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D1-1 METHODOLOGY AND SCOPE 

D1-1.1 The survey vessel was equipped with dGPS to ensure accurate positioning.  At the 

sampling stations, sediment samples were collected using both vibrocore and/or 

surface grab.  Vibrocores with internal diameter of 100mm with plastic lining 

were used to collect the sediment samples.  Each vibrcore was pushed to penetrate 

the entire length of soft marine deposits (i.e., marine mud) of the specified 

location.  The sediment depth was checked by visual observation of vibrocores 

and strata-logging was conducted on-site by geologists.  Vibrocore sub-sampling 

was conducted according to Table D1.1.  A reference sediment (surface grab) of 

~30L was collected at Port Shelter (PS6, E850234, N820057).   

Table D1.1 Vibrocore Sub-sampling and Laboratory Testing 

Laboratory Testing Depth of Sub-sample 

Chemical and/or biological testing (ETWB 

34/2002) – Sediment and Elutriate 

0-1m below seabed 

Mid depths of vibrocore (1m) 

Bottom level of vibrocore (1m) 

Inorganic Chemical testing – Sediment and 

Elutriate 

Seabed Level 

1m below mid-depths of vibrocore 

1m above bottom level of vibrocore 

 

D1-1.2 Once a vibrocore sample was retrieved from the site, the core with the plastic 

lining intact was cut into 1m sections with both end sealed with tin foil and plastic 

cap.  For surface grab samples, food-grade plastic bags were used to contain the 

samples.  For ambient marine water samples, a niskin sampler (or equivalent) was 

used to collect adequate amount of marine water for testing and running of 

elutriate procedure.  The testing laboratory provided pre-cleaned containers for the 

marine water samples.  The vibrocore tubes, grab sampler and niskin sampler 

were washed with adequate amount of ambient marine water before each 

deployment to minimise possible cross-contamination.  

D1-1.3 The sectioned cores, grab and water samples were immediately stored in a 

refrigerator or ice chest on board with adequate amount of ice to keep the sample 

cool to 0°C (without freezing) to 4°C in dark.  The samples were also kept at 0°C 

(without freezing) to 4°C in dark during shipment to the testing laboratory.  To 

avoid undue temperature fluctuation and possible contamination, the duration of 

on-site storage were minimised and daily delivery of the collected samples to be 

testing laboratory was arranged.  All the samples were appropriately labelled with 

unique code to indicate the date, station, sampling method, and sampling depth of 

each sample.  

Chemical and Biological Screening 

D1-1.4 At each station, marine sediment and ambient water were collected and tested for 

a suit of chemical parameters as summarised in Table D1.2.  The reference 

sediment was also tested for comparison.  Chemical screening parameters 

included:  

• 9 metals/metalloid: cadmium, chromium, copper, mercury, nickel, lead, 

silver, zinc and arsenic for all vibrocore sub-samples. 
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• 3 organic micro-pollutants: polyaromatic hydrocarbons (PAHs) (low and 

high molecular weights), polychlorinated biphenyls (PCBs) (total), 

tributyltin (TBT) (in pore water) for all vibrocore sub-samples; and 

• Chlorinated pesticides only for all grab samples. 

D1-1.5 Biological screening parameters included: 

• 10-day burrowing amphipod toxicity test;  

• 20-day burrowing polychaete toxicity test; and 

• 48-96 hours larvae (bivalve or echinoderm) toxicity test.  

D1-1.6 Based on the chemical test results, the necessity and arrangement of biological 

tests were concluded, with a proposal of testing schedule.  All analytical methods 

were based on the U.S. Environmental Protection Agency (U.S. EPA) or 

equivalent.  Ancillary testing parameters including moisture content, grain size 

(<63 µm), total organic carbon, ammonia (as mg N/L), and salinity in porewater 

were analysed for those samples (composited) undergoing biological testing.   

Table D1.2: Summary of Laboratory Testing 

Contaminant of Concern Reporting Limit Unit 

Sediment: 

Metals 

Cadmium (Cd) 0.2 mg/kg dry weight 

Chromium (Cr) 8 mg/kg dry weight 

Copper (Cu) 7 mg/kg dry weight 

Mercury (Hg) 0.05 mg/kg dry weight 

Nickel (Ni) 4 mg/kg dry weight 

Lead (Pb) 8 mg/kg dry weight 

Silver (Ag) 0.1 mg/kg dry weight 

Zinc (Zn) 20 mg/kg dry weight 

Metalloid 

Arsenic (As) 1 mg/kg dry weight 

Micro-organics 

Low Molecular Weight PAHs 55 mg/kg dry weight 

High Molecular Weight PAHs 170 mg/kg dry weight 

Total PCBs 3 mg/kg dry weight 

Tributyltin (in porewater) 0.015 µg/l 

Chlorinated Pesticides 0.5 mg/kg dry weight 

Nutrient 

Ammonia Nitrogen (NH4-N) 0.1 mg N/kg dry weight 

Total Kjeldahl Nitrogen (TKN) 50 mg N/kg dry weight 

Nitrate Nitrogen (NO3-N) 1 mg N/kg dry weight 

Nitrite Nitrogen (NO2-N) 1 mg N/kg dry weight 

Total Phosphorus (TP) 10 mg P/kg dry weight 

Marine Water, Elutriate and Porewater: 

Metals 

Cadmium (Cd) 0.2 µg/l 

Chromium (Cr) 1 µg/l 

Copper (Cu) 1 µg/l 

Mercury (Hg) 0.1 µg/l 

Nickel (Ni) 1 µg/l 

Lead (Pb) 1 µg/l 
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Contaminant of Concern Reporting Limit Unit 

Silver (Ag) 1 µg/l 

Zinc (Zn) 4 µg/l 

Metalloid 

Arsenic (As) 2 µg/l 

Micro-organics 

Low Molecular Weight PAHs 0.2 µg/l 

High Molecular Weight PAHs 0.2 µg/l 

Total PCBs 0.01 µg/l 

Tributyltin 0.015 µg/l 

Chlorinated Pesticides 0.1 µg/l 

Nutrient 

Ammonia Nitrogen (NH4-N) 0.025 mg N/l 

Total Kjeldahl Nitrogen (TKN) 1 mg N/l 

Nitrate Nitrogen (NO3-N) 0.025 mg N/l 

Nitrite Nitrogen (NO2-N) 0.025 mg N/l 

Total Phosphorus (TP) 0.1 mg N/l 

Orthophosphate (OP) 0.1 mg P/l 

Biological Testing:  

10 Day amphipod toxicity - - 

20-day polychaete (Neanthes arenaceodentata) 

toxicity  

- - 

48-96 hour bivalve (or echinoderm) larvae 

toxicity 

- - 

 

Elutriate and Porewater Tests  

D1-1.7 The elutriate test (USACE, 1976) is a procedure developed to simulate the release 

of dissolved contaminants from a dredged disposal operation in open waters, and 

may be considered a laboratory simulation of release of dissolved contaminants 

from a mechanical dredged disposal operation (USEPA and USACE, 1998).  

Ambient marine water was collected at mid-depth of each monitoring station and 

used for elutriate test.  The ambient marine water and sediment samples of the 

same station were mixed in a ratio of 1:4 sediment:water.  The mixture was 

mechanically shaken vigorously for 30 minutes and allowed to settle undisturbed 

for 1 hour.  The liquid phase was centrifuged or filtered through a 45 µm filter to 

remove all suspended particulate matter.  The extracted liquid filtrate was the 

elutriate to be used for further test.  

D1-1.8 While contaminants may be released from the sediment during the elutriate 

process, it is also possible that contaminants in the water column be absorbed into 

the sediment during the process.  To allow for evaluation of this possibility, the 

ambient marine water was tested for the same suit of metallic, metalloid, micro-

organic and nutrient parameters as listed in Table D1.2.  

D1-1.9 Preparation of pore water for sediment samples was conducted in accordance with 

the “Method for Collection, Storage and Manipulation of Sediments for Chemical 

and Toxicological Analyses: Technical Manual, USEPA 2001”.  Porewater 

samples were prepared by sub-sampling sufficient amount of grab sediment in a 

pre-cleaned container in the laboratory and centrifuged at a rotation speed at 3,000 

rpm for approximately 10 minutes.  After that, the supernatant was decanted 

without disturbing the sediment material.  The porewater testing parameters and 

assessment were the same as those for elutriate samples as shown in Table D1.2. 
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QA/QC Requirements 

D1-1.10 All the tests were commenced within 2 weeks of sample collection and/or within 

the allowable holding time for the relevant referenced standard methods.  Field 

logs and site diary were maintained for all on-site sampling works with date, 

equipment used, site activities and observations undertaken as far as possible.  

