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1.0 PURPOSE 

This Detail Design Report addresses Design Package VE01: Tunnel Ventilation System and follows 
on from AL-M04-DPK-VE01-0010-B-00: Preliminary Design Package Report – Tunnel Ventilation 
System. 

 
1.1 Overview – EastLink 

The EastLink Project comprises a freeway, having three (3) through traffic lanes in each direction 
between the Eastern Freeway and Princes Highway reducing to two (2) through traffic lanes in each 
direction from Princes Highway to Frankston Freeway Interchange. Incorporated into the freeway 
system is a tunnel comprising twin bore parallel tubes of approximately 1.5km in length, running from 
East of Park Road to the West of Deep Creek Road, passing underneath the Mullum Mullum Creek. 

United Group is responsible for the design and construction of mechanical and electrical services for 
the tunnels, external facilities and surface roads as a Subcontractor to TJH joint venture. 

2.0 REFERENCES 

 
1. Exhibit AA Project Scope and Project Requirements 
2. MSA-001-Alstom-Rev11-10-02-2005 Mitcham – Frankston Freeway Mechanical and 

Electrical Subcontract 
3. AL-M04-DPK-VE01-0010-B-00 Preliminary Design Package Report – Tunnel 

Ventilation System 
4. Hyder Consulting 
          Report No. 5002-VC01933-VCR-00 
          09 June 2005 

EastLink Project - Traffic and Emissions Data 

5. CWDC 
          Report No. CD-M00-RPT-ME00-2327-A-01 
          30 August 2005 

Tunnel Ventilation Design 
Review of Cross Passage Pressurisation 

3.0 DEFINITIONS 
1. Company – means United Group - Rail. 
2. Customer – means Thiess John Holland Joint Venture (TJHJV) and for the purpose of this 

contract is identified as the principal contractor. 
3. Project - means the scope of work identified in the subcontract between the Company and the 

Customer for EastLink (formerly known as Mitcham – Frankston Freeway Project). 
4. PS&PR  – means the Project Scope and Project Requirements, Exhibit AA to the Mitcham – 

Frankston Freeway Concession Deed. 
5. OMCS – means Operations Management and Control System. 
6. PMCS – means Plant Management and Control System 
7. ELOC – means the EastLink Operations Centre. 
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4.0 REPORT 

4.1 INTRODUCTION 

4.1.1 Description and Design Elements 

This Detail Design Report addresses Design Package VE01: Tunnel Ventilation System 
This document covers the detail design of the tunnel ventilation systems for the EastLink tunnels, 
including: 

• Detail calculations of the pressure drop due to system losses through the tunnel and 
confirmation of jet fan thrust requirement and required number. 

• Calculation of jet fan requirement and direction of operation for normal, congested and fire 
incident modes; 

• Detail calculation of ventilation system resistance and associated pressure losses used to size 
the East and West Vent Stations exhaust fans; 

• Assessment of 24-hour ventilation requirements and air flows through the tunnel; 
• Detailed assessment of in-tunnel noise and ventilation equipment air path noise and 

determination of noise mitigation measures and jet and exhaust fan specification noise criteria; 
• Detailed control philosophy proposal for the tunnel ventilation system. 
• Preparation of detail arrangement drawings for the east and west ventilation stations including 

exhaust fans, attenuators, and associated dampers, ductwork and ancillaries; 
• Preparation of detail jet fan location and mounting arrangements 
• Preparation of technical specifications for ventilation system equipment including: 

Supply of Tunnel Jet Fans 
Supply of Vent Station Axial Fans 
Supply of Vent Station Shut-off Dampers 
Supply of Vent Station Attenuators 
Supply of Turning Vanes and Ductwork 

4.1.2 Report Content 

This Detail Design Package Report comprises the detail design stage documentation for Design 
Package AL-M04-DPK-VE01-0010.  It identifies: 

• The scope of the Design Package; 
• Differences between the proposed detail design and the Concept Design; 
• Confirmation and details of durability requirements for the Design Package; 

O&M issues and impacts; 
• Safety in Design issues and other safety issues relevant to this design package. 
• Any non-compliances with the Concession Deed obligations as set out or referenced in the 

Mitcham – Frankston Freeway Mechanical and Electrical Subcontract. 

This report contains or refers to the following documentation: 
• Preliminary design report and drawings; 
• Specialist engineering reports; 

4.1.3 Items Not Covered in this Report 

The following elements are not included in Design Package AL-M04-DPK-VE01-0010 and will be 
addressed in other Design Packages: 
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Item Design Lot(s) 

Tunnel Electrical Power System Design Lots EL01-EL08 

Ventilation System Control Hardware and Software Design Lot OM01 and OM2 

Tunnel and Stack Air Monitoring Design Lot AM01 and AM03 

4.2 BASIS OF DESIGN 

4.2.1 Design Criteria 

Design Criteria for this Design Lot are in accordance with the PS&PR and contractual requirements 
and are as listed in the Preliminary Design Report.  No amendments have been made to the design 
criteria as listed in the Preliminary Design report. 

Design criteria and tunnel geometry details applicable to this design package are as follows: 

Design Criteria 
 

Item Criteria Adopted Reference 

In Tunnel Carbon Monoxide (CO) 
Limits 

CO (Short Term Peak) - 150ppm 
CO (15 Minutes Exposure) - 50ppm 
CO (In Excess of 120 Minutes 
Exposure) - 25ppm 

CO limits as per MCL 
Works Approval. 
Refer also PS&PR S11.8 
(d) 
 

In Tunnel Oxides of Nitrogen 
(NOX) Limits 

NO – 15ppm 
NO2 (Inferred as 10% of NO) – 
1.5ppm 

Based on interpretation of 
WHO standards for short 
term exposure and as 
applied for monitoring on 
the MCL project. 

In Tunnel Visibility Limits K max (Stationary Traffic) = 0.009 
per m 
K max (Congested Traffic) = 0.007 
per m 
K max (Design Condition) = 0.005 
per m 

Clause S11.8(d) of the 
PS&PR 

Acoustic Requirements NR85 at 1.5m above road level with 
no traffic present; 
External noise to comply with EPA 
Requirements and State 
Environment Protection Policy 
(Control of Noise from Commerce 
Industry and Trade) No. N1 

Clause S11.8(h) of the 
PS&PR 

Portal Emissions No net portal emissions design 
criteria adopted. Portal inflow 
velocity of 0.75-1.00 m/s as a 
rolling 15 minute average 

Concept Design 

In Tunnel Traffic Flows Derived in accordance with Clause 
4.1(a)(iv) of the PS&PR 

Traffic and vehicle mix 
data prepared by Hyder 
Consulting for design 
years: 2008, 2011, 2021 
and 2031 has been 
adopted for the purposes 
of ventilation system 
design. (Modified for 
worst case scenarios). 
PIARC derived data is 
used where this is more 
onerous. 
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Item Criteria Adopted Reference 

Traffic Management Regime Maximum design speed in the 
tunnels will be 80km/h.  

Table S9.1.1 of the 
PS&PR (Traffic 
management at reduced 
speeds with 2 lanes 
operating at speeds below 
20km/hr is assumed as 
agreed) 

Vehicle Emissions Derived in accordance with PIARC 
procedures including an 
assessment of pollution control 
equipment deterioration for each 
vehicle type 

PIARC Vehicle Emission 
and Air Demand for 
Tunnels 1995 and 2003 

Vehicle Age and Fuel Type Based on ConnectEast data Hyder Consulting 
Fire Rating of Tunnel Structures All mechanical ventilation 

components including fans and 
dampers has a fire rating of 2 hours  
at 250 degrees Celsius 

Clause S11.2(c)(iii) of the  
PS&PR 

Testing for Fire Ratings In accordance with AS1530.4 
Adopting Eurocode 1 Hydrocarbon 
Curve 

Clause S11.2(c)(iv) of the 
PS&PR 

Fire Mode Operation Fully functional for range of fire 
conditions up to and including 
50MW design fire 

Clause S11.1(a)(iii) of the 
PS&PR 

Mechanical and electrical 
equipment Design Life 

20 years assuming regular 
maintenance in accordance with the 
maintenance manuals 

Clause 3.1 Table 3.1 
(Design Life) of the 
PS&PR 

Mechanical and electrical 
equipment Residual Design Life 

50% of the Design Life (10 years) Clause 3.1(b)(iv) of the 
PS&PR 

 

Tunnel Geometry 

The tunnel geometry has been modelled as follows: 

(a) Eastbound Tunnel 

 

Location Section 
1 

Section 
2 

Section 
3 

Section 
4 

Section 
5 

From Chainage 19900 20360 20538 20743 21370 

To Chainage 20360 20538 20743 21370 21550 

Length (km) 0.460 0.178 0.205 0.627 0.180 

Gradient -5.50% -5.50% 0.00% 5.50% 0.00% 

Number of lanes 3 3 3 3 3 

Gross cross section area 
(approx m2) 100 100 100 100 100 

Perimeter (m) 39.2 39.2 39.2 39.2 39.2 

Section Height (m) 8.7 8.7 8.7 8.7 8.7 
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(b) Westbound Tunnel 

 

Location Section 
1 

Section 
2 

Section 
3 

Section 
4 

Section 
5 

From Chainage 21550 21370 20743 20538 20000 

To Chainage 21370 20743 20538 20000 19900 

Length (km) 0.180 0.627 0.205 0.538 0.100 

Gradient 0.00% -5.50% 0.00% 5.50% 5.50% 

Number of lanes 3 3 3 3 3 

Gross cross section area 
(approx m2) 100 100 100 100 100 

Perimeter (m) 39.2 39.2 39.2 39.2 39.2 

Section Height (m) 8.7 8.7 8.7 8.7 8.7 

4.2.2 Design Inputs 

The following inputs have been used in the production of this detail design: 
• Exhibit AA Project Scope and Project Requirements; 
• Mitcham – Frankston Freeway Mechanical and Electrical Subcontract; 
• EVE0201/ED1/6/00021 Rev. D (issued 11 March 2004) Tender Concept Design Report 
 Mitcham Frankston Freeway Mechanical Electrical and Control Systems; 
• AL-M04-DPK-VE01-0010-B-00: Preliminary Design Package Report – Tunnel Ventilation 
 System 

4.2.3 Specialist Engineering Reports 
The following specialist engineering reports provided by TJH have been used or referenced in the 
preparation of this report: 

• Hyder Consulting Report No. 5002-VC01933-VCR-00 (09 June 2005):  EastLink Project - 
Traffic and Emissions Data. 

• CWDC Report No. CD-M00-RPT-ME00-2327-A-01 - 30 August 2005:  Tunnel Ventilation 
Design - Review of Cross Passage Pressurisation 

The following specialist engineering report commissioned by the Company has been used in the 
preparation of the Tunnel Ventilation System detail design: 

• Tunnel Acoustic Assessment:  Graeme E Harding & Associates. 

4.2.4 Interfaces 

Internal and external design interfaces are listed below: 

Electrical Power Supply 

Power requirements for ventilation system equipment will be inputs for the tunnel electrical power and 
distribution system, which forms part of Design Lots EL01to EL08 as applicable. 

