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Introduction

Two incidents regarding the damaged of tunnel ventilation fans (TVF)
in the Middle Ventilation Building (MVB) of Central — Wan Chai Bypass
(CWB) Tunnel were recorded on 28 June 2020 and 5 July 2020
respectively. The two incidents involved the TVFs (i.e. Fan Nos. MVB-
TVF-009 and MVB-TVF-010) associated to Air Purification System
(APS) No. MVB-APS-002 located in MVB. Please refer to Appendix 1
for schematic Diagram of Tunnel Ventilation System (TVS) and APSs.

Condition 2.9 of the Environmental Permit (EP) No. EP-482/2013/C
sets out the requirements for the monitoring of the performance of
APSs after the commencement of the operation of the CWB. An Air
Quality Monitoring Plan (AQMP) as required in Condition 2.9 of EP No.
EP-482/2013/A was approved by the Director of Environmental
Protection on 17 January 2019 (See EPD website link
https://www.epd.gov.hk/eia/register/english/permit
/vep5112016/documents/agmp/pdf/agmp.pdf). In the AQMP, there is a
provision of Contingency Plan (Clause 3.2) which caters for emergency
situations, such as an accidental breakdown of individual component
causing malfunction of the TVFs and APSs. The current situation has
been handled in accordance with the procedures of the contingency
plan. Please refer to the flowchart (in Appendix 2) which summarizes
such procedures.

Pursuant to Condition 2.9 of EP No. EP-482/2013/C regarding the
incidents on 28 June 2020 and 5 July 2020, HyD is required to submit
to the DEP this investigation report. This report provides the
chronology of events of breakdown of Fan Nos. MVB-TVF-009 and
MVB-TVF-010, comprehensive review on the reason of fan blade
failure, short term measures taken / to be taken, proposal on air quality
monitoring at Slip Road 3 (SR3) and nearby air sensitive receivers
(ASR), in-tunnel air quality monitoring, and action plan / mitigation
measures.



Chronology of events of breakdown of TVF Nos.
MVB-TVF-009 and MVB-TVF-010

Parties Involved

Highways Department (HyD)

The Permit Holder of EP-482/2013/C
and the Employer of HyD Contract No.
HY/2011/08

AECOM (Resident Site Staff
(RSS), The Engineer)

The Consultant of HyD for the CWB
project

Chun Wo Tunnel Management | The Management, Operation and

Ltd maintenance contractor (MOm) -
Operator of the CWB tunnel

LAM Geotechnics Ltd. Environmental Team (ET) under
Environmental Permit No. EP-
482/2013/C

Ramboll Hong Kong Ltd. Independent Environmental Checker

(IEC) under Environmental Permit No.
EP-482/2013/C

Leighton Joint Venture (LJV)

The Contractor for Contract No.
HY/2011/08 which includes the APS and
TVS

Department/Tunnels and
Tsing Ma Section (TD/TTMS)

Zitron The manufacturer and supplier for the
TVFs and a Sub-contractor of LJV
Transport Management of CWB Tunnel

Electrical and Mechanical
Services
Department/Government
Management Team
(EMSD(GMT))

E & M Advisor of TD/TTMS

Ir Dr. Eric C. H. Lim (Dr. Lim)

Consultant, Safety, Accident, and
Failure Experts Ltd., independent
investigation specialist engaged by HyD

Dr. Zhi Ning (Prof. Ning)

Associate  Professor, Division  of
Environment and Sustainability, Hong
Kong University of Science and

Technology, team leader for additional




air quality monitoring




Chronoloqgy

The operation of CWB tunnel traffic was not affected. However, due to
the failure of the concerned TVFs, operation of APS at MVB was also
partially affected. The chronology of events is listed below:

LJV and fan manufacturer's
local agent also inspected
Fan No. MVB-TVF-009 in
the morning, they conveyed
the findings to fan

