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5 Items For Resolution 

5.1 ‘Hold’ schedule 
The following areas of the design are currently on ‘Hold’ for this design package. 
Table 5-1: Items on Hold 

HOLD ITEMS ON HOLD STATUS 

Nil.   
 

5.2 Outstanding items 
The following outstanding items in Table 5-2 are to be resolved during the development of the subsequent design 
stage. 
Table 5-2: Outstanding items  

ITEM DESCRIPTION STATUS 

Castlereagh connection A preliminary sketch has been completed to 
demonstrating future integration with Castlereagh 
Connection (by others), refer to 4.8 for details. 
Detailed checks including sight distance and aquaplaning 
for the future intersections will be completed in SDD. 

Ongoing.  

Maintenance provisions The DCD documents the intended access strategy and 
maintenance provisions to a conceptual / schematic level 
only. 
The maintenance provisions and parking bay 
infrastructure will be further developed and incorporated 
into the design during the SDD phase based on TfNSW 
feedback and other relevant parties. 
Refer Section 4.6 for details. 

Ongoing. 

Shared path alignment Shared path alignment at the north-west corner of the 
Richmond Road and Rooty Hill Road intersection to be 
adjusted to have a more streamlined alignment that is 
integrated with the Urban Design strategy. 

Ongoing.  
Consultation with Urban Design 
required. 

Flood relief channel Ongoing design development of the flood relief channel 
dimensions, refer to SD02 for further details. 

Ongoing. 

Basin location and 
dimension 

Ongoing design development of the basin location and 
dimensions, refer to SD02 for further details. 

Ongoing.  

Street lighting build outs Lighting design is underdevelopment, lighting buildouts 
will be provided at part of SDD. 

Ongoing. 

Coordination with key 
external stakeholders 

The design is to be developed in consultation with key 
external stakeholders throughout the design process. 
A summary of the key external stakeholders for the 
Project and the interfaces with the design is discussed in 
Section 5.3 

Ongoing.  
Consultation with key external 
stakeholders is to remain ongoing 
throughout the design process to 
ensure a coordinated, integrated, 
economic, safe and constructible 
solution is achieved. 

Landscaping design co-
ordination  

Co-ordination with the landscaping design to ensure sight 
lines are not obstructed 

Ongoing.  
Consultation with Landscaping 
required. 

Landscape mound The design of the landscape earth mounds for spoil 
disposal will be further developed in the next design 
phase. 

Ongoing.  
To be resolved in the SDD 
submission. 
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5.3 Consultation requirements with Third Parties 

5.3.1 Blacktown Council 

Future consultation with Blacktown Council will be undertaken with outcomes incorporated into the development of 
the design. 

 

5.3.2 Blacktown Native Institute 

Future consultation with Blacktown Native Institute will be undertaken with outcomes incorporated into the 
development of the design. 

 

5.3.3 Utilities Authorities 

Future consultation with Utility Authorities will be undertaken. Refer to the Utilities Package (UT-series) for further 
information. 

 

5.3.4 Property owner consultation 

Future consultation with property owners and stakeholders will be undertaken with outcomes incorporated into the 
development of the design. 

 

5.4 Design risks and opportunities 

5.4.1 Design Risks 

The design risks applicable to this design package are noted in Table 5-3 below. 
Table 5-3: Design Risks  

ITEM DESCRIPTION 

Survey risk Inaccuracies in the survey data provided by TfNSW to develop the design, including the 
presence of uncharted services and utilities within the Project Corridor. 
Risk to be managed with ongoing ground survey and utilities investigations conducted 
throughout the design process. Survey data to be incorporated into the 3d model. 

Geotechnical investigations Unsuitable ground conditions (e.g. soft soils, acid sulphate rock etc.) encountered within 
the road corridor which requires a change in road alignment. 
Risk to be managed with ongoing geotechnical investigations along the Project Corridor. 
Refer to Geotechnical Interpretive Report Package (GE03) for details. 

Environmental risk Presence of unknown protected fauna or flora species within the road corridor which 
requires a change in road alignment to avoid impacts. 
Risk to be managed with ongoing environmental investigations and reporting. 

Consultation with Utility 
Authorities 

Extended lead time for design review and acceptance of relocation strategy for the 
Project. 
Risk to be managed with ongoing consultation with the relevant utility authorities 
throughout the design process. 

Consultation with key 
external stakeholders 
(Blacktown Council, 
Blacktown Native Institute, 
Utility Authorities, Property 
Owners) 

Extended lead time for design review and key inputs required for the development of the 
design. 
Risk to be managed with ongoing and regular interface meetings with the key external 
stakeholders with updates on the development of the design. 
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5.4.2 Design opportunities 

Nil at present.  
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Appendix B  
Consolidated Comments 
Register 

 

Comments received on the design submissions till date (including designer responses) are provided in this 
Appendix. 

