 
the criteria set out by DSD. These can be achieved 
through the combination of primary treatment and 
the longer outfall, which was considered to be 
acceptable in terms of receiving water quality, 
reduced maintenance and operational costs. 

Noted, however the results obtained included 
organic nitrogen and thus this criterion was 
provided. To avoid confusion this criterion has 
been removed from the text. 

The water quality modelling schedule was agreed 
step by step with EPD and from the bacteriological 
model results it was agreed to proceed with the full 
water quality modelling for only the primary 
treatment option. 

Noted, this shall be expanded upon in the Final 
Report. 

D:\399\FR-AM AM. 11 
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h. 

AGREEMENT NO. CE 35/94 
TlNG KAU AND SHAM TSENG SEWERAGE SCHEME 

ENVIRONMENTAL IMPACT ASSESSMENT (EIA) 

Revised Water Quality Working Paper. WP4 
Draft Final Report and Executive Summary, and 

Draft Environmental Monitoring & Audit Manual 

Comments 

Section 14.12, last sentence • I cannot 
agree with the conclusion that the costs of 
providing secondary treatment is 
significantly different from those for the 
primary treatment option. Table 14.4 
showed that the difference in capital cost 
between the activated sludge treatment 
option and the primary treatment option is 
less than 10% and the operating cost of the 
activated sludge treatment option is even 
lower than the primary treatment option. 
Given the very crude nature of this costing 
exercise, the conclusion is unfounded. 

Section 14 in general· The section is titled 
'cost benefit analysis' but other than some 
cost figures, there is no mention and 
comparison of benefit resulting from the 
two alternative treatment options. The 
Consultants should carry out a more 
comprehensive analysis of cost effective 
and risk associated with the different 
treatment and disposal options. In 
particular, the Consultants has ignored the 
risk and uncertainty inherent in the laying 
of long submarine outfaIl in the Ma Wan 
Channel (please note that there is still not 
a deflDite programme for the Ma Wan 
Channel Improvement Project). 

Responses 

Noted. The cost estimates are being revised at 
present and an updated section of cost benefit 
analyses will be included in the Final report. 

Noted. This section is being revised at present and 
will take into consideration the points raised herein. 
In particular the difficulties inherent in the laying of 
a long submarine outfaIl in the Ma Wan Channel 
will be emphasised. 

[ 

[ 

o 
c 
o 
c 
o 
c 
o 
[ 

[ 

[ 

[ 

o 
Other aspects of pollution reduction 
benefits other than bacteria including, inter 
alia, construction programmes and risk, 
STW operation, flexibility for future· 
extension/upgrade, and sludge treatment/ 
disposal should be considered and 
discussed. The recommendation for 
treatment option should be based on an 
assessment of all the above aspects. 

Noted. This section is being revised at present and [
will be included in the F"mal Report. 

[ 

[ 

L 
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i. 

k. 

3. 

AGREEMENT NO. CE 35/94 
TING KAU AND SHAM TSENG SEWERAGE SCHEME 

ENVIRONMENTAL IMPACT ASSESSMENT (EIA) 

Revised Water Quality Working Paper. WP4 
Dran Final Report and Executive Summary, and 

Draft Environmental Monitoring & Audit Manual 

Comments 

Although it would be difficult to assess 
environmental benefits in real terms, the 
Consultants should give a qualitative 
assessment of the relative merits of the two 
options and compare their cost 
effectiveness. The recommendation based 
on a capital cost difference of less than 
10% is rather trivial. 

Section 16.7 - Same as d. above and the 
Consultants shall provide the discharge 
contents for the secondary treatment 
option. 

The report did not provide information in 
respect of the background water quality 
and the cumulative effects due to other 
nearby discharges. The information is 
important as it may entail a higher level of 
treatment at the Sham Tseng STW. 

Comments on the draft Executive 
Summary: 

a. 

b. 

c. 

Section E.21 - Same as 2.d above 
and the Consultants shall provide 
the discharge contents for the 
secondary treatment option. 

Section E.23 - Same as 2.e above 
and the Consultants shall provide 
the resulting water qualities for 
the secondary treatment option. 

Section E.25 . See 2.h above and 
I do not agree with the conclusion 
drawn. 

Responses 

This point has been noted and the section on Cost 
Benefit Analysis will be revised for the Final 
Report. 

Noted. The discharge consents can be provided for 
secondary treatment but not resulting water quality 
for parameters other than bacteria. . 

Cumulative impact assessments were implicitly 
included in the water quality modelling further 
details will be provided in the Final Report. 

Noted, see above. 

Noted, see above. 

Noted, see above. 

D:\399\FR-AM AM. 13 
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TING KAU AND SHAM TSENG SEWERAGE SCHEME 
ENVIRONMENTAL IMPACT ASSESSMENT (ElA) 

Revised Water Quality Working Paper. WP4 
Draft Final Report and Executive Summary, and 

Draft Environmental Monitoring & Audit Manual 

Conunents 

4. By copy of this memo, CE/CM, DSD is 
requested to review the size of the reclamation 
required. In Figure 8.7 of the draft Final Report, it 
was indicated that the area required for the STW is 
much less than that assumed by DSD. If the 
reclamation size is retained, the buffer distance will 
be more than 130m (we originally proposed a buffer 
distance of SOm). The report. has proved that 
mitigation measures are needed for odour control 
and the buffer is largely psychological. The primary 
purpose of the reclamation should be to provide 
land for the STW and now a very large portion of 
the reclamation will not be used for this purpose 
(and no specific use indeed). 

Environmental Protection Department 
ReC (11) in Annex (1) to EP 2/N2/16 VI 
Dated 18 May 1995 

Comments from the Environmental Protection 
Department 

A. Draft Final Report (DFR) 

General 

1. Please amend "Dumping at Sea Act 1974 
(Overseas Territories) 1975 in the above mentioned 
documents to read "Dumping at Sea Ordinance 
(1995)'. 

Wastes and Water Aspect 

Section 4.25 

2. "Born Convention" should read "Bonn 
Convention" . 

D:\399'IFR-AM 

Responses 

CE/CM DSD to respond. 

Noted and agreed. 

Note and agreed. 

AM.14 
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AGREEMENT NO. CE 35/94 
TING KAU AND SHAM TSENG SEWERAGE SCHEME 

ENVIRONMENTAL IMPACT ASSESSMENT (EIA) 

Revised Water Quality Working Paper. WP4 
Dran Final Report and Executive Summary, and 

Dran Environmental Monitoring & Audit Mannal 

Comments 

3. Before any blasting operation, the area 
must be carefully monitored to ensure that there is 
no white dolphin in the buffer zone (which is 
500/1000 m depending on the size of charges). If 
white dolphin is spotted when blasting operation is 
in progress, blasting should be stopped immediately 
and should not be resumed until such time it is 
ascertained that no white dolphin remains in the 
buffer area. 

Section 4.28 

4. Based on site conditions and types of 
backfilling materials, silt curtain should be used 
during backfilling of the trench in order to minimise 
release of fmes into water column. 

Table 4.3 ; Measures to Protect Water Quality 
During Construction 

5. Please add "identify spill prevention 
measures" to Spillage of Materials Used Directly or 
Indirectly During Construction. 

Section 10.3 (d) 

6. Please elaborate on accidental spillage in 
terms of type of spillage, preventive measures, clean 
up and proper disposal arrangements. 

Section 10.4 

7. Construction waste should be sorted into 
either inert materials suitable for reclamation and 
non·inert materials unsuitable for reclamation, 
through good site practice. 

D:\399\FR-AM 

Responses 

Noted, this will be added to the Final Report. 

Noted this will be added to the report. It should be 
noted that silt curtains would be difficult to install 
and maintain in deep water. The silt curtains would 
need to be installed around seawater intakes if 
found to be necessary. 

Noted and agreed. 

Agreed, further elaboration will be provided to the 
Final Report. 

Noted this will be added to the Final Report. 

AM.IS 
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AGREEMENT NO. CE 35/94 
TING KAU AND SHAM TSENG SEWERAGE SCHEME 

ENVIRONMENTAL IMPACT ASSESSMENT (EIA) 

Revised Water Quality Working Paper. WP4 
Draft Final Report and Executive Summary, and 

Draft Environmental Monitoring & Audit Manual 

Comments 

Section 10.6 

8. Please amend the 2nd & 3rd sentences to 
read: 

'Waste oil, grease, lubricants and batteries arising 
from the construction phase are classified as 
chemical wastes. Their storage, transportation and 
disposal are subject to control under the Chemical 
Waste (General) Regulation. Waste oil, grease and 
lubricants should be delivered to the Chemical 
Waste Treatment Centre in Tsing Yi for treatment 
and waste batteries to landfill for co-disposal'. 

The above comment also applies to the operational 
phase, please incorporate accordingly. 

Section 12 

9. Traffic Assessment 

(i) 

(ii) 

(iii) 

D:\399\FR-AM 

The marine traffic im pact of the 
construction activities on the busy 
navigation channel should be 
assessed and mitigation measures 
should be proposed. 

Marine traffic watchmen/guard in 
marine waters within the vicinity 
of construction activities to 
provide necessary monitoring on 
the busy shipping route should be 
considered in order to avoid 
shipping accidents and to minimise 
disturbance to the marine traffic. 

In case of oil/fuel spillage to the 
marine waters due to shipping 
accident related to the 
construction activities, Marine 
Department should be informed 
of the accident immediately. 

Responses 

Noted and agreed. 

Noted this will be supplemented in the Traffic 
Assessment. 

This will be stated in the Final Report. 

This will be stated in the Final Report. 
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AGREEMENT NO. CE 35/94 
TING KAU AND SHAM TSENG SEWERAGE SCHEME 

ENVIRONMENTAL IMPACT ASSESSMENT (EIA) 

Revised Water Quality Working Paper. WP4 
Draft Final Report and Executive Summary, and 

Draft Environmental Monitoring & Audit Manual 

Comments 

Section 16.10 

10. Air curtain may need to be provided to 
reduce.minimise the wave shock impacts of 
blasting on the marine nsheries in the 
vicinity of the blasting area. 