Air Monitoring System 

In-tunnel and exhaust stack air monitoring instrumentation is proposed to be located as shown on 
Drawing AL-M04-DRG-VE01-0001 and as detailed below: 

The primary (control) tunnel instrumentation will be located in each tunnel approximately 50 m 
upstream of the vent station intake plenum opening, with controllers located in the east equipment 
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room for the eastbound tunnel, and the west equipment room for the westbound tunnel. 
Instrumentation will comprise: 

• Anemometer 
• CO/NO/Visibility open path analyser 

Secondary instrumentation (early warning/trim) will be located approximately midway between CP9 
and CP10 for the eastbound tunnel and between CP4 and CP5 for the westbound tunnel.  Controllers 
will be located in CP 9 eastbound and CP5 westbound.  Instrumentation will comprise: 

• CO/NO/Visibility open path analyser 

Entry portal instrumentation will be located approximately 50m in from the daylight portal in each 
tunnel  

• CO/NO/Visibility open path analyser 

Exit portal instrumentation will be located approximately 50m from the daylight exit portal in each 
tunnel with controllers located in the East equipment room for the eastbound tunnel and the west 
equipment room for the westbound tunnel.  Instrumentation will comprise: 

• Anemometer 
• Temperature sensor 

Stack instrumentation will be installed in both the west and east exhaust stacks at approximately 20m 
above plant room floor level.  Controllers will be located in the associated vent station LV switchroom.  
Instrumentation will comprise: 

• Anemometer 
• CO analyser 
• NO/NO2/NOx analyser 
• PM10 and PM2.5 monitor (TEOM) 
• Temperature sensor 

Details of the proposed tunnel and stack air monitoring instrumentation is covered under the following 
Design Lots: 

• Tunnel Air Monitoring Instrumentation: Design Lot AM01 
• Stack Air Monitoring Instrumentation: Design Lot AM03. 

Control System 

The tunnel ventilation system control and operational philosophy and requirements detailed in section 
4.3.2.8 of this report are a design input design for software development covered in Design Lots OM01 
and OM02 (OMCS hardware and software respectively).  This includes the PMCS component of the 
OMCS. 

Civil Design Interfaces 

The following are interface co-ordination issues with the Civil Design being undertaken by others and 
have been considered and addressed in the preparation of this detail design: 

• Vent station structure and internal wall arrangement.  
• Ventilation building structural details required to adequately deal with structure borne noise. 
• Structural and dimensional arrangement for the fan discharge plenum blanking wall 
• Exhaust vent stack location, structural and dimensional arrangement. 

4.2.5 Assumptions 

The following assumptions have been made in order to produce this design: 
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Item Description Proposal 

1. Tunnel geometry and length is in accordance 
with the details listed under 4.2.2 – Tunnel 
Geometry, above. 

Any changes will be 
addressed in final design. 

2. CO and NO/NO2 limits for tunnel air quality 
will be as listed under 4.2.1 – Design Criteria, 
above. 

As per MCL (EPA has 
provided guidance): 
CO (Short Term Peak) - 
150ppm CO (15 Minutes 
Exposure) - 50ppm CO (In 
Excess of 120 Minutes 
Exposure) - 25ppm 
NO – 15ppm 
NO2 (Inferred as 10% of NO) 
– 1.5ppm 

4.2.6 Design Methodology 

Tunnel Ventilation System design methodology adopted is as follows: 

Calculations have been carried out generally in accordance with the methods and recommendations 
contained in the referenced PIARC publications.  Spreadsheets have been developed to derive tunnel 
air demand and resulting jet fan numbers required for the various normal and incident case scenarios 
for the 2008 design year (the worst case for emissions). 

Calculations are documented in Calculation Record: AL-M04-CAL-VE01-0001.  In general, the tunnel 
is divided into sections based on vertical geometry.  Dilution air requirement to ensure that the 
pollutant criteria (as listed under 4.2.1 above, i.e. CO, NOX, visibility) are not exceeded is calculated 
for each section.  The critical pollutant can vary between tunnel sections.  The total airflow required for 
the tunnel for each scenario considered is the summation of the section airflows. 

Further to this calculation to ensure that tunnel airflow is greater than that required to achieve critical 
velocity in a fire scenario is calculated. (Critical velocity is the velocity of airflow required to ensure 
smoke backlayering is avoided) 

Note that a number of assumptions are made associated with the calculations.  These are based on 
specific input data and PIARC recommendations and are listed in Calculation Record AL-M04-CAL-
VE01-0001 (Issue B). Assumptions include: 

• Vehicle mix and fuel type 
• Traffic density 
• Vehicle area and drag coefficients 
• Tunnel entry and exit loss coefficients 
• Tunnel friction factor 
• Installation factors for jet fans 
• Vehicle emission factors and cold start factors 

It should be noted that for the short EastLink tunnels, vehicle piston effect at a significant range of 
normal operating speeds will generate tunnel airflow in excess of requirement for pollution dilution. 
This results in reverse operation of tunnel jet fans to retard airflow, increase the pollutant 
concentration (but not in excess of the specified limits) and control exit portal inflow (in conjunction 
with the exhaust ventilation station). 

The following spreadsheet calculations have been carried out and documented: 

Tunnel air flow/jet fan requirements: 
• Design Year 2008 
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• Traffic numbers as per Hyder Consulting Data. 
• Vehicle mix as per Hyder Consulting Data 

Calculations are for each hour of the day, and for traffic speeds of 0, 10, 20, 40, 60 and 80 km/hr. 

These calculations are mainly required as input data to ventilation system operation philosophy 
development. 

As noted above, the short EastLink tunnels result in traffic piston effect generated airflow at normal 
operating traffic speeds.  Since the calculation spreadsheets compute airflow/jet fan requirements to 
meet specified CO concentration, for a significant range of cases excessive jet fan numbers are 
computed to slow the tunnel airflow and approach the upper bound pollution limit. 

This anomaly is handled in the design process by review of the spreadsheet outputs for all cases and 
capping of required jet fan numbers provided pollution dilution criteria are met and main vent station 
capacity is not exceeded. 

Tunnel air flow / jet fan requirements – Normal Operation: 
• Design year 2008 
• PIARC or Hyder Consulting traffic numbers (whichever are the greater for each traffic speed) 
• Vehicle mix as per the PS&PR (being a higher proportion of commercial vehicles) 
• Traffic speeds: 0, 10, 20, 40, 60 and 80 km/hr. 

These calculations represent one of the critical cases for system equipment selection, the other being 
the fire case. 

Tunnel air flow / jet fan requirements – Congested Operation: 
• Design year 2008 
• Severely congested (5km/hr) 3 lanes open (no traffic control) 
• Stalled traffic (0km/hr) 3 lanes open (no traffic control) 
• Vehicle mix as per the PS&PR 

These calculations represent severe cases for confirmation of adequacy of system equipment 
selection. 

Note:  Although these ‘no traffic control’ cases are considered, traffic control (i.e. including lane 
closure) below 20km/hr speeds would be expected to be implemented.  This is consistent with the 
general recommendations of PIARC and is intended to avoid over design of tunnel ventilation 
systems, maximise vehicle throughput and minimise in tunnel exposure times for vehicle occupants. 

Notwithstanding the above, the cases nominated have been considered. The ventilation equipment 
selected is confirmed as able provide adequate tunnel ventilation to maintain CO concentrations within 
the limits specified for normal tunnel operation. It can be confirmed that the tunnel ventilation system 
will handle these congested and stalled cases for limited periods, the limits being the allowable 
exposure time for vehicle occupants in the tunnels. 

Tunnel air flow / jet fan requirements – Fire Scenario: 
• Fire scenario  
• 50 MW design fire, most onerous location (Section 1 of tunnel) 

Tunnel full of traffic both upstream and downstream of fire location. 

Extract ventilation station capacity is derived based on the required airflow for tunnel pollution dilution 
plus that required to eliminate portal emissions. 

Assessment of the spreadsheet outputs indicates that the fire case and the severely congested traffic 
cases (for year 2008) govern the ventilation system equipment capacity requirement. 
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4.2.7 Certification 

The Company’s Design Certificate for this Design Package will be issued with the Final Design 
Report. 

4.2.8 Project Land 

The proposed works are contained within the project land boundary. 

4.3 DESIGN DOCUMENTATION 

4.3.1 Options Considered for the Design 

Summary 

The Preliminary Design Report considered two options for the tunnel jet fans as follows: 

Option 1 

For this option, a total of 12 jet fans are required (9 required for the most onerous fire scenario, 9 for 
the most onerous ventilation case.  12 fans are selected to allow 1 fan out on maintenance and a 
possible 2 lost to fire). 

Jet fans, complete with inlet and outlet attenuators, would be mounted centrally in the tunnel obvert, 
with a maximum available separation between each fan (nominally at each cross passage, giving a 
separation of about 120m).  Mechanical anchors will be used to secure the jet fans to the tunnel roof. 
To reduce cable sizes from the switchboards to jet fans, the supply will be 660 Volts. 

The option 1 jet fans will be nominal 2000N thrust capacity with an absorbed power of approximately 
50kw.  Fan nominal diameter would be 1800 mm, fan speed 980rpm (6 pole). Proposed starting 
method is DOL. 

Option 2 

For this option, a total of 16 jet fans are required (13 required for the most onerous fire scenario, 13 for 
the most onerous ventilation case.  16 fans are selected to allow for 1 fan out on maintenance and a 
possible 2 lost to fire). 

Jet fans complete with inlet and outlet attenuators would be mounted in an offset and staggered 
arrangement in the tunnel obvert, with the maximum available separation between fans (approximately 
85m).  Mechanical anchors will be used to secure the jet fans to the tunnel roof. To reduce cable sizes 
from the switchboards to jet fans, fan supply will be 660 Volts.  

The option 2 jet fans will be nominal 1500N thrust capacity with an absorbed power of approximately 
50kw.  Fan nominal diameter would be 1350 mm, fan speed 1450 rpm (4 pole). Proposed starting 
method is DOL. 

Adopted Option 

Following internal and external review and discussions with ConnectEast, Option 1 has been adopted, 
but the jet fans will be installed over the slow lanes in both tunnels.  This installation location will allow 
jet fan maintenance and inspection to be undertaken whilst retaining one lane open for traffic. 

The location of the jet fans over the left lane in each tunnel results in the fans being in closer proximity 
to the tunnel lining with consequent reduction in effective fan thrust as a result of increased tunnel wall 
friction.  Required jet fan thrust is increased to 2275N. 

4.3.2 Detail Design Proposal 

The proposed detail design arrangement is described in this section and documented in the attached 
drawings and specifications listed in Appendix A. 
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4.3.2.1 Description – Tunnel Ventilation System 

The tunnel will be ventilated using a longitudinal ventilation system comprising tunnel jet fans and an 
air extract ventilation station adjacent to the downstream portal of each tunnel. 

During normal operation (free flowing traffic at speeds of 20-80 km/hr), fresh air will be drawn in 
through the tunnel entry portal assisted or retarded by jet fans mounted in the tunnel obvert, and flow 
along the tunnel in the direction of the traffic flow.  

Exhaust fans located in vent stations above the carriageways at the eastern and western portal will 
extract air from the tunnel via exhaust openings located above the carriageway at the downstream end 
of the tunnel. Each vent station will house 5 fans (4 duty and 1 standby). 

Vitiated air is discharged to the atmosphere through exhaust stacks downstream of each vent station. 

During fire emergency operations, the jet fans and exhaust fans can be operated in smoke handling 
mode. Smoke and hot gases can be extracted via the tunnels and discharged through the main vent 
station and stack. 

This report covers the detail design of the tunnel ventilation system and confirms details of the type, 
capacity and arrangement of proposed ventilation equipment. 

In summary, the following is proposed for each tunnel. 