Any deviation from the standard procedures and the reasons were recorded in the 

logs.  Laboratory QA/QC requirements, including analyses by HOKLAS 

accredited laboratory, certified reference materials, spike recovery, blank samples, 

duplicate samples (for every 20 samples), negative/positive control for biological 

test, proper documentation (e.g. completion of chain-of-custody forms, analysis 

request forms), etc. were strictly followed. 

D1-2 SEDIMENT QUALITY TESTING RESULTS 

Chemical Screening 

D1-2.1 The results of chemical screening of sediment samples are summarised in Table 

D1.3.  There were 23 sediment sub-samples at the 10 vibrocore locations near the 

proposed route alignment and reclamation landings of the TM-CLKL.  With 

reference to the chemical tests under the ETWB TC(W) No.34/2002, 18 samples 

exhibited compliance with the LCEL, but 5 samples showed exceedance of LCEL, 

which required biological tests to confirm their disposal options.  The chemical 

exceedance included metal (Pb), metalloid (As) and micro-organic pollutants 

(high molecular weight PAHs) concentrations.  The levels of all chemical 

parameters in the other sub-samples were determined to range:  

• <0.20-0.40 mg/kg for cadmium; 

• 25-50 mg/kg for chromium; 

• 10-52 mg/kg for copper;  

• 12-25 mg/kg for nickel;   

• 25-54 mg/kg for lead;  

• 36-120 mg/kg for zinc;   

• <0.05-0.22 mg/kg for mercury; 

• 6.0-20 mg/kg for arsenic;   

• <0.1-0.5 mg/kg for silver.   

• <0.015 µg/l in interstitial water for tributyltin; 

• <55-190 µg/kg for low molecular weight PAHs (total);   

• <170-3,000 µg/kg for high molecular weight PAHs (total); and  

• <3 µg/kg for total PCBs.   
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Table D1.3: Chemical Screening Results of Sediment  

Sample Reference 
Heavy Metals

1
 

(mg/kg) 

Metalloid
1
 

(mg/kg) 

Organo- 

metallics 

(µg/L in 

porewater) 

Organic PAHs 

(µg/kg) 

Organic 

non-PAHs 

(µg/kg) 

Drillhole 

No. 

Depth (m) 

From-To 
Cd Cr Cu Pb Hg Ni Zn Ag As TBT 

Total 

LMW 

PAH 

Total 

HMW 

PAH 

Total PCB 

Classification 

Under ETWB 

TC(W) 34/2002 

AN01 0.0-0.9m 0.22 41 48 54 0.18 24 120 0.50 11 <0.015 <55 <170 <3.0 Category L 

AN01 0.9-1.9m 0.22 43 41 50 0.22 25 110 0.48 11 <0.015 <55 <170 <3.0 Category L 

AN02 0.0-0.9m <0.20 25 10 29 0.11 15 61 <0.10 8.2 <0.015 190 630 <3.0 Category L 

AN02 1.9-2.9m <0.20 25 11 31 0.07 15 62 <0.10 7.9 <0.015 <55 <170 <3.0 Category L 

AN03 0.0-0.9m 0.22 42 52 52 0.23 24 110 0.36 12 <0.015 <55 <170 <3.0 Category L 

AS01 0.1-0.9m 0.26 35 30 45 0.10 22 96 0.25 12 <0.015 <55 <170 <3.0 Category L 

AS01 12.0-12.9m 0.40 31 16 51 0.07 19 84 0.10 16 <0.015 <55 <170 <3.0 Category M 

AS02 0.2-0.9m <0.20 42 27 48 0.21 27 86 0.12 14 <0.015 <55 <170 <3.0 Category M 

AS02 6.0-6.9m <0.20 33 11 31 <0.05 22 67 <0.10 7.5 <0.015 <55 <170 <3.0 Category L 

AS02 8.9-9.4m <0.20 41 12 24 0.06 12 71 <0.10 7.3 --
2
 <55 <170 <3.0 Category L 

LS01 0.2-0.9m <0.20 32 13 32 0.05 23 83 <0.10 9.0 <0.015 220 1100 <3.0 Category L 

LS01 8.9-9.9m <0.20 35 12 32 <0.05 23 72 <0.10 7.0 --
2
 <55 <170 <3.0 Category L 

LS01 12.0-12.9m <0.20 35 12 32 <0.05 23 71 <0.10 6.3 --
2
 <55 <170 <3.0 Category L 

LS02 0.0-0.9m <0.20 31 12 31 0.08 21 76 <0.10 8.0 <0.015 <55 <170 <3.0 Category L 

LS02 8.9-9.9m <0.20 32 12 31 0.07 21 66 <0.10 6.4 <0.015 <55 <170 <3.0 Category L 

LS02 12.0-12.9m <0.20 30 13 34 0.06 19 66 <0.10 11 <0.015 <55 <170 <3.0 Category L 

LS03 0.0-0.9m 0.20 38 25 46 0.11 22 91 0.15 13 <0.015 230 <170 <3.0 Category M 

LS03 6.0-6.9m <0.20 30 12 32 0.06 20 70 <0.10 6.0 <0.015 400 3,000 <3.0 Category M 

LS03 10.9-11.8m <0.20 50 13 52 0.06 12 36 <0.10 20 <0.015 <55 <170 <3.0 Category M 

LS04 0.2-0.9m <0.20 32 13 34 0.08 23 78 <0.10 10 <0.015 <55 <170 <3.0 Category L 

LS04 6.0-6.9m <0.20 34 13 33 0.05 22 75 <0.10 7.4 <0.015 <55 <170 <3.0 Category L 

LS04 8.9-9.9m <0.20 34 12 32 <0.05 23 66 <0.10 8.6 <0.015 <55 <170 <3.0 Category L 

LS05 0.2-0.9m <0.20 31 12 31 0.07 21 78 <0.10 6.0 <0.015 <55 <170 <3.0 Category L 

R01G - <0.20 28 13 36 0.06 20 72 0.12 6.4 <0.015 <55 <170 <3.0 Category L 
1
 Values exceeding the LCELs are shown in bolded, italic and underlined with grey highlight; and 

2
 Insufficient porewater was collected for the sample. 
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Biological Screening 

D1-2.2 Biological screening was conducted for 5 sub-samples showing exceedance of LCEL 

(Category M) to determine the subsequent disposal options according to the schedule 

summarised in Table D1.4.  The results of 10-day burrowing amphipod toxicity test, 

20-day burrowing polychaete toxicity test, and 48-96 hours larvae (bivalve or 

echinoderm) toxicity test are summiarised in Tables D1.4 to D1.8 respectively, 

whereas the results of ancillary parameters including grain size, moisture content, 

total organic carbon (TOC), ammonia, and salinity are summarised in Table D1.8.  

All of the 5 samples with exceedance of LCEL passed the biological test.  In 

summary, two classifications of sediment material where identified, comprising 

Category L and Category M, that passes the biological testing (Mp).  The material is 

suitable for disposal in Type 1 open sea and Type 1 Open Sea (Dedicated) disposal.   

Table D1.4: Schedule of Biological Screening 

Sample ID Details of Sub-samples 

AS01 Vibrocore AS01 at depth 0.1-0.9m 

AS02 Vibrocore AS02 at depth 0.2-0.9m 

LS03a Vibrocore LS03 at depth 0.0-0.9m 

LS03b Vibrocore LS03 at depth 6.0-6.9m 

LS03c Vibrocore LS03 at depth 10.9-11.8m 

 

Table D1.5: Amphipod Survival in Relation to Reference Sediment 

Sample ID Survival in Relation to 

Reference Site (%) 

Statistical Difference from 

Reference Sediment (t-test) 

Conclusion 

AS01 101.0 N/A Pass 

AS02 97.9 N/A Pass 

LS03a 96.9 N/A Pass 

LS03b 101.0 N/A Pass 

LS03c 99.0 N/A Pass 

Note: N/A – As the average survival rate of amphipods for test sediment was over 80% to that of 

reference sediment, statistical analysis was not required.   

 

Table D1.6: Total Dry Weight of Polychaete in Relation to Reference 

Sediment 

Sample ID Total Dry Weight in 

Relation to Reference Site 

(%) 

Statistical Difference 

from Reference 

Sediment (t-test) 

Conclusion 

AS01 89.9 P=0.278 

Assuming equal variance 

Pass 

AS02 90.9 N/A Pass 

LS03a 93.1 N/A Pass 

LS03b 76.7 P=0.115 

Assuming equal variance 

Pass 

LS03c 86.5 P=0.234 

Assuming equal variance 

Pass 
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Note: N/A – As the average total dry weight for the test sediment was greater than 90% of that of the 

reference sediment, statistical analysis was not required.   