Section 16.23 

11. '30% day solids' should read '30% dry 
solids'. 

Air Qualitv 

Figure 2.2 

12. Location for SR3 (Lido G arden) is not 
correct. 

Table 8.4. page 8.5 

13. Construction Works affecting SR4 (Garden 
Bakery) is missing. 

Section 8.21. page 8.8 

14. As general fill of the reclamation will cause 
extremely high dust conditions exceeding in 
AQO, the use of marine fill is strongly 
supported. However, this should not be 
limited to the above sea level layer of nll 
as the assessment is based on all marine 
sand fill. Thus, please amend the Report. 

Section 8.23 & Appendix K 

15. The use of marine sand nll should be 
specified in section 8.23 and appendix K. 

D:\J99\FR-AM 

Responses 

Noted, this will be added to the Final Report. 

Noted and agreed. 

SR3 should read, Sham Tseng Tsuen 

. 
Noted the table will be corrected. 

Noted and agreed. 

Noted and agreed. 

AM. 17 
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AGREEMENT NO. CE 35/94 
TING KAU AND SHAM TSENG SEWERAGE SCHEME 

ENVIRONMENTAL IMPACT ASSESSMENT (ElA) 

Revised Water Quality Working Paper. WP4 
Draft Final Report and Executive Summary, aDd 

Draft Environmental Monitoring & Audit Manual 

Comments 

Section 8.32. page 8.11 

16. As shown in Table 8.10, the H,s emission 
rate for the rising mains is 125 /Lg/s, would 
the Consultants please clarify why these 
source are not likely to cause odour 
nuisance to any sensitive receivers. 

Section 8.41. page 8.14 

17. The odour threshold for H,S is 0.47 ppb 
instead of 0.5 ppb. Would the Consultants 
please amend the Report and all the 
calculations and tables accordingly. 

Section 8.45, 8.47 and 8.49 

18. As the anticipated H,S removal efficiency 
for the deodorisation units will be 99.9% (5 
ppm to 5 ppb), would the Consultants 
please clarify whether such products are 
commercially available. Details of the 
products should be submitted. 

Section 8.47 

19. Should the recommended H,s removal 
efficiency of the deodorisation plant for the 
preliminary treatment facilities be the same 
as others, that is 5 ppm to 5 ppb. Please 
clarify. 

Section 8.52 

Responses 

All possible sensitive receivers are some distance 
from the manholes the dilution will reduce odours 
to an insignificant level. 

Noted and agreed. 

Agreed, these have been provided. 

Affirmative. 
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20. Apart from the identified sensitive 
receivers, there would be open space and 
GIC developments on the reclaimed area 
in front of the Garden Bakery. Would the 
Consultants please clarify what's the impact 
from the proposed sewerage treatment 
works to the uses during operational phase. 

In the absence of any details of the open space or C 
GIC development the boundary of these receivers 
cannot be assessed. Furthermore, the locations of [. 
sensitive receivers have previously been agreed at 
Working Group Meeting. 

[ 

l 
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AGREEMENT NO. CE 35/94 
T1NG KAU AND SHAM TSENG SEWERAGE SCHEME 

ENVIRONMENTAL IMPACT ASSESSMENT (EIA) 

Revised Water Quality Working Paper - WP4 
Drafi Final Report and Executive Summary, and 

Drafi Environmental Monitoring & Audit Manual 

Comments 

Table 15.1 (odours). page 15.2 

21. As stated in section 3.13, for odour 
monitoring, the EPD's recommended 
odour nuisance criteria is 2 odour units at 
the site boundary. Thus,"5 odour units" 
should read "2 odour units". 

Section 15.38 

22. The frequency for one hour TSP 
monitoring should be "at least 3 times for 
every 6 days at the highest dust impact 
occasion" instead of over 3 periods on the 
same day of the 24 hour TSP sam piing. 

Para. 15.42. page 15.11 

23. The comments as para. 21 are also 
applicable. 

Section 16.21. page 16.3 

24. Deodorisation plant should also be 
provided for sludge treatment facilities. 

Appendix K 

25. As neither concrete batching nor cement 
plant is suggested in the ElA, it is more 
appropriate to replace Clauses 11 to 21 by 
the "nn concrete batching plant" and "no 
cement plant" clauses. 

Solid Waste 

Section 10.11 

26. "30% moisture content' should read "30% 
dry solids content'. 

D:\399\FR·AM AM.19 

Responses 

Noted and agreed. 

This will be amendment will be made to the Final 
Report. 

Noted and agreed. 

Noted and agreed, the text will be amended. 

These clauses have been retained as the exclusion 
of concrete batching plant (which are controlled 
under the license system by EPD) would be 
particular onerous on the Contractor. The 
requirement to bring alI concrete on-site ready 
batched would have the knock-on effect of 
increasing traffic flows. 

Noted and agreed. 
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AGREEMENT NO. CE 35/94 
TING KAU AND SHAM TSENG SEWERAGE SCHEME 

ENVIRONMENTAL IMPACT ASSESSMENT (EIA) 

Revised Water Quality Working Paper· WP4 
Dran Final Report and Executive Summary, and 

Dran Environmental Monitoring & Audit Manual 

Comments 

Flow and Pollution Loads Data 

Figure 7.1 

27. It seems that the Consultants are still using 
the under-estimated flow and pollution 
loads data in Figure 7.1 for the bacterial 
dispersion model simulations. The 
Consultants should follow up this issue 
closely. 

28. As far as noise is concerned, the 
construction and operation noise of the 
facilities to the nearby NSRs would be the 
subjects of the study. 

29. Noise emission from construction works is 
of transient nature, the Consultants are 
advised to observe the non-statutory 
daytime noise limits for general 
construction work as far as possible by the 
use of appropriate noise mitigation 
measures. Whereas, the operational noise 
of the facilities is subject to statutory 
control under the NCO, the project 
proponent and Consultants are obliged to 
design and operate the treatment plants to 
satisfy the HKPSG noise limits as well as 
the NCO. 

D:\399\FR-AM 

Responses 

The flows and loads have not been underestimated. 
The figures have been checked and no errors found. 
All calculations are based on the HK Government 
Draft Drainage Manual which we were instructed to 
user by the client. Furthermore at a recent ad hoc 
meeting it was agreed that the flows and loads are 
correct. 

Agreed. This has been carried out. 

AM.20 

Noted and agreed. This will be added to the F"lIlal 
Report. 
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General 

30. 

AGREEMENT NO. CE 35/94 
TING KAU AND SHAM TSENG SEWERAGE SCHEME 

ENVIRONMENTAL IMPACT ASSESSMENT (EIA) 

Revised Water Quality Working Paper. WP4 
Draft Final Report and Executive Summary, and 

Draft Environmental Monitoring & Audit Manual 

Comments Responses 

Draft Environmental Monitoring & Audit 
Manual 

In general, the following sections/items are 
missed in the Manual: 

(i) The project programme. 

(ii) 

(iii) 

(iv) 

(v) 

An implementation schedule, 
summarizing all recommended 
environmental mitigation measures 
with reference to the programme 
for their implementation. (a 
Table similar to the format of 
Table 2.1 but with the items 
suitably referenced for fitting with 
the project programme may do) 

The implementation programme 
and impact prediction review 
procedures. 

Site inspection, deficiency and 
action reporting procedures. 

The baseline, monthly, quarterly 
and any other reporting format 
and procedures. Please refer to 
sections 7, _ 9 and 10 of the 
attached 'Engineer's Guidelines 
for Implementation of EM&A 
Programme' for the reports 
format. 

It is considered more relevant to include the 
programme for the fmal revision of the document 
which would be issued by the Engineers. At this 
stage' only a tentative construction programme is 
available. This will be stated in the EM&A manual. 

This can only be provided by the Engineers and it 
should be noted that most issues should be 
complemented prior to the commencement of 
works. 

These should be provided in later revisions issued 
by the Engineer. 

These details are highly dependant on staffmg 
resources and management structure. Any details 
should be provided by the Engineer. 

The 'Engineer's Guidelines' will be provided in the 
main body of the text. 

D:\399\FR-AM AM.21 
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Comments Responses 

[ 

[ 

[ 

C 
31. In Figure 1.3, the Consultants proposed a 

party "Environmental Specialists", in 
parallel with the RSS, to be appointed 
under the Engineer to undertake EM&A 
duties for all contracts of the project. This 
will have a significant implication to the 
administration and executive structure for 
the project, and the exact EM&A duties of 
different parties will greatly depend on the 
ultimate organisation structure. The 
Consultants should be advised tbat 
confirmation from the project proponent 
sbould be sought before the organisation 
proposal can be incorporated in to the 
Manual. Also, environmental staff 
structure sbould be included in the 
Manual. 

Tbese details can only be finalised by the Engineers. r 
Any confirmation should be sought wben the U 
organisation structure is available. 

32. In association witb tbe organisation cbart, 
tbe responsibility of eacb party in the 
project should be clearly stated witb 
respect to environmental requirements. 
The EM&A reporting, communication, and 
instruction flow chart should also be 
provided. With reference to the identified 
responsibility of eacb party, any confusion 
in their specific duties in different aspects 
in the Manual should be cleared up. 

Marine Mud 

33. From the marine dumping control point of 
view, there is no comment on the EM&A 
Manual as it was mentioned in Section 1.11 . 
that no dredging will be required for either 
the construction of the seawall or prior to 
land formation. Should there be any works 
which involve the marine disposal of 
dredged sediment, the Project Proponent is 
required to follow tbe procedures in the 
Works Branch Technical Circular No. 
22/92 (or AP's practice Note PNAP 155, if 
appropriate). 

These will be added to tbe Manual. However, at 
this stage tbe information can only be in general 
terms. 