APPENDIX NO. APPENDIX DESCRIPTION 

B.1 TfNSW comments register 

B.2 IC comments register 

B.3 Blacktown Council comments register 
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Appendix C  
Safety in Design 
Register 
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Appendix D  
Durability Assessment 

N/A for this design package   
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Appendix E  
Geotechnical Input 

N/A for this design package. The relevant interdisciplinary interfaces with engineering disciplines is documented in 
Section 2.4.2 of this report.  
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Appendix F  
SWTC Compliance 
Register 

  



DOORS ID Source Document Section Preamble Description Relevant 
Design 
Packages

RW01 Compliance Evidence 
Reference

1204238 SWTC Main Body (ii)          all infrastructure and works required to integrate the Works into the existing Active 
Transport Corridor as described in Appendix B.11;

RW01 C

Refer section 3.1.7 of the 
Roadworks Portion 1 Report 
(RRM7-GEDT-0537-RW-RPT-
010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1204240 SWTC Main Body (iv)          all provisions to allow pedestrians, pedal cyclists and disabled persons to use the 
surrounding road networks affected by the Contractor’s Activities;

RW01 C

Refer section 3.1.7 of the 
Roadworks Portion 1 Report 
(RRM7-GEDT-0537-RW-RPT-
010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1204902 SWTC Main Body 5.10.1

Retained Existing 
Assets

Retained Existing Assets GN01,
BR01, BR02, 
BR03, MS01, 
RW01 N/A

1204904 SWTC Main Body b)          Existing Assets must be included in the independent road safety audits required by section 
5.21 of this SWTC, including audit review and assessment of conformity with:

GN01, RW01 C

Refer section 4.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1204905 SWTC Main Body (i)          horizontal and vertical design speed criteria;

GN01, RW01 C

Refer section 4.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1204943 SWTC Main Body a)          The Project Works and Temporary Works must comply with the requirements of 
Appendix B.2. RW01 TBD

1204945 SWTC Main Body a)          The Contractor must arrange for independent road safety audits to be conducted in 
accordance with TfNSW Guidelines for Road Safety Audit Practices: RW01 TBD

1204946 SWTC Main Body (i)          during the design and construction of the Project Works and Temporary Works; and
RW01 TBD

1204947 SWTC Main Body (ii)          immediately prior to opening any part of the Project Works or Temporary Works to traffic 
and where the Contractor’s Activities has an impact on any Local Areas including physical 
alterations, change of use and/or introduction of new hazards. RW01 TBD

1204948 SWTC Main Body b)          Road safety audits must be carried out by a team consisting of a lead auditor and at least 
one other member who is experienced in traffic management. The lead auditor must be considered 
by the Institute of Public Works Engineering Australia Ltd (NSW Division) to be a Level 3 auditor.

RW01 TBD
1204949 SWTC Main Body c)          The Principal must be invited to attend, to enable it to observe, all road safety audits 

undertaken by the Contractor during design and construction and immediately prior to and after 
opening any part of the Project Works or Temporary Works to traffic. RW01 TBD

1204950 SWTC Main Body d)          The Contractor must consider and respond to the issues identified by the independent 
road safety audits and to the issues identified by any safety audits that may be undertaken by the 
Principal. RW01 TBD

1204951 SWTC Main Body e)          Copies of all independent road safety audits must be issued within 20 Business Days of 
the audit report being completed to the Principal's Representative and the Independent Certifier.

RW01 TBD
1204952 SWTC Main Body f)          Issues identified in road safety audits are non-conformities that must be addressed by the 

Contractor in accordance with the Quality Management Plan. RW01 TBD
1205039 SWTC Main Body 5.35 Future Integration 

with Castlereagh 
Connection (by 
others)

Future Integration with Castlereagh Connection (by others)

RW01 N/A
1205040 SWTC Main Body a)          The Contractor must ensure the Project Works are designed and constructed to 

accommodate for the future Castlereagh connection (as per 'SKE-22_Indicative future intersection 
of RR and CC-20250204 .pdf') with minimal demolition or rework, including but not limited to:

RW01 TBD
1205041 SWTC Main Body (i)          ensuring sufficient space is reserved in the median for potential signalised intersections, 

including: RW01 TBD
1205042 SWTC Main Body A.          provision for dual right-turn bays from Richmond Road southbound to the future 

Castlereagh connection on ramp, with median separation; and RW01 TBD
1205043 SWTC Main Body B.          providing suitable levels across the median to enable conversion with minimal 

adjustments for future pavements; RW01 TBD
1205044 SWTC Main Body (ii)          provision of compliant approach sight distance on all legs of the intersections; RW01 TBD
1205045 SWTC Main Body (iii)          conducting aquaplaning checks for all future intersections; RW01 TBD
1205050 SWTC Main Body (viii)          ensuring that future intersections do not adversely impact provision for pedestrian 

movements and the Active Transport strategy across the road network in the area. RW01 TBD
1205448 SWTC B.2 Geometric and Road Design

1 Definitions 
Definitions 

RW01 N/A
1205449 SWTC B.2 Geometric and Road Design a)          For the purposes of this Appendix B.2:

RW01 N/A
1205450 SWTC B.2 Geometric and Road Design {TABLE id=_4}

RW01 N/A
1205451 SWTC B.2 Geometric and Road Design

2 General
General

RW01 N/A
1205452 SWTC B.2 Geometric and Road Design a)          For geometric and road design, the Contractor must satisfy requirements in the following 

order of precedence:

RW01 C

Refer section 2.3.1 of the 
Roadworks Portion 1 Report 
(RRM7-GEDT-0537-RW-RPT-
010001).

