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1 INTRODUCTION  

1.1 Overview 

1.1.1 Mott Connell was appointed by the Hong Kong and China Gas Company Limited to carry 

out the Feasibility Study and Detailed Design including the Environmental Impact 

Assessment for the Installation of Submarine Gas Pipelines and Associated Facilities from 

To Kwa Wan to North Point for the Former Kai Tak Airport Development (hereinafter called 

“the Project”). 

1.1.2 As part of the project scope, a twin submarine gas pipeline from To Kwa Wan to North Point 

is required to be laid to make way for the Cruise Terminal Development at the future South 

East Kowloon Development and for the Central Kowloon Route Project. It is anticipated that 

pipe pulling by bottom pull and lay-barge methods will likely be used to construct the 

submarine gas pipeline and a trench would need to be dredged likely by grab dredger in 

Victoria Harbour before laying the pipeline during construction.  The location of the 

proposed submarine gas pipelines alignment is shown in Figure 1.1. 

1.1.3 With reference to the EIA Study Brief No. ESB-171/2007, the Study Area for water quality 

assessment shall cover the Victoria Harbour, Western Buffer and Eastern Buffer Water 

Control Zones (WCZs). It is however considered that the potential water quality impact upon 

the distant receivers in Western Buffer WCZ would be minimal. The water quality impact 

assessment would focus on the area that would be likely affected by the Project including the 

Victoria Harbour and Eastern Buffer WCZs. 

1.1.4 From the preliminary findings, it has been considered that grab dredging of seabed and pipe-

pulling by bottom pull and lay-barge methods will be chosen as the preferred construction 

method.  

1.1.5 In the bottom pull method for pipe pulling, pipes are joined to form pipe strings which are 

progressively pulled from a landfall site into a pre-dredged trench underwater by a winch set 

up at the landfall site at the other side of the waters until the crossing is complete. In the lay 

barge method for pipe pulling, while the work barge moves along the pipeline, the pipes are 

progressively added to form a string, which are hung in a catenary form at the back of the 

barge, additional marine plants are required to transport pipes from the shore to the work 

barge throughout the mainlaying operation.  Water quality impact is not anticipated from 

works associated with bottom pull and lay barge methods for pipe pulling. 

1.1.6 As a result, the modelling methodology described in the sessions below will be based on the 

assumption that closed grab dredgers will be used during construction. 

2 CONSTRUCTION PROGRAMME 

2.1 Overview 

2.1.1 Construction of the proposed submarine gas pipelines from To Kwa Wan to North Point for 

Former Kai Tak Airport Development is scheduled to commence in April 2010 for 

completion by December 2011. Major marine works includes trench dredging and 
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backfilling by placement of rockfill. Dredging is scheduled to take place from July 2010 to 

December 2010 while backfilling by placement of rockfill is scheduled to take place from 

February 2011 to July 2011.  

3 WATER SENSITIVE RECEIVERS 

3.1 Overview 

3.1.1 Water sensitive receivers have been identified in accordance with the Hong Kong Planning 

Standards and Guidelines (HKPSG) and the Technical Memorandum on Environmental 

Impact Assessment Process (EIAO-TM). Water sensitive receivers in Victoria Harbour and 

its adjacent waters within the designated WCZs were considered and identified. They include: 

WSD Salt Water Intakes 

• Tsing Yi Salt Water Pumping Station and Intake; 

• Cheung Sha Wan Salt Water Pumping Station and Intake; 

• Kowloon South Salt Water Pumping Station and Intake; 

• Yau Ma Tei Salt Water Pumping Station and Intake. 

• Tai Wan Salt Water Pumping Station and Intake; 

• Cha Kwo Ling Salt Water Pumping Station and Intake; 

• Yau Tong Salt Water Pumping Station and Intake; 

• Siu Sai Wan Salt Water Pumping Station and Intake; 

• Heng Fa Chuen Salt Water Pumping Station and Intake; 

• Sai Wan Ho Salt Water Pumping Station and Intake;  

• Quarry Bay Salt Water Pumping Station and Intake; 

• Wan Chai Salt Water Pumping Station and Intake; 

• Sheung Wan Salt Water Pumping Station and Intake; 

• Kennedy Town Salt Water Pumping Station and Intake; 

 

Cooling Water Intakes 

• MTRC Tsing Yi Station; 