Tunnel jet fans: 
• 12 No. in each tunnel; 
• Nominally 2275N thrust; 
• Truly reversible (minimum nominal required thrust in each direction of operation); 
• Fan diameter: Nominal 1600mm (dependant on manufacturer); 
• Fan speed: Fixed speed 980 – 1450 RPM (6 pole / 4 pole) dependant on manufacturer; 
• Fan Motor rating: 75kW (dependant on manufacturer, 75kW max.); 
• Power supply: 660V, 3 phase; 
• DOL starting; 
• Fans fitted with 1D minimum, 2D maximum attenuators (dependant on manufacturer); 
• Fans Located over lane 3 and 6 in tunnel obvert (Approx 3600mm eccentric of tunnel 
centreline); 
• Fans located nominally at 120m spacing (approximately at each tunnel cross passage). 

East and West Ventilation Station: 
• 5 No exhaust fans with intake attenuators, discharge diffusers and motorised shut off 
dampers; 
• 4 duty, 1 standby; 
• Fan diameter: Nominal 2600 – 2800mm (dependant on fan manufacturer); 
• Fan capacity nominally 150m3/s @ 1250Pa; 
• Fan speed: Fixed speed 760 – 980 RPM (8 pole / 6 pole) dependant on manufacturer; 
• Fan Motor rating: 300kW (dependant on manufacturer, 300kW max.); 
• Power supply: 660V, 3 phase; 
• DOL starting; 
• Inlet and outlet splitter type attenuator banks; 
• Exhaust to atmosphere via turning vanes and vertical stack. 

Detailed technical specifications have been prepared for the following major components of the tunnel 
ventilation system and are listed in Appendix A: 

• Supply of Tunnel Jet fans; 
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• Supply of Ventilation Station Axial Fans; 
• Supply of Ventilation Station Attenuator Banks; 
• Supply of Ventilation Station Dampers; 
• Supply of Turning Vanes and Vent Fan Diffusers. 

Ventilation system general arrangement and layout drawings have been prepared and are listed in 
Appendix A. 

4.3.2.2 Normal Operation 

The following table lists a typical 24-hour ventilation system operation profile for the ventilation system. 

The purpose of this table is to assist in power demand assessment and in the development of control 
system philosophy.  Ventilation system design (derivation of required airflow, jet fan thrust capacity 
and exhaust fan capacity) is based on the methods described in the PIARC publications and the 
vehicle emission factors as published in the PIARC documents. 

Note that negative jet fan numbers indicates fans operating opposed to tunnel traffic flow. 

Westbound Tunnel 
 

Hour Vehicles 
Jet Fans In 

Use 
Vent Station 
Exhaust Fans 

Exhaust Fan 
Flow m3/sec 

0:00 340 1 2 350 

1:00 199 1 2 350 

2:00 159 1 2 350 

3:00 171 1 2 350 

4:00 314 1 2 350 

5:00 1,133 -2 2 350 

6:00 4,708 -6 3 480 

7:00 5,644 -7 4 600 

8:00 4,618 -8 3 480 

9:00 4,084 -8 3 480 

10:00 3,135 -7 3 480 

11:00 2,777 -7 2 350 

12:00 2,682 -6 2 350 

13:00 2,579 -6 2 350 

14:00 2,562 -6 2 350 

15:00 2,811 -7 2 350 

16:00 3,081 -7 2 350 

17:00 3,675 -8 3 480 

18:00 3,006 -6 3 480 

19:00 2,253 -5 2 350 

20:00 1,552 -3 2 350 

21:00 1,386 -2 2 350 

22:00 1,182 -2 2 350 

23:00 761 -1 2 350 



EPC0385 EASTLINK – DETAIL DESIGN PACKAGE REPORT AL-M04-DPK-VE01-0010 
C-01 TUNNEL VENTILATION SYSTEM Page 15 of 45 

 

AL-M04-DPK-VE01-0010-C-01       CONFIDENTIAL © COPYRIGHT (2006) UNITED GROUP 

 
Eastbound Tunnel: 
 

 

Hour Vehicles 
Jet Fans In 

Use 
Vent Station Exhaust 

Fans 
Exhaust Fan Flow 

m3/sec 

0:00 632 1 2 350 

1:00 319 1 2 350 

2:00 199 1 2 350 

3:00 146 1 2 350 

4:00 177 1 2 350 

5:00 370 1 2 350 

6:00 1,308 -3 2 350 

7:00 3,006 -8 3 480 

8:00 3,675 -7 3 480 

9:00 2,355 -6 2 350 

10:00 2,177 -6 2 350 

11:00 2,334 -6 2 350 

12:00 2,511 -6 2 350 

13:00 2,648 -7 2 350 

14:00 3,043 -7 2 350 

15:00 4,203 -7 3 480 

16:00 5,052 -8 3 480 

17:00 5,644 -7 4 600 

18:00 4,618 -6 4 600 

19:00 3,212 -5 3 480 

20:00 2,093 -4 2 350 

21:00 1,926 -4 2 350 

22:00 1,769 -4 2 350 

23:00 1,394 -2 2 350 

4.3.2.3 Fire Mode Operation 

The number of jet fans required for eastbound and westbound tunnels during a fire emergency 
incident scenario has been calculated.  The purpose of this is to confirm that the total number of jet 
fans proposed for operational duty will be sufficient to control smoke in the event of a tunnel fire 
incident. 

For the purposes of the jet fan calculations during a fire emergency incident, the following 
assumptions have been made: 

• It is assumed that during a fire emergency incident, the tunnel is full of stationary vehicles 
(downstream and upstream of the fire). This is assumed to give the worst case for tunnel 
airflow resistance and hence the worst case for jet fan capacity requirements. 

• Based on the recommendations contained in PIARC: Fire and Smoke Control in Road Tunnels 
– 2004, for a 100MW fire (no figures are included for a 50 MW fire) and a ventilation air speed 
of 3 m/sec, air temperatures downstream of the fire are estimated to be: 
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To 100m downstream: 340 deg C 
100m – 200m downstream: 260 deg C 
200m – 300m downstream: <200deg C 
beyond 400m downstream: Ambient 

These air temperatures have been used to assess temperature de-rating for jet fans. 
• Buoyancy effects are allowed for in accordance with the recommendations of PIARC and 

critical velocity calculation recommendations contained in Parsons Brinkerhoff publication: 
‘Critical Velocity Past, Present and Future (Revised 6 June 1997’ refer to Appendix A).  
Required jet fan capacity to maintain critical velocity is then conservatively assessed.  It 
should be noted that, dependent on fire location, buoyancy effects assist airflow for 
approximately 50% of the tunnel length (and have been ignored) and for 50% will work against 
airflow (and have been included). 

• Temperature of approach air is assumed to be 30°C. 

The number of jet fans has been calculated to achieve the critical velocity required to prevent smoke 
backlayering during a fire in the tunnel (approximately 3 m/sec).  Backlayering will be prevented if the 
velocity of the ventilating air moving toward the fire is equal to or exceeds this critical velocity. 

The recommended ventilation operation strategy for various fire locations is summarised below, refer 
also to 4.3.2.12: Fire Mode operation. 

 

Westbound and Eastbound Tunnels 

Fire Case Fire 
Location 

Jet fan and Air Flow 
Direction with respect to 

traffic 

Ventilation Station 
Operation 

1 Downstream 
of Entry 
Portal  

Forward  Vent station fans operate to 
discharge via stack. 

2 Sag Curve Forward Vent station fans operate to 
discharge via stack. 

3 Upstream of 
Exit Portal 

Forward Vent station fans operate to 
discharge via stack. 

In general, the operation of the ventilation system during fire emergency cases will be to provide 
airflow in the direction of traffic flow so that vehicles upstream of the fire will be in the smoke free 
sections of the tunnel and occupants can evacuate through cross-passages or otherwise exit the 
tunnel. 

It is assumed that vehicles downstream of the incident will continue in the normal direction of travel 
and clear the tunnel.  In these cases, operation of fans within the smoke layer, and subsequent 
disturbance of the smoke layer, is not a concern. The calculated tunnel airflow will require a maximum 
of 9 jet fans. 

For a fire incident in either the eastbound or westbound tunnel, jet fans will operate in the forward 
direction (with respect to traffic) to ensure that critical longitudinal velocities for airflow are maintained 
in the fire-affected tunnel. Smoke would be discharged via the exhaust fans and stack.  Tunnel 
operator intervention will be required in the non fire tunnel to control traffic as required to ensure the 
safe egress of any occupants via the cross passages to the non fire tunnel.  Note that for a fire within 
the length of a vent station structure (i.e. immediately inside the portal), it is possible that smoke will be 
discharge via the portal. 
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4.3.2.4 Cross Passage Pressurisation 

In accordance with the recommendations contained in CWDC report CD-M00-RPT-ME00-2327-A-01: 
Tunnel Ventilation Design – Review of Cross Passage Cross Pressurisation, cross passage 
pressurisation systems for smoke control are not proposed for the EastLink tunnels. 

4.3.2.5 Vent Stations 

General 

Ventilation stations at the downstream end of each tunnel are provided to extract vitiated air and 
discharge it to atmosphere via an exhaust stack for dispersion.  It is proposed that each vent station 
will have 5 (4 duty, 1 standby) fans.  Fans will be axial type, nominally 2600 - 2800mm diameter.  
Electrical supply voltage will be 660V to reduce cable and starter sizes and to maintain electrical 
commonality with the jet fans. 

As required by the PS&PR, vent station exhaust fans must not suffer mechanical, electrical or 
structural failure when operating at all in-duty conditions and at an air temperature of 250°C, for 2 
hours.  Exhaust fans will be specified to meet this requirement. 

Under normal conditions vent station fans at both vent stations will operate 24 hours a day. Outside 
peak operation times, lower exhaust capacity is required and more fans will be in standby, allowing 
maintenance work to be performed on fans without having to shut down the entire exhaust station.  
Shut off dampers are installed on the air exit side of the fans to prevent re-circulation of air through 
fans in standby mode. 

Vent Station Duty Requirements 

Vent station capacity has been calculated to accommodate the range of tunnel air flows necessary to 
meet in-tunnel air quality requirements and to maintain a net inflow of air via the tunnel exit portal.  The 
required vent station capacity is 600m3/sec. 

System pressure loss calculations for the vent stations are included in AL-M04-CAL-VE01-0001.  
These calculations are based on the current proposed layout and will be confirmed in final design as 
geometric arrangements and ancillary equipment details are finalised. 

Proposed Ventilation Station details are as follows: 

 

Vent Station Exhaust Fan Ratings 

Flow Rate (m3/s) Vent Building 
Location 

Total Per Fan 

Total 
Pressure 
Drop (Pa) 

Total 
Fans 

Duty Standby 

Western Portal 600 150 1250 5 4 1 

Eastern Portal 600 150 1250 5 4 1 

 

Proposed Vent Fan Details: 

 
Description Power 

Rating 
Voltage/Ph

/Hz 
Method of 

Start 
Eastern and Western Exhaust Ventilation Station 
Axial Fan 2600mm - 2800mm Nominal Dia. 
150m3/sec @ 1250Pa 

300 kW. 
 

660/3/50 Direct-On-Line 
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4.3.2.6 Acoustics 

Acoustic analysis has been completed, primarily for the purposes of input to the EPA Works Approval 
Application for the tunnel ventilation system. (The report is listed in Appendix A).  This report also 
addresses the noise mitigation measures required to be applied to tunnel ventilation equipment to 
meet in tunnel and external noise limits.  These measures are summarised below: 

 

Noise 
Source 

Details Mitigation Measures 

West Vent 
Station exhaust 
fans 

East Vent 
Station exhaust 
fans 

 

Up to 4 duty 
exhaust fans of 
5 fans installed 
in each vent 
station. 

Air intake side: 
Via directly connected sleeve silencers + plenum chamber + 
silencing splitters + elbow chamber to tunnel to tunnel portal to 
receivers via noise attenuating barriers. 
High frequency sound absorption may be provided in the 70m 
vent structure section of the tunnel by vermiculite spray applied 
for fire protection purposes. 
 