1205453 SWTC B.2 Geometric and Road Design (i)          the SWTC, including this Appendix B.2;
RW01 N/A

1205454 SWTC B.2 Geometric and Road Design (ii)          TfNSW Supplements (including, but not limited to, sight distance, curve widening, 
shyline, working widths); and RW01 N/A

1205455 SWTC B.2 Geometric and Road Design (iii)          relevant requirements of Austroads Guide to Road Design. 
RW01 N/A

1205456 SWTC B.2 Geometric and Road Design b)          The Contractor must provide comprehensive Design Documentation demonstrating 
compliance with the minimum geometric and road design requirements specified in the SWTC, 
including this Appendix B.2.

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

1205457 SWTC B.2 Geometric and Road Design
2.1 Design Speeds and Posted Speed Limits

Design Speeds and Posted Speed Limits
RW01 N/A

Requirements Traceability Verification Matrix (RTVM)



DOORS ID Source Document Section Preamble Description Relevant 
Design 
Packages

RW01 Compliance Evidence 
Reference

1205458 SWTC B.2 Geometric and Road Design a)          The Carriageways must be designed and constructed for the posted speed limits and 
design speeds in Tables B.2-1A and B.2-1B.

RW01 N

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer to Section 3.4.1 of the 
Roadworks Portion 1 Report 
(RRM7-GEDT-0537-RW-RPT-
010001) for details of non-
conformances 

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205459 SWTC B.2 Geometric and Road Design Table B.2-1A  Portion 1 Posted Speed Limits and Minimum Design Speeds:
RW01 N/A

1205460 SWTC B.2 Geometric and Road Design {TABLE id=_89}
RW01 N/A

1205461 SWTC B.2 Geometric and Road Design Note *: LOW = Limit of Works
RW01 N/A

1205462 SWTC B.2 Geometric and Road Design Table B.2-1B Portion 2 Posted Speed Limits and Minimum Design Speeds:
RW01 N/A

1205463 SWTC B.2 Geometric and Road Design {TABLE id=_181}
RW01 N/A

1205464 SWTC B.2 Geometric and Road Design Note *: LOW = Limit of Works
RW01 N/A

1205465 SWTC B.2 Geometric and Road Design b)          Merges and diverges must have a minimum design speed that are the same as the 
minimum design speed specified for the respective adjoining Carriageway. 

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205466 SWTC B.2 Geometric and Road Design
2.2 Design Vehicles

Design Vehicles
RW01 N/A

1205467 SWTC B.2 Geometric and Road Design a)          All roads forming part of the Project Works must be designed and constructed for 
the design vehicles (as identified in Austroads) specified in Table B.2-2.

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205468 SWTC B.2 Geometric and Road Design Table B.2-2 Design Vehicles:
RW01 N/A

1205469 SWTC B.2 Geometric and Road Design {TABLE id=_311}
RW01 N/A

1205470 SWTC B.2 Geometric and Road Design b)          For dual right turns, a combination of a 5.2m passenger car and the nominated 
design vehicles in table B.2-2 must be used. The 5.2m passenger car must turn from the 
right most Lane of the dual right turn.

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205471 SWTC B.2 Geometric and Road Design
3 Cross Sections and Clearances

Cross Sections and Clearances
RW01 N/A

1205472 SWTC B.2 Geometric and Road Design
3.1 Design Requirements

Design Requirements
RW01 N/A

1205473 SWTC B.2 Geometric and Road Design a)          The Carriageways must be designed and constructed so that:
RW01 N/A

1205474 SWTC B.2 Geometric and Road Design (i)          infrastructure and equipment do not encroach into the Vehicle Envelope; and

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205475 SWTC B.2 Geometric and Road Design (ii)          Restricted Access Vehicles (as identified in Austroads) can safely use the Carriageway in 
accordance with section 4.1 of the SWTC.

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205476 SWTC B.2 Geometric and Road Design b)          Unless specified in the SWTC, where a new Carriageway connects to an existing road, the 
cross section and clearances of the new Carriageway must transition safely into the cross section 
and clearances of the existing road.

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205477 SWTC B.2 Geometric and Road Design c)          Where footpaths, bicycle paths or shared user paths are located on a bridge, they must be 
designed and constructed to: RW01 N/A

1205478 SWTC B.2 Geometric and Road Design (i)          match the existing facility (if it is modified or adjusted); or
RW01 N/A

1205479 SWTC B.2 Geometric and Road Design (ii)          comply with section 8 of this Appendix B.2, Appendix B.11 and Austroads Guide to Road 
Design and TfNSW Supplements (if it is new or widened). RW01 N/A

1205480 SWTC B.2 Geometric and Road Design d)          All other footpaths, bicycle paths or shared user paths must be designed and constructed 
in accordance with section 8 of this Appendix B.2 and Appendix B.11.

RW01 C

Refer section 3.1.7 of the 
Roadworks Portion 1 Report 
(RRM7-GEDT-0537-RW-RPT-
010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205481 SWTC B.2 Geometric and Road Design e)          Carriageways must be designed and constructed to:
RW01 N/A



DOORS ID Source Document Section Preamble Description Relevant 
Design 
Packages

RW01 Compliance Evidence 
Reference

1205482 SWTC B.2 Geometric and Road Design (i)          comply with the minimum design criteria in section 3.2 of this Appendix B.2;

RW01 N

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer to Section 3.4.1 of the 
Roadworks Portion 1 Report 
(RRM7-GEDT-0537-RW-RPT-
010001) for details of non-
conformances 

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205484 SWTC B.2 Geometric and Road Design (iii)          incorporate curve widening (where required in accordance with Austroads Guide to Road 
Design);

RW01 N

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer to Section 3.4.1 of the 
Roadworks Portion 1 Report 
(RRM7-GEDT-0537-RW-RPT-
010001) for details of non-
conformances 

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205485 SWTC B.2 Geometric and Road Design (iv)          incorporate widening to achieve sight distance (where required in accordance with 
Austroads Guide to Road Design); and

RW01 N

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer to Section 3.4.1 of the 
Roadworks Portion 1 Report 
(RRM7-GEDT-0537-RW-RPT-
010001) for details of non-
conformances 

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205486 SWTC B.2 Geometric and Road Design (v)          be consistent with and provide safe transitions between the cross sections at interfaces.