Noted, this will be added to tbe Manual. 
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Comments 

Wastes and Water Aspects 

Section 2.21 

34. According to the ex-gratia allowances 
. programme administered by Agriculture 
and Fishery Department (A&FD), there is 
a different standard of suspended solids 
(SS). The criteria in the standard are used 
to determine the eligibility of ex-gratia 
allowances for mariculturlist being affected 
by dredging or dumping activities. They 
are described as follows:-

(i) 

(ii) 

When the SS level reaches 100% 
more than the highest level 
recorded at the zone during the 
five years prior to the 
commencement of construction 
works in the vicinity; or 

When the SS level reaches 50 
mg/litre. 

The Consultants should also address the 
above standard in the report and review 
the trigger, action and target requirements 
for SS at monitoring stations adjacent to 
fish culture zone. Consult A&FD if 
required. 

Appendix B 

Section 25(6) 

35. 'other waste material' should read "general 
refuse other than chemical wastes'. 

Section 25 

36. Add (7) for chemical wastes by referring to 
the comments in para 8 above. 

D:\399\FR-AM AM.23 

Responses 

Noted, this will be elaborated upon in the Manual. 
However dredging or dumping will not be required. 

Noted and agreed. 

Noted and agreed. 

Noted and agreed. 
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Draft Environmental Monitoring & Audit Manual 

Comments 

Section 2.1 & table 2.1 

37. Same as comments in para 10. 

Air Oualitv 

38. The draft EM&A manual only covers the 
EM&A requirements of the construction 
phase (dust) of the project. On odour 
impact monitoring, it is suggested that 
regular odour patrols supplemented by 
formal odour' monitoring at the site 
boundary be carried out. Regarding the 
TAT levels, please refer to para 7.2 of 
AMG "Draft Guidelines on Odour 
Monitoring and Measurement" (attached 
for easy reference). 

C. Working Paper No.4 

Section 3.9 

39. Same as Comment in para 34 above. 

D. Draft Executive Summary 

Air Oualitv 

40. Similar comment as on the DFR. 

Waste and Water 

Section E.22 

41. Same as Comment in para 34 above. 

Section E.28 

42. Same as Comment in para 10 above. 

Section E. 39 

43. Same as Comment in para 9 above. 

D:\399\fR,-AM 

Responses 

Noted. 

These will be stated in the Final Report. The 
purpose of the EM&A manual is for the 
Construction Phase only. However, a section On 
post project monitoring will be included. 

Noted. 

Noted. 

Noted. 

Noted. 

Noted. 
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Draft Environmental Monitoring & Audit Manual 

Comments 

Chief Engineer/Planning 
Water Supplies Department 
Ref (2) in WWO 24/1409/95 II 
Dated 2 May 1995 

I refer to your above quoted memo and have no 
specific comment on the enclosed EIA study. 
However, during the planning of the captioned 
project, tbe following comments should be taken 
into account:-

(1) 

(2) 

One proposed future watermain might be 
laid along the proposed widening of Castle 
Peak Road between Sham Tseng and Yau 
Kom Tau for improvement of water 
transfer facility, and 

It is noted that the land base source of fill 
has not yet been identified. Please note 
that, in order not to impair the safety of 
the existing waterworks tunnels, no 
excavation shall be carried out within 60 
metres horizontally from either side of the 
centre line of any waterworks tunnel. No 
blasting shall be carried out close to 
existing waterworks installations and 
tunnels without prior agreement by WSD. 

O:\399\FR-AM 

Responses 

Noted. This should be reviewed at tbe detailed 
design stage. 

Noted. This will be stated in tbe Final Report as a 
constraint which tbe designer should consider. 

AM.25 
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Comments 

Environmental Protection Department, 
Headquarters 
Ref. (24) in Annex (1) to EP 2/N2/16 VI 
Dated 9 June 1995 

Reclamation for the Sewerage Treatment Works 
Site 

Fig 5.1 indicates that the seaward edge of the 
reclamation will be up to the 15m contour. 
Reclamation up to the 15m contour is unacceptable 
because it would seriously affect the flow in the 
major tidal flow channel. This channel is crucial 
because all flow through Victoria Harbour and 
Lamma Channel converges here. Any reclamation 
proposal that may affect its flow capacity has 
serious implications and must be studied in details 
in the EIA stage before any implementation works. 

Outfall and Diffuser 

There are some major problems with the proposed 
outfall and diffuser configuration which will affect 
performance, operation and maintenance. The very 
large outfall proposed for this very low flow rate 
means that the desired initial dilution will never be 
achieved and there will be associated operation and 
maintenance problems. The diffuser configuration 
was determined solely on the 'trapping level' 
criterion. This is completely inappropriate and 
inadequate. Other factors such as initial dilution, 
decay/die-off rate for bacteria, distance of the 
inner-most cap from sensitive receivers and flow 
pattern must be considered. There was also no 
systematic analysis on initial dilution and no analysis 
of the likelihood and consequences of interference 
between plumes for different ports under the same 
cap. 

D:\399\FR-AM 

Responses 

It was agreed at an ad hoc meeting that additional 
information relating to reduction in cross sectional 
flows and changes in bulk flows. 

Outfall Diameter: maintenance. As grit removal is 
an integral component of the treatment process 
(preliminary treatment will automatically include 
grit removal) the velocity will drop to O.3m/s. 
Provided the velocity in the outfall achieves O.3m/ s 
at least once per day there will be no settlement in 
the outfall from the effluent. 

AM.26 

The recommended outfall diameter is 600mm which 
gives an area of O.3m', and with a daily peak flow 
rate of 0.5m3/s the outfall will be well scoured. 

In terms of the concern expressed about low flow 
rates, there are many precedents elsewhere where 
even lower flow rates have been adopted without 
any operational or maintenance problems. Reasons 
for this have included reduced pumping and other 
running costs. 
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Draft Environmental Monitoring & Audit Manual 

Comments 

Water Ouality Analysis 

There is a number of deficiencies in the water 
quality impact assessment. First of all, a large part 
of the full water quality modelling results (the 
spring tide results) have not yet been submitted. 
The results of the most important parameter, E.coli, 
were not presented in geometric mean values for 
comparison with the WOO. The mixing zone 
impacts were very roughly calculated and showed 
alarmingly high level of E.coli in the mixing zone 
bilt no viable mitigation measures or further studies 
have been recommended. 

D:\J99\FR·AM 

Responses 

Initial dilution is determined by very many factors 
some of which are directly influenced by the 
Designer. These include the port (not outfall) 
diameter and the number of ports. In the EIA 
Report it was recommended that Red Valves (noo
return valves) be used, these ensure that whatever 
the port characteristics are the Froude Number 
cannot fall below 1. 

It should be noted that the diffuser configuration 
was not actually determined by the 'trapping level 
criterion'. Interference of plumes from ports on the 
same cap were considered. carefully and are 
included in the cited references. It was 
demonstrated by Roberts (author of the RSB 
models) that 8 is an optimum number of ports but 
for higher numbers an asymmetrical configuration 
may be advantageous under cetain conditions. 

When the Report was submitted it· was 
acknowledged that the results of the spring tide 
model sim ulations were outstanding. It was however 
agreed at informal Working Group Meetings that 
the results of the spring tide simulations would be 
very unlikely to affect the decisions made on 
treatment levels as the worst case scenario had been 
evaluated and reported upon in the draft EIA and 
at Working Group Meetings. 

AM.27 
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Comments 

Level of Treatment 

The full water quality results show that many 
predicted E.coli values are high. The reliability of 
the estimated future sewage strength has not yet 
been confIrmed. A safety factor in the design is 
necessary to take into account all these 
uncertainties. In view of the need for a safety 
factor, the conventional primary treatment plus long 
outfall option recommended by the Consultants is 
unlikely to be suffIcient. 

Detailed comments on water quality assessment 

The Consultants need to calculate the E.coli model 
predictions in geometric mean values, the % 
samples exceeding the lOOO/I00mL criterion, 
include the spring tide modelling results, present 
the DO values in mg/L for comparison with WOO 
before concluding on the level of treatment. 

Table 2.2 

Responses 

A safety factor has been included in an 
recommendations which has taken account of inter 
alia, water quality objectives, marine conditions, 
velocity of modelling results as well as giving 
consideration to natural phenomena (such as tidal 
ranges etc) cannot be simulated without incurring 
massive expenditure and time implications. Having 
considered all the various factors in concert, it was 
considered that the combination of long outfall and 
primary treatment would be adequate to achieve the 
objectives of this scheme. 

The predicted E.coli counts are provided both as 
geometric mean values and as arithmetic means. As 
the design criteria refer to geometric mean values 
(at the bathing beaches) the criteria focused upon 
(in addition to the WOO's) were < 180 E.coli 
counts at the bathing beaches using primarily the 
results of the dispersion model for reference. 
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The same WOOs should apply to all cases to 
matter whether the proposed treatment is full or 
partial. The Consultants should check the WOOs 
relevant to each sensitive receivers. For example, 
the WOO for pH applies to all sensitive receivers 
rather than just the marine water and the ammonia 
WOO applies in all cases· of marine water rather 
than only the case of partial treatment. 

Noted. The WOOs relevant to each sensitive 
receiver has already been adopted Table 2.2 has C 
been amended. 

Table 4.3 

(i) For the impact of sediment release during 
dredging/excavation, mitigation measures 
to reduce S.S. are required even if mud or 
dredged materials is uncontaminated. 

AM.28 

(i) Agreed this shall be included in Table 4.3 [ 
for com pleteness. 
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Draft Environmental Monitoring & Audit Manual 

Comments 

(ii) For the impact of domestic effluent 
disposal, an effluent disposal method which 
results in no discharge is preferred unless 
it is demonstrated that such measure is not 
feasible for the site. 

The note do not match the figure. Where are the 
stations-loS and 23-25? 

Para 6.64 and 6.65 

The estimated concentration of E.coli is very high. 
If we believe the worst case estimation of E.coli at 
2·10' /100mI, then upgrading the treatment level is 
certainly necessary because trapping the effluent in 
the lower layers depends on marine conditions and 
will not be possible during some time in the year. 

Para 6.69 

How was the Average Dry Weather Flow (ADWF) 
of 0.1S5m' /s estimated? 