 

Table D1.7: Normality Survival of Bivalve Larvae in Relation to Reference 

Sediment 

Sample ID Normality Survival in 

Relation to Reference Site 

(%) 

Statistical Difference 

from Reference Sediment 

(t-test) 

Conclusion 

AS01 102.2 N/A Pass 

AS02 98.0 N/A Pass 

LS03a 98.1 N/A Pass 

LS03b 99.9 N/A Pass 

LS03c 95.5 N/A Pass 

Note: N/A – As the average survival rate of bivalve larvae for the test sediment was greater than 80% 

of that of the reference sediment, statistical analysis was not required.   

 

Table D1.8: Test Results of Ancillary Parameters 

Sample ID Interstitial 

Ammonia 

(mgNH3/L) 

Interstitial 

Salinity 

(ppt) 

Grain Size 

<63m (%) 

Moisture 

Content 

(%) 

TOC 

(% Wet 

Weight) 

TOC 

(% Dry 

Weight) 

AS01 2.8 32 59 94 0.11 0.21 

AS02 1.6 29 99 94 0.37 0.72 

LS03a 0.9 29 97 98 0.42 0.83 

LS03b 1.8 24 97 96 0.45 0.88 

LS03c 5.5 26 76 39 0.07 0.10 

Moisture content was calculated as (Sample Wet Weight – Sample Dry Weight) x 100%.   

N/A - Insufficient porewater could be obtained for analysis, so interstitial ammonia not measured.   

 

Elutriate 

D1-2.3 Elutriate tests of grab samples were carried out for the purpose of water quality 

assessment of the extent of contaminant release when dredging activities take place.  

The testing parameters included heavy metals (cadmium, chromium, copper, mercury, 

nickel, lead, zinc and silver), metalloid (arsenic) and organic micro-pollutants (PCB, 

PAHs and TBT), chlorinated pesticides and nutrients including TKN, NO3-N, NO2-N, 

NH4-N, PO4-P and total phosphorus.  The results are summarised in Tables D1.9 and 

D1.10.  In general, the levels of cadmium, silver, TBT, PAHs, PCBs and Pesticides 

were all below the reporting limits, whereas other metals and metalloid including 

chromium, copper, mercury, nickel, lead, zinc and cadmium, nutrients including NH3-

N, NO2-N, NO3-N, TKN, PO4-P and total phosphorus in elutriates varied among 

sediment samples from different locations.  
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Table D1.9: Elutriate Test Results for Metals, Metalloid and PAHs 

Metals (µµµµg/L) 
Metalloid 

(µµµµg/L) 

Organic-PAHs 

(µg/L) 
Sample ID 

Cd Cr Cu Ni Pb Zn Hg Ag As 
LMW 

PAH 

HMW 

PAH 

AN01 <0.2 <1 <1 <1 <1 <4 <0.1 <1 8 <0.20 <0.20 

AN01 <0.2 <1 <1 <1 <1 <4 <0.1 <1 11 <0.20 <0.20 

AN02 <0.2 3 2 <1 2 6 <0.1 <1 26.0 <0.20 <0.20 

AN02 <0.2 3 2 2 2 <4 <0.1 <1 18.0 <0.20 <0.20 

AN03 <0.2 <1 2 <1 <1 <4 <0.1 <1 6 <0.20 <0.20 

AS01 <0.2 <1 <1 3 <1 <4 0.34 <1 2 <0.20 <0.20 

AS01 <0.2 <1 <1 <1 <1 <4 <0.1 <1 3 <0.20 <0.20 

AS02 <0.2 <1 <1 1 <1 <4 <0.1 <1 7 <0.20 <0.20 

AS02 <0.2 <1 <1 2 <1 7 <0.1 <1 5.1 <0.20 <0.20 

AS02 <0.2 <1 2 9 1 5 <0.1 <1 <2 <0.20 <0.20 

LS01 <0.2 <1 <1 2 <1 <4 <0.1 <1 20.0 <0.20 <0.20 

LS01 <0.2 <1 <1 2 <1 <4 <0.1 <1 6.3 <0.20 <0.20 

LS01 <0.2 <1 <1 2 <1 <4 <0.1 <1 12.0 <0.20 <0.20 

LS02 <0.2 <1 <1 <1 <1 <4 <0.1 <1 70.0 <0.20 <0.20 

LS02 <0.2 <1 <1 2 <1 <4 <0.1 <1 19.0 <0.20 <0.20 

LS02 <0.2 <1 <1 <1 <1 <4 <0.1 <1 7 <0.20 <0.20 

LS03 <0.2 <1 1 3 <1 4 <0.1 <1 3 <0.20 <0.20 

LS03 <0.2 <1 2 3 <1 <4 <0.1 <1 15.0 <0.20 <0.20 

LS03 <0.2 <1 <1 3 <1 <4 <0.1 <1 2 <0.20 <0.20 

LS04 <0.2 <1 <1 1 <1 <4 <0.1 <1 14 <0.20 <0.20 

LS04 <0.2 <1 <1 2 <1 <4 <0.1 <1 22.0 <0.20 <0.20 

LS04 <0.2 <1 3 3 <1 5 <0.1 <1 3.7 <0.20 <0.20 

LS05 <0.2 <1 <1 2 <1 <4 <0.1 <1 17.0 <0.20 <0.20 

 

Table 1.10: Elutriate Test Results for PCBs, TBT, Chlorinated Pesticides and Nutrients 

Organic- 

non-PAHs 

(µg/L) 

Organo- 

metallics 

(µg/L) 
Sample 

ID 

Total PCBs TBT 

Chlorin-

ated 

Pesticides 

(µg/L) 

NH3-N 

(mg/L) 

NO2-N 

(mg/L) 

NO3-N 

(mg/L) 

TKN 

(mg/L) 

Total 

P 

(mg/L) 

Ortho-

P 

(mg/L) 

AN01 <0.01 <0.015 <0.1 <0.025 <0.025 <0.025 <1.0 0.62 0.67 

AN01 <0.01 <0.015 <0.1 <0.025 0.03 1.8 <1.0 0.11 <0.10 

AN02 <0.01 <0.015 <0.1 <0.025 <0.025 <0.025 <1.0 0.23 0.16 

AN02 <0.01 <0.015 <0.1 <0.025 <0.025 0.34 <1.0 <0.10 <0.10 

AN03 <0.01 <0.015 <0.1 <0.025 <0.025 <0.025 <1.0 0.11 <0.10 

AS01 <0.01 <0.015 <0.1 0.034 0.065 0.26 <1.0 0.1 <0.10 

AS01 <0.01 <0.015 <0.1 0.95 0.081 0.33 1.2 <0.10 <0.10 

AS02 <0.01 <0.015 <0.1 <0.025 <0.025 0.15 <1.0 <0.10 <0.10 

AS02 <0.01 <0.015 <0.1 0.055 0.23 0.22 <1.0 <0.10 <0.10 

AS02 <0.01 <0.015 <0.1 0.084 0.38 0.29 <1.0 <0.10 <0.10 

LS01 <0.01 <0.015 <0.1 <0.025 <0.025 0.34 <1.0 <0.10 <0.10 

LS01 <0.01 <0.015 <0.1 5.1 0.12 0.36 5.3 <0.10 <0.10 
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Organic- 

non-PAHs 

(µg/L) 

Organo- 

metallics 

(µg/L) 
Sample 

ID 

Total PCBs TBT 

Chlorin-

ated 

Pesticides 

(µg/L) 

NH3-N 

(mg/L) 

NO2-N 

(mg/L) 

NO3-N 

(mg/L) 

TKN 

(mg/L) 

Total 

P 

(mg/L) 

Ortho-

P 

(mg/L) 

LS01 <0.01 <0.015 <0.1 6.1 0.094 0.39 6.5 <0.10 <0.10 

LS02 <0.01 <0.015 <0.1 <0.025 <0.025 <0.025 <1.0 <0.10 <0.10 

LS02 <0.01 <0.015 <0.1 2.5 4.6 <0.025 2.5 <0.10 <0.10 

LS02 <0.01 <0.015 <0.1 <0.025 5.4 <0.025 <1.0 <0.10 <0.10 

LS03 <0.01 <0.015 <0.1 <0.025 <0.025 0.066 <1.0 0.12 <0.10 

LS03 <0.01 <0.015 <0.1 3.5 0.51 0.17 4.1 <0.10 0.14 

LS03 <0.01 <0.015 <0.1 4.3 0.058 0.41 4.3 <0.10 <0.10 

LS04 <0.01 <0.015 <0.1 <0.025 <0.025 0.2 <1.0 <0.10 <0.10 

LS04 <0.01 <0.015 <0.1 3.5 0.12 0.33 3.6 <0.10 <0.10 

LS04 <0.01 <0.015 <0.1 4.3 0.099 0.31 5.1 <0.10 <0.10 

LS05 <0.01 <0.015 <0.1 <0.025 <0.025 0.12 <1.0 <0.10 <0.10 

 

Porewater  

D1-2.4 Porewater tests were conducted also for the purpose of water quality assessment of 

the potential of contaminant release when dredging and filling activities take place.  

