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Ref.: AACWBIECEM00_0_11294L.19    

14 May 2019 
 

Highways Department                                                 By Post and Fax (2714 5289) 

Major Works Project Management Office 
Major Works Office (2) 

3rd Floor, Ho Man Tin Government Offices 
88 Chung Hau Street 

Ho Man Tin, Kowloon 
Hong Kong 
 

Attention:  Mr. Tony Cheung  
 

 
Dear Mr. Cheung, 
 

Re: Contract No. HY/2011/08 
 Central – Wanchai Bypass – Tunnel Building, Systems and Fittings and 

Works Associated with Tunnel Commissioning 

 
 APS Commissioning Test Report under condition 2.8 of EP-482/2013/A 

 
Reference is made to the captioned APS Commissioning Test Report received through 
RSS’s e-mail on 14 May 2019 for our review and comment. 

 
Please be informed that we have no adverse comment on the captioned submission. 

We write to verify the captioned submission in accordance with Condition 2.8 in the 
captioned Environmental Permits. 
 

Thank you very much for your attention and please do not hesitate to contact the 
undersigned should you have any queries. 

 
 

Yours sincerely,       
 
 

 
David Yeung 

Independent Environmental Checker 
 
 

c.c. CEDD Attn: Mr. Lee Hon  by fax: 2301 1277 

 AECOM CWB Attn: Mr. David Kwan by fax: 3665 0106 

 AECOM CWB Attn: Mr. Eric Wong  by fax: 3912 3010 

 AECOM WDII Attn: Ms. Gloria Tang by fax: 2587 1877 

 Lam Attn: Mr. Raymond Dai by fax: 2882 3331 
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APS Commissioning Test Report 

(CONDITION 2.8 OF OPERATION ENVIRONMENTAL PERMIT, EP-482/2013/A) 

1. Status of APS Commissioning Test Report 

1.1 In fulfillment of condition 2.8 of the EP-482/2013/A, this submission contains test reports 
as conforming to the RSP and NO2 removal efficiencies specified under condition 2.6(d) of 
EP-482/2013/A. 

1.2 The submission includes the test reports of the Factory Acceptance Test of DeNO2 filter, 
Routine Test of activated carbon, Factory Acceptance Test of APS electrostatic 
precipitator. It also includes Site Acceptance Tests for high voltage transformers at 
different ventilation buildings. The aforesaid tests have been witnessed by AECOM 
appointed by HyD and finally accepted by HyD. 

1.3 Efficiency Tests for the APS will be carried out tentatively in mid/end May 2019. The 
deferral of the Efficiency Test was due to the breakdown of the tunnel ventilation fans at 
East Ventilation Building (EVB). The APS Efficiency Test is to demonstrate the APS 
installed at West Ventilation Building (WVB), Middle Ventilation Building (MVB) and EVB 
along the tunnel as a whole can achieve the removal efficiency as stated under 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 
PS37.2(1)(i) and (ii) under normal operation. Therefore, the Efficiency Test was deferred 
until the ventilation fans at EVB resumed normal operation. The operation of the tunnel 
ventilation fans at EVB was resumed on 2 May 2019. In addition to the original 7-day 
Efficiency Test, an extra 7-day APS Efficiency Test will be conducted after the necessary 
monitoring equipments are calibrated by third party independent laboratory. To allow 
sufficient time for verifying the test results and preparing the test report, the second stage 
APS Commissioning Test Report will be submitted to the DEP by 23 June 2019. 

 



 

 

 

 

 

 

 

 

 

Appendix 1 Factory Acceptance Test 
Report for DeNO2 Filter 

 



































Notes: 

1. The modules of De-NO2 filters were randomly picked and tested in controlled laboratory 
condition. The De-NO2 filters were then shipped to different ventilation buildings for 
installation. 

2. The FAT reports for DeNO2 filters were extracted from the Contractor’s submissions, only 
relevant information regarding the FAT for DeNO2 filters were included in Appendix 1. 



 

 

 

 

 

 

 

 

 

Appendix 2 Routine Test Report for 
Activated Carbon 

 

















































































































Delivery of Activated Carbon 

Lot Number Quantity Remarks 
87070055 

~38,700 kg 

The routine test reports for 
these lots are yet to be 
submitted by Contractor. Will 
supplement once available. 

87100582 
87100583 
87100584 
87100585 
87100587 26,400 kg The routine test reports for 

these lots are attached in this 
submission. 

87100588 26,400 kg 
87100589 26,400 kg 
87100590 26,400 kg 
87100591 26,400 kg 
87100592 26,400 kg 
87100593 26,400 kg 
87100594 26,400 kg The ignition temperature test 

reports for these lots are yet to 
be submitted by Contractor. 
Will supplement once 
available. 

87100595 26,400 kg 
87100605 26,400 kg 
87100606 26,400 kg 

87100596 26,400 kg The routine test reports for 
these two lots are attached in 
this submission. 

87100597 26,400 kg 

87100598 26,400 kg The ignition temperature test 
reports for these lots are yet to 
be submitted by Contractor. 
Will supplement once 
available. 

