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APS COMMISSIONING TEST PLAN
(CONDITION 2.7 OF OPERATION ENVIRONMENTAL PERMIT, EP-482/2013/A)
1.

Introduction

1.1

The approved EIA Report, AEIAR-125/2008 and AEIAR-041/2001 (hereafter referred as
“the EIA report”) studying for the engineering feasibility of Wan Chai Development Phase
II (WDII) and Central-Wan Chai Bypass (CWB) was completed and approved in Year 2008
and 2001 respectively. Subsequently in Year 2010, the Government has decided to
incorporate an air purification system (APS) in the CWB project, which will bring
enhancement to the air quality of tunnel exhaust before discharging them into the
atmosphere.

1.2

The Environmental Permit, EP-482/2013/A (hereafter referred as “the OEP”), for the
operation phase of the CWB tunnel was issued on 22 December 2016. As stipulated in
Condition 2.6(d) of the OEP, “an air purification system (APS), including an electrostatic
precipitator system (EPS), with removal efficiency of at least 80% of dust to reduce the
level of respirable suspended particulates (RSP), and a NO 2 removal system with removal
efficiency of at least 80% for NO2, shall be adopted to improve the air quality before
discharging to the atmosphere via the WVB, CVB and EVB and its vent shaft.”

1.3

As stipulated in Condition 2.7 of the OEP, “The Permit Holder shall, no later than three
months before the commencement of operation of the Project, submit to the Director for
approval four hard copies and one electronic copy of a APS Commissioning Test Plan,
which shall be certified by the ET Leader and verified by the IEC as conforming to the
Application of this Environmental Permit including all attachments submitted by the Permit
Holder (Application No. AEP-482/2013), to provide the testing schedule and methodology
for the commissioning test of the APS described under Condition 2.6(d) above.”

2.

APS System Description

2.1

The Air Purification System (APS) is a system dedicated to remove dust particles PM 10
and NO2 in the exhaust airstream of vehicle tunnels. The APS consists of the dust filtering
part by means of an electrostatic precipitator (ESP) and the NO 2 removing part (De-NO2
system). The APS are adopted at West Ventilation Building (WVB), Central Ventilation
Building (CVB) and East Ventilation Building (EVB) and its vent shaft.

2.2

In the ESP, the dust is captured from the airstream where an electric field is created using
charged metal plates in the form of anodes and cathodes by means of a high voltage DC
power generator. When the collector plates are covered with dust, they will be washed
down with a water spray. The ESP filter shall be dried by pressurized air and become
ready for use.

2.3

Activated carbon gas adsorption shall remove NO 2. The use of thick carbon array and the
activated carbon shall maintain its adsorption performance during a long serviceability for
a period of two to three years. Replacement of the activated carbon shall then take place.

3.

Testing Schedule and Methodology

3.1

The testing of APS at three different ventilation buildings will be separated into 2 stages.

3.2

The first stage testing will include the factory performance test of electrostatic precipitator
and factory adsorption test of De-NO2 filter which tests will be carried out before
manufacturing and delivery to Hong Kong, Site Acceptance Test (SAT) of two crucial
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equipment, i.e. High Voltage Transformer (HVT) & ESP System (ESP Ioniser and
Collector) and routine test of the activated carbon.
3.3

For the factory performance test of ESP, the tests were conducted under the requirements
stated in Particular Specification for HyD’s Contract No. HY/2011/08 – Central – Wan Chai
Bypass – Tunnel Buildings, Systems and Fittings, and Works associated with Tunnel
Commissioning PS37.23(2)(i), (ii) and (iii). The details of the Factory Performance Test for
ESP and the Particular Specification are attached in Appendix 5 and Appendix 7 for
reference. The tests were carried out inside the laboratory at conditions similar to the
tunnel environment and measured the PM10 concentration before and after the ESP
modules. The two test ESP modules were mounted in a galvanized steel frame with
rectangular cross-section and sheeted to form a duct. Adapters connected the ESP
module duct for testing to the test rig ducting. The test rig consisted of a circular air
channel, a variable speed ventilation fan, a dosing unit for injection of test duct and
measuring equipment for determination of particle separation rates and air velocity. The
channel was insulated to ensure appropriate temperature conditions. The testing
parameters and testing values are listed in the below table. A sample of the test report for
performance test of ESP is attached in Appendix 1 for reference. The test was inspected
and accepted by relevant parties including Contractor, Resident Site Staff, and witnessed
by EMSD and HyD to ensure the ESP would meet the performance requirements.
Test Parameter
Velocity
PM10 inlet concentration
Air temperature / Relative
humidity
Ioniser / Collector voltage

3.4

Test Value
1) 2m/s
3
1) 0.2mg/m
1) 30˚C/80%
4) 27.5˚C/90%
1) 16/7kV
4) 14/4.5kV

2)
2)
2)
5)
2)

4m/s
3
0.5mg/m
35˚C/65%
22.3˚C/98.5%
15/5kV

3) 6m/s
3
3) 1mg/m
3) 40˚C/50%
3) 15.5/6.5kV

For the factory adsorption test of De-NO2 filter, the tests were conducted under the
requirements stated in Particular Specification for HyD’s Contract No. HY/2011/08 –
Central – Wan Chai Bypass – Tunnel Buildings, Systems and Fittings, and Works
associated with Tunnel Commissioning PS37.23(3)(i) and (ii). The details of the Factory
Performance Test for De-NO2 filter and the Particular Specification are attached in
Appendix 6 and Appendix 7 for reference. The tests were carried out inside the laboratory
at an environment similar to the APS plenum in terms of temperature, humidity and the
design airflow velocity. The adsorption tests were conducted in Camfil’s Molecular Media
Test Rig (MMTR). The rig consisted of cylindrical columns in which carbon medium beds
are formed. One column was kept empty for measuring the upstream concentration during
the tests. One analyser was used to measure the challenge substance concentrations
both upstream and downstream of the sample. This was done by sequentially changing
the sampling point between the columns. The challenge gas was mixed with temperature
and humidified controlled air. The testing parameters and testing values are listed in the
below table. A sample of the adsorption test report for De-NO2 filter is attached in
Appendix 2 for reference. The tests were inspected and accepted by relevant parties
including Contractor, Resident Site Staff, and witnessed by EMSD and HyD to ensure the
De-NO2 filter would meet the performance requirements.
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Test Parameter
Flow
NO2 inlet concentration
Air temperature / Relative
humidity