• MTRC Kowloon Station; 

• China H.K. City; 

• Harbour City; 

• Ocean Centre; 

• Ocean Terminal; 

• Government Premises; 

• New World Centre; 

• East Rail Extension; 

• Yau Tong Bay Ice Plant; 

• Pamela Youde Nethersole Eastern Hospital; 

• Provident Centre; 

• City Garden; 

• Windsor House; 

• Excelsior Hotel and World Trade Centre; 

• Sun Hung Kai Centre; 

• Great Eagle Centre / China Resources Building; 

• Wan Chai Tower / Revenue Tower / Immigration Tower; 
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• Telecom House / Hong Kong Academy for Performing Arts (HKAPA) / Shun On 

Centre; 

• Hong Kong Convention and Exhibition Centre Phase I; 

• Hong Kong Convention and Exhibition Centre Extension; 

• Queensway Government Offices; 

• Hong Kong and Shanghai Bank (HSBC) Pumping Station Intake; 

• Prince’s Building Group, Mandarin Hotel Intakes; 

• MTRC South Intake; 

• Sha Wan Drive; 

• Queen Mary Hospital; 

• North Point Government Offices; 

• Taikoo Place. 

 

Corals 

• Cape Collinson 

• Green Island 

• Sandy Bay 

 

Fish Culture Zone 

• Tung Lung Chau 

• Ma Wan 

 

3.1.2 The locations of the Water Quality Sensitive Receivers and EPD’s Routine Water Quality 

Monitoring Stations are shown in Figure 2.  The water quality sensitive receivers identified 

in the WCZs would be addressed in the water quality assessment. The assessment area would 

be extended to include other areas if the water quality sensitive receivers are found also 

being impacted during the course of the EIA study and have a bearing on the environmental 

acceptability of the Project. 

3.1.3 All the sensitive receivers would be defined as water quality monitoring points in the model 

to obtain the key water quality parameters for determination of water quality changes as a 

result of the construction activities.  

4 ASSESSMENT METHODOLOGY 

4.1 General 

4.1.1 The assessment of the water quality impact arising from the construction follows relevant 

criteria and guidelines for evaluating and assessing water pollution, including Annex 6 and 

Annex 14 of the Technical Memorandum on Environmental Impact Assessment Process 

(EIAO-TM) issued by EPD under Section 16 of the EIAO which specifies the assessment 

method and criteria that are relevant to water quality assessment. 

4.1.2 As no maintenance dredging is required for the operation phase, there would be no 

anticipated water quality impact during the operation of the submarine gas pipelines and 

therefore the modelling for operation phase is not necessary. 
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4.2 Hydrodynamic Models 

Set-up of Hydrodynamic Model 

4.2.1 Computer modelling was employed to assess the potential impact on water quality in 

Victoria Harbour, Western Buffer and Eastern Buffer WCZs associated with the construction 

of the proposed submarine gas pipelines for different tidal conditions.  The hydrodynamic 

and water quality models were developed by Delft Hydraulics, namely Delft3D-FLOW and 

Delft3D-WAQ respectively.  

4.2.2 In this study, it is proposed that the basis for modelling of the harbour waters is the existing, 

validated Western Harbour Model (Figure 3). This model would cover the relevant part of 

the Hong Kong waters, including the Pearl Estuary and the Dangan (Lema) Channel. To 

ensure that an accurate coastline profile is used in the modelling, the existing model would 

be refined with the most recently available information of the proposed developments, from 

sources such as designated projects under EIAO.  

4.2.3 The resolution of the grid of model is between 100 and 200m in the project area. A locally 

refined domain in the project area would be inserted to obtain the above-said resolution. The 

grid mesh would be further modified to generate higher resolution (about 50 m x 100 m) in 

the vicinity of the proposed submarine gas pipelines (Figure 5). 

Simulation Periods 

4.2.4 The simulated periods cover a complete spring-neap tidal cycle. The actual simulation period 

is preceded by a spin-up period.  The simulation periods are specified below: 

Spin-up dry season: 2 February 12:00 – 9 February 12:00 

Dry season: 9 February 12:00 – 23 February 12:00 

Spin-up wet season: 19 July 04:00 – 26 July 04:00 

Wet season: 26 July 04:00 – 9 August 04:00 

 

4.2.5 In order to determine if spin-up period is sufficient for the simulation, the model is run for 

one more spring-neap cycle (Run 2, Appendix A). The results for water levels and salinity 

during wet and dry seasons show no significant difference in the values and pattern/phase 

between the first spring-neap-cycle (Run 1, Appendix A) and Run 2, which suggesting the 

spin-up period for Run 1 is sufficient.     