87100599 26,400 kg 
87100600 26,400 kg 
87100601 26,400 kg 
87100602 26,400 kg 
87100603 26,400 kg 
87100604 26,400 kg 
87100611 26,400 kg 
87100612 26,400 kg 
87100613 26,400 kg 
87100609 26,400 kg 
87100610 26,400 kg 
88050297 26,400 kg 
88050298 26,400 kg 

Total lots = 32 Total Quantity = 751,500 kg 
Average = 1 sample per 23,500 kg 

 

As for the different testing method used for CTC and surface, please refer to the letter attached 
below (highlighted in yellow). 



9 August 2018 

Your Ref: CWB/(HY/2011/08)/CS0/220/088021156 
Our Ref: H2613-LJV-ME-LE-9316 

Engineer's Representative's Office 
AECOM Asia Company Limited 
Room 1401-06, 14/F., Eastern Centre, 
1065 King's Road, Quarry Bay, H.K. 

Attn : Mr. David Kwan, CRE 

Dear Sir, 

Contract No. HY/2011/08 

2 0 AUG 2010 
08A031266 

Sun Hung Kai Centre 
30 Harbour Road 
Hong Kong 

t: (852) 2823-1111 
f: (852) 2529-8784 
e: info@leightonasia.com 

Central-Wan Chai Bypass- Tunnel Buildings, Systems and Fittings, and Works 
Associated with Tunnel Commissioning 
Re: Air Purification System- Routine Test of Activated Carbon 

I refer to your above letter referenced dated 13 July 2018. 

Please find our responses as follows: 

1. The ignition test results for ten lots of carbons are attached to this letter. Please refer to 
item 3 for details of impregnation test as an alternative to the BET adsorption test. 

2. Please find attached the company profile and job reference list for "Fugro Technical 
Services Limited" which has been selected to carry out the tests. 

3. Camfil as a specialist for supply and usage of activated carbon confirmed that the BET 
adsorption test is not applicable to an impregnated carbon since the surface of the carbon 
is already coated with the impregnation . 

"BET is the test method developed by the Brunauer, Emmett and Teller. It uses nitrogen 
intrusion. The use of this method for surface area measurement has now been discounted 
by IUPAC (the rulers of global chemistry) as it is not accurate for activated carbon 
measurement. It tendes to measure pore volume and not surface area as there is an 
assumption by Langmuir of mono layer adsorption and he ignores the effect of multi-layer 
and pooling in larger pore networks. Thus, we strongly advise to disregard BET as it is not 
a good measure to be used, especially for an impregnated carbon where the surface area 
is affected by the impregnation". 

Therefore, impregnation test is a standard test to be performed to an impregnated carbon. 
Both tests, BET and impregnation test, are in principle similar. For a non-impregnated 
carbon the adsorption capacity is related to the surface area. For an impregnated carbon 
the impregnation level is related to the adsorption capacity. 
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Leighton Joint Venture 

c/o 391h Floor 
Sun Hung Kai Centre 
30 Harbour Road 
Hong Kong 

t: (852) 2823-1111 
f: (852) 2529-8784 
e: info@leightonasia.com 

The activiated carbon supplier is referencing the IUPAC (International Union or Pure and 
Applied Chemistry) "Gold book" as a source of guidance. Reference "microporous carbon" 
at http://goldbook.iupac.org/index.html, which states: 

"microporous carbon 
A porous carbon material, usually a char or carbon fibres, which may or may not have been 
subjected to an activation process to increase its adsorptive properties. A microporous 
carbon is considered to have a major part of its porosity in pores of less than 2nm width 
and to exhibit apparent surface areas usually higher than 200 to 300m2/g-1. 

Note: 
The surface area determined by the Brunauer-Emmett-Teller (BET) method are apparent 
surface areas only since the BET adsorption equation is, in principle, not valid when 
micropore filling occurs. The determination of the true surface area in the micropores 
depends on the method used for the evaluation of the adsorption isotherms and on the 
model used for the shape of the micropores (cylindrical, slit-shaped or other)." 

In particular the supplier is supportive of the idea that surface area measurement for 
impregnated carbon is relatively meaningless since the intent of the process is to cover as 
much as possible of the internal carbon surface with the impregnation chemical to enhance 
the N02 adsorption. 

Please confirm that such a routine test is not required . 

4. The carbon bags were clearly identifiable with the delivery documents. All delivery 
documents and corresponding test report are attached to this letter. Documents and 
material was verified by material on site inspections (RISC forms M2616/M/5/1156A and 
M/5/2012). Please not that lot number 87100612 was delivered recently. Thus, this lot was 
not included in our previous submission. 

5. Carbon Tetrachloride, used under ASTM 03467, and other CFCs have been banned and 
restricted respectively under the Montreal Protocol , owing to ozone depletion. Thus, the 
supplier has adopted the standard ASTM 05472, which determinates the butane activity of 
activated carbon. Results of boh tests are convertible: CTC activity= 2.55 x butane activity. 

6. Camfil as a specialist in the activated carbon field confirms that the size to be considered 
for an extruded carbon is the size of the pellet which is 4mm. We confirm that the selected 
third party laboratory will conduct sieve analysis to corroborate the size of the pellet. 
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Yours faithfully 
For and on behalf of 
Leighton Joint Venture 

cA~ 
Colman Wong 
Joint Venture's Representative 

CW I JK I DG I RL I /.~ 
qctr tr'~<;;lj{ 

Our Ref: H2613-UV-ME-LE-9316 

Leighton Joint Venture 

c/o 39'h Floor 
Sun Hung Kai Centre 
30 Harbour Road 
Hong Kong 

t: (852) 2823-1111 
f : (852) 2529-8784 
e: info@leightonasia.com 
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Notes: 

1. Samples of activated carbon were picked from each shipping lot for routine activated carbon 
tests. The tested activated carbon was then shipped to different ventilation buildings for use. 
As shown in Appendix 2, an average of 1 sample was taken for every 26,400kg per log, 
which is the standard size and the maximum weight a shipping container can hold for the 
shipping of activated carbon to Hong Kong from the manufacturing locations. 