The testing parameters included heavy metals (cadmium, chromium, copper, mercury, 

nickel, lead, zinc and silver), metalloid (arsenic) and organic micro-pollutants (PCB, 

PAHs and TBT), chlorinated pesticides and nutrients including NH4-N, PO4-P, and 

total phosphorus.   

D1-2.5 The porewater test results of this investigation are summarised in Tables D1.11 and 

D1.12.  In general, the levels of cadmium, lead, mercury, silver, PAHs, PCBs and 

TBT were all below the reporting limits, whereas other metals and metalloid 

including chromium, copper, nickel, zinc and arsenic, nutrients including NH3-N, 

NO2-N, NO3-N, TKN, PO4-P and total phosphorus in porewater samples varied 

among sediment samples from different locations.   

Table D1.11: Porewater Test Results for Metals, Metalloid and PAHs 

Metals (mg/kg) Metalloid 

(mg/kg) 

Organic-PAHs 

(µg/kg) 

Sample 

ID 

Cd Cr Cu Ni Pb Zn Hg Ag As LMW 

PAH 

HMW 

PAH 

AN01 <0.2 <1 2 <1 <1 <4 <0.1 <1 13 <0.20 <0.20 

AN02 <0.2 <1 2.9 30 <1 6.3 <0.1 <1 26 <0.20 <0.20 

AN03 <0.2 <1 3.1 1.6 <1 4.4 <0.1 <1 3.3 <0.20 <0.20 

AS01 <0.2 <1 2.6 1 <1 <4 <0.1 <1 4.4 <0.20 <0.20 

AS02 <0.2 <1 2 1.4 <1 5.2 <0.1 <1 6 <0.20 <0.20 
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Table D1.12: Porewater Test Results for PCBs, TBT, Chlorinated Pesticides and 

Nutrients 

Organic- 

non-PAHs 

(µg/L) 

Organo- 

metallics 

(µg/L) 
Sample 

ID 

Total PCBs TBT 

Chlorin-

ated 

Pesticides 

(µg/L) 

NH3-N 

(mg/L) 

NO2-N 

(mg/L) 

NO3-N 

(mg/L) 

TKN 

(mg/L) 

Total 

P 

(mg/L) 

Ortho-

P 

(mg/L) 

AN01 <0.01 <0.015 <0.1 0.06 1.2 7.6 <1.0 2.4 2.3 

AN02 <0.01 <0.015 <0.1 0.053 3.4 18 <1.0 1.3 1.8 

AN03 <0.01 <0.015 <0.1 <0.025 0.059 0.16 <1.0 0.18 0.11 

AS01 <0.01 <0.015 <0.1 0.73 0.17 0.09 <1.0 0.27 0.19 

AS02 <0.01 <0.015 <0.1 1.6 0.14 0.086 1.9 0.23 0.14 

 



 

 

 

APPENDIX 9D2 
Summary of Proposed 
Simulations for Water 
Quality Modelling for the 
HKBCF, HKLR and 
TMCLKL 

 



DATE

DRAWN

DRAWING No. REV

SCALE

CHECK

JOB No.

AGREEMENT No. CE 52/2007 (HY)
TUEN MUN – CHECK LAP KOK LINK - INVESTIGATION

Summary of Proposed Simulations for Water Quality Modelling for the HKBCF, HKLR and TM-CLKL 60044963 Appendix D2

NTS MAY. 2009

FILE: 

Scenario Year Description Purpose Model Output Concurrent Projects Included

No.

V1 Verification (2010)
Simulation of the Baseline (2010) Scenario using the 

original model grid before any grid refinement
To verify that the grid refinement has not changed the simulation of the large scale tidal flows

The model results (tidal levels, water velocities and salinity at selected locations and discharges across selected 

sections) will be compared with the Baseline Simulation (No. 1 below) to verify that the grid refinement has not 

modified large scale tidal flows

see No 1. below

V2 Verification (2010)
Repeat the Baseline (2010) Scenario using the refined 

model grid for successive 15 days simulaiton period.
To verify that the spin up and simulation periods are sufficient and results stabilised

The model results (tidal levels, water velocities and salinity at selected locations and discharges across selected 

sections) will be compared with the Baseline Simulation (No. 1 below) to verify that the model has stabilised

see No 1. below

1 2010 Baseline Scenario using the refined model grid Baseline Scenario before construction of the TM-CLKL+HKBCF+HKLR The model results will be compared with the Verification simulations
Tonggu Channel changed bathymetry, CMPs 2010, Cooling water discharges from Black Point, Castle Peak and Lamma 

Power Stations

2 Feb 2011
Simulation of the coastline and exrtent of seawall 

construction  in February 2011
To provide the tidal flows for the simulation of the initial worst case dredging and filling scenario

The model results will be compared with the Verification simulation and will provide tidal flow fields for the sediment 

plume simulations for the TM-CLKL+HKBCF+HKLR plus all concurrent projects expected to begin construction or 

be underway in 2011

Tonggu Channel changed bathymetry, CMPs 2011, Kwai Tsing Basin changed bathymetry, Cooling water discharges from 

Black Point, Castle Peak and Lamma Power Stations, part seawall for Portion A of HKBCF, HZMB artificial islands

3 Apr 2012
Intermediate construction phase on bulk completion of the 

HKBCF Phase I in April 2012

Tidal flow fields required for assessment of the construciton impact of the intermediate phase of 

TM-CLKL+HKBCF+HKLR and all concurrent works in 2012.

Model results will provide tidal flow fields for the sediment plume simulations for the TM-CLKL+HKBCF+HKLR plus 

all concurrent projects expected to be under construction in this year at the time the Phase I works are finishing

Tonggu Channel changed bathymetry, CMPs at interim year, Kwai Tsing Basin changed bathymetry at 2012, Cooling water 

discharges from Black Point, Castle Peak and Lamma Power Stations, portion A, B and C and part phase II seawall for 

HKBCF, part TM-CLKL southern viaduct piers, seawall for southern nib and northern nib of northern and southern TM-CLKL 

reclamations respectively, Portion 1 and part of piers for HKLR, HZMB artifical islands, seawall for LLP 72ha.  

4 Apr 2013

Simulation of the substantially completed TM-CLKL+ 

HKBCF+HKLR and concurrent works in April 2013 when 

works are nearing completion but potential sediment 

losses are still significant

Tidal flow fields required for assessment of the construciton impact of the nearly completed TM-

CLKL+HKBCF+HKLR and all concurrent works in 2013.

Model results will provide tidal flow fields for the sediment plume simulations for the TM-CLKL+HKBCF+HKLR plus 

all concurrent projects expected to be under construction in this year at the time the Phase II works are finishing

Tonggu Channel changed bathymetry, CMPs at 2013, complete Kwai Tsing Basin changed bathymetry, Cooling water 

discharges from Black Point, Castle Peak and Lamma Power Stations, complete Phase I HKBCF, part complete Phase II 

reclamation and Portion D for HKBCF, complete northern reclamation for TM-CLKL, complete southern viaduct for TM-

CLKL, complete reclamation for HKLR, part complete piers for HKLR, HZMB artificial islands, complete LLP 72ha

5 end 2026
Simulation of the completed TM-CLKL+HKBCF+HKLR and 

concurrent works including Road P1 in 2026

Tidal flow fields required for the assessment of the impact the completed TM-

CLKL+HKBCF+HKLR compared to other concurrent works in completed 2026 has on tidal flows

Model results will provide the tidal flow fields required for the simulation of water quality on completion of the TM-

CLKL+HKBCF+HKLR and all concurrent works in 2026

Tonggu Channel changed bathymetry, CMPs at 2016, complete Kwai Tsing Basin changed bathymetry, Cooling water 

discharges from Black Point, Castle Peak and Lamma Power Stations, complete HKBCF, complete TM-CLKL, complete 

HKLR, complete HZMB, LLP 72ha, LLP 40ha, Tung Chung East and West developments, Road P1 eastern section

6 end 2026
Simulation of the completed concurrent works including 

Road P1but without the TM-CLKL+HKBCF+HKLR

Tidal flow fields required for the assessment of the impact the completed concurrent works in 

2026 has on tidal flows without the TM-CLKL+HKBCF+HKLR.