Test Value
1) 45l/min
1) 200ppb
1) 30˚C/80%
4) 27.5˚C/90%

2) 1ppm
2) 35˚C/65%

3) 40˚C/50%

3.5

For the Site Acceptance Test of High Voltage Transformer and ESP System, the start-up
of the HVT and ESP System will be checked on site at different ventilation buildings and
inspected by relevant parties including Contractor, Resident Site Staff, and witnessed by
EMSD and HyD to ensure the installed components of APS are properly functioned
according to Particular Specification for HyD’s Contract No. HY/2011/08 – Central – Wan
Chai Bypass – Tunnel Buildings, Systems and Fittings, and Works associated with Tunnel
Commissioning PS 37.24(2)(i), (ii) and 37.24(3)(i). The Particular Specification is attached
in Appendix 7 for reference. A sample of the checklists for start-up of HVT and ESP
Systems are attached in Appendix 4 for reference.

3.6

Routine testing of activated carbon for De-NO2 filter will be conducted according to
Particular Specification for HyD’s Contract No. HY/2011/08 – Central – Wan Chai
Bypass – Tunnel Buildings, Systems and Fittings, and Works associated with Tunnel
Commissioning PS 37.22(3)(ii) when the activated carbon is departing factory to ensure
the activated carbon is in appropriate condition. The Particular Specification is attached in
Appendix 7 for reference. The routine test will be conducted by the laboratory of the
activated carbon factory. A sample of the routine testing report for activated carbon is
attached in Appendix 3 for reference.

3.7

The second stage testing will include the Efficiency Tests of the APS for all three
ventilation buildings. The Efficiency Test will be conducted 30 days after the CWB tunnel
is commissioned according to Particular Specification for HyD’s Contract No.
HY/2011/08 – Central – Wan Chai Bypass – Tunnel Buildings, Systems and Fittings, and
Works associated with Tunnel Commissioning PS37.24(4)(i) and (ii). The Particular
Specification is attached in Appendix 7 for reference. The tests will verify the performance
efficiency (80% removal rate of NO2 and PM10) of the APS. The Efficiency Test will be
conducted by the Contractor, supervised and accepted by Resident Site Staff and
witnessed by EMSD and HyD.

3.8

A summary table of 2 stages testing including schedule, acceptance criteria and testing
methods is listed below.

st

1 stage Testing
Test
Testing
Date
Factory
26/10/15
Performance – 2/11/15
Test of ESP

Factory
Adsorption
Test for DeNO2 filter

13/3/17 –
17/3/17

Duration
7 days

4 days

Frequency
of Testing
Total of 9
tests for the
combinations
of conditions
listed in3.3
Total of 16
tests for the
combinations
of conditions
listed in3.4

Testing
Method/Requirement
Refer to Appendix 5

Acceptance
Criteria
Refer to
item 3.9

Refer to Appendix 6

Refer to
item 3.9
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Site
Acceptance
Test for HVT
and
ESP
System

To
conduct
by July
2018
(tentative
)

1 week for
each
ventilation
building

Routine Test
of Activated
Carbon

-

-

Once for
each HVT
and ESP
System
installed at
each
ventilation
building
1 sample for
every
25,000kg of
activated
carbon
departed
factory

Check and ensure the
HVT and the ESP
system including
ionizer and collector
are functioning

Refer to
Appendix 4

Testing of weight,
density, size (pellet
diameter), moisture
content of activated
carbon

Refer to
Appendix 3
(Columns
under Spec.
min and
Spec. min)

nd

2 stage Testing
Test
Testing
Date

Duration

Frequency
of Testing

Testing
Method/Requirement

Acceptance
Criteria

Efficiency
Test

To be
confirmed

Once for
each
ventilation
building

The Contractor shall
engage an accredited
independent
laboratory to verify the
installation and
calibration of the
installed air monitoring
devices. Based on the
installation and
calibration of the
installed air monitoring
devices and site
constraint, the
accredited
independent
laboratory shall
propose additional air
quality measurement
in the air stream
before and after
passing through the
ESP and De-NO2
filters for the Efficiency
Test in each
ventilation building

Refer to item
3.9

3.9

30 days
after the
CWB
tunnel is
opened

The factory performance test of ESP, factory adsorption test for De-NO2 filter and the
Efficiency Test have the following acceptance criteria. With the ESP system and De-NO2
filter limitation, the removal efficiency of PM10 and NO2 may not be able to achieve an 80%
removal rate at lower level of concentration of PM10 and NO2. The abovementioned tests
were or will be inspected and accepted by relevant parties including Contractor, Resident
Site Staff, and witnessed by EMSD and HyD. The acceptance criteria of the removal
efficiency of PM10 and NO2 is stated under Particular Specification for HyD’s Contract No.
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HY/2011/08 – Central – Wan Chai Bypass – Tunnel Buildings, Systems and Fittings, and
Works associated with Tunnel Commissioning PS 37.2(1)(i) and (ii). The Particular
Specification is attached in Appendix 7 for reference.
When inlet concentration of NO2 is equal to or greater than 0.25ppm, not less than 80% of
NO2 shall be removed.
When inlet concentration of NO2 is lower than 0.25ppm, the outlet concentration of NO2
shall not be greater than 0.05ppm.
When inlet concentration of PM10 is equal to or greater than 0.5mg/m3, not less than 80%
of PM10 shall be removed
When inlet concentration of PM10 is lower than 0.5mg/m3, the outlet concentration of PM10
3
shall not be greater than 0.1mg/m
In case the monitored air pollutant levels under Air Quality Monitoring Plan (AQMP)
submitted in accordance with condition 2.9 of EP-482/2013/A exceed the approved criteria,
the Permit Holder shall complete the investigation to identify the source/reason of
exceedance and submit the investigation report, with recommended remedial actions to
the DEP, within 2 weeks of detection of the exceedance. The Permit Holder shall fully and
properly implement the recommended remedial actions according to the deposited
investigation report.
4.