 

Boundary Conditions for Water Quality Models 

4.2.6 The initial and boundary conditions are set to zero suspended solids concentrations for the 

modelling exercise and the sediment release from the proposed dredging for the submarine 

gas pipeline and marine works from concurrent projects will be added to the background 

manually. 

Verification of new model 

4.2.7 The appropriateness of the new model is checked against the original Sai Ying Pun Model. 



Installation of Submarine Gas Pipelines and Associated Facilities 

from To Kwa Wan to North Point for Former Kai Tak Airport Development  

Water Quality Modelling Methodology Paper  Mott MacDonald 

 

 

237926/19/D January 2009 5  
P:\Hong Kong\INF\Projects2\237926 Twin 400 Gas Main\Environmental\Water\Methodology\WQ Model Meth Paper Rev D 20090203.doc 

Four locations and one cross-section is included in the verification. Various parameters 

including Salinity, Water Level, Current Speeds, Temperature, Momentary and Accumulated 

Fluxes of the spin-up period have been checked and the results have been plotted in 

Appendix A. 

4.3 Sediment Plume Modelling 

General 

4.3.1 Water quality impacts would arise from dredging activities of the proposed submarine gas 

pipelines that would disturb the marine bottom sediment, elevate the SS concentrations of 

the water column and generate sediment plume along the tidal flows.  The impact of 

sediment plume dispersion during the marine works was simulated by a three-dimensional 

Delft3D-WAQ Model. The WAQ model simulated suspended solids (SS, in mg/L), 

optionally subdivided over different fractions representing different sediment sources. The 

simulated SS represented the project related discharges only. The calculated concentrations 

were interpreted as excess concentrations on top of the background concentrations. 

4.3.2 The Delft3D-WAQ model takes into account the sedimentation process by means of a 

settling velocity, while erosion of bed sediment, causing resuspension of sediment, is 

governed by a function of the bed shear stress.  The parameters adopted in the model are 

summarised in Table 4-1. 

Table 4-1 Summary of Parameters for Sediment Plume Model (Delft3D-WAQ) 

Model Parameters 

Settling velocity 0.5mm/s 

Critical shear stress for deposition 0.2N/m
2
 

Critical shear stress for erosion 0.3N/m
2
 

Minimum depth where deposition allowed 0.1m 

Resuspension rate 30g/m
2
/d 

Reference: EIA Report for Laying of Western Cross Harbour Main and Associated Land Mains from 

West Kowloon to Sai Ying Pun (EIAO Register No. AEIAR-109/2007) 

 

4.3.3 The impacts in terms of DO depletion, unionised ammonia (NH3-N) and total inorganic 

nitrogen (TIN) would not be modelled explicitly, but will be estimated on the basis of the 

calculated sediment concentrations. This would lead to an estimated increase relative to the 

background of the concentrations of different contaminants, dependent on the quality of the 

released sediments.  

4.3.4 For TIN, it is assumed that the total nitrogen content, being ammonia content and Kjedahl-N 

of the sediment is transformed to TIN. For NH3-N, it is assumed that the entire nitrogen 

content of the bottom is transformed to ammonium and unionised ammonia. The percentage 

unionised ammonia is estimated on the basis of temperature, salinity and pH on the basis of 

the formulations used in Delft3D-WAQ (Delft3D-WAQ Technical Reference Manual, 

September 2005, WL | Delft Hydraulics). The estimation of the factor is worst case and 

different for wet and dry season. Analogously, this would lead to an estimated decrease 

relative to the background of the concentrations of DO, dependent on the quality of the 

released sediments. For DO it is assumed that the entire SOD content of the sediment is 

transformed to DO decrease. This can be expressed as follows: 
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, 4 ,( , , , ) ( , , , ) ( )
SS NH SS Kj N