Model results will provide the tidal flow fields required for the simulation of water quality on completion of all 

concurrent works in 2026 without the TM-CLKL+HKBCF+HKLR

Tonggu Channel changed bathymetry, CMPs at 2016, complete Kwai Tsing Basin changed bathymetry, Cooling water 

discharges from Black Point, Castle Peak and Lamma Power Stations, complete HZMB, LLP 72ha, LLP 40ha, Tung Chung 

East and West developments, Road P1 eastern section

Notes

P1 2011

Simulation of the start of construction of the TM-

CLKL+HKBCF+HKLR together with all concurrent projects 

underway or beginning in 2011

To assess cumulative impacts on suspended solids concentrations arising from losses of fine 

sediment to suspension during the construction of the TM-CLKL+ HKBCF+HKLR and all other 

concurrent works in 2011

The model results (in terms of elevations in suspended solids concentrations and deposition rates) will be 

assessed with respect to the Water Quality Objectives and other water quality standards set for, for example, 

seawater intakes, marine life and deposition rates on coral sites. If the sediment to be dredged is contaminated, the 

model results will be interpreted in terms of the maximum contaminant concentrations in the water column and at 

the sensitive receivers.

These simulations will use the tidal flow model results from the Flow simulation No. 2 above and including sediment losses 

from concurrent projects listed above.

P2 2012

Simulation of the interim stages of construction of the TM-

CLKL+HKBCF+HKLR Phase I together with all concurrent 

projects underway in 2012 

To assess cumulative impacts on suspended solids concentrations arising from losses of fine 

sediment to suspension during the interim stages of construction of the TM-CLKL+ HKBCF+HKLR 

Phase I and all other concurrent works in 2012

same as P1
These simulations will use the tidal flow model results from the Flow simulation No. 3 above and including sediment losses 

from concurrent projects listed above.

P3 2013

Simulation of the interim stages of construction of the TM-

CLKL+HKBCF+HKLR Phase II together with all concurrent 

projects underway in 2013

To assess cumulative impacts on suspended solids concentrations arising from losses of fine 

sediment to suspension during the interim stages of construction of the TM-CLKL+ HKBCF+HKLR 

Phase II and all other concurrent works in 2013

Same as P1
These simulations will use the tidal flow model results from the Flow simulation No. 4 above and including sediment losses 

from concurrent projects listed above.

P4 2011
Simulation of the start of construction of the TM-

CLKL+HKBCF+HKLR in 2011

To assess impacts on suspended solids concentrations arising from losses of fine sediment to 

suspension during the construction of the TM-CLKL+ HKBCF+HKLR in 2011 
Same as P1 Similar to Simulation P1, but the sediment losses from concurrent projects excluded.

P5 2012
Simulation of the interim stages of construction of the TM-

CLKL+HKBCF+HKLR Phase I 

To assess impacts on suspended solids concentrations arising from losses of fine sediment to 

suspension during the interim stages of construction of the TM-CLKL+ HKBCF+HKLR Phase I in 

2012

same as P1 Similar to Simulation P2, but the sediment losses from concurrent projects excluded.

P6 2013
Simulation of the interim stages of construction of the TM-

CLKL+HKBCF+HKLR Phase II 

To assess impacts on suspended solids concentrations arising from losses of fine sediment to 

suspension during the interim stages of construction of the TM-CLKL+ HKBCF+HKLR Phase II in 

2013

Same as P1 Similar to Simulation P3, but the sediment losses from concurrent projects excluded.

P7 2011
Simulation of the start of construction of the TM-

CLKL+HKBCF+HKLR in 2011
Similar to P4, but with specific mitigation measures applied to lower the sediment losses. Same as P1 Similar to Simulation P4, but the sediment losses from the project mitigated.

P8 2012
Simulation of the interim stages of construction of the TM-

CLKL+HKBCF+HKLR Phase I 
Similar to P5, but with specific mitigation measures applied to lower the sediment losses. same as P1 Similar to Simulation P5, but the sediment losses from the project mitigated.

P9 2013
Simulation of the interim stages of construction of the TM-

CLKL+HKBCF+HKLR Phase II 
Similar to P6, but with specific mitigation measures applied to lower the sediment losses. Same as P1 Similar to Simulation P6, but the sediment losses from the project mitigated.

WQ1 2026
Simulation of the completed TM-CLKL+HKBCF+ HKLR 

and all other concurrent projects in 2026

This simulation is required to determine future water quality patterns following completion of the 

TM-CLKL+ HKBCF+ HKLR and all expected concurrent works

The  results from this simulation will be compared with the relevant Water Quality Objectives and other water 

quality standards which might apply.  The results will also be compared with those from WQ2 below in order to 

assess the potential impacts from the completed TM-CLKL+HKBCF+HKLR on marine water quality. 

WQ2 2026
Simulation of the completed concurrent projects in 2026 

but without the TM-CLKL+HKBCF+HKLR

This simulation is required to determine future water quality patterns assuming the TM-

CLKL+HKBCF+ HKLR is not constructed

The  results from this simulation will be compared with the relevant Water Quality Objectives and other water 

quality standards which might apply.  The results will also be compared with those from WQ1 above in order to 

assess the potential impacts from the completed TM-CLKL+HKBCF+HKLR on marine water quality. 

Simulations of Sediment Plumes (Wet and Dry Season Simulations) - Construction Impacts

Simulations of Tidal Flows (Wet and Dry Season Simulations)

Simulations of Marine Water Quality (Annual Simulations) - Operational Impacts
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D3-1 INTRODUCTION 

D3-1.1 Background 

D3-1.1.1 The Mainland section of Hong Kong-Zhuhai-Macao-Bridge (HZMB), the Hong 

Kong Link Road (HKLR) and the southern marine viaduct for the Tuen Mun Chek 

Lap Kok Link (TM-CLKL) will be supported on piles which could impact on tidal 

flows to some extent as a result of the reduction in flow area and additional friction 

losses. 

D3-1.1.2 The typical dimensions associated with the bridge piers and piles are of the order of 

1m-2m and much smaller than the resolution of the model grid (~50m-100m).  In 

order to allow for the effects of the bridge piers on tidal flows, therefore, the 

Delft3D-Flow model allows for the addition of a quadratic friction term in the 

momentum equations which is applied in each model grid cell containing bridge 

piers (Reference 1). 

D3-1.1.3 This approach to simulating the impact of bridge piers on tidal flows has now been 

employed in several studies in Hong Kong including the feasibility study for 

additional cross border links (Reference 1) and the loss term takes the form: 

 

  Loss term,u = { Closs,u U |<U>| } / { ∆x } [m/s
2
] 

  Loss term,v = { Closs,v V |<U>| } / { ∆y } [m/s
2
] (Eq 1) 

 

  Where: 

   <U> = Velocity vector (u,v)   [m/s] 

   |<U>| = Magnitude of the velocity vector √(u
2
+v

2
) [m/s] 

   ∆x ∆y = Grid distances in the u and v coordinate directions [m] 

    Closs,u = Loss coefficients in the  u coordinate direction 

    Closs,v = Loss coefficients in the  v coordinate direction 

D3-1.1.4 This additional friction term influences the horizontal flow distribution in each 

model layer according to the water speeds in each model layer and so indirectly 

affects the vertical turbulent exchange as well. 

D3-1.1.5 The piles also reduce the flow area which will result in local accelerations in the 

water speeds.  This effect is taken into account by calculating the effective flow 

area, Aeff, given by the original total flow area , Atot, minus the area blocked by the 

piles and using the ratio of the original total flow area to the effective area to obtain 

the increased approach velocity <Ueff>: 

 

  Aeff = Atot – area blocked by piles as seen by the flow 

   a = Atot/Aeff 

  <Ueff> = a × <U> 

D3-1.1.6 The forces due to the flow on a vertical section ∆z of one pile are described by: 

 

  Fu = ½ Cd ρ D ueff |<Ueff>| ∆z 

  Fv = ½ Cd ρ D veff |<Ueff>| ∆z 
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 Where: 

 Fu the drag force in u-co-ordinate direction on a pile [N]; 

 Fv the drag force in v-co-ordinate direction on a pile [N]; 

 Cd the drag coefficient (≈1 in the case of a cylinder in a tidal regime); 

 ρ the density of water [kg/m
3
]; 

 <Ueff> the effective approach velocity vector (ueff,veff) [m/s]; 

 |<Ueff>| magnitude of the effective approach velocity √(ueff
2
 + veff

2
) [m/s]; 

 D the diameter of a pile [m]; and 

 ∆z the length of the vertical section [m]. 