Air discharge side: 
Via lined or unlined evases (diffusers) as found to be required + 
plenum chamber + silencing splitters + plenum chamber + 
contraction to elbow to stack to receivers subject to directivity 
and divergence losses. 

Tunnel Jet Fans Up to 12 duty 
fans in each 
tunnel. 

Air intake and air discharge sides: 
Via directly connected sleeve silencers to the tunnel, thence via 
the tunnels, the 70m long vermiculate sprayed (if provided) vent 
structure tunnel sections tunnel portal, roadway noise barriers 
and divergence and other losses to receivers. 

 

The East and West vent stations will be arranged generally as shown on the drawings included in this 
report. 

Air intake and air discharge side silencing splitters will generally comply with the following: 

Air Intake Side: 
• Splitter Length:  4500mm (4000mm straight + 500mm tail); 
• Splitter height:  4500mm; 
• Splitter thickness: 300mm; 
• Splitter infill:  Bradford Insulation Type 350 (rockwool); 
• Perforated casing: Nominal 30% to 40% open area; 
• Airway width:  250mm; 
• Number of splitters: 37 (nominal). 

Air Discharge Side: 
• Splitter Length:  4500mm (4000mm straight + 500mm tail); 
• Splitter height:  4500mm; 
• Splitter thickness: 300mm; 
• Splitter infill:  Bradford Insulation Type 350 (rockwool); 
• Perforated casing: Nominal 30% to 40% open area; 
• Airway width:  250mm; 
• Number of splitters: 46 (nominal). 
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Noise attenuators will be specified to withstand a temperature of 250°C for two hours without undue 
distortion, buckling or increase in flow resistance, in accordance with PS&PR requirements. 

The resulting noise criteria for compliance with the specified SEPP N1 on completion are: 

 

 

 SEPP N1 Zoning 
Levels 

Operational Traffic 
Background 

Compliance 
Noise Limits 

Day  (0700 – 1800) 58dB(A) 49dB(A) 58dB(A) 

Evening  (1800 – 2200) 51dB(A) 47dB(A) 51dB(A) 

Night  (2200 – 0700) 46dB(A) 40dB(A) 46dB(A) 

The following items will be addressed as part of building and civil works design: 
• Structural / ground borne noise and vibration. 
• Noise breakout via building fabric. 
• Transmissions via dividing walls and doors between fan intake and outlet plenums. 

Based on the SEPP N1 noise limits listed above and the PS&PR requirements, noise levels to be 
specified for the tunnel jet fans and the vent station exhaust fans are: 

Jet Fans: 
Octave Band Centre Frequency, Hz  Direction 

of 
Operation 

63 125 250 500 1k 2k 4k 8k 

dBA 
(Forward) 

114 109 105 103 101 99 98 9/ 

dBA 
(Reverse) 

114 109 105 103 101 99 98 97 

 

Vent Station Exhaust Fans: 
Octave Band Centre Frequency, Hz  

63 125 250 500 1k 2k 4k 8k 
Maximum fan sound 
power level for intake 
noise dB re 1pw 

121 123 124 125 122 120 118 115 

Maximum fan sound 
power level for discharge 
noise dB re 1pw 

121 123 124 125 122 120 118 115 

4.3.2.7 Dampers 

Motorised shut off dampers will be provided for each vent station exhaust fan discharge to prevent re-
circulation when the fans are not operating.  

Dampers will be rectangular and manufactured in modules having multiple opposed blades.  Each 
damper will be provided with one or more actuators and limit switches to enable monitoring of damper 
open/close.  Dampers will be controlled via the PMCS with the required interlocking to correctly 
sequence fan and damper operation. (Local electric and manual damper control will be available at the 
damper actuator) 

Dampers will be specified to withstand a temperature of 250°C for two hours and remain operable 
without permanent distortion, buckling, damage to bearings, gaskets or seals and to not emit toxic or 
noxious fumes during this period, generally in accordance with the requirements of the PS&PR 
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4.3.3 Control Philosophy 

4.3.3.1 General 

Tunnel ventilation system control philosophy, as described in this section of the report, will be a design 
input for the purposes of control software development. 

Details of control system methodology and algorithms will be described in Design Lots OM01-OM04: 
OMCS Requirements. 

Local control options will be shown on schematics included in EL01 and EL04. 

This section generally describes tunnel ventilation system control proposed at the time of writing of 
this report.  It should be noted that development of control philosophy and details will be progressive 
and some revisions may be made.  The process of control development and documentation will not 
affect the physical components of the tunnel ventilation system as described in this document. 

In general, the tunnel ventilation system will be controlled on the basis of time of day setting for normal 
diurnal traffic profile: 

• Tunnel air flow will be set by the vent station axial fans (There are 4 capacity steps: 1, 2, 3 and 
4 fans); 

• Air quality will be used as a trim to adjust ventilation rate up (but not down) from the initial 
Time of Day setting as required; 

• Jet fans will operate to maintain exit portal inflow above a defined lower limit (0.75 m/sec as a 
15 minute rolling average) to avoid portal emissions. 

The ventilation system will incorporate operator initiated modes for Incident and Fire Incident 
conditions. 

The following more fully describes the proposed ventilation system control philosophy: 

Instrumentation 

Tunnel ventilation system control is based on instrumentation installed in the tunnels as shown on 
Drawing AL-M04-DRG-VE01-0001, as detailed in clause 4.2.4 and below: 

The primary (control) instrumentation will be located in each tunnel approximately 100 m upstream of 
the vent station intake plenum opening, with controllers located in the east equipment room for the 
eastbound tunnel, and the west equipment room for the westbound tunnel.  Instrumentation will 
comprise: 

• Anemometer; 
• CO/NO/Visibility open path analyser. 

Secondary instrumentation will be located approximately midway between CP9 and CP10 for the 
eastbound tunnel and between CP4 and CP5 for the westbound tunnel.  Controllers will be located in 
CP9 eastbound and CP5 westbound.  Instrumentation will comprise: 

• CO/NO/Visibility open path analyser. 

Entry portal instrumentation will be located approximately 50m in from the daylight portal in each 
tunnel.  Controllers will be located in the west equipment room for the eastbound tunnel and the east 
equipment room for the westbound tunnel.  Instrumentation will comprise: 

• CO/NO/Visibility open path analyser. 

Exit portal instrumentation will be located approximately 50m from the daylight exit portal in each 
tunnel with controllers located in the East equipment room for the eastbound tunnel and the west 
equipment room for the westbound tunnel.  Instrumentation will comprise: 

• Anemometer; 
• Temperature sensor. 

Details of the proposed tunnel air monitoring instrumentation are covered under Design Lot AM01: 
Tunnel Air Quality Monitoring System. 
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Ventilation Control Criteria 

The following criteria apply: 

 
Item Criteria Adopted Reference/Comment 

Tunnel pollution limits CO (Peak)      150ppm 
CO (15mins)    50ppm 
CO (120mins)  25ppm 
NO                   15ppm 
NO2 (inferred)  1.5ppm 
K = 0.005 per m 
K = 0.007 per m (congested) 
K = 0.009 per m (stationary) 

As per MCL (EPA has provided 
guidance): 
CO (Short Term Peak) - 
150ppm CO (15 Minutes 
Exposure) - 50ppm CO (In 
Excess of 120 Minutes 
Exposure) - 25ppm 
NO – 15ppm 
NO2 (Inferred as 10% of NO) – 
1.5ppm 

Portal Emission Criteria Minimum exit portal inflow of 
0.75m/sec as a 15 minute 
rolling average. 

As per MCL Domain Tunnel 
experience (EPA has provided 
guidance) 

Tunnel air velocity limit 10 m/s S11.8 (f)(iii) 

4.3.3.2 Modes of Operation 

Ventilation control is primarily set up to ensure that the maximum pollutant levels for in tunnel air 
quality, as listed above and under clause 4.2.1 of this report, are not exceeded. 

The tunnel ventilation system has the following three modes of operation: 
• Normal Mode 

Defined as normal free flowing traffic at speeds above 25 km/hr (including 2 lane operation). 
• Incident Mode 

Incident mode covers congested and severely congested operational modes for either 2 or 3 
lane operation. 
Congestion is defined as sustained average tunnel traffic speeds below 20 – 25 km/hr. 
Severe congestion is defined as sustained average tunnel traffic speeds below 5 – 10 km/hr.  
and where stop/start conditions have developed. 

• Fire Incident Mode 
Defined as operation under conditions where a fire requiring use of any, or all, tunnel fire 
protection systems is identified and confirmed.  There are 2 levels within this mode. 

(There is also local operation. This would be used for commissioning and O & M purposes and may 
also be used in an emergency by operators in strict accordance with procedures as interlocks are 
bypassed in local operation mode) 

The tunnel ventilation system will operate automatically in Normal Mode.Incident Mode operates 
automatically after manual selection.  Fire Incident Mode is manually selected, automatically initiates a 
predetermined system setting, and is manually adjusted thereafter., 

4.3.3.3 Normal Operation 

General 

The tunnel ventilation system will normally be operated under automatic control.  In-tunnel air quality 
will be measured via air quality monitors in the tunnel upstream of the exit portal and vent station inlet 
plenum opening. 

Vent station exhaust fans will be operated based on predicted ‘time of day’ traffic volume, with in-
tunnel pollution level as a trim.  Jet fans will operate to control tunnel airflow to maintain exit portal 
inflow within required limits to prevent portal emissions. 

Exhaust fan operation will be based on the following: 
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• Predetermined ‘time of day’ fan tables based on traffic data as a base point for diurnal tunnel 
ventilation rate setting.  Refer Ventilation Control Tables - Time of Day, below 

• Real time pollutant and visibility data as a trim input.  The ventilation rate will be stepped up if 
pollutant high setpoint is reached.  Refer Ventilation Control Tables - Tunnel Air Quality, 
below; 

• Real time traffic data may be used as a trim input, however the current proposal is that this 
data will be collated and used to adjust the base Time of Day tables on an as required or 
ongoing basis. 

Fan Groups 

The following groups of fans utilised for ventilation control under normal operating conditions, are 
identified: 

• Group JF-W, being jet fans JFN-601 to JFN-612 within the westbound tunnel 
• Group JF-E, being jet fans JFN-301 to JFN-312 within the eastbound tunnel 
• Group EF-W, being the westbound tunnel exhaust fans EF- 011 to EF-015 in the ventilation 

station 
• Group EF-E, being the eastbound tunnel exhaust fans EF- 021 to EF-025 in the ventilation 

station 
• The following constraints will apply to the on/off cycling of fans in any single group during 

normal operations when under automatic control by the OMCS.  
- Fans will be started in sequence, so that no fan will receive consecutive start commands 

unless all other fans in the group are running; 
- Fans will be stopped in sequence, so that the longest running fan will be the first to receive 

a stop command when fewer fans are required; 
- Jet fans within a group will not run simultaneously in opposite directions; 
- Running jet fans will be evenly distributed throughout the tunnel bore to minimise pressure 

variations; 
- Protection relays / overloads incorporated into the motor starters will protect the motors 

against overload. 

These constraints are overridden in Fire Incident Mode or as required for the purposes of 
maintenance, training or other purposes determined by the operator. 

Instrument Polling 

The following will apply to tunnel air quality instrumentation (sensors): 
• Sensors will be continuously polled and the data time-stamped and recorded; 
• A filtered sensor value will be derived from the rolling average of a number of samples; 
• The filtered values will be trend logged; 
• An alarm will be generated if the measured level of any pollutant or parameter exceeds 

setpoints.  The ventilation rate may also be stepped up. 

