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1 INTRODUCTION 

1.1 General 

On 30 June 2011, Highways Department (HyD) of the Government of the Hong 
Kong Special Administrative Region appointed the Arup – Mott MacDonald Joint 
Venture (AMMJV) under Agreement No. CE43/2010 (HY) to provide 
consultancy services in respect of Central Kowloon Route – Design and 
Construction (the Assignment).  

A set of Environmental Impact Assessment (EIA) reports was submitted to EPD 
for approval in November 2010 under Agreement No. 58/2006 (HY) – Central 
Kowloon Route and Widening of Gascoigne Road Flyover – Investigation 
(hereinafter “Investigation Assignment”). According to the Agreement No. 
CE43/2010 (HY), the latest EIA submission will be reviewed and updated based 
on the latest available information. 

1.2 Background 

The need for additional traffic capacity on the east-west road links across central 
Kowloon, particularly for coping with the new developments on its western and 
eastern sides, has been recognized for a number of years. Since 1990, it was 
proposed in the final report of the West Kowloon Reclamation Transport Study 
that a route in tunnel, which is known as the Central Kowloon Route (CKR), 
should be developed to link the West Kowloon Highway with the future highway 
system. 

Through a number of studies and verifications of engineering feasibility, CKR is 
now a proposed dual 3-lane trunk road across central Kowloon linking the West 
Kowloon in the west and the proposed Kai Tak Development (KTD) in the east. 
The CKR will be about 4.7km long with an underground tunnel section of about 
3.9km long, in particular, there will be a submarine tunnel of about 380m long at 
the To Kwa Wan Typhoon Shelter. It will connect the West Kowloon Highway at 
Yau Ma Tei Interchange with the road network at Kowloon Bay and the future 
Trunk Road T2 at KTD which will connect to the future Tseung Kwan O – Lam 
Tin Tunnel (TKO-LTT). CKR, Trunk Road T2 and TKO-LTT will form a 
strategic highway link, namely Route 6, connecting West Kowloon and Tseung 
Kwan O. Consultancy studies for Trunk Road T2 and TKO-LTT have been 
commissioned by CEDD. Figure 1.1 illustrates the latest alignment layout of the 
CKR. Nevertheless, the project demarcation is still being studied and would be 
subject to design changes. 

The CKR project is a designated project under Schedule 2 of the Environmental 
Impact Assessment (EIA) Ordinance. An EIA Study Brief (ESB: 156/2006) was 
issued by the Director of Environmental Protection in November 2006. Section 
3.4.10 of the EIA Study Brief specified that land contamination assessment shall 
be undertaken and a Contamination Assessment Plan (CAP) detailing the 
methodology of the assessment shall be submitted to EPD for approval. 

In accordance with Section 3.4.10 of the EIA Study Brief, a CAP has been 
prepared which set out the requirements and methodologies for a land 
contamination assessment of the CKR works areas. The CAP was endorsed by 
EPD on 23 September 2008. Site investigation (SI) works were carried out in 
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accordance with the endorsed CAP in 2009 and the results of the SI works were 
documented in a Contamination Assessment Report (CAR) and Remediation 
Action Plan (RAP) which was submitted to EPD in November 2011. 

With reference to the CAR/RAP, RBRGs exceedances have been identified in the 
soil samples. Hence, a confirmatory investigation has been proposed in the 
submitted CAR/RAP to investigate the extent of the contamination identified. In 
addition, subsequent to the endorsement of the CAP and submission of the 
CAR/RAP, additional works areas have been proposed which have not been 
assessed for any potential land contamination issues.  

As such, a Supplementary CAP has been prepared to investigate the potential land 
contamination issues associated with the additional works area, and also to present 
the detailed methodology of the confirmatory investigation to be implemented 
according to the CAR/RAP submitted in November 2011. The Supplementary 
CAP was agreed in principal by EPD on 2 February 2012. 

1.3 Objectives 

SI works proposed in the endorsed Supplementary CAP was carried out between 
November 2011 and March 2012 by GEO term contractor. This Supplementary 
Contamination Assessment Report (CAR) and Remediation Action Plan (RAP) is 
prepared to summarise the following issues: 

 Procedures and methodologies for the land contamination assessment for the 
additional works areas;  

 Procedures and methodologies for the confirmatory investigation proposed in 
the CAR/RAP submitted under the Investigation Assignment in November 
2011;  

 Laboratory testing results; 

 Strategy of any remediation works required; and 

 The particular health and safety requirements that may be required during the 
works. 

1.4 Legislations and Guidelines 

This Supplementary CAR/RAP is prepared in accordance with the following 
Technical Memorandum and Guidance Notes: 

 Annex 19 of the Technical Memorandum on Environmental Impact 
Assessment Process (TM-EIA), Guidelines for Assessment of Impact On Sites 
of Cultural Heritage and Other Impacts (Section 3: Potential Contaminated 
Land Issues); 

 Practice Guide for Investigation and Remediation of Contaminated Land, 
EPD, 2011; 

 Guidance Notes for Contaminated Land Assessment and Remediation, EPD, 
2007; and 

 Guidance Manual for Use of Risk-Based Remediation Goals (RBRGs) for 
Contaminated Land Management, EPD, 2007. 
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2 SUMMARY OF SAMPLING AND 
TESTING STRATEGY 

2.1 Potentially Contaminated Sites within the 
Additional Works Areas 

A total of 5 potentially contaminated sites (EP-1 to EP-6) within the additional 
works area have been identified. Details of these 5 potentially contaminated sites 
are summarised in Table 2.1 and their respective locations are shown in Figure 
2.1.  

Among these 5 potentially contaminated sites identified, SI works were 
considered necessary to investigate the potential land contamination issue at EP-1 
and 1 borehole has been proposed within the site (refer to Section 2.3.1).  