D3-1.1.7 For several piles in the same model grid cell, assuming the worst case where the 

piles under consideration are not in the shadow of each other, results in a total force 

on the flow equal to: 

 

  Ftot,u = ½ n × Cd ρ D ueff |<Ueff>| ∆z 

  Ftot,v = ½ n × Cd ρ D veff |<Ueff>| ∆z. 

 

 Where: 

  n  = The number of piles in the control grid cell; 

  Ftot,u, Ftot,v = The total force in the (u,v) coordinate directions [N] 

D3-1.1.8 Division of the forces by the mass in the control volume (=ρ ∆x ∆y ∆z) yields the 

following term in the u-momentum equation and the v-momentum equation 

respectively: 

 

  Loss term,u = {½ n × Cd D ueff |<Ueff>| } / { ∆x × ∆y } 

  Loss term,v = {½ n × Cd D veff |<Ueff>| } / { ∆x × ∆y } (Eq 2) 

D3-1.1.9 Comparing equations (1) and (2) allows the loss coefficients to be calculated in 

terms of the pile dimensions and the model grid size as: 

 

  Closs,u = {½ n × Cd D × a
2
 } / { ∆y } 

  Closs,v = {½ n × Cd D × a
2
 } / { ∆x } 

D3-1.1.10 Where piles of different dimensions are contained within a model cell, the loss 

coefficients are calculated using the sum of all the pile diameters and the loss 

coefficients can be written as: 

  

( )

( )

2

,

2

,

1
* /

2

1
* /

2

loss u d

loss v d

C n D C a y

C n D C a x

= ∗ ∗ ∆

= ∗ ∗ ∆

∑

∑

 

D3-1.1.11 Using these expressions, the loss coefficients, for each type of bridge pier have been 

calculated and are presented below. 
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D3-2 TUEN MUN CHEK LAP KOK LINK BRIDGE PIERS 

D3-2.1 Bridge Pier Layout 

D3-2.1.1 The bridge pier (Figure 1) consists of six piles 1.8m in diameter with a further eight 

piles 0.6m in diameter to support the ship protection dolphins.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 TM-CLKL Bridge Pier Arrangement 

D3-2.1.2 The loss coefficients depend on the model grid size and, to the east of Chek Lap 

Kok, two representative grid sizes of 70m and 100m have been considered. 

D3-2.2 70m Model Grid 

D3-2.2.1 For a 70m model grid and a 60m pier spacing, some grid cells may contain a single 

pier or almost two piers (two piers less 1.8m width of ship protection island).  

However, if the grid cell contains the major part of a second pier, it will be assumed 

that both piers lie in the same cell and no part of the pier lies in the adjacent grid 

cell.  The calculations of the loss coefficients for the cases of a single pier and two 

piers in a single cell are detailed below. 

 Single Pier : V Flow Direction 

D3-2.2.2 As ‘seen’ by the flow, there will be a reduction in cross-sectional width due to 3 

piles of 1.8m diameter and 2 piles of 0.6m diameter, and the ratio of the total area to 

the effective area, a, will be: 

  a = 70/(70-3*1.8-2*0.6) 

   = 1.10 

D3-2.2.3 Each pier will consist of 6 piles 1.8m diameter exposed to the flow and eight piles 

of 0.6m diameter.  The loss coefficient, Closs,v for this pier will be: 
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( )

( )

2

,

2

1
* /

2

1
6 1.8 8*0.6 1 1.10 / 70

2

0.14

loss v d
C n D C a x= ∗ ∗ ∆

= ∗ + ∗ ∗

=

∑

 

 

 Single Pier : U Flow Direction 

D3-2.2.4 For flows perpendicular to the main axis of the pier, the flow area will be reduced 

by 4 piles of 1.8m diameter and 4 piles 0.6m diameter.  The ratio of the total area to 

the effective area, a, will be: 

 

  a = 70/(70-4*1.8-4*0.6) 

   = 1.16 

D3-2.2.5 Each pier will consist of 6 piles 1.8m diameter exposed to the flow and eight piles 

0f 0.6m diameter.  The loss coefficient for this pier will be: 

( )

( )

2

,

2

1
* /

2

1
6 1.8 8*0.6 1 1.16 / 70

2

0.15

loss u d
C n D C a y= ∗ ∗ ∆

= ∗ + ∗ ∗

=

∑

 

 

 Two Piers: V Flow Direction 

D3-2.2.6 The ratio of the total flow area to the effective flow area is used to allow for the 

local acceleration in water speed due to local reduction in flow area caused by the 

bridge pier.  However, if two bridge piers are separated by 60m or more and are 

aligned along the flow direction, the reduction in flow area would be overestimated 

if the width of both piers is used to calculate this area ratio.  However, if the piers 

are not aligned with the main flow direction, the magnitude of the overestimate 

should reduce.  In order to ensure that the loss coefficients are not underestimated, 

therefore, it will be assumed the flow width is reduced by the maximum width of 

two bridge piers.   

D3-2.2.7 If the grid cell contains 2 piers, the area ratio calculation gives: 

 

 a = 70/(70-2*(3*1.8-2*0.6)) 

  = 1.23 

D3-2.2.8 Two piers will consist of 12 piles 1.8m diameter exposed to the flow and sixteen 

piles 0.6m diameter.  The loss coefficient for this pier will be: 

( )

( )

2

,

2

1
* /

2

1
12 1.8 16*0.6 1 1.23 / 70

2

0.34

loss v d
C n D C a x= ∗ ∗ ∆

= ∗ + ∗ ∗

=

∑
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 Two Piers: U Flow Direction 

D3-2.2.9 If the grid cell contains 2 piers, the area ratio calculation gives: 

a = 70/(70-2*(4*1.8 – 4*0.6)) 

  = 1.38 

D3-2.2.10 Each pier will consist of 4 piles 1.8m diameter exposed to the flow and one pile 

with an effective diameter of 20m.  The loss coefficient for this pier will be: 

( )

( )

2

,

2

1
* /

2

1
2*6 1.8 2*8*0.6 1 1.38 / 70

2

0.42

loss u d
C n D C a y= ∗ ∗ ∆

= ∗ + ∗ ∗

=

∑

 

D3-2.3 100m Grid 

 

 V Flow Direction  

D3-2.3.1 For a grid size of 100m, each cell will have 2 piers and the ratio of the total area to 

the effective area will be: 

 

a = 100/(100-2*(3*1.8 – 2*0.6))) 

  = 1.15 

D3-2.3.2 The loss coefficient will then be: 

( )

( )

2

,

2

1
* /

2

1
2*6 1.8 2*8*0.6 1 1.15 /100

2

0.21

loss v d
C n D C a x= ∗ ∗ ∆

= ∗ + ∗ ∗

=

∑

 

 U Flow Direction 

D3-2.3.3 Similarly, in the U flow direction the ratio of the total area to the effective area will 

be: 

 

 a = 100/(100-2*(4*1.8 – 4*0.6)) 

  = 1.24 

D3-2.3.4 The loss coefficient will then be: 

 

( )

( )

2

,

2

1
* /

2

1
2*6 1.8 2*8*0.6 1 1.24 /100

2

0.24

loss u d
C n D C a y= ∗ ∗ ∆

= ∗ + ∗ ∗

=

∑
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D3-3 HONG KONG LINK ROAD 

D3-3.1 Section A-A 

D3-3.1.1 The HKLR will include bridge piers in the sea immediately to the west of the Sea 

Channel, as shown as Section A-A Figure 2 and detailed in Figure 3 below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 Hong Kong Link Road Marine Bridge Piers Outside the Sea 

Channel 

D3-3.1.2 It is assumed that the flow directions are as indicated in Figure 3.  At high water, 

the pile caps may be partially submerged by up to ~1m which would result in a 

small reduction in the flow area in the model’s surface layer and introduce some 

additional drag in the surface layer.  The pile caps may also be clear of the water at 

other times during the tidal cycle. 

D3-3.1.3 In order to model this situation, the drag coefficients for the surface layer would 

need to be time dependent and linked to the tidal water levels.  However, by 

ignoring the fact that some of the piles lie within the shadow of the leading piles 

with respect to the flow direction, the calculated loss coefficients should not 

underestimate the drag which will be generated by the piers.  For the purposes of 

calculating the loss coefficients, therefore, it will be assumed that the pile caps 

remain above the sea surface level.   

D3-3.1.4 Below the sea surface level, a total of eight 2m diameter piles will reduce the 

effective flow area and result in additional drag.  It is also assumed that the grid size 

in the area containing these bridge piles is 70m.  