TIN x y z t SS x y z t C C
−

∆ = ∆ × +
 

, 4 ,3( , , , ) ( , , , ) ( ) ( , , )
SS NH SS Kj N

NH x y z t SS x y z t C C f sal T pH
−

∆ = ∆ × + ×
 

,( , , , ) ( , , , )
SS COD

DO x y z t SS x y z t C∆ = −∆ ×
 

where 

TIN concentration of Total Inorganic Nitrogen (mgN/L) 

SS concentration of suspended solids (mg/L) 

CSS,NH4 concentration of ammonium in suspended matter (gN/gSS) 

CSS,Kj-N concentration of Kjedahl-N in suspended matter (gN/gSS) 

f(sal,temp,pH) factor unionised ammonia (gNH3/(gNH4+gNH3) 

sal Salinity (ppt) 

T Temperature (Celsius) 

pH pH 

DO concentration of dissolved oxygen (mg/L) 

CSS,SOD concentration of SOD in suspended matter (gO/gSS) 

4.3.5 This approach relies on worst case assumptions. Any removal of pollutants from the water 

phase with the sedimentation of SS and any replenishment of DO from the atmosphere is 

neglected. 

4.3.6 The values used in this assessment are based on the highest EPD routine marine sediment 

quality monitoring data recorded at VS3 in 2006 near the dredging area and are summarised 

in Table 4-2. CSS,SOD is extracted from the laboratory analysis data of sediment samples 

during Ground Investigation of the Project.  

Table 4-2 Sediment Quality near the Dredging Area 

Parameters Dry season Wet season 

CSS,NH4  6.1E-6 11E-6 

CSS,Kj-N 1200E-6 510E-6 

f(sal,temp,pH) 0.1  0.05 

sal 33 30 

T 21 26 

pH 8.0 7.9 
 

Modelling Scenario 

4.3.7 With reference to the construction programme and likely concurrent projects, representative 

worst case scenarios has been selected for modelling, including all the potentially concurrent 

dredging activities envisaged during the proposed dredging works for installation of 

submarine gas pipelines. 

Scenario 1 – Installation of Submarine Gas Pipeline Only 

4.3.8 This scenario assumes no marine works is taking place concurrently with the dredging for 

the Installation of the Submarine Gas Pipelines for Former Kai Tak Airport Development. 

Scenario 2 – Installation of Submarine Gas Pipeline with Concurrent Projects 

4.3.9 This scenario assumes the following marine works would take place concurrently in the Year 

2010 and 2011: 

SOD 
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• Dredging of the trench for Installation of the Submarine Gas Pipelines for Former Kai 

Tak Airport Development 

• Dredging at and near the existing seawall of the former Kai Tak Airport runway for 

construction of the Phase I Berth for Proposed Cruise Terminal at Kai Tak 

• Dredging in the Harbour area for cruise vessel approach to the Phase I Berth for 

Proposed Cruise Terminal at Kai Tak 

• Dredging for seawall foundation at the former Kai Tak Airport runway for the new 

public landing steps cum fireboat berth for Proposed Cruise Terminal at Kai Tak 

• Dredging for seawall foundation at TCBR Stage 1 West for Wan Chai Development 

Phase II and Central-Wan Chai Bypass 

• Dredging along the proposed alignment of the submarine sewage pipeline of the Wan 

Chai East Sewage Screening Plant for Wan Chai Development Phase II and Central-

Wan Chai Bypass 

 

4.3.10 The sediment source locations near the proposed submarine gas pipelines are shown in 

Figure 4. 

4.3.11 The sediment source locations for Dredging Works for Proposed Cruise Terminal at Kai Tak 

and Wan Chai Development Phase II were based on information available from the approved 

Environmental Impact Assessment (EIA) Report and the EIA Report available for public 

inspection respectively. 

Sediment Loss Rates 

4.3.12 The following assumptions are made in the sediment plume modelling simulations: 

• Closed grab dredger with 8 m
3
 capacity would be used for the proposed dredging 

activities to be included in the sediment plume modelling. 

• With respect to the rate of sediment loss during dredging, the Contaminated Spoil 

Management Study reviewed relevant literature and concluded that losses from closed 

grab dredgers were estimated at 11 to 20 kg m
-3

 of mud removed. Taking the upper 

figure of 20 kg m
-3

 to be conservative, the loss rate in kg s
-1

 was calculated based on 

the daily volume rate of dredging (Assuming a dry density for marine sediment of 

1,300 kg m
-3

, the sediment loss during dredging is equivalent to a spill amount of 

1.54%) 

• Sediment loss rates during dredging and filling activities for Proposed Cruise 

Terminal at Kai Tak and Wan Chai Development Phase II would be based on the 

values adopted in approved EIA Report and the EIA report available for public 

inspection respectively. 