Table 2.1: Potentially contaminated sites 

Site 
ID 

Description 
Potential Sources of 
Contamination 

Site 
Investigation 
Requirement  

Remarks 

EP-1 

Area adjacent to 
the To Kwa Wan 
Vehicle 
Examination 
Centre 

Possible spillage/ 
leakage of fuel 

Yes - 

EP-2 

EMSD Sung 
Wong Toi Vehicle 
Repair and 
Maintenance 
Workshop 

Release of oils and fuels 
and lubricants from 
vehicles, vehicle and 
equipment maintenance 
and refuelling. Use of 
chemicals and solvent in 
maintenance activities. 
Motor vehicle painting 
and storage and portable 
containers. 

No 

Remediation work 
is in progress under 
another consultancy 
service[1] 

EP-3 

Former Kai Tak 
Airport 

Historical leakage of 
aviation fuel 

No 

The contamination 
concerns in these 
sites have been 
addressed in other 
EIA studies[2] and 
the site has been 
cleaned up by 
CEDD 

EP-4 

EP-5 

EP-6 

Note: 

[1] Agreement No.: 2P10CT10 Consultancy for Decontamination and Remediation Works for 
Sung Wong Toi Vehicle Repair and Maintenance Workshop and Kowloon Bay Vehicle 
Servicing Station. 

[2] EIA for Kai Tak Airport North Apron Decommissioning (NAKTA EIA), EIA for 
Comprehensive Feasibility Study for the Revised Scheme of South East Kowloon 
Development (SEKDCFS EIA), and EIA for Kai Tak Development (KTD EIA). 
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2.2 Confirmatory Investigation 

SI works for the land contamination assessment under the Investigation 
Assignment was carried out in 2009 in accordance with the endorsed CAP at 10 
boreholes, including 7 in the West Portion and 3 in the East Portion. The actual 
sampling locations are shown in Figures 2.2 and 2.3.  

According to the CAR/RAP submitted under the Investigation Assignment in 
November 2011, a total of 74 soil and 7 groundwater samples were collected from 
these 10 boreholes. All the samples collected were analysed by a HOKLAS 
accredited laboratory for all parameters listed in the endorsed CAP. 

Based on the testing results of the soil and groundwater samples, exceedances of 
RBRGs were detected at 3 boreholes including PBH4, PBH5 and PBH7. As 
summarised in Table 2.2 below, the contamination detected exceeded the RBRGs 
for “Urban Residential” and “Rural Residential” but not “Industrial” and “Public 
Park”. Locations of these contaminated boreholes are shown in Figures 2.4 and 
2.5.  

Table 2.2: Summary of soil samples with RBRGs exceedance 

Borehole ID Locations 
Sample 
Depth 
(mgbl)

[1]
 

Contaminants 
Concentrations

[2,3]
 

(mg/kg) 

PBH4 
West Portion 

3.0 – 3.95 PCBs 0.5 

PBH5 7.0 – 7.95 Lead 570 

PBH7 East Portion 7.0 – 7.95 Lead 490 

Note:  

[1] “mbgl” denotes “meter below ground level”. 

[2] RBRGs for Lead – Urban residential: 258mg/kg; Rural Residential: 255 mg/kg; Industrial: 
2290 mg/kg; Public Park: 857mg/kg. 

[3] RBRGs for PCBs – Urban residential: 0.236mg/kg; Rural Residential: 0.226mg/kg; Industrial: 
0.748; Public Park – 0.756mg/kg. 

To delineate the extent of land contamination, a confirmatory investigation which 
involves 5 boreholes in the West Portion and 2 boreholes in the East Portion has 
been proposed in the CAR/RAP. Details of the proposed borehole locations are 
summarised in Section 2.3.2. 

2.3 Proposed Sampling Locations and Depths 

2.3.1 Potentially Contaminated Site within the Additional 

Works Area 

1 borehole (EBH3) has been proposed for the additional works area EP-1. The 
sampling strategy at EBH3 proposed in the endorsed Supplementary CAP for the 
additional works area are summarised in Table 2.3 and the proposed location of 
EBH3 is shown in Figure 2.6.  

It should be noted that due to site access constraints, SI works at EBH3 could not 
be carried out at this stage. As such SI works at EBH3 would be postponed to a 
later stage when site access can be obtained e.g. after land resumption by the 
construction contractor (refer to Section 8 for details). Nevertheless, the proposed 
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location of EBH3 is tentative only. The final location of EBH3 is subject to the 
actual site conditions and the final demarcation of the works areas.  

Table 2.3: Proposed sampling location and strategy at the additional works area EP-1 

Site ID Area 
Borehole 

ID 

Co-ordinates
[1]

 
Sampling Strategy

[2]
 

Easting Northing 

EP-1  

(Area 
adjacent to 
the To Kwa 
Wan 
Examination 
Centre) 

Approx. 
3700m2 

EBH3 837967.50 819757.14 

Inspection Pit: 

Excavation of inspection pit 
and collection of soil 
samples at depths of 0.5m 
and 1.5m. 

 

Borehole: 

Drilling of borehole and 
collection of soil samples at 
depth of 3.0m, and then at 
3m intervals to the 
termination level for 
environmental sampling 
(exact termination depth to 
be determined on site by 
Land Contamination 
Specialist).  

 

One groundwater sample to 
be collected if encountered 
during excavation of 
inspection pit or drilling of 
borehole. 

Note: 

[1] The proposed co-ordinates are tentatively only. The final location of EBH3 is subject to actual 
site conditions and the final demarcation of the works areas. 

[2] The sampling strategy proposed is for reference purpose. The exact termination levels and 
sampling frequency would be determined by the on-site Land Contamination Specialist based 
on actual site conditions. 

2.3.2 Confirmatory Investigation 

For the confirmatory investigation, the proposed locations of the boreholes and 
the sampling strategy documented in the endorsed Supplementary CAP based on 
the proposal presented in the CAR/RAP submitted in November 2011 are 
summarised in Table 2.4. The proposed locations for confirmatory sampling are 
shown in Figures 2.5 and 2.6.  