 

 

 

 

 

 

 

 

 

Appendix 3 Factory Acceptance Test 
Report for APS 
Electrostatic Precipitator 

 



Project : Testing Date: 	28 October 2015 HY/2011/08 - Central-Wan Chai Bypass - Tunnel Buildings, 
Systems and Fittings, and Works associated with Tunnel Commissioning 

Equipment to be tested: 

Test Location : 

Voltages: 

Testing Time: 	08:30 to 17:00 

Data Log Ref: 	Please refer to remarks 

ESP filter ESP 1000-123 (no. 076) 

Fitter test laboratory, Labor Ilgen, Krostitz, Germany  

Ioniser: 14kV Collector:4.5kV 

rt1 /47-k_  
Test Conducted by: 	 Witnessed by: 

Name :  Et 4 -e _at CI)(   Name : 

30/ 40 1041—   Date:  

Company:  FILTRONtec 	Company: Leighton Joint Venture 

Signature 	4"."‘A1  \*...  Signature : 	 Signature : 

Date: 

LEIGHTONtVa 
Test Report for Electrostatic Precipitator Performance Test 

No. Test Condition Average Dust Concentration Pressure Drop 

Temperature Relative 
Humidity 

Velocity MO PM5.5 PM1 

['C] r/.1 [m/s] Inlet Outlet Separation rate Inlet Outlet Separation rate Inlet Outlet Separation rate [Pa] 

(mg/m^3] [mg/m^3] IN [mg/m^3] [mg/m^3] rid [mg/m^3] [maim  A3] rol 

1 27.5 90 2 1.030 0.026 97.5 0.671 0.023 96.6 0.579 0.023 96.0 

2 

3 

4 

5 

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. 

Witnessed by: 

Name: 

Company: AECOM 

30 Oct D-015 	Date: 

Witnessed by: 

Name: 

Company: 

Signature : 

Witnessed by: 

Name: 

Company: 

Signature : 

3'0 O 	2o(J   Date:  _ 	Date: 



Signature : 

30/ /0  /k4C  Date:  30 tk  	Date: 30 at-)4)5 .3.() 0,241 ci  Date:  

6M   
3-0 0  2,6  if 

Signature 

 

Signature : 

 

Signature : 	 Signature : 

    

Date: Date: 

LIEIGHTONC.45' 
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 

Equipment to be tested: 
	

ESP filter ESP 1000-123 (no. 077) 

Test Location : 
	

Filter test laboratory, Labor Ilgen, Krostitz, Germany  

Voltages: 
	

Ioniser: 16kV Collector:7kV 

Testing Date: 	30 October 2015 

Testing Time: 	18:04 - 18:09 

Data Log Ref: 	Please refer to remarks 

No. Test Condition Average Dust Concentration Pressure Drop 

Temperature Relative 
Humidity 

Velocity PIA° PM2.5 PM, 

IC] 1%] Im/s11 Inlet Outlet Separation rate Inlet Outlet Separation rate Inlet Outlet Separation rate [Pa] 

[mg/m^3] [mg/m^3] rki 11111:01031 [mg/m"3] [%] [mg/m"3] [mg/m"3] IN 

1 22.3 98.5 4 1.07 0.06 94.4 0.670 0.059 91.2 0.576 0.057 90.1 26 

2 

3 

4 

5 

6 

7 

8 

9 

Remarks: All the measured data is attached to thi test record sheet (2 Sheets in total). 

Data log reference: No.1- 107/133 

According to PS37.2(1)(1): 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. 

Test Conducted by: 	 Witnessed by: 	 Witnessed by: 

Name :  ruc.c. 9t  	Name : 	 Name : EY Cig 

Company:  FILTRONtec 	Company: Leighton Joint Venture 	Company: 	AECOM  

attnionip (40-Ni 

HYD 

Witnessed by: 	 Witnessed by: 

Name:  kfekv ve 	C 	Name: 

Company: 	 Company: 



Project : Testing Date: 	26 October 2015 HY/2011/08 - Central-Wan Chai Bypass - Tunnel Buildings, 
Systems and Fittings, and Works associated with Tunnel Commissioning 

Equipment to be tested: 

Test Location : 

Voltages: 

Testing Time: 	13:00 to 15:45 

Data Log Ref: 	Please refer to Remarks 

ESP fitter ESP 1000-123 (no. 076) 

Filter test laboratory, Labor Ilgen, Krostitz, Germany  

Ioniser: 16kV Collector:7kV 

19//7410 Date: Date: Date: 2M 0 ck  

Signature : 	 ic nature : 