Date Site Activities Communications and Meeting
Events
28 June |Fan No. MVB-TVF-009
2020 failed to operate at 7:59am
(Sun) while the operation of APS
No. MVB-APS-002 and Fan
No. MVB-TVF-010
continued.
28 June |For investigation, MOm|MOm notified EPD, HyD, TD,
2020 manually stopped APS No.|EMSD, ET, IEC and RSS by
(Sun) MVB-APS-002 at 4:33pm, |email at 9:18pm regarding the
and stopped APS No. MVB- | failure of Fan No. MVB-TVF-
APS-001, Fan Nos. MVB-|009 and that broken fan blades
TVF-007 and MVB-TVF-|were found (Fault code
010 at 9:18pm. EM2018).
For investigation, the TVFs
located in the same fan hall i.e.
Fan Nos. MVB-TVF-007 and
MVB-TVF-010 were manually
stopped by MOm for the
inspection of Fan No. MVB-
TVF-009. APS Nos. MVB-APS-
001 and MVB-APS-002 were
also stopped manually by MOm.
29 June |EMSD, RSS, LJV and MOm
2020 carried out an on-site
(Mon) investigation of Fan No.
MVB-TVF-009 during the
maintenance period from
1am to 6am on 29 June
2020.
29 June |Dr. Lim inspected Fan No.|Discussions were made
2020 MVB-TVF-009 in the | amongst HyD, RSS, TD, MOm
(Mon) morning. and LJV in the morning on site,

and it was agreed that the TVFs
and the associated APSs at
MVB should be suspended for
operation for 24 hours in order
to facilitate LJV to carry out
inspection. LJV and the fan




manufacturer's office in
Spain for their review in the
afternoon.

All TVFs and APSs at MVB
were suspended for LJV's

manufacturer would also advise
whether other TVFs at MVB are
still safe to operate by 30 June
2020 morning. ET and IEC were
informed of the temporary
suspension of TVFs and the

investigation. associated APSs at MVB
accordingly.
29 June In addition, from safety point of
2020 view, RSS notified MOm by
(Mon) email at 9:12pm to suspend the
operation of all TVFs and
associated APSs at East
Ventilation Building (EVB) and
West Ventilation Building (WVB)
starting from 30 June 2020 at
0:00am until completion of
visual inspection of fan blades
and fan blade bolts.
30 June |The temporary suspension
2020 of all TVFs and APSs at
(Tue) EVB and WVB was started
from 1:13am for LJV to
conduct inspection. After
visual inspection of other
TVFs at EVB and WVB,
LJV confirmed those TVFs
were safe for operation.
MOm resumed the all TVFs
and APSs at EVB and
WVB at 11:43am
30 June ET informed HyD and IEC
2020 noting the Change of
(Tue) Circumstances of
Environmental Permit EP-
482/2013/C on the Operation of
TVS and APSs in WVB, MVB,
and Zero Portal Emission at Slip
Roads 1 and 3 of CWB Tunnel
respectively.
30 June IEC issued a letter to EPD
2020 notifying the Change of
(Tue) Circumstances for Condition 2.6
of Environmental Permit EP-
482/2013/C and the

Recommendations of the
Approved EIA Report on Zero




Portal Emission.

30 June RSS notified HyD, TD, EMSD
2020 and MOm by email that LJV had
(Tue) completed the inspection and
LJV and the fan manufacturer
considered that all APSs and
TVFs, except for APS No. MVB-
APS- 002 and its associated
Fan Nos. MVB-TVF-009 and
MVB-TVF-010, could be
resumed to operation. All
parties had no objection to
resume the operation of the
TVS, except for APS No. MVB-
APS-002 and its associated
TVFs.
30 June |MOm reported at 7:45pm
2020 that all APSs and its
(Tue) associated TVFs (except
APS No. MVB-APS-002
and Fan Nos. MVB-TVF-
009 and MVB-TVF-010) at
MVB resumed operation.
2 July LJV and AECOM suggested
2020 that Fan No. MVB-TVF-009
(Thu) could be blanked off so that the
standby Fan No. MVB-TVF-010
serving APS No. MVB-APS-002
could resume operation.
4 July LJV completed blanking off | RSS notified HyD, TD, EMSD
2020 Fan No. MVF-TVF-009.|and MOm by email at 10:04am
(Sat) APS No. MVB-APS-002|that Fan No. MVB-TVF-009 had
with its associated Fan No. | been blanked off in the early
MVB-TVF-010 resumed | morning. HyD, TD, EMSD,
operation at 1:50pm. RSS and LJV agreed that
operation of APS No. MVB-
APS-002 could be resumed.
5 July Fan No. MVB-TVF-010 and | MOm notified EPD, HyD, TD,
2020 APS No. MVB-APS-002 | EMSD, ET, IEC and RSS by
(Sun) failed to operate at 5:48am. |email at 8:33am regarding the
Fan Nos. MVB-TVF-007,|failure of Fan No. MVB-TVF-
MVB-TVF-011, MVB-TVF-|010 and that its broken fan
012 and MVB-TVF-013|blades were found (Fault code




were manually stopped by
MOm at 7:15am for
investigation.

EM2026). MOm also notified
that they manually shut down
Fan Nos. MVB-TVF-007, MVB-
TVF-011, MVB-TVF-012 and
MVB-TVF-013 for investigation.