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205487 SWTC B.2 Geometric and Road Design f)          The minimum horizontal clearance from toe of formation or top of cutting to the Site or 
Local Area Works Area boundary for the Main Carriageways and ramps must be 6.0 m.

RW01 N

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer to Section 3.4.1 of the 
Roadworks Portion 1 Report 
(RRM7-GEDT-0537-RW-RPT-
010001) for details of non-
conformances 

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205488 SWTC B.2 Geometric and Road Design
3.2 Minimum Design Criteria

Minimum Design Criteria
RW01 N/A

1205489 SWTC B.2 Geometric and Road Design a)          The minimum design criteria in Table B.2-3 must be adopted for the design of all Main 
Carriageways and ramps.

RW01 N

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer to Section 3.4.1 of the 
Roadworks Portion 1 Report 
(RRM7-GEDT-0537-RW-RPT-
010001) for details of non-
conformances 

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205490 SWTC B.2 Geometric and Road Design Table B.2-3 Minimum design criteria:
RW01 N/A

1205491 SWTC B.2 Geometric and Road Design {TABLE id=_433}
RW01 N/A

1205492 SWTC B.2 Geometric and Road Design b)          Vehicle Envelope height (this is to be clearly shown on structural drawings demonstrating 
compliance to requirements, the drawings shall include the allowances for all services, fitments or 
any other physical elements of the design that are to be fitted to the structures): 

RW01 N/A
1205493 SWTC B.2 Geometric and Road Design (i)          5.5 m for tunnels and pedestrian bridges; and

RW01 N/A
1205494 SWTC B.2 Geometric and Road Design (ii)          5.4 m for road bridges and underpasses (an additional 1.5 m maintenance clearance is 

required for a steel structure). 

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205496 SWTC B.2 Geometric and Road Design d)          Minimum Lane and shoulder widths specified in section 3.2 a) of this Appendix B.2:

RW01 N

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer to Section 3.4.1 of the 
Roadworks Portion 1 Report 
(RRM7-GEDT-0537-RW-RPT-
010001) for details of non-
conformances 

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).



DOORS ID Source Document Section Preamble Description Relevant 
Design 
Packages

RW01 Compliance Evidence 
Reference

1205497 SWTC B.2 Geometric and Road Design (i)          must be measured to the centre of the Lane and edge lines; and

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205498 SWTC B.2 Geometric and Road Design (ii)          do not include allowances that will be necessary for curve widening and sight widening, or 
any other provisions required to comply with this Appendix B.2, which must be added to the 
specified minimum Lane and shoulder widths.

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205499 SWTC B.2 Geometric and Road Design e)          The alignment must provide vertical clearances in accordance with Appendix B.4 and the 
following: 

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205500 SWTC B.2 Geometric and Road Design (i)          new structures in accordance with Table B.2-4;

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205501 SWTC B.2 Geometric and Road Design Table B.2-4 Vertical clearances for new structures:
RW01 N/A

1205502 SWTC B.2 Geometric and Road Design {TABLE id=_542}
RW01 N/A

1205503 SWTC B.2 Geometric and Road Design (ii)          existing structures – no less than existing vertical clearance; and
RW01 N/A

1205504 SWTC B.2 Geometric and Road Design (ii)          widening of roads at existing structures – no less than existing vertical clearance of the 
nearside edge of the adjacent existing trafficable Lane. RW01 N/A

1205505 SWTC B.2 Geometric and Road Design f)          Ramps and connections must provide climbing Lanes, merge/ diverge Lanes and stand-up 
Lanes as necessary to comply with the geometry, traffic demand and traffic performance 
requirements specified in the SWTC, including Appendix B.18.

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205506 SWTC B.2 Geometric and Road Design g)          Where it is identified that a merge/diverge must occur from the right to achieve the 
minimum operational traffic performance, the design must include a risk assessment of each 
location where this merge occurs and incorporate appropriate measures to mitigate any risks 
identified at these locations. RW01 N/A

1205507 SWTC B.2 Geometric and Road Design h)          The minimum size and clearance criteria for maintenance, breakdown and incident 
response bays must be provided in addition to all required Lane and shoulder width requirements 
including any additional allowances identified to satisfy section 3.2 a) of this Appendix B.2.

RW01 TBD
1205510 SWTC B.2 Geometric and Road Design k)          In addition to the requirements of this section 3.2, the Contractor must also comply with 

the minimum Carriageway design requirements set out in Tables B.2-5A and B.2-5B. 