Table 2.4: Borehole locations and sampling strategy for the confirmatory investigation proposed 

in the CAR/RAP submitted in November 2011 

Section 
Borehole 
ID 

Co-ordinates
[1]

 
Sampling Strategy

[2]
 

Easting Northing 

West Portion WBH1 835355.77 818934.12 Inspection Pit: 
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Section 
Borehole 
ID 

Co-ordinates
[1]

 
Sampling Strategy

[2]
 

Easting Northing 

WBH2 835400.43 818916.38 
Excavation of inspection pit 
and collection of soil samples 
at depths of 0.5m and 1.5m. 

 

Borehole: 

Drilling of a borehole and 
collection of soil samples at 
depths of 3.0m, 5.0m, 7.0m, 
9.0m, 11.0m, 12.0m, 14.0m, 
15.0m, 16.0m, 17.0m, 18.0m, 
19.0m, and 20.0m.  

WBH3 835452.46 818895.87 

WBH4 835507.33 818885.80 

WBH5 835554.74 818896.78 

East Portion 

EBH1 837931.64 819957.16 

EBH2 837964.11 819943.07 

Note: 

[1] The proposed co-ordinates are tentatively only. The final locations of the boreholes are subject 
to actual site conditions and the final demarcation of the works areas. 

[2] The sampling strategy proposed is for reference purpose. The exact termination levels and 
sampling frequency would be determined by the on-site Land Contamination Specialist based 
on actual site conditions. 

However, due to site constraints (e.g. underground utility and site access 
constraints), the SI works for the confirmatory investigation could not be 
completed for some of the boreholes at this stage (refer Section 3.1 for details). 
The outstanding SI works would either be postponed to a later stage e.g. after land 
resumption by the construction contractor when site constraints could be resolved 
(i.e. diversion of utility and site access obtained) or cancelled (refer Section 8 for 
details). 
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3 SITE INVESTIGATION WORKS 

3.1 Actual Sampling Locations 

SI works were carried out between November 2011 and March 2012 by GEO 
term contractor in accordance with the requirements stipulated in the endorsed 
Supplementary CAP. The SI works were supervised by the on-site Land 
Contamination Specialist. The actual depths for sampling were determined by the 
on-site Land Contamination Specialist on a point by point basis based on the 
actual site conditions. The actual borehole locations are summarised in Table 3.1 
below. The actual borehole locations are also shown in Figures 3.1 and 3.2.  

Due to actual site conditions, relocations have been made to boreholes WBH1, 
WBH2, and WBH4. The respective borehole IDs have been revised to WBH1(A), 
WBH2(A), and WBH4(B). Justifications for the relocations of these boreholes are 
given in Table 3.2 below. 

It should be noted that due to site constraints, SI works could not be completed for 
the following boreholes: 

 WBH4(B) due to underground utility; 

 WBH5 due to concrete slab encountered;  

 EBH1 due to underground utility; and 

 EBH2 and EBH3 due to site access issue. 

The outstanding SI works for the above SI works would either be postponed to a 
later stage e.g. after land resumption by the construction contractor when site 
constraints could be resolved (i.e. diversion of utility and site access obtained) or 
cancelled (refer to Section 8 for details). 

Table 3.1: Actual borehole locations 

Borehole ID 
Proposed Co-ordinates Actual Co-ordinates 

Remarks 
Easting Northing Easting Northing 

West Portion 

Confirmatory Investigation 

WBH1(A)[1] 835355.77 818934.12 835362.24 818930.67 Completed 

WBH2(A)[1] 835400.43 818916.38 835398.17 818919.15 Completed 

WBH3 835452.46 818895.87 835446.04 818904.10 Completed 

WBH4(B)[2] 835507.33 818885.80 835495.29 818878.73 

Only two disturbed 
samples were taken at 
0.5m and 1.5m due to 
underground utility. 
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Borehole ID 
Proposed Co-ordinates Actual Co-ordinates 

Remarks 
Easting Northing Easting Northing 

WBH5 835554.74 818896.78 - - 
No SI works were 
conducted due to 
concrete slab. 

East Portion 

Confirmatory Investigation 

EBH1 837931.64 819957.16 837928.78 819953.89 

Only one disturbed 
sample was taken at 0.5m 
due to underground 
utility. 

EBH2 837964.11 819943.07 - - 
SI works could not be 
conducted due to site 
access constraints. 

Land Contamination Assessment for the Additional Works Area EP-1 

EBH3 837967.50 819757.14 - - 
SI works could not be 
conducted due to site 
access constraints. 

Note: 

[1] Boreholes WBH1 and WBH2 have been relocated due to actual site conditions. The  
boreholes were renamed as WBH1(A) and WBH2(A) respectively. 

[2] Borehole WBH4 has been relocated twice due to actual site conditions. The borehole was first 
renamed as WBH4(A), then WBH4(B). Only the test results from WBH4(B) were adopted.  

 

Table 3.2: Justifications for borehole relocations 

Original 
Borehole ID 

Revised 
Borehole ID 

Deviation from the Original 
Proposed Locations 

Justifications 

WBH1 WBH1(A) 

Deviation of ~7m southeast 
of the proposed location (i.e. 
within Yau Ma Tei Police 
Station) 

Due to access constraints at 
public roads 

WBH2 WBH2(A) 
Deviation of ~4m northwest 
of the proposed location 

Due to underground utility 

WBH4 WBH4(B) 
Deviation of ~14m southwest 
of the proposed location 

Due to underground utility, 
WBH4 has been relocated 
twice. The final borehole was 
renamed as WBH4(B). 

3.2 Soil Sampling 

At the boreholes where SI works could be carried out (i.e. WBH1(A), WBH2(A), 
WBH3, WBH4(B), and EBH1), soil samples were collected at different depths 
range from 0.5m to 20m in accordance with the sampling strategy for the 
confirmatory investigation as documented in the endorsed Supplementary CAP. 
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3.2.1 Inspection Pit Sampling 

Collection of soil samples at 0.5m and 1.5m were aided by excavation of 
inspection pits. The inspection pits were excavated from ground surface to 2.5 
meter below ground level (mbgl) and two disturbed samples were collected from 
each inspection pit at the depths of 0.5m and 1.5m. For each disturbed sample, 
sufficient soil was collected and was placed in a pre-cleaned glass sample jar with 
individual labelling.  