4.3.13 The production rates for different construction activities were identified and the calculated 

sediment loss rates for Scenarios 1 and 2 are shown in Table 4-3 and Table 4-4. 
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Table 4-3 Maximum Production Rate for Scenario 1 

Source Construction 

Activity 

Production 

Rate (m
3
 

per day) 

Loss Rate 

(kg per s) 

Working 

Hours Per 

Day 

Construction 

Duration 

(months) 

Installation of Submarine Gas Pipelines from Ma Tau Kok to North Point – Trench 

Dredging 

A or B Dredging (1 closed 

grab dredger with 8 

m
3
 capacity) 

4000 1.39 16 6 

 

 

 

 

 

Table 4-4 Maximum Production Rates for Scenario 2 

Source Construction 

Activity 

Production 

Rate (m
3
 

per day) 

Loss Rate 

(kg per s) 

Working 

Hours Per 

Day 

Construction 

Duration 

(months) 

Installation of Submarine Gas Pipelines from Ma Tau Kok to North Point – Trench 

Dredging 

A or B Dredging (1 closed 

grab dredger with 8 

m
3
 capacity) 

4000 1.39 16 6 

Proposed Cruise Terminal at Kai Tak – Dredging at and near the Seawall (Under 

Mitigation Scenario) 

C Dredging (1 closed 

grab dredger with 8 

m
3
 capacity) 

2000 0.23 12 12 

D Dredging (1 closed 

grab dredger with 8 

m
3
 capacity) 

2000 0.23 12 12 

Proposed Cruise Terminal at Kai Tak – Dredging in the Manoeuvring Area for the 

Phase I Berth 

E Dredging (1 closed 

grab dredger with 8 

m
3
 capacity) 

2000 0.93 12 12 

F Dredging (1 closed 

grab dredger with 8 

m
3
 capacity) 

2000 0.93 12 12 

Proposed Cruise Terminal at Kai Tak – Public Landing Steps cum Fireboat Berth 

(Under Mitigation Scenario) 

G Dredging (1 closed 

grab dredger with 8 

m
3
 capacity) 

1000 0.12 12 6 

Wan Chai Development Phase II (Under Mitigation Scenario) 

H Dredging (1 closed 

grab dredger with 8 

m
3
 capacity) 

1500 0.13 16 1 

I Dredging (1 closed 

grab dredger with 8 

m
3
 capacity) 

6000 0.52 16 0.5 
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Contaminant Release during Dredging 

4.3.14 The loss of sediment to suspension during dredging may have chemical effects on the 

receiving waters.  This is because the sediment would contain organic and chemical 

pollutants.  As part of the marine site investigation works for this Project, laboratory testing 

of sediment samples will be undertaken. Laboratory tests such as elutriate tests will be 

performed on the sediment samples to simulate and quantify the degree of mobilization of 

various contaminants such as metals, ammonia, trace organic contaminants (including PCBs, 

PAHs, TBT and chlorinated pesticides) into the water column during dredging. 

4.3.15 An indication of the likelihood of release of heavy metals from the sediment during dredging 

can be given by the results of the elutriate tests from the marine site investigation works.  If 

the contaminant levels are higher in the elutriates in comparison with the blanks (marine 

water from the same site), it can be concluded that the contaminants are likely to be released 

into the marine waters during dredging activities.  As there is no existing legislative standard 

or guideline for individual heavy metal contents in marine waters, the UK Water Quality 

Standards for Coastal Surface Water, Australian and New Zealand Guidelines for Fresh and 

Marine Waters, Environmental Economic and BPEO Assessment Principals for Integrated 

Pollution Control and USEPA Salt Water Criterion
, 
 were adopted as the assessment criteria. 