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205511 SWTC B.2 Geometric and Road Design Table B.2-5A   Portion 1 Minimum Carriageway Design Requirements:
RW01 N/A

1205512 SWTC B.2 Geometric and Road Design {TABLE id=_571}
RW01 N/A

1205513 SWTC B.2 Geometric and Road Design Table B.2-5B Portion 2 Minimum Carriageway Design Requirements:
RW01 N/A

1205514 SWTC B.2 Geometric and Road Design {TABLE id=_637}
RW01 N/A

1205515 SWTC B.2 Geometric and Road Design
4 Alignment and Crossfall

Alignment and Crossfall
RW01 N/A

1205516 SWTC B.2 Geometric and Road Design
4.1 Horizontal Alignment

Horizontal Alignment
RW01 N/A

1205517 SWTC B.2 Geometric and Road Design a)          The Austroads Guide to Road Design - Part 3: Geometric Design and TfNSW Supplement 
must be used to determine super-elevation values, lengths of transition curves, coordination of 
super-elevation transition with plan transition and minimum curve deflection angles for 
Carriageways.

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer to Section 3.4.1 of the 
Roadworks Portion 1 Report 
(RRM7-GEDT-0537-RW-RPT-
010001) for details of non-
conformances 

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205518 SWTC B.2 Geometric and Road Design b)          The minimum horizontal curve radii for all Carriageways and local roads must be 
appropriate for the design speed in accordance with TfNSW Guidelines and friction demands.

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer to Section 3.4.1 of the 
Roadworks Portion 1 Report 
(RRM7-GEDT-0537-RW-RPT-
010001) for details of non-
conformances 

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205519 SWTC B.2 Geometric and Road Design c)          Superelevation transitions must not overlap, causing ’gull wing’ or ’butterfly pavements’ 
where water can pond.

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).
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1205520 SWTC B.2 Geometric and Road Design d)          Compound curves and broken back curves must be avoided where possible and if 
unavoidable must be approved by the Principal’s Representative. Where compound curves are 
unavoidable, the ratio of the large radius to the small radius must be at least 1:0.75. Increasing 
radius compound curves on one-way Carriageways are acceptable.

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205521 SWTC B.2 Geometric and Road Design e)          Sight distance to ramp noses must be in accordance with Austroads Guide to Road 
Design Part 4C: Interchanges and the TfNSW Supplement.

RW01 N

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer to Section 3.4.1 of the 
Roadworks Portion 1 Report 
(RRM7-GEDT-0537-RW-RPT-
010001) for details of non-
conformances 

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205522 SWTC B.2 Geometric and Road Design f)          Plan transitions are not required on curves with radius greater than or equal to 1200 m.

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205523 SWTC B.2 Geometric and Road Design
4.2 Vertical Alignment

Vertical Alignment
RW01 N/A

1205524 SWTC B.2 Geometric and Road Design a)          The vertical alignment gradients for the Carriageways must:
RW01 N/A

1205525 SWTC B.2 Geometric and Road Design (i)          not exceed existing vertical grades for the Main Carriageways; and

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205526 SWTC B.2 Geometric and Road Design (ii)          be 5 percent or less for new ramp inclines (desirably 3 percent or less) and 6 percent or 
less for new ramp declines (desirably 5 per cent or less). Compliant with Austroads Guide to Road 
Design Part 4C: Interchanges (Clause 9.3.2).

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205527 SWTC B.2 Geometric and Road Design b)          If the Contractor adopts vertical grades that do not comply with section 4.2 a) of this 
Appendix B.2, Design Documentation must be submitted with an appropriate level of analysis, 
including risk assessment, and understanding of the relevant constraints, demonstrating that the 
design has been optimised to comply wherever reasonably possible with the relevant 
requirements. RW01 N/A

1205528 SWTC B.2 Geometric and Road Design c)          The Design Documentation referred to in section 4.2 b) of this Appendix B.2 must undergo 
a Road Safety Audit and be accepted with no further comment by the Principal's Representative. 

RW01 TBD
1205529 SWTC B.2 Geometric and Road Design

4.3 Auxiliary Lanes
Auxiliary Lanes

RW01 N/A
1205530 SWTC B.2 Geometric and Road Design a)          Auxiliary Lanes for the carriageways and ramps must be in accordance with Austroads 

Guide to Road Design Part 4A: Unsignalised and Signalised Intersections, traffic modelling, and 
Austroads Guide to Road Design Part 4C: Interchanges.

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205531 SWTC B.2 Geometric and Road Design
4.4 Stopping Sight Distance

Stopping Sight Distance
RW01 N/A

1205532 SWTC B.2 Geometric and Road Design a)          Stopping sight distance for cars must be assessed in accordance with Austroads Guide to 
Road Design and TfNSW Supplements, and adopting the following parameters:

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205533 SWTC B.2 Geometric and Road Design (i)          a reaction time of 2.5 seconds for >= 110 km/hr, 2.0 seconds for = 100 km/hr, and 1.5 
seconds for <= 90 km/hr; 

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205534 SWTC B.2 Geometric and Road Design (ii)          a coefficient for deceleration of 0.36;

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205535 SWTC B.2 Geometric and Road Design (iii)          consideration of grade correction;

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).
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1205536 SWTC B.2 Geometric and Road Design (iv)          the design speed; and

RW01 N

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer to Section 3.4.1 of the 
Roadworks Portion 1 Report 
(RRM7-GEDT-0537-RW-RPT-
010001) for details of non-
conformances 

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205537 SWTC B.2 Geometric and Road Design (v)          be determined in accordance with the car/truck speed relationship rules provided in the 
Austroads Guide to Road Design.