Date: 21) at (d-   Date _29 Mkt 2-ots 

LLEIGHTONte 
Test Report for Electrostatic Precipitator Performance Test 

No. Test Condition Average Dust Concentration Pressure Drop 

Temperature Relative 
Humidity 

Velocity Mr, PM2.5 PM, 

['C] rkl [m/s] Inlet Outlet Separation rate Inlet Outlet Separation rate Inlet Outlet Separation rate [Pa] 

[mg/m"3] [mg/m^3] [%] [mg/m^3] [mg/m^3] El'. ] [mg/m^3] [mg/m^3] ['i] 

1 30 80 4 0220 alma 982 0.127 0.002 98.4 0.109 0.002 98.2 25 

2 30 80 4 0.536 0.012 97.8 0.329 0.009 	- 97.3 0.283 0.008 97.2 25 

3 30 80 4 0.992 0.021 97.9 0.565 0.013 97.7 0.485 0.013 97.3 25 

4 30 80 6 0.232 0.033 85.8 0.147 0.020 86.4 0.126 0.019 84.9 54 

5 30 80 6 0.499 0.040 92.0 0.279 0.029 89.6 0.242 0.027 88.8 54 

6 30 80 6 1.050 0.089 91.5 0.585 0.058 90.1 0.510 0.054 89.4 54 

7 30 80 

8 30 80 

9 30 80 

Remarks: All the measured data is attached to this test record sheet ( 9 Sheets in total). 

Data log reference: No.1- 008/008 ; No.2- 005/005 ; No.3- 006/006 ; No.4- 009/009 ; No.5- 010/010 ; No.6- 011/011. 

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. 

Test Conducted by: Witnessed by: 	 Witnessed by: 	 Witnessed by: 

Name :  Elk 4 geior 	Name : 	t.6k-)s, TOrt`k, 	 Name : 	EnC_ C  	Name : 

Company:  FILTRONtec 	Company: Leighton Joint Venture 	Company: 	AECOM 	Company: 

(2et. Signature : 	• , 	 Signature : 

Witnessed by: 

Name: 

Company: 

Signature : 

iLct avis" 

Ir  



Signature : Signature : Signature : Signature : 

Date: Date: Date: 

( Pe4o<  

291/1ollos 

Signature : 

Date: 	 Ar Date: .21 a,t 2.0 

IALEIGHTONiftg 
Test Report for Electrostatic Precipitator Performance Test 

Project : 
	 HY/2011/08 - Central-Wan Chai Bypass - Tunnel Buildings, 

Systems and Fittings, arid Works associated with Tunnel Commissioning 

Equipment to be tested: 	 ESP filter ESP 1000-123 (no.076) 

Testing Date: 	26 October 2015 

Testing Time: 	13:00 to 15:45 

Test Location : 

Voltages: 

Filter test laboratory, Labor Ilgen, Krostitz, Germany  Data Log Ret: 	Please refer to Remarks 

  

Ioniser: 15kV Collector:5kV 

    

     

No. Test Condition Average Dust Concentration Pressure Drop 

Temperature Relative 
Humidity 

Velocity MI) Mks PM, 

[C] IN [m/s) Inlet Outlet Separation rate Inlet Outlet Separation rate Inlet Outlet Separation rate [Pa) 

[mg/m^3] [mg/m^3] rid Img/m^3] [mg/m^3] IN [mg/m^3] [mg/m^3] IN 

1 30 80 4 0.210 0.011 94.8 0.144 0.01 92.9 0.124 0.009 92.5 25 

2 30 80 4 0.524 0.017 96.7 0.285 0.015 94.8 0.247 0.014 94.4 25 

3 30 80 4 1.060 0.039 96.3 0.603 0.032 94.7 0.518 0.030 94.2 25 

4 30 80 

5 30 80 

6 30 80 

7 30 80 

8 30 80 

9 30 80 

Remarks: All the measured data is attached to thi test record sheet ( 5 Sheets in total). 

Data log reference: No.1- 003/003 ; No.2- 004/004 ; No.3- 007/007. 

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. 

Test Conducted by: 	 Witnessed by: 	 Witnessed by: 

Name :  EZ iCX 	GO( Name : 	
k—*M- 	

Name : 

Company:  FILTRONtec 	Company: Leighton Joint Venture 	Company: 	AECOM  

 

Witnessed by: 

Name : 	i yve C fl 

Company: 

Witnessed by: 

Name: 

Company: 

ea .44 WAS 
Ny 'D  

 

    



1,§LEIGHTONC4ff 
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 

Equipment to be tested: 
	

ESP filter ESP 1000-123 (no. 076) 

Test Location : 
	

Filter test laboratory, Labor Ilgen, Krostitz, Germany  

Voltages: 
	

Ioniser: 16kV Collector:7kV 

Testing Date: 	27 October 2015 

Testing Time: 	8:30 to 13:00 

Data Log Ref: 	Please refer to Remarks 

No. Test Condition Average Dust Concentration Pressure Drop 

Temperature Relative 
Humidity 

Velocity PfAlo PM2,5  PM, 

['C] [%] [m/s] Inlet Outlet Separation rate Inlet Outlet Separation rate Inlet Outlet Separation rate [Pa] 

[mg/m^3] [mg/m^3] [%] [mg/m^3] [mg/m"3] [%] [mg/m"3] [mg/m"3] [%] 

1 35 65 4 0.205 0.019 90.7 0.109 0.018 83.5 0.094 0.018 80.9 25 

2 35 65 4 0.547 0.013 97.6 0.288 0.011 96.2 0.250 0.010 96.0 25 

3 35 65 4 1.030 0.019 98.2 0.530 0.015 97.2 0.463 0.014 97.0 25 

4 35 65 6 0.236 0.023 90.3 0.127 0.017 86.6 0.109 0.016 85.3 54 

5 35 65 6 0.518 0.052 90.0 0.319 0.037 88.4 0.275 0.035 87.3 54 

6 35 65 6 0.994 0.095 90.4 0.587 0.066 88.8 0.502 0.061 87.8 54 

7 35 65 

8 35 65 

9 35 65 

Remarks: All the measured data is attached to thi test record sheet ( 9 Sheets in total). 