Ventilation Levels 

There are 4 available ventilation steps for the east and west vent stations: one step for each duty fan.  
The table below lists the ventilation levels and the associated nominal airflow: 

 
Level East Vent 

Station 
Nominal flow 

West Vent 
Station 
Nominal flow 

 m3/sec m3/sec 
1 180 180 
2 350 350 
3 480 480 
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Level East Vent 
Station 
Nominal flow 

West Vent 
Station 
Nominal flow 

4 600 600 

Interlocks / run conditions will be incorporated to protect fans. These interlocks and running conditions 
are as follows: 

• Prevention of the manual operation of more than the design number of fans (4); 
• A running condition, to prevent the fans from running if the fan isolation damper does not fully 

open after a pre-set time following receipt of the “open” signal (configurable). 

Fan isolation dampers will start opening before the respective fan is started. This time delay for the fan 
start with respect to the damper starting to open will be configured during commissioning so that the 
exhaust fan reaches its operating speed as the damper reaches its fully open position. 

Ventilation Control Tables 

There are three fundamental inputs that the ventilation control system will use to determine or modify 
the ventilation level in each direction of travel. 

Time of Day 

There are 2 Time of Day tables, one for normal working weekdays and one for weekends/public 
holidays, of minimum ventilation levels for each hour and direction of travel. 

These settings will be configurable and may require adjustment once actual traffic patterns been 
established.  This is the primary basis for determination of ventilation level.  As noted above, 
measured traffic data will be available on a real time or short term historic basis and may be used to 
trim or adjust the time of day settings. 

The following table is initially proposed for weekdays and weekends: 

24-Hour Ventilation Levels for Weekdays & Weekends 
 

Weekdays Weekend 
Eastbound Westbound Eastbound Westbound 

Time of 
Day 

Exhaust 
Level 

Exhaust 
Level 

Exhaust 
Level 

Exhaust 
Level 

0.00-1.00 2 2 2 2 
1.00-2.00 2 2 2 2 
2.00-3.00 2 2 2 2 
3.00-4.00 2 2 2 2 
4.00-5.00 2 2 2 2 
5.00-6.00 2 2 2 2 
6.00-7.00 2 3 2 2 
7.00-8.00 3 4 2 2 
8.00-9.00 3 3 2 2 
9.00-10.00 2 3 2 2 
10.0011.00 2 3 3 3 
11.00-12.00 2 2 3 3 
12.00-13.00 2 2 3 3 
13.00-14.00 2 2 3 3 
14.00-15.00 2 2 3 3 
15.00-16.00 3 2 3 3 
16.00-17.00 3 2 3 3 
17.00-18.00 4 3 3 3 
18.00-19.00 4 3 3 3 
19.00-20.00 3 2 3 3 
20.00-21.00 2 2 3 3 
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21.00-22.00 2 2 2 2 
22.00-23.00 2 2 2 2 
23.00-0.00 2 2 2 2 

Note: 
• The tables may be edited by the operator to enable changes based on operational 

experience; 
• The lowest expected traffic flow in each time band will be used so that any short-term 

reduction in traffic does not reduce ventilation to uncharacteristic levels and lead to 
operational instability; 

• These minimum values will be refined and configured during ventilation system 
commissioning. 

• The requirement to avoid discharge of tunnel air from the portals will be deemed to be 
achieved by controlling portal air inflow above 0.75 m/sec as a 15 minute rolling average.  This 
has been accepted in principle by EPA and should ensure stability under varying traffic 
conditions. 

Real Time Traffic Conditions 

The TMCS continuously monitors the tunnel traffic conditions via road loops at intervals external to 
and throughout the tunnel. From this data, an average speed (km/hr) and throughput (veh/hr) for each 
tunnel can be determined. 

Real time traffic data will be logged and may be used on a historic basis to manually adjust the initial 
‘Time of day’ setting.  The option of using this real time traffic data to ‘trim’ the time of day settings on 
a continuous basis is a possible option, but at this stage is not proposed to be incorporated.  This is to 
keep the control system as simple as possible and to avoid over fine control with consequent potential 
instability in operation. 

Tunnel Air Quality 

Tunnel air quality sensor outputs will be used to provide operator feedback and alarms and to 
automatically increment the ventilation system to avoid the average CO, visibility and NO levels 
exceeding preset limits. 

Proposed settings are shown below.  These settings will be configurable and may require adjustment 
once actual operation has been established. 

CO Level – Setpoints: 
 

Setpoi
nt 

Increase ventilation level to next 
level if CO exceeds  
(ppm) 

Low level alarm to operator if CO falls 
below  
(ppm) 

Low - 20 
High 40 - 

Visibility Level – Setpoints: 
 

Setpoint Increase ventilation level to next 
level if visibility exceeds  
(m-1) 

Low level alarm to operator if visibility 
falls below  
(m-1) 

Low - 0.001 
High 0.004 - 
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NO Level – Setpoints 
 

Setpoint Increase ventilation level to next 
level if NO exceeds  
(ppm) 

Low level alarm to operator if NO falls 
below  
(ppm) 

Low - 5 
High 10 - 

Jet Fan/Air Flow Control 

Once the ventilation level has been set (number of exhaust fans operating), tunnel jet fans operate to 
control the airflow within each tunnel based on an exit portal inflow lower limit. 

Jet fans will be controlled by closed/feed back loops from the air velocity monitors to step up or down 
the number of jet fans operating if the exit portal inflow air velocity falls below the target lower limit  
(0.75m/sec as a 15 minute rolling average). 

Air velocity sensors are located as detailed under section 4.3.3.1. 

4.3.3.4 Incident Operation 

Any change in traffic conditions resulting from an incident or other occurrence and subsequently 
resulting in serious and continuing traffic congestion, will require operator intervention. 

As noted above, two levels of congestion are defined: 
• ‘Congestion’ is defined as sustained average tunnel traffic speeds below 20 – 25 km/hr. 

• ‘Severe congestion’ is defined as sustained average tunnel traffic speeds below 5 – 10 km/hr 
and where stop/start conditions have developed. 

Proposed ventilation system configuration is as follows: 

 
Traffic Condition Response 

Congested Operator alerted to conditions with sustained speed < 20 – 25 km/hr. 
Ventilation system operates normally. 

Severely congested Operator alerted to conditions with sustained speed < 5 –10 km/hr and 
establishment of stop/start conditions; 
Operator initiates ‘Incident Mode’ ventilation control if deemed necessary; 
Ventilation system auto response: 

• 4 vent station fans 
• Jet fans control portal inflow (at stationary traffic this may increase to 

all available fans) 

Note: 

With Incident Mode ventilation operating under a worst case condition of 3 lanes of stalled traffic, the 
following conditions are expected: 

• Tunnel air flow of 400 - 450m3/s.  This will result in greater than required portal inflow with 4 
vent station fans operating (150 - 200 m3/s) 

• Tunnel CO level adjacent to the vent station intake <50 ppm; 

• Tunnel NO level adjacent to the vent station intake <10 ppm; 

• Tunnel visibility adjacent to the vent station intake of < 0.005 m-1. 

All fan safety interlocks will be maintained during incident mode and the non incident tunnel will 
continue normal operation and normal ventilation unless the operator intervenes. 
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4.3.3.5 Fire Mode Operation 

General 

Under fire emergency operation, it is assumed that traffic will be prevented from entering the incident 
tunnel and the tunnel ventilation system will be manually switched to operate in Fire Incident Mode. 

The ventilation system is designed for management of smoke generated by a fire of up to 50MW in 
one of the two tunnels. The system is not designed to deal with a fire in each tunnel simultaneously, 
nor multiple fire incidents in one tunnel. 

Under fire conditions, the longitudinal ventilation system is used to force smoke along the tunnel for 
discharge via the vent stack, and to prevent smoke ‘backlayering’. 

Fire Detection and Location 

The operator will be alerted to a fire by either automatic detection or by indirect means. 
The single means of automatic fire detection in the trafficable tunnels is the fibre optic based linear 
thermal detection system.  Response time for this system is dependent on the fire growth rate, size 
and prevailing forward air velocity. 

Indirect means of fire detection include: 
• Automatic incident detection (AID - automatic detection but not exclusive to a fire); 
• CCTV; 
• Fire Cabinet door opening; 
• Cross passage door opening; 
• METS telephone; 
• Car driver mobile phone. 

Fan Operation in Fire Mode 

Any serious fire incident will, by its nature, be unique and no precise response scenario can be set.  
As a first level response however, a ventilation system ‘Fire Incident Mode’ is proposed. 

Fire incident is defined as a vehicle or other fire in a tunnel of sufficient magnitude or seriousness to 
require operator fire incident response. 

The assumed sequence of events is: 

• Operator alerted (Alarm or otherwise, refer above) 

• Operator assesses situation. 

• Operator confirms fire requiring fire incident response and notifies MFB (if auto alarm not 
already sent). 

• Operator initiates ‘Fire incident Mode’, enters fire cabinet number at fire location, and closes 
both incident and non incident tunnels. 

• Operator monitors situation and determines further action (Operation of deluge, ventilation set 
up adjustment). 

Ventilation ‘Fire Incident Mode – Stage 1’ automatic system response: 

• 4 vent station fans brought into operation in fire affected tunnel; 
• Any reverse running jet fans in fire affected tunnel stop and the required number of 

 fans for the fire location restart in the forward flow direction.  1 upstream and 2 
 downstream of fire location locked out; 

• Non incident tunnel vent station shut down; 
• Any forward running fans in the non incident tunnel stop, all available fans restart in 

 reverse direction (directing airflow to the entry portal). 

The  following table lists the initial proposed fan numbers to run for various fire locations: 
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Fire Location Jet Fans 
Between entry portal and 4th cross passage 5 
Between 4th and 7th cross passages 6 
Between 7th and 10th cross passages 7 
Between 10th cross passage and exit portal 9 

If a jet fan is unavailable, an alarm will be indicated and the next available jet fan sequenced to 
operate. In Fire Incident Mode, fan protection is overridden. 

If an exhaust fan is unavailable, an alarm will be indicated and the standby fan sequenced to operate. 
In Fire Incident Mode, fan protection is overridden. 

Exhaust fan shut off dampers operate normally in Fire Incident Mode with the exception that damper 
actuator motor protection is overridden. 

4.3.3.6 Status and Monitoring 

Status 

The control system will monitor the following parameters: 

Jet Fans: 
• Fan direction 
• Bearing temperature (RTD) 
• Winding over temperature (RTD) 
• Cumulative running hours 
• Cumulative starts 

Axial Fans (Exhaust): 
• Motor current 
• Bearing temperature (RTD) 
• Winding temperature (RTD) 
• Cumulative running hours 
• Cumulative starts 

Tunnel parameters 
• Eastbound Air Flow velocity 
• Westbound Air Flow velocity 
• Eastbound Portal Air Flow velocity 
• Westbound Portal Air Flow velocity 
• Eastbound CO ppm 
• Eastbound NO ppm 
• Eastbound Visibility 
• Westbound CO ppm 
• Westbound NO ppm 
• Westbound Visibility 

This data is collected by the PMCS.  The number of samples used to average a log will be adjustable 
via the PMCS 

Trend Logging 

In addition to the individual logging of un-weighted sensor values, the rolling average of the following 
parameters shall be trend logged: 

• Number of running jet fans and direction 
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• Number of running exhaust exhaust fans 
• Other significant parameters will be recorded and trended.  Details will be developed in control 

system design. 