Submission Schedule

4.1

The first stage APS Commissioning Test Report, including the factory performance test of
electrostatic precipitator, factory adsorption test of De-NO2 filter, Site Acceptance Test of
High Voltage Transformer (HVT), ESP System (ESP Ioniser and Collector) and routine
test of the activated carbon will be submitted to the Director of Environmental Protection at
least one month before the commencement of operation of the Project in accordance with
condition 2.8 of EP-482/2013/A.

4.2

Efficiency Tests for the APS will be carried out after the CWB tunnel is opened for 30 days.
To allow two months for verifying the test results, the second stage APS Commissioning
Test Report will be submitted to the Director of Environmental Protection around three
months after the CWB tunnel is opened.
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ADDENDUM NO.4
Contract No. HY/2011/08
Particular Specification ·
Section 37 - Air Purification System

Central -Wan Chai Bypass
Tunnel Buildings, Systems and Fittings,
and Works Associated with Tunnel Commissioning

(c) If off-site regeneration of De-N02 filter is used, each
activated carbon shall be re-used for at least 2 years
even through regular replacement of the activated carbon
for regeneration is required. The Contractor shall be
responsible to supply, install, replace, perform test and
commission for the activated carbon at their own cost
during the five years performance warranty period. Also,
all cost related to the off-site regeneration throughout the
5 years performance warranty period shall be paid by the
Contractor.
(13) The Contractor shall coordinate with FSD to identify if any one of
their equipment/materials (such as activated carbon) is classified
as dangerous goods (such as Cat. 3). The Contractor shall apply
for dangerous ·goods store licence from FSD if the aforesaid
dangerous goods are over the statutory exempted quality. The
approval certification shall be provided to the Engineer before the
manufacturing of the equipment/materials for this project.
(14) No chemical waste, under the definition in the Law of Hong Kong
Chapter 354C, Waste Disposal (Chemical Waste) (General)
Regulation, shall be generated from the operation and
maintenance of APS.
SCC 101 and Clause 13.40 of this Particular
(15) Pursuant to
Specification, the Contractor shall submit to the Engineer a
certificate of guarantee or a warranty from the sub-contractor or
manufacturer or supplier of any Plant or part thereof or any
material commencing from the end of the Maintenance Period for
the APS up to the expiry of the guarantee period as provided by
the sub-contractor or manufacturer or supplier or up to the expiry
of the guarantee period as required in the Specification whichever
is longer without loss of mechanical properties, deterioration,
corrosion and distortion and the like under normal operating
conditions. The said certificate of guarantee or warranty shall be
submitted in a form approved by the Engineer before delivery of
the respective Plant or part thereof or any material to the Site, and
is a condition precedent to the certification of payments of related
works items in accordance with Clauses 78 and 79 of the General
Conditions of Contract and the Special Conditions of Contract
clause sec 102.
(16) Regarding the testing and comm1ss1oning, The Contractor shall
read in conjunction with Clause 13.01 G(17) and other relevant
Sections of the Particular Specification.
DESIGN STANDARDS/CRITERIA

General

37.2

(1)

The APS shall be designed to the following system performance
requirements :-

(i)

A:-coM

I_HY_2011_08_PS37_ 4

For particle, when inlet concentration equal to or greater
than 0.5mg/m 3 , not less than 80% of PM 10 shall be removed
after the air is treated by the APS. For inlet concentration
lower than 0.5mg/m 3 the outlet concentration shall not be
greater than 0.1 mg/m 3.

PS37/9
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(ii)

For N0 2 , when inlet concentration equal to or greater than
0.25ppm, not less than 80% of N0 2 shall be removed after
the air is treated by the APS. For inlet concentration less
than 0.25ppm, the outlet concentration shall not be greater
than 0.05ppm.

(iii)

Not to exceed a pressure drop of 850Pa after inlet air tunnel
damper and before the exit of treated air into the plenum or
duGtwork. The tunnel damper shall meet the requirement as
specified in PS Section 36.

(iv)

No ignition when exposed to an airstream of 250°C for
minutes. The Contractor shall provide test/evidence
demonstrate that the activated carbon filter will not
ignited when exposed to an airstream of 250 ° C for
minutes.

(v)

Yearly average availability of not less than 95% at the
specified airflow capacities in Clause 37.2(3), including the
wash down time of ROt more than 60 minutes for each
ventilation·building as per Clause 37.2(3)(i)(b). If possible,
the Contractor shall isolate the portion of APS which would
not be available during such activities while maintaining the
operation of the non-affected portion of the APS.

(vi)

The activated carbon shall be able to maintain the efficiency
as mentioned in sub-clause (ii) for at least 2 years without
replacement of the activated carbon.

(vii)

The waste water produced by the APS shall satisfy the
requirements of EPD and DSD before direct disposed to
public sewage system.

15
to
be
15

(viii) The solid waste produced from the APS shall satisfy the
requirement from EPD for landfill or other treatment to be
proposed by the Contractor.
(2)

AECOM
I_HY_2011_08_PS37 _3

Design Life

(i)

The APS shall be designed to operate, under the specified
conditions for a road tunnel environment, for the specified
equipment minimum design life.

(ii)

The design life for APS shall commence on the first day of
tunnel operation for the Project.
Commissioning and
operational activities performed prior to commercial
operation shall not be included in the design life of the
nominated equipment.

(iii)

Activated carbon for the removal of N0 2 is considered as
consumables. However, the activated carbon shall be able
to maintain not less than 80% of removal of N0 2 before and
after the APS for at least 2 years without replacement of the
activated carbon.