3.2.2 Borehole Sampling 

Rotary drilling method was used from 2.5mbgl onwards to collect U-100 
undisturbed samples from each borehole at the other sampling depths i.e. 3m, 5m, 
7m, 9m, 11m, 12m, 14m, 15m, 16m, 17m, 18m, 19m and 20m. In situation where 
U-100 sample could not be taken e.g. due to soil conditions, U-76 undisturbed 
sample would be taken. When neither U-100 nor U-76 sampler could be used to 
obtain the soil sample, a small disturbed sample would be taken.  

Sampling records of inspection pits and boreholes were made of the details of the 
sampling locations and other pertinent data. A chain-of-custody form was 
completed for the samples. All samples was stored on ice in portable ice chests 
between 2

o
C – 4

o
C whilst in the field or in transit. 

The actual sampling depths and the soil samples taken at each borehole are 
summarised in Table 3.3. 
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Table 3.3: Summary of soil samples taken at each borehole 

Borehole ID 

Soil Sampling Depths (mbgl)
[1]

 

0.5 1.5 
3.0 – 
3.45 

5.0 – 
5.45 

7.0 – 
7.45 

9.0- 
9.45 

11.0 – 
11.45 

12.0 – 
12.45 

14.0 – 
14.45 

15.0 – 
15.45 

16.0 – 
16.45 

17.0 – 
17.45 

18.0 – 
18.45 

19.0 – 
19.45 

20.0 – 
20.45 

West Portion 

Confirmatory Investigation 

WBH1(A) √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 

WBH2(A)[2] √ √ √ √ √ √ √ √ √ - - - - - - 

WBH3[3] √ √ √ √ √ √ √ √ [4] √ [5] √ √ √ - - - 

WBH4(B)[6] √ √ - - - - - - - - - - - - - 

WBH5[7] - - - - - - - - - - - - - - - 

East Portion 

Confirmatory Investigation 

EBH1[6] √ - - - - - - - - - - - - - - 

EBH2[7] - - - - - - - - - - - - - - - 

Land Contamination Assessment for the Additional Works Area EP-1 

EBH3[7] - - - - - - - - - - - - - - - 

Note:  

[1] “mbgl” denotes “meter below ground level”. 

[2] WBH2(A) was completed at 14.45mbgl. 

[3] WBH3 was completed at 17.0mbgl. 

[4] At WBH3, neither U-100 nor U-76 undisturbed sample could be taken at depth 12.0mbgl, the sampling depth was subsequently revised to 12.5mbgl where a U-76 undisturbed 
sample was taken. 

[5] At WBH3, sampling depth at 14.0mbgl was revised to13.5mbgl due to soil conditions.  

[6] Sampling at WBH4(B) was terminated at 1.5m due to underground utility. 

[7] SI works at WBH5 could not be carried out at this stage due to concrete slab encountered. 

[8] Sampling at EBH1 was terminated at 0.5m due to underground utility. 

[9] SI works at EBH2 and EBH3 could not be carried out at this stage due to site access constraints. 
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3.3 Decontamination Procedures 

Before drilling/ excavation, the sampler and all equipments in contact with the 
ground were thoroughly decontaminated by phosphate-free detergent and high 
pressures hot water jet before mobilisation to the site. During sampling and 
decontamination activities, disposal latex gloves were worn to prevent the transfer 
of contaminants from other sources.  

3.4 Analytical Parameters 

For the purpose of confirmatory investigation, samples collected from WBH1(A), 
WBH2(A), WBH3, WBH4(B), and EBH1 were analysed for Lead and PCBs. 
The analytical methods for the soil samples are given in Table 3.4. 

Table 3.4: Method of analysis for soil samples collected from WBH1, WBH3 and WBH3 

Parameters Referenced Analytical Method Reporting Limit for Soil (mg/kg) 

Metals 

Lead USEPA Method 6030 1.0 

PCBs 

PCBs USEPA Method 8370 0.1 

3.5 HOKLAS Accredited Laboratory 

ALS Technichem (HK) Pty Ltd, a testing laboratory accredited under the Hong 
Kong Laboratory Accreditation Scheme (HOKLAS), was appointed to conduct 
the chemical testing for the soil samples. All laboratory test methods are also 
HOKLAS accredited.  

3.6 Strata Logging 

Strata logging for boreholes was undertaken during the course of drilling and 
sampling by qualified geologists. The logs included the general stratigraphic 
descriptions, depth of soil sampling, and sample notation etc. The strata logs of 
the boreholes are given in Appendix A. 
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4 ASSESSMENT CRITERIA 

The assessment criteria have been adopted in accordance with EPD’s Guidance 
Manual for Use of Risk-Based Remediation Goals (RBRGs) for Contaminated 
Land Management. The RBRGs was categorised into four different post-
restoration land uses, namely “Urban Residential”, “Rural Residential”, 
“Industrial” and “Public Parks”, to reflect the actual settings which people could 
be exposed to contaminated soil or groundwater. Definitions of the four post-
restoration land use categories are given in EPD’s Guidance Note for 
Contaminated Land Assessment and Remediation and RBRGs Guidance Manual.  

Considering the future land use of CKR which will either be intended for public 
open spaces or roads, RBRGs (Public Park)

1
 would be adopted. Yet, the 

assessment has covered all four land use categories in case the excavated 
contaminated soil was used as public fill for unidentified after-uses. The RBRGs 
for soil and soil saturation limits for Lead and PCBs under the four land use 
categories are given in Table 4.1 below. 