4.3.16 Should there be exceedance of the assessment criteria, conservative tracers would be 

introduced into the model for Scenario 2 model runs to estimate the dilution that could be 

generated by the tidal flows.  The release rate of tracers will follow the sediment release rate 

in Table 4.4 at the source (discharge location) and a concentration of 0 g/m
3
 would be 

defined at all the boundaries. Since there is no decay of the tracer, the changes in 

concentration of the tracer at different grid cells would be due to the advection and 

dispersion of tidal flows. Comparing the concentration at the grid cell of the source (C0) and 

the concentration at a selected grid cell located away from the source (C1), the dilution rate 

would be obtained (C0:C1). 

 

4.4 Assessment Criteria for Water Quality Impact 

4.4.1 The modelling results would be assessed for compliance of Water Quality Objectives 

(WQOs). With reference to the EIA Study Brief No. ESB-171/2007, the Study Area for 

water quality assessment should cover the Victoria Harbour, Western Buffer and Eastern 

Buffer Water Control Zones (WCZs). Table 4-5 to Table 4-7 below summaries the WQOs 

for the three WCZs. 

Table 4-5 Summary of Water Quality Objectives for the Victoria Harbour 
WCZ 

Parameters Objectives Sub-Zone 

Offensive Odour,  

Tints 

Not to be present Whole zone 

Colour Not to exceed 50 Hazen units, due to human 

activity 

Inland waters 
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Parameters Objectives Sub-Zone 

Visible foam, oil 

scum, litter 

Not to be present Whole zone 

E. coli Not to exceed 1000 per 100 mL, calculated as the 

geometric mean of the most recent 5 consecutive 

samples taken at intervals between 7 and 21 days 

Inland waters 

Dissolved 

Oxygen (DO) 

within 2 m of the 

seabed 

Not less than 2.0 mg L
-1

 for 90% of samples Marine waters 

Depth-averaged 

DO 

Not less than 4.0 mg L
-1

 for 90% of samples Marine waters 

Dissolved 

Oxygen 

Not less than 4.0 mg L
-1

 Inland waters 

pH To be in the range of 6.5 - 8.5, change due to 

human activity not to exceed 0.2 

Marine waters 

 Not to exceed the range of 6.0 - 9.0 due to human 

activity 

Inland waters 

Salinity Change due to human activity not to exceed 10% 

of ambient 

Whole zone 

Temperature Change due to human activity not to exceed 2
 o
C Whole zone 

Suspended solids Not to raise the ambient level by 30% caused by 

human activity 

Marine waters 

 Annual median not to exceed 25 mg L
-1

 due to 

human activity 

Inland waters 

Ammonia Annual mean not to exceed 0.021 mg L
-1

 as 

unionised form 

Whole zone 

Nutrients Shall not cause excessive algal growth Marine waters 

 Annual mean depth-averaged inorganic nitrogen 

not to exceed 0.4 mg L
-1

 

Marine waters 

BOD5 Not to exceed 5 mg L
-1

 Inland waters 

Chemical 

Oxygen Demand 

Not to exceed 30 mg L
-1

 Inland waters 

Toxic substances Should not attain such levels as to produce 

significant toxic, carcinogenic, mutagenic or 

teratogenic effects in humans, fish or any other 

aquatic organisms. 

Whole zone 

 Human activity should not cause a risk to any 

beneficial use of the aquatic environment. 

Whole zone 

Source: Statement of Water Quality Objectives (Victoria Harbour (Phases One, Two and Three) Water 

Control Zone) 
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Table 4-6 Summary of Water Quality Objectives for the Western Buffer WCZ 

Parameters Objectives Sub-Zone 

Offensive Odour,  

Tints 

Not to be present Whole zone 

Colour Not to exceed 30 Hazen units, due to human 

activity 

 

Water gathering 

ground subzones 

 Not to exceed 50 Hazen units, due to human 

activity 

Inland waters 

Visible foam, oil 

scum, litter 

Not to be present Whole zone 

E. coli Not to exceed 610 per 100 mL, calculated as the 

geometric mean of all samples collected in a 

calendar year 

 

Secondary 

contact recreation 

subzones and 

Fish culture 
subzones 

 Not to exceed 180 per 100 mL, calculated as the 

geometric mean of all samples collected from 

March to October inclusive in 1 calendar year. 

Samples should be taken at least 3 times in 1 

calendar month at intervals of between 3 and 14 

days. 