(iv)

The components of APS shall have the following design lifes
as per the summary below :-

PS37/1 0
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constant re-generation of activated carbon (i.e. more than 3
hours down time), the Contractor shall provide mitigation
measure such as isolate the portion of APS which would not
be available during such activities to maintain the operation
of the non-affected portion of the APS.
(iii)

(4)

Based on the actual condition of the activated carbon during
the tunnel operation, the Contractor shall develop a method
to predict when the installation/replacement of De-N02 filter
is expected to take place (e.g. when the filter drops below
the required efficiency).

Airflow Capacity and Evenness
(i)

The Contractor shall design, supply, install, test and commission
all necessary partitions inside the plenums to ensure the APS
equipment is performing to its requirements as per Clause 37. 2
(1 ).

(ii)

The Contractor shall design, supply, install, test and
commission airflow guide vanes to achieve the evenness of
airflow at intake positions of ESP filters and De-N0 2 filters.
Test shall be developed and carried out by the Contractor to
verify the evenness of airflow at intake position of ESP filters
and De-N02 filters.

(iii)

The Contractor shall provide remedial measures at his own
costs to restore the performance of the APS when
unsatisfactory results are obtained from the Site Acceptance
Tests and subsequent operation records within the
Maintenance Period for the APS.

SYSTEM DESCRIPTION
General

A:-coM

37.3

I_HY_2011_08_PS37_ 4

(1)

The Air Purification System (APS) is a system dedicated to
remove dust particles and N0 2 in the exhaust airstream of vehicle
tunnels. The APS shall consist of the dust filtering part by means
of an electrostatic precipitator (ESP) and the N0 2 removing part
(De-N0 2 system).

(2)

In the ESP, the dust is captured from the airstream where an
electric field is created using charged metal plates in the form of
anodes and cathodes by means of a high voltage DC power
generator. When the collector plates are covered with dust, they
shall be washed down with a water spray. The ESP filter shall be
dried by pressurized air and become ready for use.

(3)

Activated carbon gas adsorption shall remove N0 2 . For this
technology, the Contractor may propose either of the following two
types for this Project.
(i)

Type 1: The use of a thick carbon array and the activated
carbon to maintain its adsorption performance during a very
long serviceability for a period of two to three years.
Replacement of the activated carbon shall then take place.

(ii)

Type 2: The use of chemical enhanced method to recycle
the carbon after a much shorter period (6 days to 6 months)
in order to maintain its performance. This technology
requires process with consumption of chemicals and

PS37/12
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Air Quality Control

37.7

A:COM
I_HY_2011_08_PS37 _0

(iii)

ESP and De-N02 efficiency; and

(iv)

Air quality, temperature, humidity and pressure drop across
ESP filter and De-N02 filter.

(1)

The gases generated from the APS operation shall comply with
EPD's requirement and/or practice.

(2)

The Contractor shall submit the constituents of the gases that will
be generated and retained in the airstream after passing through
the ESP filter and De-N0 2 filter within 90 days after the Date of
Commencement of the Contract. After the Factory Acceptance
Test, the Contractor shall submit documentary proof of the
constituents of the gases that will be generated and retained in the
airstream after passing through the ESP filter and De-N0 2 filter as
part of the test results for the Engineer's approval.

(3)

(i)

Before the CWB tunnel commission, the Contractor shall
engage an accredited independent laboratory with
experience in measuring air quality approved by the
Engineer to verify the installation and calibration of the
installed air monitoring devices. Based on the installation
and calibration of the i11stalled air monitoring devices and the
site constraint, the accredited independent laboratory shall
propose additional air quality measurement in the air stream
before and after passing through the ESP filter and De-N02
filter for the Efficiency Test in each ventilation building. The
testing procedures shall be submitted to the Engineer for
approval 90 days before the Efficiency Tests. After the
CWB tunnel is commissioned for 30 days, the Contractor
shall carry out Efficiency Test for the APS to verify the
performance efficiency of the APS in the tunnel. The
accredited independent laboratory shall verify the rnstallation
and calibration of the installed air monitoring devices again
and witnesses the air quality measurements, certifying their
results and efficiency in accordance with Clauses 37.2(1 )(i)
and (ii) over a seven days period.
The accredited
independent laboratory shall also conduct additional air
quality measurement based on the approved procedure.
The result-of the additional air quality measurement shall be
used as one of the reference in the test report. The
Contractor shall coordinate and liaise with TD and the tunnel
operator for the arrangement of the Efficiency Test.

(ii)

Within 7 days after the Efficiency Test, the test results of the
ESP filter and De-N02 filter, constituents of the gases shall
be submitted to the Engineer for approval. If the test results
cannot meet the design criteria as stipulated in Clauses
37.2(1 )(i) and (ii), the Contractor shall submit the
investigation report and rectification proposal to the
Engineer for approval and shall be obliged to carry out all
the necessary rectification works at his own costs (e.g.
modification of the Tunnel Ventilation System) to improve
the performance of the APS. Upon completion of the
rectification, the Contractor and the accredited independent
laboratory shall conduct the Efficiency Test again in
accordance with the approved testing procedures until the
test results in compliance with the design criteria as

PS37/15
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stipulated in Clauses 37.2(1)(i) and (ii).
Noise Control.

Waste Water
Control

37.8

37.9

(1)

The Contractor shall design the APS such that the noise level
generation will not emit additional noise to the tunnel and the
ambient. Within 90 days after the Date of Commencement of the
Contract, the Contractor shall submit documentary proof, which
contains calculation and reference to previous installation, on the
noise levels of the following equipment during operations for the
Engineer's approval :(i)

HV DC power generator;

(ii)

ESP; and

(iii)

Re-generation of activated carbon process, if type 2 of APS
as mentioned in Clause 37.3(3)(ii) is used.