Data log reference: No.1- 016/028 ; No.2- 020/032 ; No.3- 021/033 ; No.4- 023/035 ; No.5- 024/036 ; No.6- 025/037. 

According to PS37.2(1)(1): 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. 

Test Conducted by: Witnessed by: Witnessed by: Witnessed by: 	 Witnessed by: 

Name : 	eat 	, 14X Name : le,,g004 Name : 4C- (Ike Name : 1".0,r,s -11k  Name : 

Company: FILTRONtec Company: Leighton Joint Venture Company: AECOM Company: EKA.c,J> 	Company: 

Signature : 	P2A.K" Signature : Signature : Signature : Signature : 

Date: 	15/Agtoir Date: 2/0 \ 	0 cr.IL, 2.7::;,1<, Date: 2-9 Oct 20t5 Date: 2f)  Oft .201T  Date: 



LLEIGHTONinff 

Test Location : 

Voltages: 

Filter test laboratory, Labor Ilgen, Krostitz, Germany 

Ioniser: 15kV Collector:5kV  

Testing Date: 	27 October 2015 

Testing Time: 	8:30 to 13:00 

Data Log Ref: 	Please refer to Remarks 

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 

Equipment to be tested: 	 ESP filter ESP 1000-123 (no. 076) 

No. Test Condition Average Dust Concentration Pressure Drop 

Temperature Relative 
Humidity 

Velocity Milo PM2 5 PM, 

['C] [%] [m/s) Inlet Outlet Separation rate Inlet Outlet Separation rate Inlet Outlet Separation rate [Pa] 

[mg/m^3] [mg/m^3] rid [mg/m^3] [mg/m^3] [%] [mg/m^3] [mg/m"3] [%] 

1 35 65 4 0.218 0.017 92.2 0.127 0.016 87.4 0.109 0.015 86.2 25 

2 35 65 4 0.530 0.026 95.1 0.316 0.024 92.4 0.272 0.023 91.5 25 

3 35 65 4 1.080 0.035 96.8 0.586 0.031 94.7 0.513 0.029 94.3 25 

4 35 65 

5 35 65 

6 35 65 

7 35 65 

8 35 65 

9 35 65 

Remarks: All the measured data is attached to this test record sheet ( 5 Sheets in total). 

Data log reference: No.1- 017/029 ; No.2- 018/030 ; No.3- 022/034. 

According to PS37.2(1)(1): 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. 

Test Conducted by: 	 Witnessed by: 	 Witnessed byl! 	 Witnessed by: 	 Witnessed by: 

Name:  E/ 4 2 	914AY 	Name: 	t-  rA_ 14‘1--k 	Name: 	x,,_ a  	Name: 	1-11" 	
Name: 

Company:  FILTRONtec 	Company: Leighton Joint Venture 	Company: 	AECOM 	Company: 	si) 	Company: 

L 

	

e 02.4" V 	 kEn-.—_ 	  Signature : 	Signature : 	 Signature : 	 Signature : 	 ,..Signature : 

 

e 

 

  

   

      

Date: 	S/16/00, 	Date: 

 

2 	06-  -  )-ot c   Date: 2' Oct 2o15 Date: 	Dilt .24  d—Date: 

 

  

    

       



LIEIGHTONte 
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 

Equipment to be tested: 	 ESP filter ESP 1000-123 (no. 076) 

Testing Date: 	27 October 2015 

Testing Time: 	14:00 to 17:30 

Test Location : 

Voltages: 

Filter test laboratory, Labor Ilgen, Krostitz, Germany Data Log Ref: 	Please refer to Remarks 

  

Ioniser: 16kV Collector:7kV 

   

    

No. Test Condition Average Dust Concentration Pressure Drop 

Temperature Relative 
Humidity 

Velocity PM1,:, PM2.5 PM, 

['C] MI [m/s] Inlet Outlet Separation rate Inlet Outlet Separation rate Inlet Outlet Separation rate [Pal 

[mg/m^3] [mg/m^3] IN [mg/m"3] [mg/m^3] IN [mg/m^3] [mg/m"3] IN 

1 40 50 4 0.192 0.017 91.1 0.124 0.016 87.1 0.105 0.016 84.8 25 

2 40 50 4 0.502 0.017 96.6 0.296 0.015 94.9 0.255 0.015 94.1 25 

3 40 50 4 1.05 0.028 97.3 0.65 0.023 96.5 0.559 0.022 96.1 25 

4 40 50 6 0.209 0.032 84.7 0.134 0.028 79.1 0.114 0.027 76.3 55 

5 40 50 6 0.522 0.05 90.4 0.296 0.041 86.1 0.255 0.039 84.7 55 

6 40 50 6 1.06 0.085 92.0 0.593 0.067 88.7 0.517 0.062 88.0 55 

7 40 50 

8 40 50 

9 40 50 

Remarks: All the measured data is attached to thi test record sheet ( 9 Sheets in total). 

