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1 INTRODUCTION

1.1 Background

1.1.1 The “Hong Kong Section of Guangzhou-Shenzhen-Hong Kong Express Rail Link” Project
(hereinafter known as “the Project”) covers a 26km long underground rail line on a dedicated
track that runs from the terminus in West Kowloon to the boundary at Huanggang, where is
connect with the XRL Mainland section. XRL Project also covers ventilation buildings,
emergency access points, stabling sidings and maintenance facilities and an emergency
rescue siding (formerly known as rescue emergency station).

1.1.2 An Environmental Impact Assessment (EIA) study for the Project was conducted in
accordance with the EIA Study Brief No. ESB-197/2008.  The EIA study concluded that the
Project would be environmentally acceptable with the implementation of mitigation measures.

1.1.3 The EIA Report (Register No.: AEIA-143/2009) was approved on 28th September 2009 by the
Director of Environmental Protection (DEP) under the Environmental Impact Assessment
Ordinance (EIAO).  Following the approval of the EIA Report, an environmental permit (EP)
was granted on 16th October 2009 (EP No: EP-349/2009) for the construction and operation of
the Project. A variation of environmental permit was approved with an Environmental Permit
(EP No: EP-349/2009/A) issued by Director of Environmental Protection (DEP) on 27
September 2010.

1.1.4 Pursuant to EP Condition 2.23, the Permit Holder, MTR Corporation Ltd (MTR), should deposit
with the Director a Performance Test Plan (PTP) for the verification of the Line Source
Response (LSR) assumed in the EIA Report.  The PTP should include the result of the
vibration borehole testing (VBT) to be carried out at two carefully selected locations along the
tunnel alignment before the commencement of the construction of the Project and the
knowledge of the ground vibration conditions to be obtained during the construction stage of
the Project.

1.1.5 AECOM Asia Co. Ltd has been commissioned by the MTR to conduct the VBT and prepare
the PTP for the verification of the LSR assumed in the EIA Report.

1.2 Purpose of This Test Plan

1.2.1 This PTP presents the LSR analysis based on the results of the VBT conducted at two
selected locations for verification of the LSR assumed in the EIA Report.

1.3 Report Structure

1.3.1 This PTP comprises the following sections:

 Section 1 presents the background information of the PTP.
 Section 2 presents the details of the VBT and the prediction of LSR based on results of the

VBT.
 Section 3 presents the LSR analysis to verify the LSR assumptions in the EIA study.
 Section 4 presents the conclusion of verification.
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2 VIBRATION BOREHOLE TESTING

2.1 Testing Locations

2.1.1 Appropriate testing locations were selected to obtain representative LSR information in
northern and southern sections of alignment respectively.  The following considerations were
taken into account during the selection of testing locations:

 Safety issue - The borehole locations should be located at least 5m away from tunnel
alignment in order to avoid construction risk during tunnelling works.

 Relative high ground-borne noise levels predicted – The VBT is recommended to be
conducted at critical sensitive locations closest to the XRL tunnel.  Based on EIA
findings, relatively high Lmax levels ranging from 38 to 43dB(A) and 34 to 45dB(A) were
predicted in Kwai Chung (area near Kwai Ying Building and Ming Tak Building) and Shek
Kong (area near Wang Toi Shan Tsuen) respectively.

 Ground condition - The XRL tunnel will pass through mostly highly decomposed granite
rock with alluvium/marine deposit on top.  The tests are therefore proposed to be
conducted at this type of ground condition.  Kwai Ying Building and Ming Tak Building
are relatively larger buildings supported by piles on rock and the tunnel in this area will be
in rock, one of typical conditions in southern section.  Village houses in Shek Kong are
low-rise buildings without piles set on completely/highly decomposed (CD/HD) rock and
the tunnel in this area will be in rock with overlying highly decomposed rock above, which
is a typical condition in northern section.  In conclusion, the ground conditions are
typical for the general areas where high levels are predicted.

 Accessibility and appropriateness of site condition – Locations should be allowed for
fairly easy access for drilling equipment and for testing, and there are good positions
suitable for fixing the vibration transducers.  Approval of site access by the land owner
should also be sought.

2.1.2 With the above considerations, site visits were conducted in Kwai Chung, Shek Kong to
identify two representative locations for VBT and liaisons with land owners were also
conducted to obtain approval on access.  The testing sites are given in Table 2.1 with the
locations of borehole and accelerometer shown in Figures C8016/C/XRL/ENS/M53/005 &006.
A photographic record of VBT is presented in Appendix A.