(2)

The Contractor shall design the APS such that the noise level
generation under the design airflow will not contribute to higher
noise levels of the ventilation system to the tunnels and the
discharge of APS treated· air to ambient. In addition, Contractor
shall provided a calculation in the design stage that the maximum
noise level of APS shall not be higher than 85dB(A) at 1 .5m above
floor level and 3m away from the APS. ""I:he calculation shall be
endorsed by an approval professional engineer with noise
assessment experience .If the noise level of the APS is higher
than 85dB(A) even through all possible mitigation measures have
been used, the Contractor shall consider to increase the length of
the silencer in the tunnel ventilation system to achieve the tunnel
noise level requirement and outdoor noise level requirement.

(1)

The Contractor shall develop the details of the waste
measurement for the APS and submit documentary proof on the
components of the following waste water and/or slurry for the
Engineer's approval :(i)

Waste water and/or slurry from recycling system of the
ESP; and

(ii)

Waste water and/or slurry from the waste water tank of the
carbon re-generation system, if Type 2 of APS as mentioned
in Clause 37.3 (3) (ii) is used.

The Contractor shall submit the information within 90 days after the
Date of Commencement of the Contract. During the initial 6
months of tunnel operation, the Contractor shall engage an
accredited independent laboratory to conduct waste measurement
for both before and after dilution (if required) per month and submit
a monthly report to confirm the waste water and/or slurry can
satisfy the local authority requirements. If the result of waste
measurement by the laboratory shows that the quality of the
wastewater or slurry is not acceptable, the Contractor shall be
responsible to carry out remedial measures at his own cost to
ensure that the legislation is complied with.
(2)

AiCOM
I_HY'-2011_08_PS37_ 4

Prior to the equipment submission for the Engineer's approval, the
Contractor shall obtain the approval or agreement in principle from
EPD and DSD on the direct discharge of the waste water (in the
future operation stage) as mentioned in 37.7 (1 ). The Contractor
shall avoid discharge of chemical waste as defined under Waste

PS37/16
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equipment is transported by road.
(ii)

The packaging shall prevent moisture build up, and shall
preclude any water from contacting the equipment.

(iii)

The maximum of the packing shall be suitable for access to
the APS plenums and APS auxiliary rooms.

TESTING AND COMMISSIONING
Inspection and
Testing

37.22

(1)

(2)

(3)

General

(i)

Inspection, type and factory testing of the APS equipment
shall be carried out as specified below.

(ii)

An inspection and testing program shall be submitted to the
Engineer for approval.

(iii)

Certificate of conformance for each APS equipment
(referencing its serial number) shall be provided, certifying
each equipment meets the requirements of the specification.

(iv)

All tests shalf meet the requirements of the relevant
standards referenced in the specification.

(v)

The Contractor shall allow and arrange visits for the
Engineer's Representative to witness the factory acceptance
tests of the APS, within and/or outside Hong Kong at the
expense of the Contractor. The Employer's staff may join
such visits at the expenses of the Employer. The details and
numbers of visits shall be discussed and agreed with the
Engineer.

Inspection and Test Plan
(i)

All relevant aspects of the works including manufacture,
fabrication, testing and commissioning shall be documented
on Inspection and Test Plans (ITPs). The ITPs shall include,
but not be limited to, manufacturing quality checks and
inspections, the factory acceptance testing (FAT), site
acceptance testing (SAT) and commissioning tests.

(ii)

All ITPs shall be submitted to the Engineer for approval 120
days after the Date of Commencement of the Contract.

(iii)

The Contractor and its APS manufacturer shall not proceed
with the works associated with any ITP until such works, and
any associated procedures and checklists, have been
approved by the Engineer.

(iv)

The Contractor and its APS manufacturer shall not waive
any inspection or test shown on the approved Inspection
and Test Plan without the written approval of the Engineer.

Production quality checks and inspection
Production quality checks and inspections shall be performed as
per the manufacturer quality procedures.
Production quality
checks and inspections shall include but not be limited to the
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following items:(i)

(ii)

Visual Testing
(a)

The products shall be without noticeable defects.

(b)

The dimension, tolerances and details shall conform to
fabrication drawings.

Routine Test
(a)

The following routine tests shall be carried out for the
activated carbon at a rate of 1 sample per 25,000kg of
materials, to ensure consistency:Test Requirements

Relevant Standard

Carbon Tetrachloride
Adsorption CTC

ASTM 03467

Moisture

ASTM 02867

Hardness

ASTM 03802

Bulk density

ASTM 02854

Ignition temperature

ASTM 03466

Ash content

ASTM 02866

Surface area

BET nitrogen adsorption
(See note below)

Particle size

Sieve analysis, with reported
value for each sub-size.

(Note: BET adsorption is a theory on the physical adsorption
If alternative
of gas molecules on a solid surface.
technology (for example, activated carbon gas absorption) is
proposed by the Contractor, the Contractor shall propose
the associated routine test to the Engineer for app~oval.)
The deviation of the test results shall be within the limits of the
relevant standards. The Contractor shall submit the test reports
to the Engineer for approval within 21 days after the test and
before the bulk order of the materials.
The Contractor shall arrange an independent laboratory and/or
university to verify the details of the material content of N02
removal unit (activated carbon) and compare the result with the
specification provided by the Contractor in association with the
APS supplier to the Engineer for information.
(b)

A:COM
I_HY_2011_08_PS37_0

The following routine tests shall be carried out for the
ESP filters :-
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- Continuity and insulation tests for all filters.
- Energised test for 10% of the filters.
(c)

Factory
Acceptance Test

37.23

(1)

(2)

General
(i)

Performance and electrical property tests shall be conducted
for the ESP filter. One specimen shall be produced for the
tests.

(ii)

Not used.

(iii)

The Contractor shall develop and submit the test plan and
the test procedure to the Engineer for approval.

(iv)

The Contractor shall provide a minimum of 20 working days
notice to the Engineer of the intention to conduct the tests.

ESP Filters
(i)

The size of the
0.9m(W)x0.6m(H).

(ii)

Electrical Testing
(a)

(iii)

(3)

ESP

filter shall

not

be

less

than

Full electrical tests with HV DC supply of the ESP filter
specimen meeting the manufacturer's design and
EMSD's CoP requirement.