 

 V Flow Direction 

D3-3.1.5 Based on these assumptions, the ratio of the total flow area to the effective flow 

area, a, is given by: 

 

 a = 70/(70-4*2) 

  = 1.13 
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D3-3.1.6 Each pier will consist of 8 piles 2m in diameter exposed to the flow.  The loss 

coefficient for this pier will be: 

( )

( )

2

,

2

1
* /

2

1
8 2 1 1.13 / 70

2

0.15

loss v d
C n D C a x= ∗ ∗ ∆

= ∗ ∗ ∗

=

∑

 

 

U Flow Direction 

D3-3.1.7 Similarly, in the U flow direction, the ratio of the total flow area to the effective 

flow area, a, is given by: 

 

 a = 70/(70-2*2) 

  = 1.06 

D3-3.1.8 Each pier will consist of 8 piles 2m in diameter exposed to the flow.  The loss 

coefficient for this pier will be: 

( )

( )

2

,

2

1
* /

2

1
8 2 1 1.06 / 70

2

0.13

loss u d
C n D C a y= ∗ ∗ ∆

= ∗ ∗ ∗

=

∑

 

D3-3.2 Section B-B : In The Airport Sea Channel 

D3-3.2.1 The HKLR will include rectangular piles in the Sea Channel, as shown as Section 

B-B in Figure 2 and detailed in Figure 4 below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 Hong Kong Link Road Marine Bridge Piers Inside the Sea Channel 

D3-3.2.2 It is assumed that the flow directions are as indicated in Figure 4 and that the pile 

caps are buried below seabed level.   
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 V Flow Direction 

D3-3.2.3 A total of two 8m wide piles will reduce the effective flow area and all 4 8m wide 

piles will result in additional drag.  It is also assumed that the grid size in the area 

containing these bridge piles is 70m.  

D3-3.2.4 Based on these assumptions, the ratio of the total flow area to the effective flow 

area, a, is given by: 

 

 a = 70/(70-2*8) 

  = 1.3 

D3-3.2.5 Each pier will consist of 4 piles with an effective diameter of 4.5m exposed to the 

flow.  The loss coefficient for this pier will be: 

( )

( )

2

,

2

1
* /

2

1
4 4.5 1 1.3 / 70

2

0.22

loss v d
C n D C a x= ∗ ∗ ∆

= ∗ ∗ ∗

=

∑

 

 

 U Flow Direction 

D3-3.2.6 For flows in this direction, 2 piles 2m wide will reduce the effective flow area and 

all 4 piles with an effective diameter of 4.5m will again introduce some additional 

drag.  The ratio of the total area to the effective flow area and the loss coefficients 

will be given by: 

 

 a = 70/(70-2*2) 

  = 1.06 

( )

( )

2

,

2

1
* /

2

1
4 4.5 1 1.06 / 70

2

0.14

loss u d
C n D C a y= ∗ ∗ ∆

= ∗ ∗ ∗

=

∑
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D3-3.3 Section D-D – Navigation Span 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5  Hong Kong Link Road – Bridge Piers at the Navigation Channel 
 

D3-3.3.1 In the vicinity of the navigation channel (Section D-D, Figure 2), a bridge span of 

150m will be used with ship protection for the bridge piers as show in Figure 5.  In 

this area, it will be assumed that the model grid size is 100m and that no more than 

one bridge pier lies in any one grid cell.  The bridge pier consists of 8 piles 2m in 

diameter and 8 piles 2m in diameter to support the ship protection dolphins. 

 

  V Flow Direction 

D3-3.3.2 The ratio of the total area to the effective flow area will be given by: 

 

 a = 100/(100-2*2) 

  = 1.04 

D3-3.3.3 Each pier will consist of 16 piles each with a diameter of 2m exposed to the flow.  

The loss coefficient for this pier will be: 

( )

( )

2

,

2

1
* /

2

1
16*2 1 1.04 /100

2

0.17

loss v d
C n D C a x= ∗ ∗ ∆

= ∗ ∗

=

∑
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  U Flow Direction 

D3-3.3.4 The ratio of the total area to the effective flow area will be given by: 

 a = 100/(100-8*2) 

  = 1.19 

D3-3.3.5 Each pier will consist of 16 piles each with a diameter of 2m exposed to the flow.  

The loss coefficient for this pier will be: 

( )

( )

2

,

2

1
* /

2

1
16*2 1 1.19 /100

2

0.23

loss u d
C n D C a y= ∗ ∗ ∆

= ∗ ∗

=

∑
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D3-4 HONG KONG ZHUHAI MACAU BRIDGE (HZMB) 

D3-4.1 Introduction 

D3-4.1.1 The whole length of the HZMB will be included in the Delft3D model and it is 

assumed that the main bridge sections across the Pearl Estuary have similar bridge 

piers along its length as shown in Figure 6.  It will also be assumed that the bridge 

will have a span of 70m although it is appreciated that the span length could vary in 

different sections. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6 Mainland Section of Hong Kong Zhuhai Macau Bridge Piers 

D3-4.1.2 The model grid size in the southern part of the Pearl Estuary will varies from the 

order of a few hundred metres to over 1,000m and could contain up to 15 bridge 

piers.  The loss coefficients relevant to each grid cell will be calculated and 

following sample calculations of the loss coefficients are for a grid size of 1,000m 

and a bridge span of 70m. 

D3-4.2 V Flow Direction 

D3-4.2.1 In the V flow direction, the flow area will be reduced by 2 pile diameters for each 

of 15 piers and the ratio of the total area to the effective area will be given by: 

 

 a = 1000/(1000-15*2*2) 

  = 1.06 

D3-4.2.2 Each of the 15 piers will consist of 8 piles each with a diameter of 2m exposed to 

the flow.  The loss coefficient for these pier will be: 
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( )
2

,

2

1
* /

2

1
(15*8 2)*1 1.06 /1000

2

0.13

loss v d
C n D C a x= ∗ ∗ ∆

= ∗ ∗

=

∑

 

D3-4.3 U Flow Direction 

D3-4.3.1 In the U flow direction the total area will be reduced by 4 piles of 2m diameter and 

the ratio of the total area to the effective area will be given by: 

 

 a = 1000/(1000-4*2) 

  = 1.008 

D3-4.3.2 Each of the 15 piers will consist of 8 piles each with a diameter of 2m exposed to 

the flow.  The loss coefficient for these piers will be: 

( )
2

,

2

1
* /

2

1
(15*8 2)*1 1.008 /1000

2

0.12

loss u d
C n D C a y= ∗ ∗ ∆

= ∗ ∗

=

∑
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Figure 2 Hong Kong Link Road 

 



 

 

 

APPENDIX 9D4 
Pollution Loading 
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FLOW (For discharges with 0 

flows, the unit should be 

g/s.)

adsorbed ortho phosphate

Detritus Carbon  (DetC)

Detritus Nitrogen (DetN)

Detritus Phosphorus (DetP)

Detritus Silica (DetSi)

Diatoms

Algae (non-Diatoms)

Ammonium (NH4)

Nitrate (NO3)

Ortho-Phosphate (PO4)

dissolved Silica (Si)

Water Temperature

Salinity

carbonaceous BOD (first 

pool) at 5 days

Dissolved Oxygen

Copper (Cu)
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FLOW (For discharges with 0 

flows, the unit should be 

g/s.)
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D6-1 INTRODUCTION  

D6-1.1 For the combined TM-CLKL+HKBCF+HKLR projects, 3 scenario years have 

been selected for hydrodynamic and water quality modelling based on the worst 

case calculated sediment losses following the anticipated project programme.  The 

anticipated programme is shown in Figure 24 of Appendix D5. 

D6-1.2 The results of the construction phase water quality modelling has shown that, 

even with the integrated measures described in Section 6, exceedances of the 

water quality objectives would occur and that further mitigation would be 

required.  The implementation of silt curtains have been proposed as the primary 

mitigation option.  However, the application and effectiveness of silt curtains does 

depend on the aquatic conditions in which they are proposed and issues such as 

water depth and current speed can affect the viability and effectiveness of this 

measure, with speeds of about 0.5m/s generally being considered as allowing 

effective anchoring and use of silt curtains.   

D6-1.3 In order to assess the viability of the use of silt curtains as mitigation for the 

works sites, the flow velocities in the study area have been reviewed.  The 

modelled flow patterns indicating the peak ebb and flood at 3 depth (surface, mid-

depth and bottom) are presented in the vector plots in Annex A for each of the 3 

scenario years, 2011, 2012 and 2013 (Figures 013 to 036 for each year).  The 

location of the construction plant at those times is, also, indicated.  Review of the 

plots shows that the flows over most of the site area, where the HKBCF, TM-

CLKL southern landfall and HKLR reclamation will be constructed, are, in 

general, below 0.5m/s and, therefore, suitable for silt curtain deployment.   