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205538 SWTC B.2 Geometric and Road Design b)          Where required by Austroads Guide to Road Design and TfNSW Supplements, stopping 
sight distance for trucks must be assessed, adopting the following parameters: RW01 N/A

1205539 SWTC B.2 Geometric and Road Design (i)          a reaction time specified in section 4.4 a) (i) of this Appendix B.2; 
RW01 N/A

1205540 SWTC B.2 Geometric and Road Design (ii)          a coefficient of deceleration of 0.29;
RW01 N/A

1205541 SWTC B.2 Geometric and Road Design (iii)          consideration of grade correction; and
RW01 N/A

1205542 SWTC B.2 Geometric and Road Design (iv)          the design speed in accordance with Austroads Guide to Roads Design Part 3, Table 3.5.
RW01 N/A

1205543 SWTC B.2 Geometric and Road Design
4.5 Crossfall

Crossfall
RW01 N/A

1205544 SWTC B.2 Geometric and Road Design a)          The crossfall for Carriageways must be:
RW01 N/A

1205545 SWTC B.2 Geometric and Road Design (i)          for new Carriageways:
RW01 N/A

1205546 SWTC B.2 Geometric and Road Design A.          a minimum of 3 percent fall towards the Nearside Shoulder; and

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205547 SWTC B.2 Geometric and Road Design B.          a maximum super-elevation on all Carriageways and Shoulders of 5 percent;

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205548 SWTC B.2 Geometric and Road Design (ii)          for existing Carriageways – no greater than the existing crossfall; and

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205549 SWTC B.2 Geometric and Road Design (iii)          for widenings of existing Carriageways – no greater than crossfall of the nearest existing 
trafficable Lane.

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205550 SWTC B.2 Geometric and Road Design b)          The crossfall for ramps must be:
RW01 N/A

1205551 SWTC B.2 Geometric and Road Design (i)          new ramps – no less than 3 percent; and

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205552 SWTC B.2 Geometric and Road Design (ii)          widened existing ramps – no greater than cross fall of the nearest existing trafficable 
Lane.

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205553 SWTC B.2 Geometric and Road Design
4.6 Entry Ramps

Entry Ramps
RW01 N/A

1205554 SWTC B.2 Geometric and Road Design a)          Entry ramps to the Main Carriageway must:
RW01 N/A

1205555 SWTC B.2 Geometric and Road Design (i)          be designed in accordance with Austroads Guide to Road Design and TfNSW 
Supplements;

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205556 SWTC B.2 Geometric and Road Design (ii)          adopt an auxiliary Lane entry ramp arrangement in accordance with Austroads Guide to 
Road Design Part 4C section 11.3.3; and 

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).
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1205557 SWTC B.2 Geometric and Road Design (iii)          adopt a minimum length of auxiliary Lane entry ramp at the locations identified in Table 
B.2-6. The travel time calculation must adopt an 80km/h design speed. Length to be calculated at 
a point where the entry ramp left-hand edge line meets the right-hand edge line of the through 
Carriageway. 

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205558 SWTC B.2 Geometric and Road Design Table B.2-6  Entry ramp parallel Lane length requirements:
RW01 N/A

1205559 SWTC B.2 Geometric and Road Design {TABLE id=_757}
RW01 N/A

1205560 SWTC B.2 Geometric and Road Design
4.7 Exit Ramps

Exit Ramps
RW01 N/A

1205561 SWTC B.2 Geometric and Road Design a)          Exit ramps from the Main Carriageways must:
RW01 N/A

1205562 SWTC B.2 Geometric and Road Design (i)          be designed in accordance with Austroads Guide to Road Design and TfNSW 
Supplements;

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205563 SWTC B.2 Geometric and Road Design (ii)          adopt an auxiliary Lane exit ramp arrangement in accordance with Austroads Guide to 
Road Design Part 4C section 11.2.1 for single Lane exits and 11.2.2 for two-Lane exits; and 

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205564 SWTC B.2 Geometric and Road Design (iii)          adopt a minimum length of auxiliary Lane exit ramp at the locations identified in Table 
B.2-7. The travel time calculation must adopt an 80km/h design speed. Length to be calculated at 
a point where the exit ramp right-hand edge line meets the left-hand edge line of the through 
Carriageway. 

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205565 SWTC B.2 Geometric and Road Design Table B.2-7  Exit ramp parallel Lane length requirements:
RW01 N/A

1205566 SWTC B.2 Geometric and Road Design {TABLE id=_772}
RW01 N/A

1205567 SWTC B.2 Geometric and Road Design
5 Maintenance Provisions

Maintenance Provisions
RW01 N/A

1205568 SWTC B.2 Geometric and Road Design
5.1 Maintenance Bays

Maintenance Bays
RW01 N/A

1205569 SWTC B.2 Geometric and Road Design a)          The Contractor must provide maintenance bays adjacent to infrastructure that requires 
vehicular maintenance access (for inspection, maintenance, repairs, refurbishments and 
replacements), including but not limited to: RW01 TBD

1205570 SWTC B.2 Geometric and Road Design (i)          MCS or OMCS nodes;
RW01 TBD

1205571 SWTC B.2 Geometric and Road Design (ii)          sumps and pump stations;
RW01 TBD

1205572 SWTC B.2 Geometric and Road Design (iii)          new bridges / underpasses; 
RW01 TBD

1205573 SWTC B.2 Geometric and Road Design (iv)          water quality basins; and
RW01 TBD

1205574 SWTC B.2 Geometric and Road Design (v)          VMS's.
RW01 TBD

1205575 SWTC B.2 Geometric and Road Design b)          Maintenance bays must allow personnel to safely access the infrastructure to undertake 
maintenance activities. RW01 TBD