Para 6.73 

Do- the Consultants mean that the actual flow, 
rather then the Dry Weather Flow (DWF), will vary 
in the range 0.5 to 3 times the ADWF? Why has 
the ADWF become 0.155m' /s here? 

D:\399\FR·AM 

Responses 

(ii) Agreed. At this site it may be difficult to 
provide such facilities which was the reason 
for suggesting the use of package plants. 

Noted the updated figure is attached for 
information. Stations 1 - S were the original beach 
station locations, Stations 23 - 25 are seawater 
intakes. 

The concentration of E.coli refers to the raw 
effluent and treatment will indeed need to be 
applied to ensure the loads are reduced. The mean 
initial dilution of the fully mixed plume will in fact 
result in very low E.coli counts. On account of the 
volume of water in the main channel. 

AM.29 

The synthesis of ADWF is based on the production 
of flow rates occurring on working days. No 
calculations have been performed for non working 
days since the general assumption is that the flows 
and loads on such days are not greater. 
Furthermore, the annual average per capita 
production rates for the various population groups 
are taken from HK Government Draft Drainage 
Manual. 

Agreed. The diUrnal flow rate will vary according to 
the proportion of industrial to domestic, size of the 
catchment, surface area of the sewage treatment 
plant. To test the sensitivity of the outfall to the 
diurnal variation 0.5 (nightly flow rates between 
01.00 to 06.00hours) to 3x (morning peak flow 
between 09.00 and 11.00 hours) are considered to 
be typical for a small system such as this. 
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Comments 

Para 6.82 

The effluent discharge rates indicated here are 
com pletely different from those in Section 6.73. 
Which ones are correct? 

Para 7.8 

Table 7.1 does not show a geometric mean value of 
up to 500 E.coli/100mL for primary treated effluent 
for the short outfall. 

Para 7.10 

Table 7.1 again does not indicate that the E.coli 
concentrations is 100-500/100mL for the case of the 
short outfall. 

Para 7.18 

How was the concentration of Org N calculated? 
The load estimation for Org N was not shown in 
Fig 7.1. 

Table 7.6 

Responses 

The rate given in para 6.82 is correct. The 
typographical errors in this connection will be 
corrected in the Final Report. 

The reference made to the fu2!i count related to 
the colour contour plots which were not included in 
the Report but had been used for illustration at 
working group meetings with DSD and EPD. 

This refers also to the colour contour plots which 
were not included in the Report but described in 
the text. 

OrgN concentration was related to the BOD load as 
common practice to the input to the W AHMO 
models. 
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The Consultants need to substantiate the 10% 
removal rate for Org N. This was not indicated in 
Table 75. The influent value for Org N has been 
wrongly calculated. The Consultants need to check. 

The 10% removal of Org.N is based on a series of C 
reduction factors provided in the Strategic Sewage 
Disposal Strategy. The level of organic nitrogen 
remaining is 10 mg/~ which 104 kg/day which is [' 
equivalent to 10% reduction. This was removed 

The estimated future. sewage strength appears to be 
low. We have raised our doubts on the reliability of 
these flow and load estimates in our previous 
comments and working group meetings. However, 
the Drainage Services Department (DSD) should 
also be requested to confirm the accuracy of the 

, estimates. 

D:\399\FR-AM AM.30 

from the main body of the text to eliminate 
confusion. 

The estimated flows and loads have been 
synthesised based on figures contained in the HK 
Government Draft Drainage Manu~ which was 
adopted by strict instruction by DSD. The figures 
have been checked and are correct. 
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ENVIRONMENTAL IMPACT ASSESSMENT (EIA) 

Revised Water Quality Working Paper· WP4 
Draft Final Report and Executive Summary, and 

Draft Environmental Monitoring & Audit Manual 

Comments 

Para 7.21 

Where is Table 7.71 

Para 7.23 

How was the mrung zone diameter of 500m 
estimated? Para 6.64 mentions that the effluent 
plume width is 6OOm. 

Appendix D 

A figure showing the locations of modelling stations 
1·25 is required. The DO values should be 
expressed in mg/L rather than % saturation as the 
WQO is in mg/L. 

Responses 

Table 7.7 was inadvertently eliminated from the 
Report. A full set of results have been included in 
the updated version of Section 7 following receipt of 
the remaining results of the water quality modelling. 

The extremely conservative estimate of the mixing 
zone was made on the basis of the model results 
obtained to provide an indication of the maximum 
extent of the plume. To provide a more accurate 
definition of the mixing zone the length of diffuser 
and the recommended configuration were computed 
to give xi of 56m. The mixing zone is xi to the east 
and west of the outfall and the diffuser length 
spreading at an angle of 5 degrees. The conservative 
estimate of 500m is at least 5 times larger than that 
com puted using the RSB mode~ but was included 
to illustrate that even in extremis the mixing zone 
would not impinge on the bathing beaches. A 
section will be included in the Report to 
demonstrate now oil and grease can be removed. 

AM.31 

Agreed. Appendix D provided the preliminary 
results which have now been reworked to give the 
DO values in mg/I. . 
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Draft Environmental Monitoring & Audit Manual 

Comments 

Para 11.4,11.5.11.11 and 11.12 

Discharge of untreated effluent is unacceptable even 
for short duration. What are the mitigation 
measures to minimize the impacts of emergency 
overflow of effluent at the STW and pumping 
stations? The Consultants should include the 
following measures: 

(a) standby power supply; 

(b) standby pumps; 

(c) 

(d) 

(e) 

(I) 

(g) 

emergency storage for 2 hours if possible; 

telemetric warning system to warn 
operators of failures; 

if emergency discharge is unavoidable, 
provide screening before discharge; 

emergency discharge should be below the 
low water mark to minimize nuisance. 

emergency overflows should be discharged 
at least 100m away from the boundaries of 
a gazetted beach and 100m away from any 
seawater intake point as stated in Section 
9.1 of the TM. 

Detailed comments on water quality modelling 

Para 5.2 

Responses 

It is fully agreed that the discharge of untreated 
effluent even in the short term is unacceptable. It is 
emphasised in para 11.4 that even in the unlikely 
event of a total power failure basic treatment, 
removal of gross solids would still be provided. As 
guit removal will not require power. The suggested 
measures a) to e) have already been incorporated 
in the Report, I) and g) will also be dermed in the 
Fina! EIA. 
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(i) The stations shown in Figure 5.1 are not 
related to the stations (1-12 and A-E) 
referred in the text. The Consultants shall 
show on a map the locations of all these 
stations together with the location and size 
of the "rock outcrop" mentioned in para 
5.2. 

(i) Noted. This figure was included [ 
inadvertently and shall be replaced with the 
correct figure in the Fina! Report. 
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Draft Environmental Monitoring & Audit Manual 

Comments 

(ii) The Consultants must state clearly what 
reclamations were assumed in the baseline 
and reclamation scenarios and how the 
effects of reclamation for this project were 
interpreted from them. 

Para 5.3 

It stated that reclamation will be formed within 5m 
contour, but Fig 5.1 indicates up to 15m. 
Reclamation within 5m contour is considered 
acceptable. However, reclamation up to 15m 
contour is unacceptable because it would seriously 
affect the flow in the major tidal flow channel. 
Water depth of 15m is clearly in the main tidal 
stream and the statement that "This area is also 
located out with the main tidal stream" is not true. 

Para 5.5 - 5.8 

It stated that the flow velocities at the nearby 
stations (A and C) can be reduced by 20 to 25% 
(above 4 hours at station A). This is unacceptable. 
The Consultants must reconsider the reclamation 
configuration to minimise the impact on flow.- The 
Consultants must also provide data on the change 
in total flow volume, not tidal speed, across the 
channel to illustrate the degree of total flow 
reduction. The channel is very im portant to HK 
because all flow through Victoria Harbour and 
Lamma Channel converges here, therefore any 
proposal that might affect is flow capacity must be 
studies in detail. 

Para. 5.7. 4th line 

Should "increase" be replaced by "decrease"? 

D:\399\FR-AM 

Responses 

(ii) Noted. The outline of the reclamations 
were illustrated in Appendix D, however a 
paragraph will be added to the Final 
Report which will clearly state the 
assumptions used. 

It should be noted that although the outline of the 
reclamation extends beyond the 5m contour line 
and thus the statement that the area is outwith the 
main tidal stream is still correct. The assessment of 
the reduction in cross sectional area is being carried 
out at present and will be included in the Final 
Report. 

AM.33 

Both the extent and duration of the slight changes 
in the peak velocities (not flows) by less than 
0.1m/s are considered to be minor. While we fully 
agree that the channel is vitally important to the 
flows in Victoria Harbour, the model results (and 
the size of the reclamation) do not suggest that 
there will be any impact on mainstream flows. 

Agreed. The words will be interchanged to reflect 
the correct meaning. 
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Comments 

Para. 5.9 

(i) The Consultants have grossly 
underestimated the far field im pact of 
reducing flow in Ma Wan Channel. In 
essence, the Consultants have not studied 
the global impact, in particular to the very 
important self cleaning ability of Victoria 
Harbour. Therefore, the Consultants must 
critically review the followings: 

(li) 

(a) 

(b) 

(c) 

(d) 

the reduction of total flow across 
the flow channel. 

the corresponding reduction in 
flow through Victoria Harbour. 

the water quality impact of such 
reduction to Victoria Harbour. 

the volume of residual and storm 
event pollutant discharging into 
the embayment adjacent to the 
reclamation upon completion of 
sewerage scheme and its impact to 
the local water quality. 

( e) the actual space requirement for 
the treatment work and the 
possibility to reduce and realign 
reclamation. 

The report neither states nor was there any 
previous agreement between the 
Consultants and EPD on the type of 
boundary conditions used for modelling the 
impact of reclamation. It is presumed that 
soft boundary technique was used. 

Figure 5.1 

There are two station 20 in the figure, and station 
9 (that was supposed to be at a beach) is shown in 
the middle of a tidal channel. 

D:\399\FR·AM 

Responses 

We fully agree that the points raised should be 
examined critically however the extent of the 
reclamation and the results obtained certainly 
confirm the conclusions drawn in Section 5. 