D6-1.4 However, at the northern end of the HKBCF/TM-CLKL southern landfall works 

(Phase 2 of the HKBCF work), the site will be influenced by the higher east-west 

flows which are typically between 1-2m/s.  As such, in this area, silt curtain 

would unlikely be effective unless additional measures to protect against the flow 

are deployed.  Therefore, to protect against the higher flows and allow the use of 

the silt curtain for the Phase 2 HKBCF works, a steel sheet piled wall is proposed 

to reduce the flow to ensure the effectiveness of the silt curtain system.  

D6-1.5 At the TM-CLKL northern landfall works site, the southern section of the 

reclamation falls within areas of higher flows (again, typically 1-2m/s) and, in 

addition, the water depths in this area are high at over 10m and as such, the 

deployment of silt curtains is deemed not feasible for portions N-C and N-B of the 

landfall.  However, in the shallow and low speed waters close to the coastline 

when portion N-A of the northern landfall is being constructed, a silt curtain 

would be able to be used.   

D6-1.6 Based upon the review, it was concluded that silt curtains could be deployed in 

the majority of the works site for the protection of the marine environment.  

Further details on the proposed silt curtain arrangement and suitability are 

provided below. 



Agreement No. CE 52/2007 (HY)   Draft EIA Report 

Tuen Mun – Chek Lap Kok Link – Investigation   Section 6: Water Quality – Appendix D6 

 

Report R/48 

Issue 1 – May 2009 
D6-2 

D6-2 SILT CURTAINS ARRANGEMENT 

D6-2.1 As discussed above, in order to minimise the water quality impacts during the 

construction stage, deployment of silt curtains has been proposed and the 

following systems have been recommended:  

• Frame type silt curtain to fully enclose the working area of each grab 

dredger while carrying out the dredging works; and  

• Silt curtain (single layer or double layer) around or adjacent to the site 

while the dredging works and filling works are in progress.   

D6-2.2 Both systems are applied for the HKBCF, TM-CLKL southern landfall and 

HKLR reclamations while only the latter is applicable for Portion N-A of the TM-

CLKL northern landfall reclamation.   Indicative layouts of the proposed silt 

curtain arrangements are provided in Annex B, see Figures No. 25308/041/301 to 

308 for HKBCF, TM-CLKL southern landfall and HKLR and Figure 9a for the 

TM-CLKL northern landfall reclamation.  

D6-2.3 As the first measure, the frame type silt curtain is designed to enclose local 

pollution caused by the grab dredger.  This frame type silt curtain is made by a 

steel frame with floating buoy fixed on the top frame such that it is floating on 

water.  A silt curtain membrane (see attached catalogue in Annex C) or similar 

product is mounted on the four sides of the steel frame and ballast attached to the 

bottom of silt curtain extending from the seabed to the seawater level so as to 

cover the entire water column.  The dredging works by the grab dredger would 

then be carried out within the frame type silt curtain.  The position of this frame 

type silt curtain would be maintained by a chain fixed between the frame structure 

of silt curtain and the dredger.  Details of this frame type silt curtain are shown in 

Figure No. 25308/041/308 in Annex B.     

D6-2.4 Apart from the frame type silt curtain, deployment of silt curtain (single layer or 

double layer) around the site is recommended.  The indicative layout of silt 

curtains for HKBCF, TM-CLKL southern landfall and HKLR at different stages 

of the construction process are shown in Figures No. 25308/041/301 to 306 in 

Annex B and the curtain proposed during the construction of Portion N-A of the 

TM-CLKL northern landfall shown in Figure 9a of Annex B.  The silt curtains 

would basically consist of a curtain membrane made by synthetic textile (see 

Annex C) or similar product, a float system that hangs the curtain in the water, 

and a weight at the bottom of curtain to fix it at the seabed.  Sufficient length of 

the curtain membrane will be allowed such that there is an amount of slack for the 

extension of the silt curtain due to wave and tidal effects.        

D6-2.5 While the modelling results have indicated that single silt curtain would be 

effective, the proposed system would also allow for the application of a double 

layer of curtain should additional mitigation be required.  If a double layer silt 

curtain is used, a second layer of silt curtain would be placed next to the fist layer 

curtain with a separation distance of about 10m.  As the water depth at the 

HKBCF/TM-CLKL southern landfall is about 4m to 10m and at the HKLR is 

about 3m to 4m, the vertical length of silt curtain would not be too long and, 

therefore, the separation distance of 10m between the two layers of silt curtain is 
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considered to be adequate, even allowing for the relative movement of the 

curtains under the tidal and wave actions.  As a further measure, installation of silt 

curtains at specific sensitive receivers such as the seawater intakes could also be 

considered to mitigate the water quality impact if necessary.   

D6-2.6 The silt curtain should allow access of vessels that enter into or exit from the 

reclamation area.  This could be achieved by the opening formed by two piece of 

silt curtain with overlapping length of 150m min and a separation distance of 

about 60m to allow the passage of vessels.  The indicative position and details of 

the above openings are shown in Annex B.  Local adjustment of the position of 

these openings is expected during construction stage to suit the actual site 

condition and the Contractor’s working method.   

D6-2.7 The silt curtain is suitable for use in the site condition where the current velocity 

of 0.5m/s or less.  However, as noted above, the velocity of currents near the 

northern edge of reclamation site for HKBCF Phase 2 is higher due to its 

exposure to the area of main flows.  In order to enable the deployment of silt 

curtain to mitigate the water quality impact due to the reclamation activities in 

HKBCF Phase 2, a sheet pile wall is proposed to protect the silt curtain along the 

northern edge of the reclamation as shown in Annex B.  With the implementation 

of the sheet piled wall, the silt curtain will not be subject to the influences of the 

strong currents and can be used.  A separate distance of 5m between the silt 

curtain and sheet pile wall is allowed in this case (see Section 2-2 in figure No. 

25308/041/307 in Annex B. 

D6-2.8 Yellow marker buoys fitted with yellow flashing lights will be laid along the top 

surface of the silt curtains at a spacing of about 50m to mark the extent of the silt 

curtain.  As the silt curtain will not the installed in the navigation channel and the 

flashing lights of the marker buoys of silt curtain will be small in size, it is not 

considered that there would be significant impacts to the marine traffic and 

aviation due to the installation of silt curtain.      

D6-3 LOSS REDUCTION ASSUMPTIONS 

D6-3.1 The assumed effectiveness of the cage type silt curtain for grab dredgers and the 

single layer of silt curtains proposed are presented in Table D6-1 below, together 

with the loss reductions that could be assumed for an additional layer of silt 

curtain if this was considered.  
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Table D6-1 Summary Table of Loss Reductions from Silt Curtain Configurations 

Silt Curtain Type Loss Reduction Factor Remark 

Dredging Activities 

Cage type for Grab Dredger (1) 80% Typical, also reviewed in LNG 

Terminal EIA 

Floating Single Silt Curtain (2) 75% Manufactures Brochure 

Second layer of Floating Silt  

Curtain (3) 

50% LNG Terminal EIA 

Combined Reduction (1+2) 95% For grab dredger only 

Combined Reduction (1+2+3) 97% For grab dredger only 

Combined Reduction (2+3)  87%   

 

 

 

Filling Activities 

Floating Single Silt Curtain (4) 45%  

Second layer of Floating Silt 

Curtain (5) 

30% Proportional scaling following the 

reduction for dredging 

Combined Reduction (4+5) 61%  

 

D6-3.2 The calculated reduction in sediment losses for these mitigation options are 

summarised in Table D6-2 below.  

Table D6-2  Summary of Daily Losses With and Without Silt Curtain Deployment 

Option Silt 

Curtain 

Public Fill 

for 

Seawall 

2011  

Loss 

(kg/day) 

2012 

Loss 

(kg/day) 

2013 

Loss 

(kg/day) 

Remark 

0 0 30% 4,394,000 2,008,000 1,705,000 Base case 

1 1+1 30% 1,220,000 672,000 577,000 Single layer of silt 

curtain. Always cage for 

grab dredger. TM-

CLKL, no silt curtain for 

northern reclamation 

except FN4 

2 2+1 30% 844,000 541,000 406,000 Double layers of silt 

curtain. Always cage for 

grab dredger. TM-

CLKL, no silt curtain for 

northern reclamation 

except FN4 
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Curtain System
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Figure No.: 25308/041/307
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