5 July HyD, RSS, LJV and Dr. Lim
2020 conducted an on-site
(Sun) investigation.
5 July RSS and LJV walked
2020 through the air path of APS
(Sun) No. MVB-APS-002.
6 July A meeting was held amongst
2020 HyD, RSS, LJV to discuss the
(Mon) replacement works of the
damaged fans and the checking
of other fans in the morning.
6 July An urgent meeting was held
2020 amongst EPD, HyD, RSS, ET,
(Mon) IEC and Prof. Ning to discuss
the initial findings of the
investigation of the incidents,
interim measures to restore
partial  operation of the
concerned APS, air quality
monitoring and other
requirements under the EP in
the afternoon.
6 July MOm resumed the [LJV and RSS confirmed the
2020 operation of APS Nos.|APS Nos. MVB-APS-001, MVB-
(Mon) MVB-APS-001, MVB-APS-|APS-003 and MVB-APS-004
003 and MVB-APS-004 and | could resume operation, hence
their associated TVFs at|HyD agreed to resume the
MVB at 5:45pm. operation of APS Nos. MVB-
APS-001, MVB-APS-003 and
MVB-APS-004.
6 July RSS provided updates to ET
2020 and I[EC by email at 8:01pm
(Mon) regarding the stoppage of Fan

No. MVB-TVF-010 and APS No.
MVB-APS-002 and the
resumption of Fan Nos. MVB-
TVF-007, MVB-TVF-011, MVB-
TVF-012, MVB-TVF-013 and
APS Nos. MVB-APS-001, MVB-
APS-003 and MVB-APS-004 at
MVB.
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7 July ET informed HyD and IEC
2020 noting the Change of
(Tue) Circumstances of
Environmental Permit  EP-
482/2013/C on the Operation of
MVB and Zero Portal Emission
at Slip Roads 1 and 3 of CWB
Tunnel respectively.
7 July IEC issued a letter to EPD
2020 notifying the Change of
(Tue) Circumstances for Condition 2.6
of Environmental Permit EP-
482/2013/C and the
Recommendations of the
Approved EIA Report on Zero
Portal Emission.
29 Sept | LJV completed the
2020 replacement works of Fan
(Tue) Nos. MVB-TVF-009 and
MVB-TVF-010. Both TVF
and the associated APS
No. MVB-APS-002
resumed  operation at
4:31pm

Comprehensive review on the reason of fan blade

failure

After investigation, Dr. Lim’s findings on the reason of fan blade failure
of Fan Nos. MVB-TVF-009 and MVB-TVF-010 were summarized as

follows:

1) The failure mode of the first blade that failed in Fan Nos. MVB-
TVF-009 and MVB-TVF-010, respectively, was most likely low
cycle fatigue.

2) One of the major factors leading to the fatigue failure of the blades
was the presence of gas pores in the blades as manufactured
which significantly affected the overall strength of the blades.

3) Fatigue cracks had developed at surface pores or holes within the
blades that were weaker as manufactured as they contained
significant amount of gas pores.

The surface pores or holes
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within the blades acted as stress concentration points to assist
fatigue crack initiation.

D. Short term measures taken

i. Resumption of operation of all TVFs except Fan
Nos. MVB-TVF-009 and MVB-TVF-010

a. After the breakdown of Fan No. MVB-TVF-009 on 28 June
2020, RSS and LJV had inspected the fan blades of all TVFs,
and later confirmed that all fans (except the damaged Fan No.
MVB-TVF-009 and the then affected Fan No. MVB-TVF-010)
at the three ventilation buildings were ready for operation. All
fans (except Fan Nos. MVB-TVF-009 and MVB-TVF-010)
resumed operation on 30 June 2020.

b. Upon the completion of blank-off of Fan No. MVF-TVF-009,
Fan No. MVB-TVF-010 and its associated APS No. MVB-
APS-002 resumed operation on 4 July 2020. Shortly after the
resumption, Fan No. MVB-TVF-010 failed to operate and APS
No. MVB-APS-002 also stopped operating on 5 July 2020.