(b)
Performance Tests

(a)

Tests shall be carried out at conditions similar to the
tunnel environment and the design airflow velocity.

(b)

Types and particle size distributions of the test duct
shall include PM1o. PM2.5. PM1.0·

(c)

The test shall measure the particle concentration
before and after the ESP filters.

Activated Carbon
(i)

(ii)

Size of Activated Carbon for Testing
(a)

For confirmation of N0 2 adsorption efficiency, the
specimen size of activated carbon for a laboratory
scale test under controlled and isolated environment
shall be proposed by the Contractor.

(b)

The size of the activated carbon filter for confirmation
of pressure drop shall not be less than
0.9m(W)x0.6m(H).

Performance Tests
(a)

A:COM

Test record for shall be submitted for the Engineer's
approval.

The activated carbon shall be subject to a N02
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adsorption test. The test shall be carried out in a totally
concealed environment in meeting the local Health
Safety and Environmental requirements. The test shall
be performed in 3 stages: 1) N0 2 alone, 2) N02 and
ozone (approx. 0.5ppm) and 3) N0 2 and toluene
(approx.
10ppm)
to
simulate
realistic
gas
concentrations in the tunnel exhaust environment. The
shall
meet the
system
performance
media
requirements in all cases. Adsorption efficiency shall
be calculated based on the N0 2 level before and after
the activated carbon.

(iii)
Site Acceptance
Tests

37.24

(1)

(2)

I_HY_2011_08_PS37_ 4

The N0 2 detection system used to monitor the
performance during the tests shall have a lower level of
detection value of=/< 1.0 parts per billion.

(c)

The test shall be conducted in an environment similar
to the APS plenum in terms of temperature, humidity
·
and the design airflow velocity.

(d)

The concentration of the test gas shall be similar to the
tunnel conditions but in no case be more than 1ppm
N02.

(e)

Pressure drop test for De-N0 2 filter shall be conducted
based on the proposed filter arrangement. The test
shall be conducted in an environment similar to the
APS plenum in terms of temperature, humidity and the
design airflow velocity.

Not used

General
(i)

The site acceptance testing for APS shall cover installation
inspection and electrical testing. It shall cover the tests on
wash down plant, water recycling plant, regeneration plant,
pneumatic system, sensors, verification of waste, etc. The
Contractor shall develop and submit the test plan, test
procedure, format of the test report to the Engineer for
approval before the test can be carried out.

(ii)

The Contractor shall provide a minimum of five working days
notice to the Engineer of the intention to conduct the tests.

(iii)

Except the Efficiency Test as mentioned in Clause 37.24(4), all
site acceptance testes shall be completed by the Contractor
and approved by the Engineer before the tunnel is open.

Installation inspection
(i)

A:COM

(b)

On completion of equipment installation at site, and prior to
testing/commissioning, an inspection is to be performed by
the Contractor in the presence of the Engineer.
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(ii)

(3)

Records

Testing
&
Commissioning
Procedures

37.25

37.26

(a)

Satisfactorily installed to the specification and project
requirements

(b)

Ready for full site testing and commissioning

Electrical testing
(i)

(4)

The inspection shall confirm or otherwise in writing to the
Engineer that the equipment is :-

Electrical testing shall include, but not be limited to,
measurement and record of voltage, current and capacity
and also the EMSD's CoP requirement

Efficiency Test
(i)

Efficiency Test for the APS shall be conducted after the
CWB tunnel is commissioned for 30 days as per Clause
37.7(3) to demonstrate the efficiency of the APS can
achieve the design criteria as stipulated in Clauses 37.2(1 )(i)
and (ii).

(ii)

The Contractor shall meet the requirement~ for Efficiency
Test as stated in Clause 37.2(4) and Clause 37.7(3).

(1)

The Contractor shall provide test records including but not be
limited to those required for FAT and SAT.

(2)

The Contractor shall provide three (3} sets of testing records
including test results and test certificates for the Engineer's
approval within 21 days after the test.

(3)

A copy of the test records shall also be included in the Operation
and Maintenance manuals.

(1)

Testing and Commissioning procedures shall be submitted to the
Engineer for approval at least 30 days prior to the relevant works
being carried out.

(2)

The. testing and commissioning results shall be recorded and
submitted to the Engineer for approval.

TRAINING

General

37.27
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(1)

Training shall be held as appropriate at the Contractor or
manufacturer's premises and on Site. Timing of the courses shall
be as specified or, where not specified, shall be proposed by the
Contractor. The Contractor shall recommend the desirable
qualifications and experience of the trainees to optimally benefit
from the courses.

(2)