Table 4.1: RBRGs criteria for Lead and PCBs 

Parameters 

Risk-Based Remediation Goals (RBRGs) for Soil Soil 
Saturation 
Limit (Csat) 
(mg/kg) 

Urban 
Residential 
(mg/kg) 

Rural 
Residential 
(mg/kg) 

Industrial 
(mg/kg) 

Public 
Parks 
(mg/kg) 

Metals 

Lead 258 255 2290 857 - 

PCBs 

PCBs 0.236 0.226 0.748 0.756 - 

 

 

  

                                                
1  Considering the future land use of CKR, the corresponding RBRGs would be “Lower of 

Industrial or Public Park”. Taken into account the respective RBRGs criteria for the two 

parameters concerned (i.e. Lead and PCBs), RBRGs (Public Park) would be adopted. 
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5 INTERPRETATION OF LABORATORY 
TESTING RESULTS 

5.1 Soil Contamination  

5.1.1 Confirmatory Investigation 

A total of 41 soil samples were collected from WBH1(A), WBH2(A), WBH3, 
WBH4(B), and EBH1. For the purpose of confirmatory investigation, all samples 
were analysed by a HOKLAS accredited laboratory for the parameters mentioned 
in Section 3.4 (i.e. Lead and PCBs). All laboratory testing results of the soil 
samples have been reviewed against the relevant RBRGs criteria. Based on the 
testing results, no RBRG exceedance has been identified. Summary of the testing 
results and the laboratory testing reports are given in Appendices B and C 
respectively.  

5.1.2 Land Contamination Assessment for the Additional 

Works Area 

For the land contamination assessment in the additional works area EP-1, since SI 
works could not be completed for EBH3, the potential land contamination issues 
at EP-1 could not be evaluated at this stage.  

  



Highways Department        Agreement No. CE 43/2010 (HY) Central Kowloon Route  - Design and Construction  
 Supplementary Contamination Assessment Report (CAR) 

and Remediation Action Plan (RAP) 
 

061-02 | Draft 3 | Jan 2013 

\\HKGNTS22\ACOUSTIC\ENV\PROJECT\217722-70\12 REPORTS DELIVERABLES\20 SUPPLEMENTARY CONTAMINATION ASSESSMENT REPORT\DRAFT V2\061-01 

SUPP_CAR_DRAFT_CLEAR.DOCX Page 14 
 

6 POSSIBLE SOIL CONTAMINATION 
EXTENT 

6.1 Estimation of Possible Contamination Extent 

As discussed in Section 2.2, the purpose of the confirmatory investigation is to 
investigate the possible contamination extent detected at PBH4, PBH5 and PBH7.  

Based on the testing results from boreholes WBH1(A), WBH2(A), and WBH3 
where SI works were completed, the contamination extent at PBH4 has been 
estimated. The estimation approach and findings are summarised in Sections 6.1.1 
– 6.1.3 below. 

For PBH5, since the borehole is located outside the CKR alignment and does not 
fall within the excavation extent, the contaminated soil identified at PBH5 would 
not be excavated. As such, the contamination extent at PBH5 would not be 
estimated for the purpose of the current study. 

For PBH7, since the SI works could not be completed for boreholes EBH1 and 
EBH2, which are intended to confirm the extent of the contamination detected at 
PBH7, the contamination extent of PBH7 could not be determined at this stage.  

6.1.1 Estimation of the Horizontal Extent of Contamination at 

PBH4 

Since only marginal exceedance of the RBRGs limit of PCBs was detected in 
PBH4, and the PCBs level detected at WBH1(A), WBH2(A), and WBH3 were all 
below detection limit (i.e. <0.1mg/kg), it could be reasonably assumed that the 
contamination detected at PBH4 was relatively localised. Hence, a circular area 
with a radius of 5m centred at PBH4 is considered adequate to cover the 
horizontal contamination extent at PBH4.  

6.1.2 Estimation of the Vertical Extent of Contamination at 

PBH4 

For the vertical extent of the contamination detected at PBH4, the full depth of 
soil samples are taken as contaminated. Besides, a depth of 0.5m above and below 
the sampling depth (3.0 – 3.95mbgl) respectively will also be taken as 
contaminated. As such, the vertical extent of contamination at PBH4 was 
estimated from 2.5mbgl (i.e. 3.0mbgl minus 0.5m) to 4.5mbgl (i.e. 3.95mbgl plus 
0.5m). 

6.1.3 Estimation of Contaminated Soil Quantity 

Based on the above approach, it is estimated that approximately 157m
3
 of 

contamination soil would be excavated from PBH4. The estimation of the 
contaminated soil quantity to be excavated is summarised in Table 6.1 below and 
the extent of the contaminated zone at PBH4 is depicted in Figure 6.1. 
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Table 6.1: Estimated quantity of contaminated soil 

Contaminated 
Borehole  

Radius of the 
Contaminated 
Zone (m) 

Estimated 
Vertical Extent of 
Contamination 
(m)

[1]
 

Estimated 
Area of the 
Contaminated 
Zones (m

3
) 

Estimated 
Quantity of 
Contaminated 
Soil (m

3
) 

PBH4 5 
2.0  

(2.5 – 4.5m) 
78.5 157 

   Total: 157 

Note: 

[1] In estimating the vertical extent of contamination, the full depth of soil sampling (3.0 – 
3.95mbgl i.e. 1m) is taken as contaminated. Besides, a depth of 0.5m above and below the 
sampling depth will also be taken as contaminated as a conservative estimate. 

6.2 Proposed Remediation Strategy 

Considering the small quantity involved (i.e. 157m
3
) and that the level of 

contamination detected did not exceed RBRGs (Public Park) which is a more 

representative future land use of CKR, on-site reuse of the 157m
3 

soil concerned 

within the boundary of CKR, such as using to backfill in non-pedestrian use area 

under the new flyover, would be recommended as the remediation option. Details 

of the remediation works proposed are presented in the Remediation Action Plan 

in Section 7. 
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7 REMEDIATION ACTION PLAN 

7.1 Objectives 

This section presents the possible remediation proposals and recommends the 
appropriate remediation actions for the contamination identified. 

The objectives of the Remediation Action Plan (RAP) are as follows: 

 To propose remediation method(s) for the contaminated soil identified; 

 To specify assessment requirements to confirm completion of the remediation 
works; and 

 To provide guidelines regarding the handling of the contaminated soil during 
the all stages of the remediation works. 

7.2 Proposed Remediation Option 

The following factors suggested in the Practice Guide for Investigation and 
Remediation of Contaminated Land issued by EPD have been taken into 
consideration when selecting the appropriate remediation option: 

 Degree and extent of the contamination; 

 Anticipated future use of the site; 

 Nature of the contaminants; 

 Soil characteristics; and 

 Time available for remediation.  