Data log reference: No.1- 026/038 ; No.2- 030/042 ; No.3- 031/043 ; No.4- 033/045 ; No.5- 034/046 ; No.6- 035/047. 

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. 

Test Conducted by: 	 Witnessed by: 	 Witnessed by: 	 Witnessed by: 	 Witnessed by: 

Name :  Elk X _Pao 'X' 	Name : 	KCJ-1. "Pop.k.  	Name : 	e_ (6,t44 el 	Name : a  Name : 

Company:  FILTRONtec 	Company:Leighton Joint Venture 	Company: 	AECOM  Company: 	iti,9D  Company: 

Signature 

Date: 

Signature : 

 

Signature : 

 

Signature : 	 Signature : 

 

I
v 

3j.  (0- 1-0 e 

    

o' c  Date: 2.A. 	(Ya- 24)1 g 	Date: 2e1  at 2015   Date: 	,2 f dc,t Atroate: 

 

   

    



Project : Testing Date: 	27 October 2015 HY/2011/08 - Central-Wan Chai Bypass - Tunnel Buildings, 
Systems and Fittings, and Works associated with Tunnel Commissioning 

Equipment to be tested: 

Test Location : 

Voltages: 

Testing Time: 	14:00 to 17:30 

Data Log Ref: 	Please refer to Remarks 

ESP filter ESP 1000-123 (no. 076) 

Filter test laboratory, Labor Ilgen, Krostitz, Germany 

Ioniser: 15kV Collector:SkV 

LILEIGHTONiM" 
Test Report for Electrostatic Precipitator Performance Test 

No. Test Condition Average Dust Concentration Pressure Drop 

Temperature Relative 
Humidity 

Velocity PM,c, PIV2.5 PM, 

['C] IN [m/s] Inlet Outlet Separation rate Inlet Outlet Separation rate Inlet Outlet Separation rate [Pa] 

[mg/m^3] [mg/m^3] r%1 [mg/m^3] [mg/m^3] [56] [mg/m^3] [mg/m^3] MI 

1 40 50 4 0.216 0.024 88.9 0.128 0.023 82.0 0.112 0.023 79.5 26 

2 40 50 4 0.556 0.036 93.5 0.360 0.034 90.6 0.313 0.033 89.5 26 

3 40 50 4 1.000 0.049 95.1 0.635 0.045 92.9 0.543 0.043 92.1 26 

4 40 50 

5 40 50 

6 40 50 

7 40 50 

8 40 50 

9 40 50 

Remarks: All the measured data is attached to thi test record sheet ( 5 Sheets in total). 

Data log reference: No.1- 028/040 ; No.2- 029/041 ; No.3- 032/044. 

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. 

Test Conductedby: Witnessed by: Witnessed by: Witnessed by: Witnessed by: 

Name : 	a 4  •i Name : krot4 	ib4 
Name : Name : Hojeariik  Name : Er:ie 	CkihiA6 

Company: FILTRONtec Company: Leighton Joint Venture Company: AECOM Company: p(A 	 Company: 

11(4  
Signature Signature : Signature : Signature : ,Signature : 

Date: 	29/4i 0 Date: e Ck Date: Oct 20/5 Date: xr(3,-( 	]. \I Date: 

atc,( 141f1V 



Witnessed by: Witnessed by: 

Name: 

Company: Company: FILTRONtec 	 Company: Leighto Joint Venture 

Signature Signature : 

p 	"2„,p k<  	Date: 

elk  Q Lz41 

AECOM 

Si.nature : Signature : 

Date: Ot 244   Date: 30 at  .20s 

G,?kis 1,1 (A104 
Test Conducted by: 

Name : 	t 	IC  Name : 

Signature : 

Date: 3a(1 /lo'  Date: 

Witnessed by: 

Name: 

Company: 

Witnessed by: 

Name: 

Company: 

LEIGHTON fif.•Va 

Test Report for Electrostatic Precipitator Performance Test 

Project : 	 I-IY/2011/08 - Central-Wan Chai Bypass - Tunnel Buildings, 
Systems and Fittings, and Works associated with Tunnel Commissioning 

Equipment to be tested: 
	

ESP filter ESP 1000-123 (no. 076) 

Test Location : 
	

Filter test laboratory. Labor Ilgen, Krostitz, Germany  

Voltages: 
	

Ioniser: 16kV Collector:7kV 

Testing Date: 	28 October 2015 

Testing Time: 	08:30 to 17:00 

Data Log Ref: 	Please refer to remarks 

No. Test Condition Average Dust Concentration Pressure Drop 

Temperature Relative 
Humidity 

Velocity PM,0  PP025 PM, 

['CI [%] [m/s] Inlet Outlet Separation rate Inlet Outlet Separation rate Inlet Outlet Separation rate [Pa] 

[mg/m^3j [mg/m^3] I%] [mg/m^3] [mg/m^3] IN [mg/m^3] [mg/m^3] [%] 

1 27.5 90 2 1.030 0.018 98.3 0.620 0.015 97.6 0.530 0.015 97.2 7 

2 27.5 90 4 0.222 0.050 77.5 0.136 0.032 76.5 0.117 0.031 73.5 28 

3 27.5 90 4 0.547 0.049 91.0 0.356 0.034 90.4 0.308 0.032 89.6 25 

4 27.5 90 4 1.010 0.054 94.7 0.655 0.040 93.9 0.564 0.038 93.3 25 

5 27.5 90 6 0.187 0.089 52.4 0.119 0.048 59.7 0.104 0.045 56.7 55 

6 27.5 90 6 0.975. 0.152 84.4 0.554 0.087 84.3 0.477 0.082 82.8 55 

7 27.5 90 

8 27.5 90 

9 27.5 90 

Remarks: All the measured data is attached to thi test record sheet ( 9 Sheets in total). 