G 

c 
o 
D 
o 
[ 

[ 

[ 

c 
o 
c 

The boundary conditions which were used were 
agreed with EPD and DSD at informal working C,',' 
group meetings and for the flow model a soft 
boundary technique was adopted. 

AM.34 

[ 

Noted this figure has been amended to reflect the [" 
correct situation. 

L 



[ 

[ 

o 
o 
[J 

o 
[J 

o 
o 
o 
Q 

o 
o 
c 
c 
[ 

[ 

[ 

[ 

Ting Kau and Sham Tseng Sewerage Scheme 
Environmental Impact Assessment Study 
Appendix M 

Doc. Ref: TJ99/FR 
Date: 20 October 1995 
Revision C 

AGREEMENT NO. CE 35/94 
TlNG KAU AND SHAM TSENG SEWERAGE SCHEME 

ENVIRONMENTAL IMPACT ASSESSMENT (EIA) 
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Dran Environmental Monitoring & Audit Manual 

Comments 

Para. 6.3 

In the absence of a clear defmitioo for "dredging 
reserve", it is presumed that it is Marine 
Department's specified minimum depth for the 
diffuser so that it will not affect their future 
maintenance dredging works. 

Para. 6.9 to 6.10 and Fig. 6.6 

The diffuser ports for the short outfall are shown 
below the future and natural seabed level. Siltation 
and maintenance dredging might therefore seriously 
affect their efficiency and proper function. Figures 
6.3 and 6.4 also show that the rock armours are laid 
very close to the diffuser. This would interfere with 
the outfall's initial dilution efficiency. 

D:\399\FR-AM 

Responses 

The proposed dredged depth (-20mPD) is given in 
the "Ma Wan Channel 1m provement Study -
February 1991, Mott MacDonald". The instruction 
which was given at the commencement of the 
present Study was that the defmed limits for 
deepening the Channel and the proposed 
improvements should be taken as fundamental 
assumptions. The seabed level in the vicinity of the 
diffuser is rock and even if the depth is increased by 
several metres the bed level will still be geologically 
controlled. There is no maintenance dredging in the 
conventional sense of this term. 

The tops of the caps were designed to be below the 
level of the adjacent natural or dredged rocky 
seabed was so that it would be impossible for a ship 
following a normal passage through the channel to 
come into contact with them, as illustrated in 
Figures 6.3 and 6.4. 

AM.35 

As it is known, from frequent observation in this 
area that dumb barges towed by tugs drag their 
anchors to maintain contro~ the risk of diffusers 
being damaged by small anchors (for example 2 
tonne) at this site is a serious COncern. The most 
practical solution is to provide very robust but easily 
replaceable caps and to bring the rock armour as 
close to the caps as practical. 

The suggestion that the proximity of the rock could 
affect initial dilution is contrary to what has been 
actually measured in the field (impact monitoring of 
Urmston Road for example) and indeed there is 
much evidence to suggest that the initial dilution 
will in fact be greater rather than less than the 
theoretical figure. However for the avoidance of 
confusion the figure will be amended· without 
indication of rock armour. 
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Comments 

Para. 6.11 

Any proposal to lay pipes on the sea bed would 
reduce the water depth by 3m (12%). This would 
decrease the flow across the channel and the 
Consultants sbould assess the effect of this to tidal 
flow and water quality in the locality and more 
critically to Victoria Harbour. 

As stated in comments on para. 5.9 above, tbe 
channei between Sbam Tseng and Ma Wan is a 
very important channel and this must be considered 
with extreme care. 

Para. 6.49 

(i) The apparent positive effect of a trapped 
plume is inconclusive. The negative side of 
this is to lower the rate of initial dil ution, 
lower the bacteria decay the from 4 hours 
to 40 hours, and consequently the beaches 
will still be affected by the upwelling of this 
concentrated plume from the lower layer. 

(n) The initial dilution must also be 
systematically analysed and the percentile 
achievement for different rate of initial 
dilution illustrated. 

Para. 6.52 

(i) The ADWF of 13367 m'lday is equivalent 
to 0.155m' /s instead of 0.185m' /s (ref. 
para. 6.4(a)). 

(n) A very large outfall (1.25m dia.) is 
proposed for this very low discbarge are 
(0.155m' Is). In addition, the flow velocity 
through the diffuser ports (at 6x 200mm 
dia.) is 0.82 mls (and not 3 m/s). The 
desired initial dilution will never be 
achieved and there will also be operational 
related problem such as siltation within the 
pipes. 

D:\399\FR·AM 

Responses 

The design recommends that the waterway will not 
be adversely affected because if a gully or a 
depression cannot be found to accommodate the 
pipe then a trench will be dug in which to lay the 
pipe. The requirement to carry out a bathymetric 
survey to confrrm whether or not a trench would 
need to be excavated was stated in the Report. 

See responds to comments on paragraph 6.70 to 
6.90. 

c 
c 
o 

[ 

[ 

[ 

c 
o 

This is a typographical error and has been C 
amended. 

AM.36 

The recommended outfall diameter is 600mm id. L 
(ref 6.14, 6.15 and figure 6.5) which is adequate for 
the situation according to the current information f--: 
on peaking factors, AD WF and the treatment plant L 
design (ie the top level of the last tank and the 
potential storage capacity in the plant). The [. 
diameter will only be fmalised by tbe Detail 
Designer. 

l 
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Comments 

Para. 6.54 and 6.64 

The manner the cap spacing was derived in this 
report has grossly and overly simplified the physical 
processes involved in the dilution and dispersion of 
the sewage discharge. For this particular case, if 
the length of outfall is fixed, any reduction in the 
'cap spacing' will have the benefit of increasing the 
'gap' between the innermost cap and sensitive 
receivers. The Consultants must therefore 
reconsider the optimal cap spacing in a more 
vigorous manner. 

Para. 6.65 

See comments on para. 6.49 above. 

Para. 6.69 

(i) Which station and under what tidal 
condition were the ambient current 
referred to for which 92% of the time the 
,current exceeds 0.4 m/s. 

Responses 

Extreme care was taken when considering the 
spacing of the caps and thus the benefits of 
increasing the distance between the centre of the 
plume and the shore. The distance between the 
centre of the plume of the short outfall and Anglers 
Beach is half the distance for the long outfall. The 
corresponding reduction in the bathing season 
geometric mean E.coli count is 2.5 fold. The 
distance between the centre of the plume of the 
short outfall and Gemini Beach is 25% of the 
distance for the long outfall and the corresponding 
reduction in the bathing season geometric mean 
E.coli count is more than threefold. 

AM.37 

If the cap spacing is reduced to 30 metres (refer to 
para 6.75) the initial dilutions will begin to diminish 
in the dry season and be reflected by an elevation 
in the effluent in the wet season, and are thus 
undesirable if the bathing beaches are to be 
protected. Reducing the cap spacing from 50 to 30m 
would move the centre of the plume away from 
Gemini Beach by 10m (an increase of 3%) and 
assuming initial dilutions were maintained the 
decrease in E.coli counts would be less than 3%. 
The differences associated with this aspect of the 
design are very much less than other components of 
the overall assessment. 

see above 

As noted in 6.57[i] the meter was almost exactly 
over the discharge position. The percentage quoted 
was for all tidal conditions. The data set in question 
was particularly important in the overall assessment 
as it conclusively demonstrates there is no simplistic 
relationship between tidal range and tidal currents, 
or between the rate of change of water level and 
tidal current. 
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(ii) 

Comments 

The Consultants must clarify the exact 
arrangement of diffuser ports. Para. 6.69 
stated that the six ports are grouped into 
three pairs, however the concluding para. 
6.88(b) stated that there will be 3 ports in 
each cap. 

(iii) There was also no analysis of the 
likelihood and consequences of 
interference between plumes for different 
ports under the same cap. 

Para 6.70 to 6.90 

Further to comments on para 6.49 above, it is 
inappropriate and inadequate to rely solely on 
'trapping level" to determine diffuser configuration. 
Other considerations such as initial dilution, 
decay/die·off rate for bacteria, distance of the 
inner-most cap from sensitive receivers, the flow 
pattern (whether there is upwelling of sewage 
plume) must also be considered. 

Para 7.6Cd) 

What is the basis for the different definition for 
"day" under different'seasons and tides? 

Para 7.11 and 7.l3 

The E.coli concentration shown in Tables 7.1-3 are 
those due to the outfall discharge alone. The 
Consultants must add to it also be background 
concentration for comparison against WQO. 

D:\399\FR-AM 

R~~~ C 
From detailed analysis of the optimal arrangements c. 
of ports and caps using the physical model in the 
research station in the US where this model was 
developed, it was concluded that two number three 
port caps would be appropriate based on the output 0 
from the models and observations of the behaviour 
of diffusers in the physical model which sup~rts 
the RSB model predictions. E 
This is a topic which has been discussed at great 
length with many designers and eminent outfall n,' 
modellers who have concluded that the development L 
of a model to realistically examine this concept is at 
present beyond the state of the art. Guidance was 
provided by the results of the Roberts physical [ 
model which is located in a research station in the 

AM.38 

US. 

C 
All of these aspects were considered very carefully 
and recorded in the Report. It should be stressed [ 
that for a given density gradient the field thickness 
directly leads to. dilutilon. at a given velocity: The C', 
constantly changmg ve OClty input by the W AHMO 
model results in dilutions as the plume spreads 
horizontally and vertically. The stratification is so 
stable that the concept of upwelling is not Of 
appropriate. 

D 
The definitions of day given in 7.6 are standard 
assumptions which have been used in other C.,.' 
modelling studies in Hong Kong. 

Noted. This issue will be considered in the Final t 
Report. 

[ 

L 
L 
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Comments 

Table 7.1. 7.2 and 7.3 

There should be a value each for long and short 
outfall for every sensitive receiver. However, there 
is only one value for dry spring and wet spring tidal 
condition only. 

Para 7.15 

It is presumed that "bathing season" refers to in 
Table 7.4 covers the same period as that for WQO. 