Table 2.1 Vibration Borehole Testing Locations

Section Testing Location
Southern Section Parking bay at Tai Loong Street, Kwai Chung

Northern Section Open storage area near Kam Tai Road, Shek Kong

2.2 Instrumentations

2.2.1 The VBT was conducted using the instruments as listed in Table 2.2.

Table 2.2 Instruments Used in the Vibration Borehole Impact Test

Instrument Manufacturer / Model
No. Purpose

Pneumatic Hammer Wilkinson Murray (WM)
model 3.5

Connection to compressor to induce
force (impact)

Impact Controller WM type 1 Connection to pneumatic hammer to
control impact on/ off

Analyzer Platform Bruel & Kjaer PULSE / Spectrum analyzer for data
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Instrument Manufacturer / Model
No. Purpose

Sinus Harmonie with
Samurai software

acquisition

Accelerometer Bruel & Kjaer type 4370V /
PCB type 353B33

Vibration receiver instrument to
measure vibration, bonded in place

Force transducer PCB 200M200 Fitted to pneumatic hammer to
measure impact force

2.3 Measurement Procedures

2.3.1 The ground investigation (GI) contractor (Gammon Construction Limited) conducted borehole
drilling works with the following setup at the borehole:

 a straight hole of minimum clear internal diameter 130mm to a depth of ranging from 17m
to 30m with installation of PVC pipe for avoiding water flowing into testing location; and

 500mm concrete plug at the base of the hole.

2.3.2 Vibration borehole testing was conducted according to measurement procedures provided
below:

 Fix a force transducer to the bottom of the pneumatic hammer and connect this
transducer to the PULSE or Harmonie measurement instrumentation;

 Connect the accelerometers to the PULSE or Harmonie (set for 10 – 5000 Hz analysis,
Gaussian window) and place the accelerometers with bees wax onto the ground and
foundation of nearby Noise Sensitive Receivers (NSRs);

 Remove excess water from the drillhole immediately before the test;

 Lower the pneumatic hammer with force transducer attached to the base of the hole;

 Activate the pneumatic hammer to apply an impact at base of the hole;

 Record the impact force and the vibration levels at the surface locations. Measurement
was conducted in narrow frequency bands;

 Impacts force and vibration measurements were repeated (at least 20 times) to obtain
adequate data for prediction of LSR.
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2.3.3 Vibration borehole testing was conducted in September and December 2010 with details
presented in Table 2.3.

Table 2.3 Details of Vibration Borehole Impact Test

Borehole
No. Location Impact

Depth(1)
Measurement
Date Sensor No.

Slant
Distance
from
Borehole

B01 Parking bay at
Tai Loong
Street, Kwai
Chung

30m 6 September
2010

S1 – Foundation
of Kwai Chung
Building

31m

S2 – Foundation
of Kwai Ying
Building

39m

S3 – Foundation
of Kam Pui
Building

44m

B02 Open storage
area near Kam
Tai Road, Shek
Kong

17m 29 December
2010

S1 – On small
piece of concrete
on ground at 7m
setback from the
hole

18m

S2 – On small
piece of concrete
on ground at 14m
setback from the
hole

22m

S3 – On concrete
ground at 17m
setback from the
hole

24m

S4 – On concrete
ground at 25m
setback from the
hole

30m

S5 – On small
piece of concrete
on ground at 27m
setback from the
hole

32m

S6 – On small
piece of concrete
on ground at 34m
setback from the
hole

38m

Remark:
(1) As it is not possible to measure the PSR over large distances since the background vibration levels will affect the
measurements, the depth of borehole was therefore set to 30m and 17m instead of exact tunnel depth to allow
practical measurements.
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2.4 Geological Conditions

2.4.1 At Kwai Chung slightly decomposed granite rock exists from approximately 2m below the
surface. The hole was drilled into this rock and the impact was applied at a depth of 30m within
the rock. All buildings on which vibration testing was conducted were constructed on the rock
so that the path of vibration transmission from the impact point to the building is via rock.
Drillhole record is given in Appendix B.

2.4.2 At Shek Kong, the impact was applied in slightly decomposed course ash Lapilli Tuff rock and
there was slightly silty fine to course sand above this.  Nearby buildings were located on the
sand. Drillhole record is given in Appendix B.  Given that the measurement locations were
on small pieces of concrete (approximately 1m in dimension) it has been assumed that no
coupling loss and no amplification were included in the results.