Recreation 

subzones 

 Less than 1 per 100 mL, calculated as the 

geometric mean of the most recent 5 consecutive 
samples taken at intervals between 7 and 21 days 

Water gathering 

ground subzones 

 

 Not to exceed 1000 per 100 mL, calculated as the 

geometric mean of the most recent 5 consecutive 
samples taken at intervals between 7 and 21 days 

 

Other Inland 

waters 

Depth-averaged 

DO 

Not less than 4.0 mg L
-1

 for 90% of samples Marine waters 

except Fish 
culture subzones 

Dissolved 

Oxygen (DO) 

within 2 m of the 
seabed 

Not less than 2.0 mg L
-1 

for 90% of samples Marine waters 

except Fish 
culture subzones 

Depth-averaged 

DO 

Not less than 5.0 mg L
-1

 for 90% of samples 

 

Fish culture 

subzones 

Dissolved 

Oxygen (DO) 

within 2 m of the 

seabed 

Not less than 2.0 mg L
-1 

for 90% of samples Fish culture 

subzones 

Dissolved 

Oxygen 

Not less than 4.0 mg L
-1

 Water gathering 

ground subzones 

and other inland 
waters 
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Parameters Objectives Sub-Zone 

pH To be in the range of 6.5 - 8.5, change due to 

human activity not to exceed 0.2 

Marine waters 

 Not to exceed the range of 6.0 – 8.5 due to human 

activity 

Water gathering 

ground subzones 

 Not to exceed the range of 6.0 - 9.0 due to human 

activity 

Inland waters 

Salinity Change due to human activity not to exceed 10% 

of ambient 

Whole zone 

Temperature Change due to human activity not to exceed 2
 o
C Whole zone 

Suspended solids Not to raise the ambient level by 30% caused by 

human activity 

Marine waters 

 Annual median not to exceed 20 mg L
-1

 due to 

human activity 

Water gathering 

ground subzones 

 Annual median not to exceed 25 mg L
-1

 due to 
human activity 

Inland waters 

Ammonia Annual mean not to exceed 0.021 mg L
-1

 as 

unionised form 

Whole zone 

Nutrients Shall not cause excessive algal growth Marine waters 

 Annual mean depth-averaged inorganic nitrogen 

not to exceed 0.4 mg L
-1

 

Marine waters 

BOD5 Not to exceed 3 mg L
-1

 Water gathering 

ground subzones 

 Not to exceed 5 mg L
-1

 Inland waters 

Chemical 

Oxygen Demand 

Not to exceed 15 mg L
-1

 Water gathering 

ground subzones 

 Not to exceed 30 mg L
-1

 Inland waters 

Toxic substances Should not attain such levels as to produce 

significant toxic, carcinogenic, mutagenic or 

teratogenic effects in humans, fish or any other 

aquatic organisms. 

Whole zone 

 Human activity should not cause a risk to any 

beneficial use of the aquatic environment. 

Whole zone 

Source: Statement of Water Quality Objectives (Western Buffer Water Control Zone). 

 

Table 4-7  Summary of Water Quality Objectives for the Eastern Buffer WCZ 

Parameters Objectives Sub-Zone 

Offensive 

odour, tints 
Not to be present Whole zone 

Visible foam, 

oil scum, litter 
Not to be present Whole zone 

Dissolved 

oxygen (DO) 

within 2m of 

the seabed 

Not less than 2.0mg/l for 90% of samples Marine waters  
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Parameters Objectives Sub-Zone 

Depth-

averaged DO 
Not less than 4.0mg/l for 90% of samples Marine waters 

excepting fish 

culture 

subzones 

 
Not less than 5.0mg/l for 90% of samples Fish culture 

subzones  

 

Not less than 4.0mg/l Water 

gathering 

ground subzone 

and other 

Inland waters 

5-Bay 

biochemical 

oxygen 

demand 

(BOD5) 

Change due to waste discharges not to exceed 

3mg/l 
Water 

gathering 

ground 

subzones 

 
Change due to waste discharges not to exceed 

5mg/l 
Inland waters 

Chemical 

oxygen 

demand 

(COD) 

Change due to waste discharges not to exceed 

15mg/l 
Water 

gathering 

ground 

subzones 

 
Change due to waste discharges not to exceed 

30mg/l 
Inland waters 

pH To be in the range of 6.5 – 8.5, change due to 

waste discharges not to exceed 0.2 
Marine waters  

 