The Contractor shall nominate qualified instructors for each of the
training courses and the instructor's and their qualifications shall
be subject to the prior approved by the Engineer. In general, the
courses are to be held in English. Some training will be required to
be conducted in Cantonese and where appropriate the Contractor
shall submit details of a qualified person with thorough knowledge
of Cantonese.
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1. INTRODUCTION
This test report summarises the measurements recorded and the results obtained of tests conducted in accordance with the Electro Static Precipitator (ESP) Factory Acceptance Procedure H2613/CSF/APS/00456-R6 and
associated Inspection Test Plans (ITP), Inspection and Test Reports (ITR), Environmental Assessment and
Safety Plans of FILTRONtec and Ilgen Laboratory, Leipzig, Germany from 26 to 30 October 2015.
The tests are conducted on two new ESP specimens selected randomly from the product destined for the ESP
filter for the Central-Wan Chai Bypass — Air purification System in accordance with the PS37.23 requirements.
Visual inspection and electrical test: ESP Module FAT in accordance with PS37.23 (2) (i) and (ii) and to
H2613-ITP-FT-FEP: Inspection and Test Plan for Factory Acceptance Test of ESP Filter, covering but not limited to:
i. The size of the ESP filter shall not be less than 0.9m(W) x 0.6m(H).
ii. Electrical Testing
a. Full electrical test with HV DC supply of the ESP filter specimen meeting the manufacturer's
design and EMSD's CoP requirement.
One ESP Module specimen, model ESP-1000-123 No. 077, is subjected to a visual and dimensional inspection
and tested according to the factory check with a continuity, insulation and full electrical test.
And;
Performance Test: Two specimen ESP Module, model ESP-1000-123 No. 076 and 077, are subjected to the
performance test in accordance with the FAT described in PS37.23 (2) (iii):
a) Tests shall be carried out at conditions similar to the tunnel environment and design airflow velocity.
b) Types and particle size distributions of the test duct shall include PK°, PM2.5, PMi.oc) The test shall measure the particle concentration before and after the ESP filters.
The ESP Modules are mounted in a galvanised steel frame with rectangular cross-section and sheeted to form
a duct. Adapters connect the ESP Module duct for testing to the test rig ducting. The test rig consists of a circular air channel, a variable speed ventilation fan, a dosing unit for injection of test dust and measuring equipment
for determination of particle separation rates and air velocity. The channel is insulated to ensure appropriate
temperature conditions. Please refer to FT-HCWB-9001[D] drawing attached for the test facility layout and dimensions. Please refer to Appendix A for the test rig details.
The following series of tests are undertaken all in accordance with the ESP Factory Acceptance Test Procedures H2613/CSF/APS/00456-R6:
1. ESP Module Visual inspection
Visual inspection is to confirm that the manufactured ESP modules conform to FILTRONtec's assembly
drawing FT-HCWB-123-10000 and to verify the absence of noticeable defects. The visual inspection is in accordance with Inspection and Test Records (ITR) covering the following details:
• Check assembly of components, according to FT-123-10000
• Measure ESP module dimensions (0.6m H x 1mW x 0.594m D)
• Check bolt, nuts and rivets
• Check number of plates and spacing
• Check for smoothness (no burrs or uneven stamping) of stamped stainless steel profiles.
• Check that insulators are free from defects
2. Continuity and Insulation test
Continuity test is to confirm that the three electrical circuits (earth, collector live parts, ioniser live parts) are
sound and without any short circuit. Continuity test is done using a multimeter.
Insulation resistance is determined using a Megger Insulation Tester. This insulation test is repeated after the
electrical test (see below 3. for electrical test description).
3. Electrical test
Electrical test is to confirm the ESP specimen meets FILTRONtec's design voltages and EMSD's CoP requirements (refer PS37.23 (2)(ii) (a)). through application of high voltage DC supply to the ioniser and the
collector plates up to the required rating. The detected values are recorded against the required operating
values using a multimeter with HV probe.
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4. Performance Type Test of ESP Module
Performance type test of the ESP Module specimen is conducted to determine the particle separation
rates under a set of predetermined parameters to simulate conditions similar to the tunnel environment
(PS37.23 (2) (iii) (a).
1. Temperature
Air velocity
[m/s]
2
2
4
4
4
4
4
4
6
6
6
6

Dust (PM10) inlet
concentration
[mg/m3]
1
1
0.2
0.5
1
0.2
0.5
1
0.2
0.5
1
1

Ioniser Voltage
[kV]

Collector Voltage
[kV]

16
14
16
16
16
15
15
15
16
16
16
15.5

7
4.5
7
7
7
5
5
5
7
7
7
6.5

Dust (PM10) inlet
concentration
[mg/m3]
0.2
0.5
1
0.2
0.5
1
0.2
0.5
1

Ioniser Voltage
[kV]

Collector Voltage
[kV]

16
16
16
15
15
15
16
16
16

7
7
7
5
5
5
7
7
7

Dust (PM10) inlet
concentration
[mg/m3]
0.2
0.5
1
0.2
0.5
1
0.2
0.5
1

Ioniser Voltage
[kV]

Collector Voltage
[kV]

16
16
16
15
15
15
16
16
16

7
7
7
5
5
5
7
7
7

. Temperature
Air velocity
[m/s]
4
4
4
4
4
4
6
6
6
. Temperature
Air velocity
[m/s]
4
4
4
4
4
4
6
6
6
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4. Temperature
Air velocity
[m/s]
4
4
4
4
4
4
6
6
6

Dust (PM10) inlet
concentration
[mg/m3]
0.2
0.5
1
0.2
0.5
1
0.2
0.5
1

Ioniser Voltage
[kV]

Collector Voltage
[kV]

16
16
16
15
15
15
16
16
16

7
7
7
5
5
5
7
7
7

5.

A long-term test is also conducted in order to demonstrate ESP efficiency still fulfils the PS requirements
after a continuos
27.5
Temperature [°C]
90
Relative Humidity [%]
4
Air velocity [m/s]
1
Dust (PM10) inlet concentration [mg/m3]
16
Ioniser Voltage [kV]
7
Collector Voltage [kV]

6.

In addition to the test included in ESP FAT 2 Procedures, tests are conducted to determine the influence
of changing collector and ioniser voltages on ESP efficiency at high humidity conditions. These tests are
done at 27.5
Collector Voltage
Ioniser Voltage
Dust (PM10) inlet
Air velocity
[kV]
[kV]
concentration
[m/s]
[mg/m3]
4.5
14
0.5
6
15
5
0.5
6
6.5
15.5
0.5
6

7.

Once ESP FAT2 is concluded one additional test is conducted to verify the efficiency of ESP Filter at high
relative humidity
4
Air velocity [m/s]
1
Dust (PM,0) inlet concentration [mg/m3]
16
Ioniser Voltage [kV]
7
Collector Voltage [kV]

The following values are recorded:
• Particle separation rate for PM10, PM2.5 and PM,
• Electrical parameters of the HV units (voltages)
• Air velocity (air flow rate)
• Temperature, relative humidity
• Pressure loss across the ESP module
The test series are executed in Ilgen Laboratory in association with FILTRONtec staff. The test dust used is
standardised by ASHRAE 52.2 and DIN EN 779.
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2. TEST APPARATUS
FILTRONtec engaged Ilgen Laboratory for the purposes of using their research and testing laboratory based
near Leipzig, Germany to setup a test rig as shown in the figures below.