Considering the small quantity involved (i.e. 157m
3
) and that the level of 

contamination detected did not exceed RBRGs (Public Park) which is a more 
representative future land use of CKR, on-site reuse of the 157m

3 
soil concerned 

within the boundary of CKR, such as using to backfill in non-pedestrian use area 
under the new flyover, would be recommended as the remediation option. 

7.3 Outline Process and Operation of Remediation 

7.3.1 Excavation 

Detailed design drawings for the planned excavation in the concerned area should 
be prepared by the construction contractor. Factors such as excavation areas and 
depths, engineering properties and stability of the soils should be considered for 
safe working conditions. The excavation should be designed in accordance with 
the geotechnical properties of the soils and appropriate safety factors as 
determined by the Engineer. The excavated areas should be set out by an 
appropriate qualified and licensed land surveyor. The approach for estimating the 
contaminated zone is described in Section 6.1 and the proposed contaminated 
zone is shown in Figure 6.1.  
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The excavation sequence would be as follows: 

 At the location as set out by the surveyor, the clean top soil above the 
identified contamination depth would be excavated and transferred to a 
designated area for stockpiling. 

 After the clean top soil is removed, the contaminated soil at the identified 
contamination depth would be excavated and transferred to a designated area 
for stockpile. The contaminated soil should be placed on heavy-duty 
impermeable sheeting within the stockpiling area. 

 Both the stockpiles of clean top soil and contaminated soil should be fully 
covered by impermeable sheeting to prevent dust emission and runoff. 

 Any free product (if encountered) during the excavation should be recovered 
and drummed properly and collected by licensed chemical waste collector for 
proper handling and treatment. 

 Closure Assessment (i.e. refer to Section 7.4.2) should be undertaken to 
confirm the closure/ completion for the excavation work. 

 The excavated materials will then be reused within the project boundary of the 
Assignment. 

7.3.2 Closure Assessment 

The objective of closure assessment is to determine if all contaminated soil has 
been excavated. Following the excavation works, 4 samples evenly distributed 
along the boundary and 1 sample at the bottom of the excavation pit should be 
collected as confirmation samples to confirm that all the contaminated soil has 
been excavated. 

The collected confirmation soil samples should be analysed for the defined 
contaminant (i.e. PCBs). If the analytical results exceed the Acceptance Criterion 
i.e. RBRGs (Public Park), further excavation should be carried out in 0.5m 
increment vertically and/or horizontally depending on the location(s) of the 
sample(s) which has exceeded the relevant RBRGs criteria.  

Excavation of the contaminated soil is considered completed if the analytical 
results of the confirmatory samples are below the Acceptance Criterion.  

All excavation works should be carried out by personnel well-trained in health 
and safety. Appropriate personal protective equipment should also be used by the 
person engaged in the excavation works of the contaminated soil. The excavation 
and confirmatory sampling works should be supervised by a qualified Land 
Contamination Specialist.  

In addition, the following health and safety guidelines should be strictly followed 
by all site personnel working on the contaminated areas at all times: 

 Temporary fencing or warning ribbons should be used at the boundary of 
excavation, slope crest and temporarily stockpiled areas. Where necessary, the 
exposed areas should be temporarily covered with impermeable sheeting 
during heavy rainstorm; 
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 Appropriate protective clothing and safety equipments should be provided for 
the workers on site; 

 Smoking, eating and drinking should be strictly prohibited on site; and 

 Other relevant occupational health and safety regulations and guidelines 
during the excavation works should be strictly followed.  

The excavation and confirmatory sampling works should be supervised by a 
qualified Land Contamination Specialist. Subsequent construction activities could 
only be carried out after closure assessment is completed as agreed by the Land 
Contamination Specialist.  

7.4 Mitigation Measures and Safety Measures 

7.4.1 Environmental Mitigation Measures  

In order to minimise the potential environmental impacts that may arise from the 
handling of the contaminated materials, the following environmental mitigation 
measures are recommended during the course of the remediation works: 

 Excavation profiles must be properly designed and executed with attention to 
the relevant requirements for environment, health and safety; 

 In case the soil to be excavated is situated beneath the groundwater table, it 
may be necessary to lower the groundwater table by installing well points or 
similar means; 

 Excavation should be carried out during dry season as far as possible to 
minimise contaminated runoff from contaminated soil; 

 Stockpiling site(s) should be lined with impermeable sheeting and bunded. 
Stockpiles should be properly covered by impermeable sheeting to reduce dust 
emission during dry season or contaminated run-off during rainy season. 
Watering should be avoided on stockpiles of contaminated soil to minimise 
contaminated run-off; 

 Vehicles containing any excavated materials should be suitably covered to 
limit potential dust emissions or contaminated run-off, and truck bodies and 
tailgates should be sealed to prevent any discharge during transport or during 
wet season; 

 Speed control for the trucks carrying contaminated materials should be 
enforced; and 

 Vehicle wheel washing facilities at the exit points of the site should be 
established and used. 

7.4.2 Safety Measures 

In order to minimise the potential adverse effects on health and safety of the 
workers during the course of site remediation, the Occupation Safety and Health 
Ordinance (OSHO) (Charter 509) and its subsidiary Regulations should be 
followed by all site personnel working on the site at all times. In addition, basic 
health and safety measures should be implemented, including but not limited to 
the followings: 

 Set up a list of safety measures for site workers; 
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 Provide written information and training on safety for site workers; 

 Record the contaminated zones and clean zones using log-book and plan; 

 Maintain a hygienic working environment; 

 Avoid dust generation; 

 Provide face and respiratory protection gear to site works if necessary; 

 Provide personal protective clothing (e.g. chemical resistant jackboot, liquid 
tight gloves) to site works if necessary; 

 Provide first aid training and materials to site worker; 

 Minimise handling and contact of the contaminated materials by using bulk 
earth moving equipments as far as practicable; and 

 Eating, drinking and smoking should be prohibited in the contaminated areas 
to avoid inadvertent ingestion of contaminant.  