Data log reference: No.1- 054/072 No.2- 056/074 No.3- 059/077 ; No.4- 060/078 , No.5- 045/063 No.6- 047/065 

According to PS37.2(1)(i): For panicle, 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. 



.EIGHTONT14-ff 
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: 	29 October 2015 

  

Equipment to be tested: 

Test Location : 

Voltages: 

ESP filter ESP 1000-123 (No. 077) 

Filter test laboratory, Labor Ilgen, Krostitz, Germany  

Ioniser: 16kV Collector:7kV 

Testing Time: 	08:30 to 11:30 

Data Log Ref: 	Please refer to remarks 

  

     

No. Test Condition Average Dust Concentration Pressure Drop 

Temperature Relative 
Humidity 

Velocity PK° PM2.5 PM, 

['C] [%) [m/s] Inlet Outlet Separation rate Inlet Outlet Separation rate Inlet Outlet Separation rate [Pa] 

[mg/m^3] [mg/m^3] [%] [mem  A3] [mg/m^3] I'M [mg/m^3] [mg/m^3] [%] 

1 27.5 90 6 0.509 0.090 82.3 0.295 0.060 79.7 0.254 0.058 77.2 53 

2 27.5 90 

3 27.5 90 

4 27.5 90 

5 27.5 90 

6 27.5 90 

7 27.5 90 

8 27.5 90 

9 27.5 90 

Remarks: All the measured data is attached to this test record sheet ( 2 Sheets in total). 

Data log reference: No.1- 076/102 

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. 

Test Conducted by: 	 Witnessed by: Witnessed by: Witnessed by: 	 Witnessed by: 

Name: 	t(AE 	at,4^ 	Name: 	 -(1)51k Name : CAG Name:  	t4etyyjo.,ti (SW& Name: 
C_A-YIMNI) W6-7•1 

Company: FILTRONtec 	 Company: 	Leighton Joint Venture Company: AECOM 	 Q Company: 	iris D 	Company: t'IND 

Signature : 	()2,4, ( 	Signature : Signature : Signature : 	 Signature : _... 

Date: 	30m41 ed4c  Date: 	IA. 	ck_ 2,0t< Date: 33  Oct -205 Date: 	azt241iDate to- 1.0.S /  



Signature : 

Date: 	3 04000 ".f‹.-  Date: 

Signature : 

b  	Date: 

Signature : 	 nature : 

30 Ott 206  	Date: 
	

(nate 

Signature 

LEIGHTONflni 
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 

Equipment to be tested: 
	 ESP filter ESP 1000-123 (no. 076) 

Test Location : 
	 Filter test laboratory, Labor Ilgen,  Krostitz, Germany 

Voltages: 
	

Ioniser: 15kV Collector:5kV 

Testing Date: 	28 October 2015 

Testing Time: 	08:30 to 17:00 

Data Log Ref: 	Please refer to remarks 

No. Test Condition Average Dust Concentration Pressure Drop 

Temperature Relative 
Humidity 

Velocity PM10  PM2.5 PM, 

[c] [%] [m/s] Inlet Outlet Separation rate Inlet Outlet Separation rate Inlet Outlet Separation rate [Pal 

[mg/m^3] [mg/m^3] I%1 [mg/m^3] [mg/m^3] 1%1 [mg/m^3] [mg/m^3] (%] 

1 27.5 90 4 0.226 0.045 80.1 0.154 0.034 77.9 0.133 0.033 75.2 25 

2 27.5 90 4 0.533 0.049 90.8 0.325 0.039 88.0 0.280 0.037 86.8 25 

3 27.5 90 4 1.000 0.073 92.7 0.591 0.056 90.5 0.506 0.053 89.5 25 

4 27.5 90 

5 27.5 90 

6 27.5 90 

7 27.5 90 

8 27.5 90 

9 27.5 90 

Remarks: All the measured data is attached to thi test record sheet ( 5 Sheets in total). 

Data log reference: No.1- 057/075 ; No.2- 058/076 ; No.3- 065/084 

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. 