4.3.3.7 Emissions Monitoring 

Stack instrumentation will be installed in both the west and east exhaust stacks at approximately 20m 
above plant room floor level.  Controllers will be located either at the sampling location or in the 
associated vent station plant room.  This instrumentation is for stack emissions monitoring/compliance 
purposes.  Data will be recorded by the PMCS/OMCS. 

Instrumentation will comprise: 
• Anemometer 
• CO analyser 
• NO/NO2/NOx analyser 
• PM10 and PM2.5 monitor (TEOM) 
• Temperature sensor 

Details of the proposed stack air monitoring instrumentation are covered under Design Lot AM03: 
Stack air monitoring Instrumentation. 

4.3.3.8 PMCS WAN Failure 

In the event that failure of the OMCS backbone network (WAN), the following will occur until the fault is 
cleared: 

• Loss of communications between ELOC and either or both plant rooms:  PLC’s continue to 
control ventilation system in the currently selected ventilation mode. 

• Loss of communications between plant rooms:  PLC’s continue to run fans as operating prior 
to the communications failure. 

4.3.4 Comparison of Design Proposal and the Concept Design 

The preliminary design proposal differs from the Tender Concept Design in that there is a revision to 
the number of jet fans proposed to be installed in each tunnel and to the installation location of the jet 
fans within the tunnels.  The design as proposed is otherwise in accordance with the Tender Concept 
Design. 

4.3.4.1 Details of the Change 

The tunnel ventilation system Tender Concept Design is documented in clause 5.4 of Appendix D1 – 
Concept Design and in drawing DWGb.2TMSD6901 – Tunnel Ventilation Schematic. 

The change proposed to the Tender Concept Design is to the number and location arrangement of jet 
fans within the tunnels as follows: 

 

ITEM CONCEPT DESIGN PROPOSED DESIGN 

Number of jet 
fans 

20 fans in each tunnel. 12 fans in each tunnel. 

Jet fan thrust 
capacity 

Not nominated in the concept design. 
(Concept design based on nominal fan 
thrust of 1500N, fan speed 1450 rpm/4 
pole, nominal fan power 45 kW) 

Nominal thrust 2275N 
Fan speed 980 rpm/6 pole 
Nominal fan power 75 kW 
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ITEM CONCEPT DESIGN PROPOSED DESIGN 

Net installed 
thrust 

Total installed fan thrust: 
1500 x 20 = 30,000N 

Installation factor: 0.7 
Net installed thrust: 
30,000 x 0.7 = 21,000N 

Total installed fan thrust: 
2275 x 12 = 27,300N 

Installation factor: 0.80 
Net installed thrust: 
27300 x 0.80 = 21,840N 

Jet fan location 
arrangement 

In pairs at 10 locations in each tunnel. 
Approximate spacing 120 m. 

As single units, mounted over slow lane. 
Approximate spacing 120 m. 

4.3.4.2 Reasons for the Change 

Preliminary and detail design of the tunnel ventilation system has now been completed and is 
documented in this report AL-M04-DPK-VE01-0010-B-01 – Detail Design Package Report- Tunnel 
Ventilation System. 

The following should be noted: 
• For preliminary and detail design, detailed traffic, traffic mix and vehicle fuel type information 

was made available.  This has resulted in an overall decrease in vehicle emission load under 
the full range of operating conditions from that assumed in the Tender Concept Design 

• For the relatively short EastLink tunnels, vehicle piston effect is dominant for free flowing traffic 
speeds and medium to high traffic volume.  This results in the need to retard rather than assist 
airflow under these normal operating conditions.  All jet fans will be reversible and arranged for 
normally retarding air flow 

• As a consequence of the above, critical cases for determination of jet fan capacity are fire 
case scenarios and stalled/congested traffic scenarios. 

Further to the above, the following issues have been considered in preliminary design: 
• Larger diameter low speed (6 pole) fans will provide better acoustic performance and longer 

life than the smaller diameter higher speed (4 pole) fans contemplated in the Tender Concept 
Design. 

• Larger diameter lower speed fans will generally be more efficient (i.e. provide greater thrust 
per kW) than the smaller higher speed units resulting in lower system operation costs. 

• Adoption of a lesser number of higher capacity jet fans enables fans to be installed as single 
units whilst retaining adequate separation between fans.  This results in: 

- Better acoustic performance compared to fans installed as pairs. 
- Installation of fans over lane 1 will allow routine fan inspection and maintenance to be 

undertaken on all fans in a tunnel whilst maintaining one lane open for traffic. 
- Installation of fans as single units reduces the number of fans potentially exposed to 

loss in a fire incident. 

4.3.4.3 Assessment of Proposed Change 

Assessment of the proposed change against the criteria listed in clause 4.2 of the PS&PR is as set out 
in the following table: 
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Assessment Table 

 

CLAUSE 4.2 CRITERIA RESPONSE 

(i) The change is notified to the Independent 
Reviewer and is necessary to comply with 
the Project Requirements where the 
Project Requirements impose the greater 
or higher requirement, standard, level of 
service or scope; 

 

This document is notification of the proposed 
change 

(ii) the relevant Concessionaire demonstrates 
to the satisfaction of the Independent 
Reviewer that: 

 

(A) the proposed change is minor; Overall jet fan thrust capacity is in accordance with 
the Concept Design. 
The proposed change is therefore considered to be 
minor as it relates only to the number and location 
of jet fans in the tunnels. 

(B) the change complies with the Project 
Requirements; and 

The proposed change complies with the Project 
Requirements. 

(C) the change is consistent with the 
design intent in the Project Scope and 
(without limitation) does not result in a 
lessening of any standard, level of 
service or requirement for any work set 
out in the Project Scope, including any 
reduction in: 

The proposed change complies with this criteria and 
is represents an overall enhancement of the 
concept design. 

(I)        capacity; Total effective installed jet fan capacity proposed is 
the same as for the Concept Design. 

(II)       durability; Durability will be enhanced (refer to clauses 4.3.5 
and 4.6 of the Tunnel Ventilation System Design 
Report: AL-M04-DPK-VE01-0010-B; this report). 

(III)      aesthetics of visible features; Not applicable to this item. 

(IV)      whole of life performance; Whole of life performance will be enhanced through 
lower operating and maintenance costs. 

(V)       functional performance; Functional performance will not be affected 
however system control will be simpler with fewer 
fan units. 

(VI)      safety; Safety is enhanced as fewer fans will be exposed to 
fire incident loss (refer to the Preliminary Design 
Report). 

(VII)     security; General security is unaffected by the proposed 
change.  Fire security is enhanced. 

(VIII)     community amenity; Community amenity will be enhanced as a result of 
lower fan noise. 

(IX)       community benefits; or As per (VIII) above. 

(X)        user benefits of any part of 
the Works 

As per (VIII) above. 
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4.3.5 Design Changes 

Design changes have been noted in section 4.3.2 - 4.3.4 Comparison of Design Proposal and the 
Concept Design. 

4.3.6 Reliability and Availability 

Equipment associated with the tunnel ventilation system (Jet fans, exhaust fans, dampers) is 
inherently simple and reliable.  Other components associated with the system (attenuators, turning 
vanes, blanking walls, instrumentation) are either static components or specialised proven electronic 
instrumentation of high reliability. 

The tunnel ventilation system design approach adopted is to provide a simple system with built in 
redundancy, maximum equipment reliability and convenient maintenance to provide a high level of 
total system availability.  The following is proposed: 

• Adopt large diameter, low speed single speed tunnel jet fans for maximum reliability and 
longevity; 

• Provide installed spare jet fan capacity (maximum 9 fans required under any condition, 12 fans 
installed); 

• Adopt an installation arrangement for the tunnel jet fans that minimises risk of loss due to fire; 
• Consider maintenance aspects of jet fan installation arrangements (eg. Fan unit able to be 

removed while leaving attenuators in place.) 
• Adopt large diameter low speed, single speed vent station exhaust fans for maximum 

reliability, acoustic performance and longevity 
• Provide multiple vent station exhaust fans (4 duty, 1 standby in each vent station) to provide 

variable flow capacity and reliability through redundancy. 
• All fans to be DOL started for simplicity and reliability of both electrical equipment and the 

driven machine. 
• Fan (tunnel jet fans and vent station exhaust fans) MCS’s to be located in LV switchrooms to 

provide controlled environment and ease of access to this equipment. 

4.3.7 Hydrology/Groundwater 

Not applicable to this Design Package. 

4.3.8 Drainage 

Not applicable to this Design Package. 

4.3.9 Local Roads 

Not applicable to this Design Package. 

4.3.10 Pavement Design 

Not applicable to this Design Package. 

4.3.11 Fire Engineering 

The tunnel ventilation system is a fundamental element of the fire and life safety systems provided for 
the tunnels.  Fire mode operation of the tunnel ventilation system is covered under 4.3.2.3 and 
4.3.2.12, above. 

4.3.12 Utilities 

Not applicable to this Design Package. 
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4.3.13 Specifications 

Standard Specifications 

Not applicable to this Design Package. 

Project Specific Specifications 

Project specific specifications are being developed for equipment purchase and installation as 
applicable.  Draft specifications are attached to this report. 

4.3.14 Compliance with the PS&PR 

The design has no known non-compliances with the PS&PR. 

4.3.15 Design Drawings and Documentation 

Preliminary Design drawings and documents are attached to this report in Appendix A 

4.4 CONSTRUCTABILITY ISSUES AND RISKS 

4.4.1 Construction Feasibility Statement 

Construction of the Tunnel Ventilation system to meet the requirements identified in this report is 
feasible.  Risks impacting feasibility are identified in this section and in section 4.6 – Design Risk 
Assessment. 

4.4.2 Construction Method and Sequence 

Detailed construction methods and sequence for the installation of tunnel ventilation system 
components and equipment will be developed as part of installation planning. 

Installation of tunnel ventilation equipment (Jet fans, vent station exhaust fans, attenuators, dampers 
etc.) will be coordinated with the construction of civil and building works and with the installation of 
tunnel fire services, lighting, signage and instrumentation and other components and equipment 
installed within the tunnels. 

As noted above, specialised equipment and procedures may be required for the safe and efficient 
handling and installation of jet and exhaust fans, these will be developed as equipment details are 
finalised and as part of installation planning. 

Fire rated mechanical or chemical anchors will be used for the attachment of components and 
supports to the tunnel envelope, standard mechanical and/or chemical anchors will be used in areas 
other than the tunnels. 

4.4.3 Predicted Settlements and Impacts 

Not applicable to this Design Package. 

4.4.4 Flooding 

Not applicable to this Design Package. 

4.4.5 Safety In Design 

The following design related safety measures were initially identified at preliminary design stage and 
have been (or will be) incorporated into the design: 

• Jet fan fall prevention will be incorporated into the support structures. 
• Jet fans will be fitted with inlet and outlet guards to prevent entry or discharge of debris or 

components. 
• To ensure that the access doors to/or from the fan room can be opened easily when the fans 
 are operating, airlocks will be provided as necessary. 
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• Mesh guards will be installed on exhaust fan inlets to ensure the safety of personnel. 
• Handrails will be installed around the main vent intake opening in the vent station air intake 

plenum 
• Walkways, platforms, safety handrails and ladders will be provided as required to all the 

commonly accessed areas of the fan rooms. 

4.4.6 Design Risk Assessment 

Design Risk Table 

 

Item Risk Consequence Mitigation 

Primary 
power 
supply. 

Loss of power supply. Loss o f ventilation 
capacity. 

Dual power supplies will 
be utilised for the tunnels, 
each supply is rated for 
full tunnel load. 

Jet and 
exhaust fans. 

Insufficient jet or 
exhaust fan capacity. 

Tunnel air quality may not 
meet specified limits. 