2.5 Prediction of Line Source Response

2.5.1 The measurement data was organised so that the differing geological conditions at receivers
along the alignment, namely, the setback of the receiver from the alignment, the depth of the
tunnel, and the depth of the receiver-building basement can be input. For the given input
conditions, the overall PSR is extrapolated from the borehole impact database with respect to
the setback, and source and receiver depth. The LSR was then determined by (numerical)
incoherent integration of the Point Source Response (PSR) along the length of the train
centred on the receiver, while PSR was determined from impacting in a borehole (i.e. VBT).

2.5.2 The calculation of LSR followed the calculation outlined in High-Speed Ground Transportation
Noise and Vibration Impact Assessment (FRA High-Speed Guidance Manual). Firstly, the
narrow band frequency PSR results were converted to one third octave band results over the
frequency range 12.5 to 500 Hz.  For each one third octave band, the regression line of best
fit was established through the results and this allowed extrapolation of the results to positions
beyond the measurement locations. Using the extrapolated PSR results, the LSR values were
determined.

2.5.3 At these sites, the results below 12.5Hz could not be obtained with the test equipment used at
the time of measurement, but this will have an insignificant effect on the prediction of
A-weighted ground-borne noise which is dominated by frequencies around 100 Hz.  This is
because frequencies below 10Hz are not included in the internationally defined A-weighting
curve and, even at 10Hz the weighting is a very negative -70 dB.

2.5.4 The numerical integration to determine LSR was carried out by assuming a train length
consisted of a series of point sources h metres (10m) apart and the PSR from each point
source to the receiver location was established from the measured PSR, using interpolation
where necessary.  LSR was then calculated as follows:

LSR = 10 log [h x (10PSR1/10/2 + 10PSR2/10 + ........... + 10PSRn/10/2)]

Where  h = point source interval
PSRi = point source response of the ith point source
n = last point source

2.5.5 The PSR for various impact boreholes used to calculate LSR and the LSR obtained by
extrapolating the PSR are presented in Appendices C and D respectively.  The results for
Shek Kong are, to some degree, affected by background vibration levels on site but the results
are adequate for verification of LSR assumptions.



Consultancy Agreement No. C8016
Environmental Term Consultancy for Express Rail Link

MTR Corporation Limited Performance Test Plan

AECOM Asia Co. Ltd. 6 October 2011
XRL PTP_v13.doc

3 LINE SOURCE RESPONSE ANALYSIS

3.1 LSR Adopted in the Approved EIA Report

3.1.1 The LSR determines the vibration levels or attenuation in the ground as a function of distance
caused by an incoherent line source of unit force point impacts.

3.1.2 The LSR values adopted in ground-borne noise assessment were referenced from the data
West Island Line (WIL) EIA Study (EIA Register No. AEIAR-126/2008).

3.1.3 The LSR for WIL EIA Study were determined based on the results of borehole impact tests
performed in rock, soil and close to the rock head both on the soil side and the rock side, with
receiver vibration data taken at many setback distances.  Appropriate LSR was selected
accordingly with consideration of geological characteristics along alignment.  Where the
tunnel will pass through rock, the rock is granite with highly decomposed granite and alluvium
on top, and the LSR values used from WIL are those obtained by testing in the same rock and
ground material.  Where the tunnel will pass through soft ground, the soft ground is mostly
decomposed granite and sandstone.

3.1.4 The test carried out at Kwai Chung was specifically aimed at determining the LSR values for
vibration propagating only through rock, while test was conducted at Shek Kong was aimed at
determining propagation through soft ground, taking consideration of relative higher
ground-borne noise predictions in these areas.

3.2 Verification of LSR

3.2.1 The LSR values determined at Kwai Chung and Shek Kong may be compared with those used
in the EIA for the same area and the same ground conditions (WIL D064-54.6m and
D018-39.8m respectively). The EIA LSR values are now shown in Appendix E.  To  allow a
better comparison, Appendix F shows the LSR value determined at Kwai Chung at a distance
of 60m and the EIA assumed LSR at a distance of 61m, and the LSR values determined at
Shek Kong and in the EIA at 40m.

3.2.2 It can be seen that the measured Kwai Chung LSR values are lower than the EIA LSR values
over a large part of the frequency range but are slightly higher than the EIA values at the high
frequencies.  At Shek Kong, the measured values are higher than the assumed EIA values
except for at the high frequencies.  Different in ground condition information for EIA stage and
recent stage may be accounted for the differences in LSR values.  Based on latest geological
profile obtained from recent site investigation works (Appendix H), it is indicated the
geological profile adopted in EIA prediction is similar to the latest profile in Kwai Chung area
but is a bit different from those recorded in Shek Kong.  The LSR values measured in Shek
Kong is therefore different from those adopted in EIA.