c. After the breakdown of Fan No. MVB-TVF-010 on 5 July
2020, Fan Nos. MVB-TVF-007, MVB-TVF-011, MVB-TVF-
012, MVB-TVF-013 and their associated APS Nos. MVB-
APS-001, MVB-APS-003 and MVB-APS-004 were manually
stopped by MOm at 7:15am on the same day for
investigation. After checking the X-ray films provided by the
supplier in the material submission submitted previously, Dr.
Lim advised that the fan blades of all other TVFs in MVB are
in better condition comparing to that of Fan Nos. MVB-TVF-
009 and MVB-TVF-010. After their inspection, RSS and LJV
confirmed that these fans are ready for operation. Fan No.
MVB-TVF-007, MVB-TVF-011, MVB-TVF-012, MVB-TVF-013
and their associated APS Nos. MVB-APS-001, MVB-APS-003
and MVB-APS-004 resumed operation at 5:45pm on 6 July
2020.

ii. Resumption of operation of APS No. MVB-APS-
002

The contractor worked very hard to speed up the resumption works of
Fan Nos. MVB-TVF-009 and MVB-TVF-010 against with the
constraints due to COVID-19 since the breakdown. There was no
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project related exceedance of air quality nearby the exit of SR3 and
inside the CWB tunnel during the breakdown period. The operation of
APS No. MVB-APS-002 was resumed on 29 September 2020.

Proposal on monitoring of air quality impact
i. Background for additional air quality monitoring

Since the breakdown of Fan No. MVB-TVF-009 on 28 June 2020 at
7:59am, the suspension of operation of APSs and their associated
TVFs is as below:

APS No. Time of Suspension | Time of Resumption
MVB-APS-001 28 June 2020 30 June 2020
9:18pm 7:45pm
MVB-APS-002 28 June 2020 4 July 2020
4:33pm 1:50pm
MVB-APS-003 & 004 29 June 2020 30 June 2020
10:00pm 7:45pm
APS in EVB & WVB Starting from All resumed before
30 June 2020 30 June 2020
1:13am 11:43am

After the breakdown of Fan No. MVB-TVF-010 on 5 July 2020 at
5:48am, the suspension of operation of APSs and their associated
TVFs is as below:

APS No. Time of Suspension | Time of Resumption
MVB-APS-001 5 July 2020 6 July 2020

7:15am 5:45pm
MVB-APS-002 5 July 2020 29 September 2020

5:48am 4:31pm
MVB-APS-003 & 004 5 July 2020 6 July 2020

7:15am 5:45pm

While APS Nos. MVB-APS-001, MVB-APS-003, MVB-APS-004 and
their associated Fan Nos. MVB-TVF-007, MVB-TVF-011, MVB-TVF-
012 and MVB-TVF-013 resumed operation in less than 2 days after
checking, APS No. MVB-APS-002 and associated Fan Nos. MVB-TVF-
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009 and MVB-TVF-010 would stop operating for a prolonged period.
Thus zero portal emission at SR3 might be affected. In this connection,
an additional air quality monitoring at SR3 and nearby air sensitive
receivers (ASR) were carried out to assess the air quality impacts
during the downtime of APS No. MVB-APS-002, Fan Nos. MVB-TVF-
009 and MVB-TVF-010 at MVB.

ii. Additional air quality monitoring plan

HyD had engaged Prof. Ning of HKUST and his team (Prof. Ning's
monitoring team) to temporarily install air monitoring stations inside the
tunnel section of SR3 and at nearby ASR to closely monitor the air
quality (NOyx and PM1j) in the surrounding areas. The monitoring works
consisted of the following tasks:

a. Task 1 — Provision and calibration of mini air stations

The Prof. Ning’s monitoring team would use Mini Air Station
(MAS) Model MAS-AF300, which had a strong track record in
documented data quality performance and local project
experience including the demonstration measurement studies
conducted in various government projects, for the additional air
quality monitoring. The MAS Model MAS-AF300 could be both
mounted on walls and portable deployment for flexible
arrangement of the air quality measurements. PM;,, NO and
NO, would be monitored with highest time resolution at 1-minute
to capture the impact of traffic density on emission pollutants
inside the tunnel. The wind speed and wind direction were also
measured concurrently by MAS-AF300 system.

To facilitate the fast monitoring status checking and data
verification, the air stations would provide wireless data
transmission capabilities via 4G network with cloud-based data
platform for data storage and visualization and SD card for raw
data storage.

The high-performance sensor system MAS-AF300 employed
dual sensor principle to track gas measurement baseline and
eliminate interference impact from temperature and humidity.
The pre-installation calibration followed standard reference
analyzer calibration process with zero and multiple point span
check for the sensor response linearity and sensitivity. The PMyg
measurement was based on the forward light scattering
photometer with linear response to the PM mass concentration.
The multiple calibrations were conducted in factor manufacturer
facility and the operational calibration procedure was conducted
with the side by side local collocation to the HKEPD Air Quality
Monitoring Stations prior to the sensor deployment for
calibration.
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