1205576 SWTC B.2 Geometric and Road Design c)          Maintenance bays must be designed and constructed to:
RW01 TBD

1205577 SWTC B.2 Geometric and Road Design (i)          accommodate a 12.5 m rigid service vehicle design vehicle at a minimum; 
RW01 TBD

1205578 SWTC B.2 Geometric and Road Design (ii)          the nominated design speed in Table B.2-1 for the road that the maintenance bay is 
required; and RW01 TBD

1205579 SWTC B.2 Geometric and Road Design (iii)          other design vehicles required by Westlink M7.
RW01 TBD

1205580 SWTC B.2 Geometric and Road Design d)          Maintenance bays must be clearly marked on the road works plans.
RW01 TBD

1205581 SWTC B.2 Geometric and Road Design
6 Adjustment to Roads in Local Area Works Areas

Adjustment to Roads in Local Area Works Areas
RW01 N/A

1205582 SWTC B.2 Geometric and Road Design
6.1 General

General
RW01 N/A

1205583 SWTC B.2 Geometric and Road Design a)          The design of adjustments to roads in Local Area Works Areas must be developed in 
conjunction with Appendix B.11 to present an integrated design.

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205584 SWTC B.2 Geometric and Road Design
6.2 Cross Section

Cross Section
RW01 N/A

1205585 SWTC B.2 Geometric and Road Design a)          The design for Local Roads must be:
RW01 N/A

1205586 SWTC B.2 Geometric and Road Design (i)          in accordance with the requirements set out in Table B.2-8;

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205587 SWTC B.2 Geometric and Road Design (ii)          selected such that buses can travel safely in the Left Most Lane of the Carriageway; and
RW01 N/A

1205588 SWTC B.2 Geometric and Road Design (iii)          designed such that there are smooth transitions between sections with different 
lane widths.

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205589 SWTC B.2 Geometric and Road Design b)          The width of Left Most Lanes and Right Most Lanes must be measured from the Face 
of Kerb or edge of shoulder where no kerb exists.

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).
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1205590 SWTC B.2 Geometric and Road Design c)          The width of the shoulder must be measured from the centre of the Lane edge line to the 
face of kerb.

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205591 SWTC B.2 Geometric and Road Design Table B.2-8          Local road minimum design requirements
RW01 N/A

1205592 SWTC B.2 Geometric and Road Design {TABLE id=_807}
RW01 N/A

1205593 SWTC B.2 Geometric and Road Design
6.3 Pavement Resurfacing Extents

Pavement Resurfacing Extents
RW01 N/A

1205600 SWTC B.2 Geometric and Road Design
6.6 Crossfall

Crossfall
RW01 N/A

1205601 SWTC B.2 Geometric and Road Design a)          The minimum normal crossfall for new roads in Local Area Works Areas is 3 percent.

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205602 SWTC B.2 Geometric and Road Design b)          The crossfall for existing roads must be no greater than the existing crossfall.

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205603 SWTC B.2 Geometric and Road Design
7 Intersection and Connection Design Criteria

Intersection and Connection Design Criteria
RW01 N/A

1205604 SWTC B.2 Geometric and Road Design
7.1 Overall Requirements

Overall Requirements
RW01 N/A

1205605 SWTC B.2 Geometric and Road Design a)          The design of adjacent intersections and Main Carriageway connections must comply with 
the relevant sections of this Appendix B.2 and the Codes and Standards listed in Appendix D.4.

RW01 C

Refer section 2.1 of the Roadworks 
Portion 1 Report (RRM7-GEDT-
0537-RW-RPT-010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205612 SWTC B.2 Geometric and Road Design
8 Active Transport Requirements

Active Transport Requirements
RW01 N/A

1205613 SWTC B.2 Geometric and Road Design
8.1 General

General
RW01 N/A

1205614 SWTC B.2 Geometric and Road Design a)          Active transport facilities must be designed and constructed, in accordance with this 
Appendix B.2, Appendix B.11, the Environmental Documents and Austroads Guide to Road 
Design: Part 6A.

RW01 C

Refer section 3.1.7 of the 
Roadworks Portion 1 Report 
(RRM7-GEDT-0537-RW-RPT-
010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205615 SWTC B.2 Geometric and Road Design
8.2 Main Carriageways & Ramps

Main Carriageways & Ramps
RW01 N/A

1205616 SWTC B.2 Geometric and Road Design a)          Shared path facilities must be provided for all existing movements on the Main 
Carriageways, in accordance with the Environmental Documents and the following:

RW01 C

Refer section 3.1.7 of the 
Roadworks Portion 1 Report 
(RRM7-GEDT-0537-RW-RPT-
010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205617 SWTC B.2 Geometric and Road Design (i)          the minimum width of the shared path south of the Richmond Road / Rooty Hill Road 
North intersection to the southern limit of works must be equal to or greater than 2.5m (both sides 
of the roads);

RW01 N

Refer section 3.1.7 of the 
Roadworks Portion 1 Report 
(RRM7-GEDT-0537-RW-RPT-
010001).