7.5 Remediation Report 

Upon completion of the remediation works at the contaminated zone identified, a 
Remediation Report (RR) should be prepared by the contractor to report the 
remediation process and demonstrate that all the contaminated soil has been 
removed, properly handled and reused within the project boundary of the 
Assignment. All relevant information, including details of the closure assessment 
and photographic records, should be included in the RR. The RR should be 
submitted to EPD for record and agreement prior to the commencement of any 
construction works.  
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8 REMAINING SI WORKS 

8.1 Confirmatory Investigation at WBH4(B) and 
WBH5 

The purpose of WBH4(B) and WBH5 is the same as WBH1(A), WBH2(A) and 
WBH3 which is to confirm the extent of contamination detected at PBH4. Since 
no RBRGs exceedances were identified in all the testing results from WBH1(A), 
WBH2(A) and WBH3, the exceedance detected at PBH4 could reasonably be 
regarded as a localised issue. Since the purpose of confirming the contamination 
extent at PBH4 has already been achieved, SI works at WBH4(B) and WBH5 are 
no longer required, hence these two boreholes are recommended to be cancelled.  

8.2 Confirmatory Investigation at EBH1 and EBH2 

At this stage, SI works could not be completed for EBH1 and EBH2 due to 
underground utility and site access constraints respectively. Since these two 
boreholes are required to confirm the possible contamination extent at PBH7, the 
outstanding SI works would need to be postponed to a later stage e.g. after site 
possession by the construction contractor (“the contractor”) when site constraints 
issue could be resolved (e.g. utility diversion and site access obtained). 

8.3 Land Contamination Assessment at EBH3 

For EBH3, SI works could not be completed at this stage due to site access 
constraints. Since EBH3 is required to assess the potential land contamination 
issue at the additional works area EP-1, SI works at this location is recommended 
to be postponed to a later stage e.g. after site possession by the contractor when 
site access would be obtained. 

Following the completion of the remaining SI works at EBH1, EBH2 and EBH3, 
a Second Supplementary CAR/RAP will be prepared by the contractor and 
submitted to EPD to present the findings of the remaining SI works and 
recommended any specific remediation measures, if required. Upon completion of 
the remediation works, if any, a Remediation Report (RR) would also be prepared 
by the contractor and submitted to EPD for agreement prior to commencement of 
the construction works.  

Nevertheless, the contamination issue is anticipated to be surmountable with the 
supportive view that the contamination identified are relatively localised, likely 
contaminants are generic and easily remediated as remediation methods available 
in the market are well established and nature of the possible contaminants can be 
dealt with by sufficient local remediation experience.  
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9 CONCLUSION AND 
RECOMMENDATION 

Site investigation (SI) works were conducted between November 2011 and March 
2012 in accordance with the endorsed Supplementary CAP to address the 
following issues: 

 Land contamination assessment for the additional works area EP-1; and 

 Confirmatory investigation proposed in the CAR/RAP submitted in 2011 
under Agreement No. 58/2006 (HY) – Central Kowloon Route and Widening 
of Gascoigne Road Flyover – Investigation (“Investigation Assignment”) to 
delineate the contamination identified at PBH4, PBH5, and PBH7. 

A total of 8 boreholes have been proposed including 1 for the additional works 
area EP-1 (i.e. EBH3) and 7 for the confirmatory investigation (i.e. WBH1(A), 
WBH2(A), WBH3, WBH4(B), WBH5, EBH1, and EBH2). Due to site constraints 
e.g. underground utility and site access issue, SI works could only be completed at 
WBH1(A), WBH2(A) and WBH3, and partially completed at WBH4(B) and 
EBH1. 

Testing results from WBH1(A), WBH2(A), and WBH3, where SI works were 
completed, indicates no RBRGs exceedance of any of the four land use categories. 
Based on these testing results the contamination extent at PBH4 has been 
determined and the quantity of contaminated soil to be generated from PBH4 was 
estimated at 157m

3
. 

Considering the small quantity of contaminated soil to be generated from PBH4 
and that the level of contamination detected did not exceed RBRGs (Public Park) 
which is a more representative land use for CKR, on-site reuse of the 157m

3
 soil 

concerned within the boundary of CKR, such as using to backfill in non-
pedestrian use area under the new flyover, would be recommended as the 
remediation option. A Remediation Action Plan (RAP) has been prepared 
summarising details of the remediation works proposed.  

Estimation of the contamination extent at PBH5 is not required as this borehole is 
located outside the CKR alignment and does not fall within the excavation extent. 
For PBH7, since the SI works could not be completed for boreholes EBH1 and 
EBH2 which are intended to confirm the extent of the contamination detected at 
PBH7, the contamination extent of PBH7 could not be determined at this stage. 
Similarly, due to site access constraints, SI works at EBH3 could not be carried 
out at this stage, hence the potential contamination issue at EP-1 could not be 
evaluated.  

In order to investigate the potential contamination extent at PBH7 and to evaluate 
the potential land contamination issue at EP-1, the remaining SI works at EBH1, 
EBH2, and EBH3 are recommended to be conducted at a later stage e.g. after site 
possession by the construction contractor (“the contractor”) when site constraints 
could be resolved e.g. utility diversion and site access obtained. Following the 
completion of the remaining SI works, a Second Supplementary CAR/RAP would 
be prepared by the contractor and submitted to EPD to present the findings of the 
SI works and to recommend specific remediation measures, if required. Upon 
completion of the remediation works, if any, a Remediation Report (RR) would 
also be prepared by the contractor and submitted to EPD for agreement prior to 
commencement of the construction works.  
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Nevertheless, the contamination issue is anticipated to be surmountable with the 
supportive view that the contamination identified are relatively localised, likely 
contaminants are generic and easily remediated as remediation methods available 
in the market are well established and nature of the possible contaminants can be 
dealt with by sufficient local remediation experience.  
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Strata Log Records of Boreholes 



















 

 