FILTRONtec ESP Testing Apparatus
Test apparatus components:
High Voltage Units:
REMO HSE:

GMR-D-400N20N 10-20m-P

for Collector

(REMO HSE GmbH, Germany).

MMR-SP-400N20-20mP

for Ioniser

(REMO HSE GmbH, Germany).

Duct size: 0 800/630mm
Airflow Range: 2 — 6 m/s
Mistral MR 80/2 Directly Coupled fan (Mistral Srl, Italy)
Dust Generator: PALAS RBG 1000 (PALAS GmbH, Germany)
Dust: ISO 121003-1 Al (PTI, USA)
Particle Measurement Device: Dust Trak APS 3321 Particle counter (TSI Inc., USA)
Installed Temperature and RH Device: Hygrasgard KFTF 20 I (S+S Regeltechnik GmbH, Germany)
Reference Temperature and RH Sensor: Testo 645 (Testo Industrial Services GmbH, Germany)
Pressure Device: Testo 521 (Testo Industrial Services GmbH, Germany)
High Voltage Probe: TT-HVP 40 AC (TestTec Elektronik GmbH, Germany)
3. TOLERANCES:
The individual variables of the test are adjusted to the certified calibration test values. The following deviations
are considered as acceptable for the test conditions and consistent with PS37 requirements for Air Monitoring
Equipment:
Temperature: ±1°C
Relative humidity: ±3%
Air velocity: ±5%
Inlet Concentration: 0,2 ± 0,050 mg/m3
0,5 ± 0,075 mg/m3
1,0 ± 0,100 mg/m3
Calibration certificates for Particle measurement device are summarised in Appendix B.
5
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4. INSPECTION OF TEST FACILITY (26.10.2015)
Prior to the execution of the performance test, a thorough inspection of test facility was conducted. The following items were checked:
• Position of installed sensors correct,
• Calibration certificates of installed sensors available and valid,
• Calibration curve verified for analogue output signal of HV transformer displayed at multimeter vs. voltage measured at ESP module,
• Readings at multimeters connected to high voltage probes verified against voltage measured at ESP
module.
Test records for all ESP FAT test facility inspection steps are included in Appendix F.
5. ESP MODULE INSPECTION AND ELECTRICAL TEST (26.10.2015), Module no. 077
Please refer to Appendix G for complete test record of modules 076 and 077.
Test 1: Visual Inspection
All items, measurements in accordance with the ESP-1000-123 assembly drawing FT-123-10000.
Tolerances recorded for a sample of 3 collector plate spacings (9.0 ± 0.5mm), counting from left:
•
•
•

11th: 9.0mm
28th: 8.8 mm
39th: 9.15mm

Tolerance recorded between first and last ioniser plate to earthed frame (26.6 ± 0.5mm), counting from left:
•
•

1st: Top-26.1 mm Middle-26.6mm Bottom-26.2mm
16th: Top-26.35 mm Middle-26.35mm Bottom-26.2mm

Test 2: Continuity and Insulation Test
Continuity Test
Resistance recorded between ioniser live parts (Resistance < 10), counting from left:
2nd 3rd: 0.39 (2
•
• 15th-16th: 0.370
Resistance recorded between collector live parts (Resistance < 10), counting from left:
•
•

44th-46th: 0.32
1st-46th: 0.35 0

Resistance recorded between earthed parts (Resistance < 10), counting from left:
•
•

45th-47th: 0.28 tZ
ist_47th: 0.39

Prior to the continuity test a reference measurement was conducted with the tester showing a value of 0.32 0.
Insulation Test
Resistance value between ioniser and earth (before electrical test): 7.09kV/163.3pA 4 43.4M0
Resistance value between ioniser and earth (after electrical test): 7.08kV/133.4pA 4 53.07M0
Resistance value between collector and earth (before electrical test): 4.03kV/131.8pA 4 126.7M0
Resistance value between collector and earth (after electrical test): 4.09kV/30.2pA 4 135.43M0
Test 3: Electrical Test
Ioniser (maximum 17.6kV): 16kV
Collector (maximum 7.7kV): 7.1 kV
Remarks Recorded: No spark over/flash overs were observed during the electrical test.
Conclusion
The ESP Module specimen has been manufactured within the dimensional tolerances of the FT-123-10000
drawing. The electrical circuits within the module are sound and are well insulated by the ceramic insulators.
The voltages applied to ioniser and collector circuits during electrical test are according to the design voltages.
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Test Report for Electrostatic Precipitator Performance Test

Project :

HY/2011/08 - Central-Wan Chai Bypass - Tunnel Buildings,
Systems and Fittings, and Works associated with Tunnel Commissioning

Testing Date:

Equipment to be tested:

ESP filter ESP 1000-123 (no. 076)

Testing Time:

08:30 to 17:00

Test Location :

Fitter test laboratory, Labor Ilgen, Krostitz, Germany

Data Log Ref:

Please refer to remarks

Voltages:

Ioniser: 14kV Collector:4.5kV

No.

Test Condition
Relative
Velocity
Humidity
[m/s]
r/.1

Inlet

Outlet

27.5

90

2

Separation rate

Inlet

Outlet

Separation rate

IN

[mg/m^3]

[mg/m^3]

rid

97.5

0.671

0.023

96.6

0.026

1.030

PM1

PM5.5

[mg/m^3]

(mg/m^3]
1
2
3
4
5

Pressure Drop

Average Dust Concentration

MO

Temperature
['C]

Inlet
[mg/m^3]

Outlet

Separation rate

[mai
m A3]

rol

0.023

96.0

0.579

6
7
8

Remarks: All the measured data is attached to this test record sheet (2 Sheets in total).
Data log reference: No.1- 055/073

According to PS37.2(1)(i): For particle, when inlet concentration equal or greater than 0.5mg/m3, not less than 80% of PM10 shall be removed after air is treated by the APS.
For inlet concentration lower than 0.5mg/m3, the outlet concentration shall not be greater than 0.1mg/m3.
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