Ventilation capacity has 
been based on worst 
case conditions 
(conservative design).  
Additional jet fans above 
maximum design 
requirement have been 
adopted. 
Design proposal has been 
compared with similar 
operating tunnels known 
to be satisfactory. 

Tunnel fire. Loss of jet fans. Reduced ventilation 
system capacity. 

Single jet fans, evenly 
distributed along the 
tunnel length limits the 
number of fans that can 
be lost in a single fire 
incident. 
Location of jet fans 
adjacent to each tunnel 
cross passage minimises 
exposed power cable 
length.  Cable is fire 
rated/fans are rated for 
operation at 250oC for 2 
hours. 

Noise. Fans exceed specified 
noise limits. 

In tunnel and/or external 
noise limits exceeded. 

Installation of jet fans as 
single units reduces in 
tunnel noise levels. 
Jet and exhaust fans will 
be factory tested for 
acoustic performance. 
Vent stations will 
incorporate efficient 
attenuator banks. 
Additional sound 
attenuation can be 
retrofitted if found 
necessary. 
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Ventilation 
system 
control. 

Control system 
instability. 

System “hunting’ resulting 
in high level of jet fan and 
exhaust fan start/stops. 

Adopt simple control 
philosophy with adequate 
delay time to prevent 
hunting. 

 

4.4.7 Value Engineering 

Within the scope of this design lot, value engineering has been considered to the extent of 
consideration of the most operationally efficient arrangement of equipment to meet the specified 
requirements and constraints.  Refer to 4.3.2.2, above. 

4.5 OPERATIONS AND MAINTENANCE REQUIREMENTS, ISSUES, AND IMPACTS 

4.5.1 General 

A comprehensive maintenance program will be required to ensure ventilation system equipment 
remains reliable and meets the specified design life. 

Regular inspection and overhaul will be required for the fans.  Motor bearings should be replaced 
before the expected life of the bearing to reduce the risk of failure.  Motor run hours and number of 
starts per hour will be logged by the control system and a bearing replacement program should be 
implemented to maintain the reliability of the fans. 

Exhaust fans will be provided with flexible connections installed between the fan and adjacent 
ductwork (discharge diffuser) for easy installation and removal and to allow for minor fan movement. 

Adequate maintenance access will be incorporated in the configuration of equipment for the fan 
rooms. 

The Company will review comments and suggestions provided by the tunnel operator when provided 
and will endeavour to incorporate these into the final design as necessary. Such issues will be 
expanded upon in the Detailed Design report (Design Lot VE01). 

Drawings illustrating exhaust fan plant room arrangement are referenced in the Documentation section 
of this report. 

4.5.2 Project Operator O & M Criteria 

The design has been reviewed against the Project Operator’s O&M Criteria documented in “O&M 
Criteria for M&E and ETTM” Rev 150b Dated 07/07/05, which is available on OPTUS InCite.  As 
agreed with the Customer, only those criteria that are relevant to this Design Package Report are be 
included in Appendix D, where the Company will document either the rationale for non-inclusion of any 
stated requirement or nominate compliance and/or the design proposal. 

4.5.3 Jet Fans 

Removal of jet fans will require lane closure and probable tunnel shutdown. It is assumed that most 
shutdowns will take place during scheduled night works with tunnel closure. 

To ensure system operation is not affected whilst an inoperable jet fan waits for a scheduled 
shutdown, additional jet fans have been provided to ensure contingency. 

4.5.4 Vent Stations 

The ventilation fan rooms will be a horizontal fan arrangement. All equipment will be accessed from 
the carriageway via the fan lifting access hatch.  

Cranes will be used to lower/raise the equipment from the road surface to the fan chamber.  

A monorail fixed to the vent station roof will be used to lower/raise equipment to or from the fan room 
and through the access hatch. Fans will be moved within the vent chamber by using lifting jacks and 
skates. 
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Other equipment such as splitters, ductwork, flexible connections, etc. will similarly be hoisted from the 
road surface using cranes and monorails. 

4.6 DURABILITY REQUIREMENTS 

Equipment and material of construction of ventilation system components will be selected for the 
operating environment in the tunnel. 

The PS&PR specified design life for mechanical and electrical equipment (which will include jet fans, 
exhaust fans, dampers, attenuators, supports and air path components) is 20 years. 

Equipment proposed for selection will meet the specified design life requirement subject to normal 
adequate maintenance. 

The jet and exhaust fan bearings will have a predicted L10h life of longer than 40,000 hours. This 
would imply an overhaul schedule of over 4 years (based on a worst case continuous operation) when 
motor bearings failures are likely to occur. It is anticipated that most jet fans will have significantly less 
run hours per year and longer maintenance periods. 

To detect the need for maintenance and to prevent damage to the motor or fan as a consequence of a 
failed bearing, the motors of both jet fans and exhaust fans will be fitted with bearing temperature 
sensors (RTD’s).  Motor winding RTD’s will be fitted to both jet fans and exhaust fans. 

Exhaust fans will be specified fitted with bearing vibration monitoring devices wired to connections 
externally mounted on the fan casing.  These devices enable regular monitoring of DE and NDE 
bearing noise and vibration using portable monitoring equipment (supplied with the equipment). 

Suitable external mountings will be provided on all fans for fitting of portable vibration monitoring 
sensors as a likely maintenance procedure. 

The following table lists the major components of the tunnel ventilation system, nominates the 
assessed exposure conditions and deterioration process and recommends materials and surface 
protection proposed to address the requirements.  The materials and treatments proposed are those 
commonly adopted in similar applications and have been proven effective in practice. 

It should be noted that adequate maintenance activities must be undertaken to ensure equipment 
durability is maintained and the required design life can be achieved. 

 

Item Environment Sub 
Component 

Deterioration 
Process 

Proposed 
materials/treatment 

Jet Fans AS 2312 
Category D - 
Medium 

 Atmospheric 
Corrosion 

Hot dip galvanised. 
(AS4680). Paint over 
galvanising if deemed 
necessary. 

 

   Vibration Vibration mounts will be 
incorporated. 

  Impeller blades 
and hubs 

Fatigue Failure Aluminium alloy or other 
material suitable for the 
application and the 
operating environment in 
the tunnel.  

  Method of 
attachment of 
blades to hubs 

Fatigue Failure Positive locking device to 
be used for blade/hub 
attachment. 
Manufacturing QA 
procedures. 
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  Casing - Minimum 6mm steel plate, 
hot dip galvanised 
(AS4680) and painted. 

  Silencer 
internal liner 

- Perforated stainless steel. 

  Jet fan 
supports 

- Hot dip galvanised 
(AS4680). 

Exhaust 
Fans 

AS 2312 
Category A – 
Very Low 

- Atmospheric 
Corrosion 

Hot dip galvanised steel 
(AS4680) or zinc sprayed. 

  - Vibration Vibration mounts 
incorporated. 

  Impeller blades 
and hubs 

Fatigue Failure Aluminium alloy or other 
material suitable for the 
application and the 
operating environment in 
the fan chamber.  

  Casing - Minimum 6mm steel plate, 
hot dip galvanised 
(AS4680) or zinc sprayed. 

  Axial fan 
supports 

- Hot dip galvanised 
(AS4680). 

Shut-Off 

Dampers 
 - Atmospheric 

Corrosion 
Pre-galvanised sheeting 
(AS1397-min: 275g/m2) 

Attenuators  - Atmospheric 
Corrosion 

Pre-galvanised sheeting 
or equivalent 

Ductwork / 
Turning 
Vanes 

 - Atmospheric 
Corrosion 

Either epoxy paint system 
(AS2312) or hot dip 
galvanised (AS4680) 

Misc. 
metalwork 

 - Atmospheric 
Corrosion 

Hot dip galvanised 

 

Note: Anchors and fixings into primary concrete in the tunnels will be fire rated mechanical anchors 
(stainless steel).  Anchors and fixings within equipment rooms, fan chambers and generally into 
secondary concrete will be galvanised steel or stainless steel as required for the particular 
application. 

4.7 URBAN DESIGN 

There are no specific issues associated with this Design Lot. 

4.8 COMPLIANCE WITH THE PS&PR 

This Preliminary Design Package complies with the requirements of the PS&PR. 

See section 5.0 Compliance Reference for a list of relevant requirements and compliance references. 

4.9 APPROVALS 

This Design Lot is potentially subject to terms and conditions that may be imposed as part of the EPA 
Works Approval for the tunnel ventilation and drainage systems and the subsequent Licences to 
discharge. 
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4.10 COMMUNITY ISSUES 

This Design Lot is potentially subject to influences related to community issues associated with vitiated 
air discharge from the tunnel stacks, air quality and noise. 

4.11 ENVIRONMENT/SUSTAINABILITY 

Environmental and sustainability issues related to the discharge of tunnel air from the ventilation 
stacks will be addressed as part of the EPA Works Approval and Licence. 

For noise limits associated with the tunnel ventilation system, the PS&PR requires (in Appendix S11.8 
(h)(ii) that:  [‘Maximum allowable external noise levels must comply with EPA requirements, and the 
State Environment Protection Policy (Control of Noise from Commerce, Industry and Trade) No. N1.  
This requirement is listed as a design criteria under section 4.2 of this report and detailed initial data is 
provided under 4.3.2.6 of this report. 

In general, the tunnel ventilation system design as proposed represents the most energy efficient 
arrangement consistent with the design constraints imposed, these being as follows: 

• Tunnel air quality limits; 
• Tunnel air velocity limit; 
• Zero portal emission requirement. 

4.12 ITEMS FOR RESOLUTION 

Items for resolution under this Design Lot are: 
• Confirmation/resolution of the items listed under 4.2.5 – Assumptions. 
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5.0 COMPLIANCE REFERENCE 

Design Package AL-M04-DPK-VE01-0010 has been designed to comply with the PS&PR and the Mitcham – Frankston Freeway Mechanical and 
Electrical Sub-Contract.  The tables below identify the criteria in these documents applicable to this Design Package. The Compliance Reference 
column identifies areas of this Design Package that demonstrate recognition of or progress towards compliance with these criteria.  The Final 
Design stage submission will demonstrate compliance with all the criteria identified below. 

The following table identifies the relevant PS&PR criteria applicable to this Design Package. 

 

PS&PR Design Criteria 

 

PS&PR 
Section/Ref 

Technical Requirement Compliance Ref. 

Appendix S11.1 (a) The tunnels must provide for:  

 (i) Continuous control of internal and external air quality 
to meet the requirements of the Environment 
Protection Authority;  

 

The ventilation system provided incorporates sufficient 
installed fan capacity to meet internal air quality criteria 
under all design conditions. 
Compliance with external air quality limits will be 
confirmed by others. 
 

 (ii) Mechanical ventilation and smoke control systems 
capable of fully functional continuous operation for the 
range of fire events up to and including the 50MW 
design load under a single incident fire mode, 
hydrocarbon fire condition; 

Tunnel ventilation system equipment will be capable of 
initiating and maintaining tunnel air velocity in excess of 
that required to prevent smoke backlayering under all 
tunnel fire location scenarios. 
 
 

Appendix S11.2(c) (ii) Any structure or support device that may be affected 
by fire and result in injury to persons must have a fire 
rating of not less than 4 hours. 

 

This requirement is assumed to apply specifically to the 
tunnel structure (refer CWDC Tunnel Fire and Life 
Safety Reports). 

 (iii) All mechanical ventilation system components 
including fans and dampers must have a fire rating of 
not less than 2 hours at 250 degrees Celsius. 

 

Ventilation system equipment will be specified to meet 
this criteria.  Suppliers of these items are familiar with 
the stated requirements and test and supply 
accordingly. 
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 (iv) Testing for fire ratings must be in accordance with 
AS1530.4 on the basis of adopting the Eurocode 1 
Hydrocarbon Curve. 