Appendix B 

Summary of Laboratory Testing 
Results  



Agreement No. 34/2010 (HY) Central Kowloon Route - Design and Construction

Summary of Laboratory Testing Results for the Site Investigation Works

Borehole ID: WBH1(A), WBH2(A), WBH3, WBH4(B), EBH1

Sample nature: Soil

Lead (mg/kg)

Total Polychlorinated 

biphenyls (PCBs) 

(mg/kg)

1 0.1

258 0.236

255 0.226

2290 0.748

857 0.756

ALS Lab ID Sample ID Sample Depth (m) Sampling Date

HK1128729001 0.5 6-Dec-11 39 <0.1

HK1128954001 1.5 8-Dec-11 81 <0.1

HK1129220001   3.00-3.45  10-Dec-11 34 <0.1

HK1129220002   5.00-5.45  10-Dec-11 61 <0.1

HK1129220003   7.00-7.45  10-Dec-11 44 <0.1

HK1129341001   9.00-9.45  12-Dec-11 206 <0.1

HK1129341002   11.00-11.45  12-Dec-11 8 <0.1

HK1129341003   12.00-11.45  12-Dec-11 6 <0.1

HK1129479001   14.00-15.45  13-Dec-11 7 <0.1

HK1129682003   15.00-15.45  14-Dec-11 4 <0.1

HK1129682004   15.00-15.45 (duplicate) 14-Dec-11 5 <0.1

HK1129682005   16.00-16.45  14-Dec-11 6 <0.1

HK1129682006   17.00-17.45  14-Dec-11 26 <0.1

HK1129854001   18.00-18.45  15-Dec-11 10 <0.1

HK1129854002   19.00-19.45  15-Dec-11 21 <0.1

HK1129854003   20.00-20.45  15-Dec-11 4 <0.1

HK1127733001 0.5 25-Nov-11 55 <0.1

HK1127733002 1.5 25-Nov-11 58 <0.1

HK1127858001   3.00-3.45  28-Nov-11 54 <0.1

HK1127858002   5.00-5.45  28-Nov-11 91 <0.1

HK1127965001   7.00-7.45  29-Nov-11 144 <0.1

HK1127965002   9.00-9.45  29-Nov-11 6 <0.1

HK1127965003   11.00-11.45  29-Nov-11 10 <0.1

HK1128157003   12.00-11.45  30-Nov-11 10 <0.1

HK1128157004   12.00-11.45  (duplicate) 30-Nov-11 10 <0.1

HK1128245001   14.00-15.45  1-Dec-11 5 <0.1

HK1204861001 0.5 18-Feb-12 46 <0.1

HK1204861002 1.5 18-Feb-12 84 <0.1

HK1205218001   3.00-3.45  22-Feb-12 70 <0.1

HK1205291001   5.00-5.45  23-Feb-12 94 <0.1

HK1205392001   7.00-7.45  24-Feb-12 14 <0.1

HK1205392002   9.00-9.45  24-Feb-12 8 <0.1

HK1205421001   11.00-11.45  25-Feb-12 8 <0.1

HK1205525001   12.50-12.78 27-Feb-12 16 <0.1

HK1205576001 13.5 28-Feb-12 18 <0.1

HK1205701001   15.00-15.45  29-Feb-12 8 <0.1

HK1205701002   16.00-16.45  29-Feb-12 11 <0.1

HK1205786001 17 1-Mar-12 8 <0.1

HK1205921001 0.5 2-Mar-12 27 <0.1

HK1206173001 1.5 6-Mar-12 214 <0.1

HK1206173002 1.5 (duplicate) 6-Mar-12 199 <0.1

HK1205529001 EBH1 0.5 27-Feb-12 41 <0.1
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Laboratory Testing Reports 



Appendix C1 

Laboratory Testing Reports for 
WBH1(A) 

 

 































































Appendix C2 

Laboratory Testing Reports for 
WBH2(A) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 















































Appendix C3 

Laboratory Testing Reports for 
WBH3 

 

 

 

 

 

 

 

 











































































Appendix C4 

Laboratory Testing Reports for 
WBH4(B) 

 

 























Appendix C5 

Laboratory Testing Reports for 
EBH1 

 











 

 

Appendix D 

Responses to Comments 
 



   

Agreement No. CE 43/2010 (HY)  Revised Supplementary CAR and RAP (REP-061-01)        

Central Kowloon Route (CKR) – Design and Construction  Response to Comments 

G:\env\project\217722-70\12 Reports Deliverables\20 Supplementary Contamination Assessment Report\Draft v1\RtC\R to C_CAR & RAP.doc Page 1 

Comments received: Responses: 

(1) From   MAG, EPD 

Ref :   Nil (By Email) 

Date :    23 January 2013 (10:55am) 

 

 I refer to your consultant's letter (Ref.: 

217722/4.3/EC/DL/HL/FC/RH/0741) d.d. 9.1.2013 

submitting the revised Supplementary Contamination 

Assessment Report and Remediation Action Plan for 

our comment. Please see below our comments on the 

submission:  

 

 1. According to our previous comments in May and 

September of 2012, the term "Industrial" should read 

"Public Park". 

Noted. The Text has been revised accordingly. 

 2. Noted that the SI works could not be completed 

for boreholes EBH1 and EBH2, which are intended 

to confirm the extent of the contamination detected at 

PBH7, please be reminded to submit an additional 

Supplementary Remediation Report to EPD for 

approval to demonstrate the completion of the 

remediation works at PBH7.  Please also note that no 

construction works or development of site should be 

carried out prior to the approval of the 

Supplementary Remediation Report.  

Noted. Upon completion of SI works at EBH1 and EBH2 

(located at the Kowloon City Ferry Pier Public Transport 

Interchange (PTI)), a Second Supplementary CAR/RAP (i.e. 

instead of a Supplementary Remediation Report) will be 

prepared and submitted to EPD to present findings of the SI 

works and to recommend any specific remediation measures, 

if required. A Remediation Report (RR) will be prepared upon 

completion of the remediation works, if any, and submitted 

for approval. No construction works or development of the 

PTI will be carried out prior to the approval of the Second 

Supplementary CAR/ RAP and RR (if any). 
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