Test Conducted by: 	 Witnessed by: 	 Witnessed by: 	 Witnessed by: 	 Witnessed by: 

Name :  Eh 2 .1.2e . /r-   Name : 	Kra—L -.(: th.p,..k  	Name : 	•G '1l1 (14/21,01A  	Name : 

Company:  FILTRONtec 	Company: Leighton Joint Venture 	 AECOM 	U  	

44CW-1,412 	C 	Name 

Company: 	 Company: 	5AA -CI)  	Company: 

koryni ON L) 

 

4I-Y  

 

  



Test Conducted by: Witnessed by: Witnessed by: Witnessed by: 

Name : 	lt i;,„t 	).e.AA >(" Name : 
t<"'L  TikV 

Name : Ee1C— ritk Name : 

Company: FILTRONtec Company: Leighton Joint Venture Company: AECOM Company: 

(2)AA s4( 
Signature : Signature : Signature : Signature : 

Date: 	r;c)  ),10 (10,'  Date: rk ,242k5  Date: 30 	Oct 2016   Date: 

Witnessed by: 

Name: 

Company: 

ature : 

2AVc tar;ate: 

0-Ynto /JD kffrJ 
-14-Y D 

(9 

2fo IV ?AO'  

LEIGHTONff.I 
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: 	28 October 2015 

  

Equipment to be tested: 

Test Location : 

Voltages: 

ESP filter ESP 1000-123 (no. 076) 

Filter test laboratory, Labor Ilgen. Krostitz, Germany 

Ioniser: 15.5kV Collector:6.5kV 

Testing Time: 	08:30 to 17:00 

Data Log Ref: 	Please refer to remarks 

  

     

No. 

Temperature Relative 
Humidity 

Velocity 

Average Dust Concentration Pressure Drop 

PM,0  FM2.5 PM, 

rC1 ['i] [m/s] Inlet Outlet Separation rate Inlet Outlet Separation rate Inlet Outlet Separation rate [Pa] 

[mg/m.^3] [mg/m"3] [%] [mg/m^3] ling/m^31 MI [mg/m^3] [mg/m^3] ['Y.] 

1 27.5 90 6 1.090 0.167 84.7 0.604 0.099 83.6 0.523 0.092 82.4 55 

2 

3 

4 

5 

6 

7 

8 

Remarks: All the measured data is attached to thi test record sheet (2 Sheets in total). 

Data log reference: No.1- 048/066 

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 0.1 mg/m3. 



Leighton Joint Venture 

Witnessed by: 

Name: 

Company: 

Witnessed by: 	 Witnessed by: 	 Witnessed by: 

Name: 	 tr-le_ 	Name: 1-& rvt c Oa-   Name: 	RAY1/1   

Company: 	AECOM 	Company: 	r,,,sp  	Company: 	gsrD  

Signature : Signature : Signature : 

Date: 30 (1-t 2015 3p Cck, 'Y I,<   Date: 

Test Conducted by: 

Name: 	 -)e" 

Company: FILTRONtec 

Signature : 	PeA^1( 	Signature : 

2,00oneil<   Date:  Date: 	30  Oct 24 r Date: 

ILEIGHTON tfa 
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: 	30 October 2015 

   

Equipment to be tested: 

Test Location : 

Voltages: 

ESP filter ESP 1000-123 (no. 077) 

Filter test laboratory, Labor Ilgen, Krostitz, Germany  

Ioniser: 16kV Collector:7kV 

Testing Time: 	15:04 - 15:10 

Data Log Ref: 	Please refer to remarks 

  

     

No. 

Temperature 

Test Conditio 

Relative 
Humidity 

Average Dust Concentration 

PM2 5 PM, 

Pressure Drop 

Velocity 	  PMr0  

['C] rid [m/s] Inlet Outlet Separation rate Inlet Outlet Separation rate Inlet Outlet Separation rate [Pa) 

[mg/m^3] [Mg/m^3] [%] [mg/m^3] [mg/m^3] 1%1 [mg/m^3] [mg/m^3] [%] 

1 27.5 90 4 0.996 0.108 89.2 0.602 0.071 88.2 0.519 0.069 86.7 25 

2 

3 

4 

5 

6 

7 

8 

9 

Remarks: Test after 23 hours on-load operation, all the measured data is attached to this test record sheet (2 sheets in total). 

Data log reference: No.1- 107/133 

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. 



Notes: 

1. The modules of ESP were randomly picked and tested in controlled laboratory condition. The 
ESP modules were then shipped to different ventilation buildings for installation. 



 

 

 

 

 

 

 

 

 

Appendix 4 Site Acceptance Tests for 
HV Transformers at 
Different Ventilation 
Buildings 

 













































































Remarks: 

The comments marked under Conclusion / Results and Comments section will be included in the 
defects list to Contractor, the defects will be rectified by Contractor after substantial completion of 
APS.  



Notes: 

1. HyD and EMSD witnessed some of the site acceptance test records, while AECOM would 
witness and accept all site acceptance tests for HV transformers when HyD and EMSD were 
not present during the site acceptance tests. 

























Remarks: 

The comments marked under Conclusion / Results and Comments section will be included in the 
defects list to Contractor, the defects will be rectified by Contractor after substantial completion of 
APS.  



Notes: 

1. HyD and EMSD witnessed some of the site acceptance test records, while AECOM would 
witness and accept all site acceptance tests for HV transformers when HyD and EMSD were 
not present during the site acceptance tests. 
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Remarks: 

The comments marked under Conclusion / Results and Comments section will be included in the 
defects list to Contractor, the defects will be rectified by Contractor after substantial completion of 
APS.  



Notes: 

1. HyD and EMSD witnessed some of the site acceptance test records, while AECOM would 
witness and accept all site acceptance tests for HV transformers when HyD and EMSD were 
not present during the site acceptance tests. 