This criteria is assumed to apply to specific items of 
equipment and structure unless other criteria are 
specified. (e.g. 250oC for 2 hours for ventilation system 
components.) 
Commercially available anchors and fixings can be 
supplied fire rated and tested, but not always to the 
hydrocarbon curve.  Fixings and anchors will be 
selected for strength at 300oC, time unlimited.  Steel 
support components (such as jet fan supports) will be 
designed for adequate strength at 300 deg C. 
 

Appendix S11.8(b) (i) The tunnel ventilation system must meet all air quality 
requirements described below, EPA Worksafe 
Exposure Standards, the environmental requirements 
provided in Appendix S6 and the recommendations of 
PIARC. In the event of any inconsistencies between 
these requirements, the requirement that is higher or 
more stringent will prevail. 

 

The applicable requirements will be met. For internal 
air quality, design criteria as listed in the document will 
be complied with. These criteria are those either 
nominated in the PS&PR or as advised by the EPA 
prior to issue of the Works Approval Conditions. 

 

 The tunnel ventilation system must be able to be operated 
to meet specified in-tunnel and external air quality 
requirements under all credible atmospheric and traffic 
flow scenarios. 
 

The tunnel ventilation system equipment has been so 
designed. 

Appendix S11.8(c) (i) The ventilation system must be designed in 
accordance with the recognised method described in 
the PIARC Technical Committee Report on Road 
Tunnel Reports, including the 1987 report and the 
1991 amendment, and any other relevant PIARC 
documents published as at the date the relevant 
design work is performed during the Concession 
Period.   

 

Complied with. 

 

 

 The air quality requirements in section 11.8(d) must apply 
to the ventilation system design together with any 
supplementary or varied requirements determined as part 
of the EPA approval and the additional criteria provided in 
Appendix S6. 

Refer to comments under PS&PR reference, Appendix 
S11.8(b) above. 
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Appendix S11.8(d) PIARC visibility standards must apply, with the following 
conditions and absorption coefficients assumed: 

(i) Design condition K max = 0.005 per m; 
(ii) Congested traffic K max = 0.007 per m; 
Stationary traffic K max = 0.009 per m. 

This requirement will be complied with. 

Appendix S11.8(e) (i) The ventilation system must be capable of 
introducing and removing air from the tunnels as 
required to meet air quality requirements.  

 

This requirement will be complied with. 

 

 (ii) All airways must be smooth and free from abrupt 
cross sectional changes. 

 

This requirement will be complied with for those items 
within the Company’s scope. 
This requirement will be complied with. 
 

 (iii) Longitudinal air velocity in the tunnels must be 
monitored continuously and automatically controlled 
to a level not exceeding 10metres/second. 

 

This requirement will be complied with 

 The operation of the ventilation system must be 
automatically controlled to maintain the specified air quality 
requirements based on real-time data from air quality, 
visibility and airflow monitoring. Suitable monitoring 
equipment must be provided and strategically placed to 
achieve the required operational performance objectives. 

Instrumentation to be installed: 

- CO monitoring 

- NO monitoring (Inferred NO2) 

- Visibility monitoring 

- Air flow velocity monitoring. 

 

Appendix S11.8(f) (i) The ventilation system must be designed, 
constructed and operated according to the 
requirements of this Appendix and Appendix S15 
(OMCS).  

 

This requirement will be complied with. 

 (ii) The ventilation system must be capable of 
continuous operation for at least two hours under a 
single incident fire mode condition. 

 

As noted in this report, ventilation system equipment 
will be designed and specified to be capable of 2 hours 
operation at 250 deg C. 
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 (iii) In the event of an Incident, noxious gases, or by-
products released into the tunnels, must be effectively 
exhausted from the affected area by appropriate 
airflow enabling an orderly and safe evacuation of 
motorists along the emergency egress route.  

 

This requirement will be complied with as detailed in 
this Preliminary Design report. 

 

 (iv) The ventilation system must be capable of 
maintaining a minimum tunnel air velocity at any point 
along the tunnels as required to prevent smoke back 
layering. The critical velocity must be achieved with 
the tunnels full of stationary vehicles. 

 

This requirement will be complied with. 

 (v)    Null points in the ventilation system must be avoided. This is in order to comply with the contemplated Works 
Approval conditions (as advised by EPA). There must 
be null point below the exhaust opening to the vent 
station intake plenum. This is In order to achieve zero 
portal emissions and is not avoidable if that criterion is 
to be met and is therefore not considered a non 
conformance with respect to the intent of the PS&PR. 

 

Appendix S11.8(h) (i) .With the ventilation system under full load, the octave 
band spectrum for the ventilation equipment flow must 
not exceed NR85 as determined in accordance with 
AS 1469. Compliance must be demonstrated at any 
point measured along the centre line of any lane 1.5m 
above road level for the situation with no traffic flow 

 

This requirement will be complied with.  Fans and 
attenuators will be specified so as to ensure the criteria 
is met. 

 

 Maximum allowable external noise levels must comply with 
EPA requirements, and the State Environment Protection 
Policy (Control of Noise from Commerce Industry and 
Trade) No. N 1. 

This requirement will be complied with for those items 
within the Company’s scope.  Fans and attenuators will 
be specified so as to ensure the criteria is met. 
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Appendix S6 Table 
6.3.1 

Objective 14 
Manage tunnel emissions to protect the beneficial uses of 
the air environment consistent with the requirements of the 
State Environment Protection Policy (Air Quality 
Management). 
Performance Criteria: 
Emissions from the tunnels must not exceed the 
requirements of State Environment Protection Policy (Air 
Quality Management) and any levels stipulated in the 
relevant Approvals. 
The requirements in Appendix S11 (Tunnels) must also be 
met. 
 

The tunnel ventilation system will be designed and 
installed to provide sufficient capacity and flexibility to 
enable the stated criteria to be met. 

 Objective 15: 
Ensure in tunnel air is safe for motorists and others using 
the tunnels. 
Performance Criteria: 
Compliance with the requirements of Appendix S11 
(Tunnels) and conditions of the relevant Approvals. 
 

The tunnel ventilation system will be designed and 
installed to provide sufficient capacity and flexibility to 
enable the stated criteria to be met. 

 

The following table identifies the relevant Mitcham – Frankston Freeway Mechanical and Electrical Sub-Contract criteria applicable to this Design 
Package. 

 Mitcham - Frankston Freeway Mechanical and Electrical Sub-Contract Design Criteria 

Item Document Clause/Ref Technical Requirement Compliance Reference 

5.22 Contract 
Annexure 15 

Part 1 
1.4.22 

Subcontractor shall provide the operation and training 
manuals as detailed in Exhibit 3 – Operation Deliverables 
FOM Requirements and the PS&PR. 

Will be complied with. 

5.23 Contract 
Annexure 15 

Part 1 
1.4.23 

Subcontractor shall provide training documents and one 
trainer to train the Facility Operations staff.  Manuals shall 
be provided as detailed in Exhibit 3 – Operation Deliverables 
FOM Requirements. 

Will be complied with. 
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Item Document Clause/Ref Technical Requirement Compliance Reference 

5.27 Contract 
Exhibit 3 

Construction 
Contract 

Annexure 14 
Extract 
Ref. 3 

Item: Training 
Requirement:  
(a) Operation and Maintenance training for operator/CE 

personnel on all systems and on purpose designed and 
specialised or non-industry standard facilities and 
infrastructure. 

(b) Provision of hard and soft copies of training 
documentation. 

Train the trainer training and courses 

Will be complied with. 



EPC0385 EASTLINK – DETAIL DESIGN PACKAGE REPORT AL-M04-DPK-VE01-0010 
C-01 TUNNEL VENTILATION SYSTEM Page 44 of 45 

 

AL-M04-DPK-VE01-0010-C-01            CONFIDENTIAL © COPYRIGHT (2005) United Group - Infrastructure 
 

6.0 DESIGN STANDARDS/REFERENCE DOCUMENTS 

The following standards and documents have been utilised in the production of this Design Package 
or will be referenced in further design and documentation stages: 

 

Source Standard/Document Description 

PIARC 05.02.B - 1995 Road Tunnels: Emissions, Ventilation, Environment 
1995 

PIARC  Fire and Smoke Controls in Road Tunnels 1999 

PIARC 05.05.B -1999 Fire and Smoke Controls in Road Tunnels 2004 

PIARC  Vehicle Emissions Air Demand, Environment, 
Longitudinal Ventilation - 1995 

PIARC Version 3003 – 12 - 12 Road Tunnels: Vehicle Emissions and Air Demand 
for Tunnel Ventilation 2003 

PIARC 05.14.B - 2004 Road Tunnels: Vehicle Emissions and Air Demand 
for Tunnel Ventilation 2004 

SAA AS 1397 Steel sheet and strip – hot dip zinc coated or 
aluminium/zinc coated 

SAA AS 1657 Fixed platforms, walkways, stairways & ladders -
Design, construction & installation 

SAA AS 3990 Mechanical Equipment - Steelwork 

SAA AS 4100 Steel structures 

SAA AS 4680 Hot-dip galvanised coating (zinc) on fabricated 
ferrous articles  

Design Standards/Reference Documents 
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APPENDIX A 

Design Drawings 

The following documents are to be read in conjunction with this Design Report and are separately registered 
and controlled via the project document management register. 

AL-M04-DRG-VE01-0001  Tunnel Ventilation Schematic 

AL-M05-DRG-VE01-2101  Eastern Vent Structure – Exhaust Ventilation Station 
General Arrangement 

AL-M05-DRG-VE01-2102  Eastern Vent Structure – Exhaust Ventilation Station 
Sections 

AL-M05-DRG-VE01-2103  Eastern Vent Structure – Exhaust Ventilation Station 
       Longitudinal Section 

AL-M03-DRG VE01-2101  Western Vent Structure – Exhaust Ventilation Station 
General Arrangement 

AL-M03-DRG VE01-2102  Western Vent Structure – Exhaust Ventilation Station 
Sections 

AL-M03-DRG VE01-2103  Western Vent Structure – Exhaust Ventilation Station 
Longitudinal Section 

AL-M04-DRG-CB02-0100  Tunnel Equipment – Key Plan Layout** 

AL-M04-DRG-CB02-0101  Tunnel Equipment Layout – Sheet 1** 

AL-M04-DRG-CB02-0102  Tunnel Equipment Layout – Sheet 2** 

AL-M04-DRG-CB02-0103  Tunnel Equipment Layout – Sheet 3** 

AL-M04-DRG-CB02-0104  Tunnel Equipment Layout – Sheet 4** 

AL-M04-DRG-CB02-0105  Tunnel Equipment Layout – Sheet 5** 

AL-M04-DRG-CB02-0106  Tunnel Equipment Layout – Sheet 6** 

AL-M04-DRG-CB02-0107  Tunnel Equipment Layout – Sheet 7** 

AL-M04-DRG-CB02-0108  Tunnel Equipment Layout – Sheet 8** 

AL-M04-DRG-CB02-0109  Tunnel Equipment Layout – Sheet 9** 

AL-M04-DRG-CB02-0110  Tunnel Cross Section – Typical** 

**  These drawings included for information prior to formal issue. 

 

 
 

Design Documents 

The following documents and information are referenced in this Design Report but are not attached: 

Hyder Consulting:   EastLink Traffic Data 

Hyder Consulting:   EastLink Vehicle Age and Fuel Mix Data 

AL-M04-CAL-VE01-0001  Tunnel Ventilation System – Preliminary Calculations. 

Graeme Harding & Associates: Acoustic assessment 
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