Para 7.16 

The paragraph shows that E.coli concentration is 
the major factor that determines whether long 
outfall with primary treatment level or short outfall 
with secondary treatment level should be used. 
Although CEPT was not adopted in the modelling 
test, Table 7.5 shows that it is very effective in 
removing E.coli (even better than biological 
treatment!) The Consultants should further 
evaluate/assess the desirability of CEPT and 
disinfection options. 

Para 7.18 

Based on Table 7.6 and Figure 7.1, the NH3"N and 
org N concentrations of raw sewage are 22.8 mg/I 
and 8.6 mg/I respectively. These are already lower 
than the effluent standards set for primary 
treatment (NH3"N (25 mg/I) and org"N (10 mg/I)). 

D:\399\FR-AM 

Responses 

The reason for this was that there were no model 
runs carried out for the dry and wet seasons spring 
tide for the bacterial dispersion modelling as the 
decision on the recommended combination of 
treatment and discharge point had already been 
reached. 

Agreed. 

Agreed. The application of chemically enhanced 
treatment options are very effective in removing 
bacterial loads. The evaluation of this option is for 
the Detail Designer to undertake. The purpose of 
the present assessment was to provide the guidance 
on the level of treatment which is required to 
achieve the water quality standards, which was 
demonstrated, while not restricting the Detail 
Designer (or Contractor) to a limited option. As 
noted in the Report, the level of E.coli is due to 
background levels and the introduction of CEPT at 
this STW would have no bearing on external loads. 

AM.39 

Noted. It has been previously identified that the 
loads are quite small for this catchment area 
however the estimation and the methods of defming 
flow build up has been agreed at the working group 
meetings. The estimation of loads was based on the 
DSD Drainage Manual which we were instructed by 
the client to use for this project. 
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Comments 

Para 7.20 

(i) 

(ii) 

"Figure 5.2" should be "Figure 5.1". 

The Consultants must provide the loading 
assum ption (in the form of loading table) 
and coastline configuration of the baseline 
scenario. 

Para 7.23 

The WOO with respect to DO for fish culture 
zones is 5 mg/l instead of 4 mg/1. Is this then still 
achievable? 

Appendix D 

The results are not clearly shown in the report. For 
example the concentration of the contour lines are 
not given and the cvt lines for outfall scenario 
cannot be seen clearly. 

Environmental Protection Department 
Headquarters 
Ref (24) in Annex 1 to EP2/N2/16 VI 
Dated 9 June 1995 

The operational outfall monitoring is miss mg. 
Detailed monitoring of environmental impact is still 
required in the operational stage (including pre· 
commissioning baseline). The project proponent 
should discuss the requirements of this work with 
EPD separately. He can contact our Mr. Adrian 
Dawes at 2835 1244 direct for this purpose. 

(i) 

(ii) 

Responses 

Agreed. The amendment will be made to 
the text. 

Noted this will be included in the rmal 
Report. 

DO levels were not directly measured precisely at 

o 
o 

the fish culture zones. However, in the area the [, 
levels were extracted from the contour plots in 
Appendix D. Further analysis of the full Water 
quality Modelling results (wet and dry seasons [_~ .. 
spring and neap tides) will be provided in the Final 
Report, which will related to the relevant WOOs/ 

AM.40 

Noted a fair copy shall be prepared for the Final 
Report. 

Noted, elaboration on the text will be included in 
the Final Report. 
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Revised Water Quality Working Paper - WP4 
Draft Final Report and Executive Summary, and 

Draft Environmental Monitoring & Audit Manual 

Comments 

Para 1.7 in page 2 

The Executive Summary mentioned here is a non
technical statement of the EIA findings and 
recommendations. It is considered as technically 
inadequate for the purpose of EM&A. Therefore, 
it should be revised and the mitigation measures 
should be addressed at later sections. 

Para 1.11 in Page 3 and Figure 1.3 

. An individual Environmental Team (ET) is 
considered as mandatory. Although the ET may be 
formed by a noup of Resident Site Staff (RSS) 
under the sup ... ·.ision of Engineer, it is required to 
clearly specify the ET's responsibilities and the 
reporting route(s) in the organisation. Paragraph 
1.11 and figure 13 should be revised to incorporate 
these requirements. 

Para 2.1 in page 4 

The possible water quality impacts and the 
corresponding mitigatory measures are not fully 
described in this manual. More details of the 
impact prediction and mitigation should be 
extracted from Section 4, Water quality -
Construction Activities, of the EIA reports (Doc. 
RefT399/DFR, Rev. A) and attached here, such as 
Table 4.2 and paragraphs 4.7 to 4.28 

Para 2.3 in page 6 

Possible spillage of surface runoff contaminated 
with oils/grease in identified in EIA. Why the 
monitoring parameters do not include oils/grease? 

D:\399\FR·AM 

Responses 

The text be amended to read 'The Final Report' 
instead of Executive Summary. The mitigation 
measures will be appendix in the form of an 
implementation status form for completion by the 
Engineer. 

A list of responsibilities can be included, but only in 
general terms and figure 1.3 will be expanded. 

AM.41 

Noted and agreed. 

The likelihood of spillage is very low and does not 
warrant inclusion in the sampling programme. 
However, the RSS will be required to carry out 
visual inspections to control this parameter. 
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[ 

C 
o 
o 

Comments 

Para 2.4 in page 6 

The procedures for all in-situ measurement and 
sam piing should be well described here so that the 
contract specification can be drafted accordingly. 
Moreover, the methods mentioned for SS 
determination is not consistent with paragraph 
2.6(c). Either 17th edition or 18 edition should be 
followed. 

Para 2.5 in page 6 

(i) There are totaIly 3 control stations instead 
of 2. The monitoring in the vicinity of 
reclamation region is insufficient. The 
design of monitoring stations should aim at 
detection of possible impacts, assessment 
of mitigatory measures and protection of 
sensitive receivers. The Consultants should 
reconsider the proposed Dlonitoring 
stations and include a justification for 
setting up those of them. 

(ii) Baseline, impact and post monitoring 
should also be undertaken at the same 
monitoring stations. 

(iii) Please delete the last second sentence of 
this paragraph. 

Para 2.8 and 2.9 in page 8 

The baseline monitoring should be carried out 
immediately prior to the commencement of the 
marine work. Therefore, all the monitoring 
equipment should he ready preferably 6 weeks 
before the date of commencement. 

D:\399\FR-AM 

Responses 

The 18th Edition should be followed, therefore the 
text will be amended. It is considered sufficient to 

. quote the reference source for the sampling 
procedure. The contract specifications can be 
drawn up using the actual procedure rather than a 
summary. 

The text will be amended to read 3 control stations. 

o 
o 

The current monitoring stations identified will show 0 
the impacts from the works affecting sensitive 
receivers, which in this location is the beaches and 
the fish culture zone. MS3 and MS4 will indicate 
the im pacts from the reclamation and dredging 0' 
activities. 

o 
Noted and agreed. o 
I assume this should read second last sentence ie 0 
"As the control station approach ..... This sentence 
will be removed. 

Noted and agreed, the text will be amended. 

AM.42 

o 
o 
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o 
o 



o 
[ 

L 
[ 

Ting Kau and Sham Tseng Sewerage Scheme 
Envirorunental Impact Assessment Study 
Appendix M 

Doc.Ref: T399/FR 
Date: 20 October 1995 
Revision C 

AGREEMENT NO. CE 35/94 
TlNG KAU AND SHAM TSENG SEWERAGE SCHEME 

ENVIRONMENTAL IMPACT ASSESSMENT (EIA) 

Revised Water Quality Working Paper. WP4 
Draft Final Report and Executive Summary, and 

Draft Environmental Monitoring & Audit Manual 

Comments 

Para 2.11 in page 8 

After collecting the baseline monitoring data, 
statistical analysis of the data should be undertaken. 
For each station and monitoring parameter, the 
analysis should look for the relevance between the 
control and impact stations; mean, range . and 
standard deviation; data distribution against time. 
In addition, TAT levels should also be calculated. 
Graphical presentations such as data distribution 
graphs, frequent charts or percentile charts are 
highly preferred. 

Para 2.12 to 2.14 in page 8 

Auditing is not described here or some else in the 
manual. This manual should address the 
"procedures for auditing of the implementation of 
respective environmental mitigation measures 
recommended for detail design" captioned in 
paragraph 1.5(b). It is suggested that the auditing 
should consist of audit of impact prediction, 
effectiveness of mitigation measures, site activities 
and monitoring data. 

Table 2.4 in page 9 

Percentile should be referred. For SS and Turbidity, 
9O%·ile and 110% of control station should be used 
in Trigger level while 95%·ile and 120% in Action 
level and 99%·ile and 130% in Target level. The 
phase "for 2 consecutive occasions" should be 
deleted. 

Table 2.5 in page 10 

As comments on para 1.11 above, an individual 
environmental team (ET) is required. The 
responsibility of the ET should also be well defined 
here. This table should be revised accordingly. A 
typical action plan is attached in Appendix A for 
reference. 

AM.43 

Responses 

This will be added to the manual. 

Noted and agreed the text will be elaborated to 
include these subjects. 

Noted and agreed. 

It is considered sufficient to include the 
responsibilities of the ET in the introduction 
sections and not the Action Plan. However, the 
Table 2.5 will be amended to reflect suggestions set 
out in Appendix A. 
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Comments 

Traffic Engineering (NTW) Division 
Transport Department 
Ref: ( ) in NR 181/180·11 
Dated 2 May 1995 

I refer to your above memo enclosed with a copy of 
the above report. 

2. Concerning Traffic Impacts ad depicted in; 

para. E39 in the Executive Summary 
para 12.34 to 12.36 together with 16.16 & 
16.17 in the Final Report. 

I suggest the laying of sewers along Castle Peak 
Road should be restricted between 1()()()·1600 hrs 
everyday and after 1600 the trench to be covered 
with secure metal plates and be released for normal 
traffic so as to avoid traffic disruption. 