3.2.3 Given that tunnelling works are yet to commence, and thus the knowledge of the ground
vibration conditions obtained during tunnelling works is not available during the preparation of
PTP.  However, ground-borne noise impact monitoring will be conducted at designated
monitoring locations when the TBM head is operating underneath the monitoring locations,
according to the EM&A Manual. The monitoring results will be reviewed to reconfirm the EIA
predictions. Investigation will be conducted in the event of exceedances recorded and
follow-up actions will be proposed as necessary.

3.2.4 A review of LSR values adopted in EIA has been conducted.  Based on the same assumption
of Force Density Level (FDL) adopted in EIA Report for China Railway High-speed (CRH)
trains, higher LSR values at most frequencies and lower at high frequencies would result in
higher ground-borne noise levels.   However, it should be noted that the FDL of CRH trains is
yet to be obtained and thus the dominant frequencies and actual levels are unknown at this
moment. The compliance of noise limits would therefore be checked upon available of
measured FDL values.  Pursuant to EP Condition 2.25, ground-borne noise prediction will be
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conducted based on the measured LSR values and FDL of the trains for updating the
mitigation proposal as necessary.
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4 CONCLUSION

4.1.1 The measurement of ground LSR values at two carefully selected locations along the route of
the proposed XRL will allow a check of the suitability of the LSR assumptions adopted in the
EIA for the two relevant ground types.

4.1.2 The LSR values measured at Kwai Chung apply to those conditions where the tunnel is
proposed to be in rock and the NSRs are supported on rock.  The LSR values measured at
Shek Kong apply to those locations where the tunnel is in rock, but the NSRs are supported on
the overlying soft ground.

4.1.3 The measured Kwai Chung LSR values are lower than the EIA LSR values over a large part of
the frequency range but are slightly higher than the EIA values at the high frequencies.  At
Shek Kong, the LSR values are higher than the EIA assumption at most frequencies, but lower
at the high frequencies.  Upon the available of FDL values, ground-borne noise prediction will
be conducted based on the measured LSR values and FDL of the trains for updating the
mitigation proposal as necessary.
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APPENDIX A

Photographic Record of VBT
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Appendix A Photographic Record of VBT

VBT at Kwai Chung

Pneumatic Hammer Force Transducer

Impact Controller Analyzer Platform
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VBT at Shek Kong

Pneumatic Hammer Impact Controller and Analyzer Platform



APPENDIX B

Drillhole Records















APPENDIX C

Measured Point Source Responses
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Appendix C Measured Point Source Responses

Kwai Chung

-20

-10

0

10

20

4 8 16 31.5 63 125 250 500 1K 2K

Frequency, Hz

PSR at 31m

PSR at 39m

PSR at 44m

Point Source Response

Shek Kong

-40

-30

-20

-10

0

10

20

30

4 8 16 31.5 63 125 250 500 1K 2K

Frequency, Hz

PSR at 18m

PSR at 22m

PSR at 24m

PSR at 30m

PSR at 32m

PSR at 38m

Point Source Response



APPENDIX D

Determined Line Source Responses
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Appendix D Determined Line Source Responses
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APPENDIX E

XRL EIA Assumed Line Source Responses
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Appendix E XRL EIA Assumed Line Source Responses
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APPENDIX F

Comparison of Measured and EIA Line Source Responses
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Appendix F Comparison of XRL EIA and Measured Line Source Responses
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APPENDIX G

Calibration Records of Measurement Equipment



Consultancy Agreement No. C8016
Environmental Term Consultancy for Express Rail Link

MTR Corporation Limited Performance Test Plan

AECOM Asia Co. Ltd. Appendix G - 1 October 2011
XRL PTP_v13.doc

Appendix G Calibration Record of Measurement Equipment
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APPENDIX G

Calibration Records of Measurement Equipment

APPENDIX H

Latest Geological Profiles at Measurement Locations



Borehole 01

Chainage:
( Southbound)

Existing Ground Level:
Proposed Rail Level:

Appendix H Geological Profile at Kawi Chung Area
Geological Profile presented in the XRL EIA Report (Figure no: NOL/ERL/300/C/XRL/ENS/M53/216)

Borehole 01

Latest Geological Profile prepared in August 2010

Chainage:

Borehole 01



Appendix H Geological Profile at Shek Kong Area
Geological Profile presented in the XRL EIA Report (Figure no: NOL/ERL/300/C/XRL/ENS/M53/207)

LEGEND:

Latest Geological Profile prepared in November 2009

Chainage:Chainage:

Borehole 02