To be in the range of 6.5 – 8.5 Water 

gathering 

ground 

subzones 

 To be in the range of 6.0 – 9.0 Inland waters 

Salinity Change due to waste discharges not to exceed 

10% of ambient 
Whole zone 

Temperature Change due to waste discharges not to exceed 2 
o
C 

Whole zone 

Suspended 

solids (SS) 
Not to raise the ambient level by 30% caused 

by waste discharges and shall not affect aquatic 

communities 

Marine waters 

 

Change due to waste discharges not to exceed 

20mg/l of annual median 
Water 

gathering 

ground 

subzones 

 
Change due to waste discharges not to exceed 

25mg/l of annual median 
Inland waters 

Unionized 

ammonia 

(UIA) 

Annual mean not to exceed 0.021mg/l as 

unionized form 
Whole zone 

Nutrients Shall not cause excessive algal growth Marine waters 

Total inorganic 

nitrogen (TIN) 
Annual mean depth-averaged inorganic 

nitrogen not to exceed 0.4mg/l 
Marine waters 
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Parameters Objectives Sub-Zone 

Dangerous 

substances 
Should not attain such levels as to produce 

significant toxic effects in humans, fish or any 

other aquatic organisms 

Whole zone 

 
Waste discharges should not cause a risk to any 

beneficial use of the aquatic environment 
Whole zone 

Bacteria Not exceed 610 per 100ml, calculated as the 

geometric mean of all samples collected in one 

calendar year 

Fish culture 

subzones 

 

Less than 1 per 100ml, calculated as the 

geometric mean of the most recent 5 

consecutive samples taken at intervals of 

between 7 and 21 days 

Water 

gathering 

ground 

subzones 

 

Not exceed 1000 per 100ml, calculated as the 

geometric mean of the most recent 5 

consecutive samples taken at intervals of 

between 7 and 21 days 

Inland waters 

Colour Change due to waste discharges not to exceed 

30 Hazen units 
Water 

gathering 

ground 

 
Change due to waste discharges not to exceed 

50 Hazen units 
Inland waters 

Source: Statement of Water Quality Objectives (Eastern Buffer Water Control Zone) 

 

WSD’s Water Quality Criteria for Flushing Water at Sea Water Intakes 

4.4.2 Besides the WQOs set under the WPCO, WSD have also specified a set of water quality 

criteria for flushing water at seawater intakes shown in Table 4-8. 

Table 4-8 WSD’s Water Quality Criteria for Flushing Water at Sea Water 
Intakes 

Parameter (in mg/L unless otherwise stated) Target Limit 

Colour (HU) < 20 

Turbidity (NTU) < 10 

Threshold Odour Number (odour unit) < 100 

Ammonia Nitrogen (NH3-N) < 1 

Suspended Solids (SS) < 10 

Dissolved Oxygen (DO) > 2 

5-day Biochemical Oxygen Demand (BOD5) < 10 

Synthetic Detergents < 5 

E. coli (no. per 100 mL) < 20,000 

 

Suspended Solids Criterion for Benthic Organisms  

4.4.3 Benthic organisms, including corals, may be damaged by sediment deposition that blocks the 

respiratory and feeding organs of the corals. According to Hawker and Connell
(2)

, the 

sedimentation rate higher than 0.1 kg m
-2

 per day would introduce moderate to severe impact 
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upon corals. This was adopted as the assessment criterion for protecting the marine 

ecological sensitive receivers in this study. There are no established legislative criteria for 

water quality for corals. An elevation criterion of 10 mgL
-1 

in SS has been adopted as the 

critical value above which impacts to the habitat may occur, same as the previous approved 

EIA 
(3)

. 

Suspended Solids Criterion for Fish Culture Zone 

4.4.4 A general water quality protection guideline for suspended solids (SS) has been proposed by 

AFCD
(4)

. The guideline requires maximum SS levels remain below 50mgL
-1

. This criterion 

has been adopted in the previous approved EIA
(5)

. 

Output of Modelling Results 

4.4.5 The modelling results would be presented in terms of contour plot, time series plot and table 

for both the dry and wet seasons in water quality section of the EIA report. 

References:  
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) Environmental Quality Standards and Assessment Levels for Coastal Surface Water 

(from HMIP (1994) Environmental Economic and BPEO Assessment Principals for 
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Tropical Aquatic Systems, CRC Press, Inc. 
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(
4
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