3. The Tuen Mun Road Bus Only Lane at 
present is still on trial and may become a 
permanent scheme in which during its operation 
between 0700-0900 hrs the eastbound traffic along 
Castle Peak Road would be very busy. I regard the 
sewer works arrangemelll must weU aware the 
adverse traffic impact along Castle Peak Road and 
the nearby road network. 

Fire Services Department 
P.lanning and Development Branch 
Ref (19) in CP P&D 151/18 
Dated 3 May 1995 

I have no comments. 

D:\399\FR-AM 

Responses 

This recommendation will be added to the Final 
Report. 

AM.44 

Noted, tbis point has already been reflected in the 
Report. 

Noted. 

r; L 

C 
o 
c 
o 
c 
o 
o 
o 
o 
o 
o 
o 
o 
0 
0 
0 
0 
L 



o 
[ 

[ 

n 
[ 

[' 

[ 

L 
l 

[, 

L 

[ 

[: 

Ting' Kau and Sham Tseng Sewerage Scheme 
Environmental Impact Assessment Study 
Appendix M 

Doc.Ref: T3991FR 
Date: 20 October 1995 
Revision C 

AGREEMENT NO. CE 35/94 
TING KAU AND SHAM TSENG SEWERAGE SCHEME 

ENVIRONMENTAL IMPACT ASSESSMENT (EIA) 

Revised Water Quality Working Paper. WP4 
Draft Final Report and Executive Summary, and 

Draft Environmental Monitoring & Audit Manual 

Comments 

Planning Department Hong Kong 
Ref (13) in PD/TW S/SEW/l VI 
Dated 10 May 1995 

I refer to the subject EIA reports circulated by 
DEP on 24.4.95. 

My comments to the draft final report are as 
follows: 

(a) Figure 2.2 and Tables 2.4.2.6.8.13 to 8.15 
and 9.12 

According to the draft Tsuen Wan West OZP No. 
S/TWW /5, Garden Bakery, San Miguel Brewery, 
and Union Carbide Depot are zoned 
'Comprehensive Development Area'. The planning 
. intention is to encourage redevelopment of the 
existing industrial operations to residential and/or 
commercial uses. The proposed land uses of the 
proposed Sham Tseng Further Reclamation include 
residential use which may be sensitive to noise 
pollution. As such, Figure 2.2, Tables 2.4, 2.6, 8.13 
to 8.15 and 9.12 which outline the odour and noise 
sensitive receivers of the Sham Tseng Sewage 
Treatment Works and the associated pumping 
stations should be amended to include other sites in 
the CDA, namely the San Miguel Brewery, and the 
Union Carbide Depot. The proposed Sham Tseng 
Further Reclamation should also be taken into 
account in the EIA. 

(b) I presume the sensitive receivers as shown 
in Figure 2.2 would include Lido Garden 
and Sham Tseng Village. It is noted in 
Figure 2.2 that the location of SR3 does 
not tally with Tables 2.3 to 2.6 Ref. No.3, 
i.e. Lido Garden. 

(c) The lot number of Garden Bakery 
indicated on Tables 2.6, 8.13 to 8.15 should 
be amended to 'Lot 193 & 194 in DD 390' 
instead of 'Lot 94'. 

D:\399\FR-AM 

Responses 

Of the sensitive receivers within the various CDAs 
the Garden Bakery site will be the worst affected. 
The Sham Tseng Further Reclamation has been 
taken account of in the EIA in that the estimate 
population has been included '" the future flows 
and loads determination but it was not necessary to 
single it out as a sensitive receiver because the 
Garden bakery site is exposed to much greater 
environmental im pacts and it is considered 
appropriate to assess the Garden Bakery site only. 
Hence, the choice of the Garden Bakery as the 
assessed sensitive receiver as opposed to the Union 
Carbide site or San Miguel Brewery site. 

SR3 should read "Sham Tseng Tsuen". It was 
assessed that impacts at Sham Tseng Tsuen would 
be worst affected com pared with Lido Garden. 

Noted. The text has been amended. 

AM.45 
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TING KAU AND SHAM TSENG SEWERAGE SCHEME 
ENVIRONMENTAL IMPACT ASSESSMENT (EIA) 

Revised Water Quality Working Paper. WP4 
Draft Final Report and Executive Summary, and 

Draft Environmen,!,1 Monitoring & Audit Manual 

Comments Responses 

o 

c 
o 
o 

(d) As regards Section 13 on Landscape and 
Visual Assessment, the draft fmal report 
should also set out design criteria so as to 
provide guidelines for the detailed design 
of the STW on the reclamation. 
Presumably, a detailed Visual Impact 
Assessment of the STW would be carried 
out at the detailed design stage. 

The section 13 will be amended to include fl 
guidelines for the designer to follow. tJ 

Director of Regional Services 
Ref (25) in RSD 8/HQ 410/94 
Dated 13 May 1995 

I have tbe following comments on the Draft Final 
Report. 

(1) 

(2) 

Tbe sewage treatment works at Sham 
Tseng may bave a direct impact on the 
water quality of the adjacent bathing 
beacbes oftbe Regional Council (Re) sucb 
as Gemini, Ho Mei Wan, etc. On tbe 
understanding tbat the water quality within 
tbe area will be closely monitored, I 
suggested RSD sbould be immediately 
alerted if tbe conditions are found 
unacceptable. 

This Department also wishes to know the 
locations of the monitoring stations relative 
to the bathing beacbes so tbat we may be 
able to step up immediately the 
monitoring/testing of the water of the 
beacbes concerned in case there are 
indications from the monitoring station that 
the water quality deteriorates. 

(3) If the locations of the gravity sewer, rising 
main, pumping station, monitoring stations 
are to be constructed within the boundary 
of the RC gardens or gazetted beaches (i.e. 
Anglers' Gemini, Hoi Mei Wan, Casam, 
Lido, Approacb and Ting Kau) prior 
permission from this Department must be 
obtained. 

D:\399\FR-AM AM.46 

This will be stated in tbe Environmental Monitoring 
and audit manual. 

These are given in Table 23 and Figure 2.1 of the 
Environmental Monitoring and Audit Manual. 

Noted. 
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T1NG KAU AND SHAM TSENG SEWERAGE SCHEME 

ENVlRONMENTAL IMPACT ASSESSMENT (EIA) 

Revised Water Quality Working Paper. WP4 
Dran Final Report and Executive Summary, and 

Dran Environmental Monitoring & Audit Manual 

Comments 

Principal Government Geotechnical Engineer 
ReC (12) in GCP 1/4/468 II 
Dated 15 May 1995 

Thank you for your memo and the associated draft 
fmal report captioned above. The Geotechnical 
Engineering Office has the following comments. 

Draft Final Report 

2. 

3. 

Section 1.12. Reclamation 

(a) The adequacy of the assumed final 
formation level of + 6.0mPD will have to 
be justified at a later stage to account for 
the effects of wave overtopping on the 
reclaimed land; 

(b) Please replace '(subject to 
conflfD1ation by the FMC)' with 
'depending on the availability of land based 
fill: 

Section 4.20 and 4.23. Construction of the 
Seawalls. Sourcing and Placing of Fill 

Rainbowing or the use of sand pum ps have 
been commonly used for placing fill in 
many reclamation projects, e.g. West 
Kowloon Reclamation and Wanchai 
Reclamation. The consultants should 
clarify why this method should be avoided 
at this site. 

D:\399\FR·AM AM.47 

Responses 

Noted. This will be stated in the Final Report. 

Agreed. This amendment was made in the Final 
Report. 

The reason why rainbowing is not the favoured 
option in that the accuracy involved is not as good 
as other methods of placing fill and the potential 
for greater fugitive dust emissions and adverse 
impacts on receiving water quality exists. 
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4. 

5. 

6. 

TlNG KAU AND SHAM TSENG SEWERAGE SCHEME 
ENVIRONMENTAL IMPACT ASSESSMENT (EIA) 

Revised Water Quality Working Paper. WP4 
Drart Final Report and Executive Summary, and 

Drart Environmental Monitoring & Audit Manual 

Comments 

Section 6, The Outfall and Diffuser Section 

To facilitate future maintenance of seabed 
over the submarine outfall and diffusers, 
they should be laid at least 3 metres below 
the Director of Marine's proposed 
navigation level; this should allow for 
future navigation needs plus protection 
cushion thickness and laying out/ 
construction tolerance. The protection to 
the outfall and diffusers should be designed 
and constructed to, accommodate impact 
loads from grab dredgers and other loads 
caused by such dredging operations. The 
consultants should carry out a thorough 
review of the design consideration for the 
submarine outfall and diffusers. 

Figure 6.5 

Please refer to the attached "Interim 
Concrete Specification for Reinforced 
Concrete Structures in Marine 
Environment" issued by the Chairman of 
the Standing Committee on Concrete 
Technology. 

Section 1.9. The Proposed Development 

Based on Figure 1.1, the new treatment 
works should be located to the east of the 
Garden Bakery Site. The proposed sewer 
reticulation system should be laid under 
Castle Peak Road from Tsing Lung Tau in 
the ~ and from Ting Kau in the ~. 

Responses 

This is an issue to be taken up at the Detailed 
Design Stage. 

Noted. 

Noted. The text has been amended accordingly. 

Draft Executive Summary 

7. Paragraph E.4, The Proposed Development 

As from Item 6 above. 

D:\399\FR-AM AM.48 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
c 
o 
[: 



o 
L 

[ 

l 
[ 

o 

[i 

[: 

[ 

[ 

[ 

[I 

l' 
l 

[I 

Ting Kau and Sham Tseng Sewerage Scheme 
Enviromnental Impact Assessment Study 
Appendix M 

AGREEMENT NO. CE 35/94 

Doc.Ref: T3991FR 
Date: 20 October 1995 
Revision C 

TING KAU AND SHAM TSENG SEWERAGE SCHEME 
ENVIRONMENTAL IMPACT ASSESSMENT (EIA) 

Revised Water Quality Working Paper. WP4 
Draft Final Report and Executive Summary, and 

Draft Environmenlal Monitoring & Audit Manual 

Comments 

Director oC Marine 
Ref. (3) in PAIS 915/11/36 (10) 
Dated 11 May i ~95 

I refer to your MUR and the attached reports. 

2. I have no adverse comment on the reports. 

3. From Marine point of view, our concern 
will major on the marine traffic during reclamation 
period and the layout of the outfall. As the project 
is still at a preliminary stage, a more detailed 
proposal/programme should be sent to us for 
comment as soon as it is finalized by the awarded 
contractor. 

4. Finally, I would like to remind you that 
apart from tbe 2 Government projects as mentioned 
in para. E9 in the draft executive' summary, you 
should also take into account the Route-3 Country 
Park section project. In which a conveyor system 
and a barging jetty will be located right to the East 
of the reclamation site. 

District Officer (Tsuen Wan) 
Ref. (5) in TW 0/13/67 IV 
Dated 22 May 1995 

I have no comment on the above reports. Please 
arrange for presentation of the Executive Summary 
to the Environmental Affairs Committee of the 
Tsuen Wan District Board after it is finalised. The 
Committee meets every two months. 

D:\J99\FR·AM 

Responses 

Noted. 

Noted and Agreed. 

This will be mentioned in the executive summary. 

Noted. 

AM.49 
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T1NG KAU AND SHAM TSENG SEWERAGE SCHEME 
ENVIRONMENTAL IMPACT ASSESSMENT (EIA) 

Revised Water Quality Working Paper - WP4 
Draft Final Report and Executive Summary, and 

Draft Environmental Monitoring & Audit Manual 

Comments 

Chief Engineer/Planning 
Water Supplies Department 
Ref (2) in WWO 24/1409/95 II 
Dated 2 May 1995 

I refer to your above quoted memo and have no 
specific comment on the enclosed ElA study. 
However, during the planning of the captioned 
project, the following comments should be taken 
into account:-

(1) One'proposed future watermain might be 
laid along the proposed widening of Castle 
Peak Road between Sham Tseng and Yau 
Kom Tau for improvement of water 
transfer facility, and 

(2) It is noted that the land base source of fill 
has not yet been identified. Please note 
that, in order not to impair the safety of 
the existing waterworks tunnels, no 
excavation shall be carried out within 60 
metres horizontally from either side of the 
centre line of any waterworks tunnel. No 
blasting shall be carried out close to 
existing waterworks installations and 
tunnels without prior agreement by WSD. 

D:\399'\FR-AM 

Responses 

Noted. 

Noted. 

AM.50 
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Revised Water Quality Working Paper ". WP4 
Draft Final Report and Executive Summary, and 

Draft Environmental Monitoring & Audit Manual 

Comments 

Director Agriculture and Fisheries 
ReC (11) In AF DVL 10/18 II 
Dated 17 May 1995 

I refer to your MUR and to the captioned Progress 
Reports. 

2. I have not received a reply to my previous 
memo dated 25.4.95 regarding my concerns On tbe 
levels of ammoniacal nitrogen at Ting Kau and 
Sbam Tseng. Tbe draft EIA Final Report also fails 
to discuss the impacts in relation to background 
levels tbat ammonia discharges will have on local 
waters. Cbapter 7, in tbis document, should discuss 
tbe implications tbat zero ammonia reduction, for 
primary treated sewage, will have on local marine 
waters whicb bave been identified as a sensitive 
receiver. 

3. According to the plots provided in 
Appendix C of the draft EIA Final Report the 
predicted increase in ammonia dry season levels at 
stations SR08 and MC14 (tbe only plots near tbe 
outfall to sbow significant increase) would not result 
in exceedance of tbe WOO. I would be grateful if 
tbese predictions could be stated in tbe text of the 
EIA Final Report. 

4. In the Executive Summary, E.21, it is stated 
that the WOOs will be achieved from a 350m long 
outfall. At tbe point of discbarge tbis statement is 
incorrect. Details of the size of the mixing zone 
required to achieve WOOs under worst case 
conditions sbould be given in both tbe EIA Final 
Report and tbe Executive Summary. 

D:\399\FR-AM AM.51 

Responses 

Noted. Responses to tbese comments bave been 
prepared and tbe Final Report will include full 
details of tbe impacts on marine water quality of 
discbarging effluent. 

Agreed. Tbe Final Report bas been updated to 
incorporate tbe full snite of results from the 
modelling study will be included in the Final 
Report. 

Noted. This point will be clarified in the Fmal 
Report. 
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Revised Water Quality Working Paper - WP4 
Draft Final Report and Executive Summary, and 

Draft Environmental Monitoring & Audit Manual 

Comments 

Director Agriculture and Fisheries 
ReC: (9) in AF DVL 10/18 II 
Dated 25 April 1995 (Cor reCerence) 

Given the high pH and high temperature that occur 
during the summer months in the Hong Kong 
marine environment the loading of significant 
quantities of ammonia may prove damaging to local 
fisheries. Primary treatment will remove none of 
the ammonia loading. Will the objective of 0.021 
mg/l total un-ionized ammonia be met outside the 
mixing zone during worst case scenario i.e. neap 
tide, surface temperature 30°C and pH 8.5 and 
what is the proposed size of the mixing zone? 

It was stated in Appendix II (h) of Working Paper 
No.4 that the designer by means of mathematical 
modelling would demonstrate that the un-ionized 
ammonia standard would be met with the treatment 
facilities proposed. The table presented Appendix 
E of W.P. No.6, page 2 does not provide sufficient 
information to answer the queries raised above and 
there is no discussion of the ammonia data in 
Appendix D. I would be grateful for further 
clarification of the potential impact of un-ionized 
ammonia on local fisheries. 

Drainage Services Department 
ReC: (1) in OSO CM 8/40520S/26 
Oated 14 October 1995 

Thank you for the Final Report (Volume 1) and the 
Executive Summary sent to me on 6.10.95. I note 
that some of the following comments from the 
relevant parties have not been incorporated: 

Final Report 

(i) Section 155 
-emergency outfalls" should read "outfall"; 

D:\399\FR-AM AM.52 

Responses 

the WQO for ammonia will be achieved, as 
demonstrated in the Report. The mixing zone is 
less than 6Om, as noted in Section 6 of the Report. 

Agreed. The report was not complete when it was 
issued (in Draft) as the result of modelling were 
still being provided. The full suite of results are 
given in the Final Report. 

Noted and amended. 
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Revised Water Quality Working Paper. WP4 
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Draft Euvironmental Monitoring & Audit Mauual 

(ii) 

Comments 

Table 7.9 
I doubt whether the figures for the 
differeuces of the averaged water quality 
results are in absolute terms or in 
percentage. Please check; 

Please also amend the TABLES list in the 
Tables of Content; 

(iii) Section 16.6 
This appears to be an incomplete sentence. 

Executive Summary 

(i) EPD Air Policy Group's comments ref (10) 
in An (1) to EP2/N2/16 IX (see 
enclosure) are not incorporated; 

(ii) E.2(a) 

Please confirm the residual odour 
impacts associated with the 
regeneration and replacement of 
activated carbon are also within 
odour criteria specified by EPD. 

About the phrase "(5 odour units 
averaged over 5 seconds measured 
at odour sensitive receivers)', this 
5 odour units limit is applicable to 
odour impact prediction by means 
of modelling technique and for 
odour monitoring, 2 odour units is 
the recommended limit. It is 
suggesteJ to replace the phrase by 
'predictc(I 5 odour units averaged 
over 5 seconds at odour sensitive 
receivers". 

'proposed Project and outfall' should read 
"proposed STW and outfall"; 

D:\399\FR·AM 

Responses 

No, they are not percentage. Titles amended. 

Amended. 

The sentence is complete. 

The text has been amended. 

Noted and amended. 

AM.53 
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AGREEMENT NO. CE 35/94 
TING KAU AND SHAM TSENG SEWERAGE SCHEME 

ENVIRONMENTAL IMPACT ASSESSMENT (EIA) 

Revised Water Quality Working Paper - WP4 
Draft Final Report and Executive Summary, and 

Draft Environmental Monitoring & Audit Manual 

Comments 

E5 &46 
EPD Water Policy and Planning Group's 
comments ref (4) in An (1) to EP2/N2/16 
IX (see enclosure) are not incorporated; 

In paragraph E.5, it has mentioned the 
recommendations of outfall monitoring or, 
more exactly, the EM&A of the outfall in 
operation phase. However, E.46 did not 
fully reflect the provisions of the EM&A 
arrangement of operation phase, which has 
been passed to the consultant vide ref. (52) 
in Annex (1) to EP2/N2/16 VI. This 
paragraph should include the view that the 
EM&A of operation phase is to determine 
the actual performance of the outfall 
fOllowing commissioning and that the 
details of the EM&A need not be 
determined in this EIA but should be 
agreed with EPD prior to operation of the 
outfall and in good time to enable a 
suitable baseline to be determined. 
Moreover, the outfall operator shall ensure 
sufficient funds for this purpose. 

It should not present in this paragraph an 
image that the EM&A of operation phase 
is going to be finalised in the EM&A 
manual by the Engineers at the 
commencement of Works Contract which 
do only cover the construction. 

Responses 

The text referred to has been amended to reflect 
these issues. 

(iv) E.11 

(v) 

Delete "be" in the 6th line; 

E.20 
Figures 3 and 4 (should they be Figures 4 
& 5?) are not seen; 

Noted and amended. 

The figure numbers has been amended to 
coordinate these figures discussed with the figures 
presented. 

(vi) Please amend the Chinese translation of Noted. 
Executive Summary in line with the English 

. revised text. 

O,\399IFR·"" AM.54 
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Revised Water Quality Working Paper· WP4 
Draft Final Report and Executive Summary, and 

Dran Environmental Monitoring & Audit Manual 

Comments 

I should be grateful if you would incorporate the 
comments into the Final Report and Executive 
Summary. It will be useful if you would scrutinize 
the whole reports and have a detailed proof reading 
before sending them out for fmal printing. 
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Responses 

AM.55 
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