Refer to Section 3.4.1 of the 
Roadworks Portion 1 Report 
(RRM7-GEDT-0537-RW-RPT-
010001) for details of non-
conformances 

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205618 SWTC B.2 Geometric and Road Design (ii)          the minimum clear width of the shared path north of the Richmond Road / Rooty Hill 
Road North intersection for Portion 2 extents must be equal to, or greater than 4m (western side of 
the road);

RW01 C

Refer section 3.1.7 of the 
Roadworks Portion 1 Report 
(RRM7-GEDT-0537-RW-RPT-
010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205620 SWTC B.2 Geometric and Road Design (iv)          5% maximum longitudinal grade for shared paths, in general to match the longitudinal 
grades on the respective proposed main carriageway adjacent to the shared paths; and

RW01 C

Refer section 3.1.7 of the 
Roadworks Portion 1 Report 
(RRM7-GEDT-0537-RW-RPT-
010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205621 SWTC B.2 Geometric and Road Design (v)          2% nominal crossfall for shared paths.

RW01 C

Refer section 3.1.7 of the 
Roadworks Portion 1 Report 
(RRM7-GEDT-0537-RW-RPT-
010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205622 SWTC B.2 Geometric and Road Design
8.3 Local Area Works Areas

Local Area Works Areas
RW01 N/A

1205623 SWTC B.2 Geometric and Road Design a)          Active transport paths for pedestrian or cyclist use must be provided for Local Area Works 
Areas, in accordance with the Environmental Documents, at the following locations:

RW01 C

Refer section 3.1.7 of the 
Roadworks Portion 1 Report 
(RRM7-GEDT-0537-RW-RPT-
010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).
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1205625 SWTC B.2 Geometric and Road Design (ii)          the minimum width of footway from Rooty Hill North Road eastern limit of works to 
Richmond Road / Rooty Hill North Road Intersection to be 2.5 m (northern side); and

RW01 N/A

Refer section 3.1.7 of the 
Roadworks Portion 1 Report 
(RRM7-GEDT-0537-RW-RPT-
010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205627 SWTC B.2 Geometric and Road Design b)          Where the Contractor modifies a road in Local Area Works Areas, the Contractor must 
provide the following, while complying with the requirements of Appendix B.11:

RW01 N/A

Refer section 3.1.7 of the 
Roadworks Portion 1 Report 
(RRM7-GEDT-0537-RW-RPT-
010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205628 SWTC B.2 Geometric and Road Design (i)          pedestrian facilities on all legs of affected signalised intersections with footpaths 
commensurate with use and not less than adjacent facilities, on all sides of widened and new 
roads; and

RW01 C

Refer section 3.1.7 of the 
Roadworks Portion 1 Report 
(RRM7-GEDT-0537-RW-RPT-
010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205629 SWTC B.2 Geometric and Road Design

 

(ii)          new footpaths in accordance with TfNSW Specifications along the entire length of the 
amended kerb, at locations where kerb lines are raised or lowered. Elsewhere, path integrity within 
the area affected by the modifications to roads in Local Area Works Areas, must be assessed by 
the Contractor, and sections with level changes exceeding 5 mm must be reconstructed over at 
least two 5 m panel lengths either side of the step.

RW01 C

Refer section 3.1.7 of the 
Roadworks Portion 1 Report 
(RRM7-GEDT-0537-RW-RPT-
010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205630 SWTC B.2 Geometric and Road Design c)          Where new paths differ in width to existing paths, they must transition smoothly so as not 
to introduce abrupt changes in path width.

RW01 C

Refer section 3.1.7 of the 
Roadworks Portion 1 Report 
(RRM7-GEDT-0537-RW-RPT-
010001).

Refer Roadworks Portion 1 
drawings (RRM7-GEDT-0537-RW-
DRG-999999).

1205631 SWTC B.2 Geometric and Road Design
9 Annexure B.2-1: Vehicle Clearance Envelope

Annexure B.2-1: Vehicle Clearance Envelope
RW01 N/A

1205445 SWTC B.2 Geometric and Road Design
RW01 N/A

1205632 SWTC B.2 Geometric and Road Design Figure B.2-1.1: Vehicle Clearance Envelope (Not to scale)
RW01 N/A

1205633 SWTC B.2 Geometric and Road Design
10 Annexure B.2-2: Minimum Dimensions of Stopping Bays

Annexure B.2-2: Minimum Dimensions of Stopping Bays
RW01 N/A

1205446 SWTC B.2 Geometric and Road Design
RW01 N/A

1205634 SWTC B.2 Geometric and Road Design Figure B.2-2.1: Minimum Dimensions of Breakdown Bays (Not to scale) 
(dimensions in metres) RW01 N/A
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Environmental & 
Planning Approval 
Compliance Register 
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Environm
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Responsibility

Tim
ing

Consultant
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pliant?
N
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G
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4
G

eneral - design
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odelling and design review
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aintain the signalised pedestrian 
crossing on the northern side of the Richm

ond Road and Rooty H
ill Road N

orth intersection. This w
ould include potentially rem

oving the proposed new
 

pedestrian crossing to provide access at the M
7 M

otorw
ay southbound entry ram

p if the existing crossing is reinstated.
 

Transport /Contractor
Detailed design

Aurecon
Yes

Refer to the alternative pedestrian 
crossing study technical m

em
orandum

 
(ref. RRM

7-G
EDT-0537-G

N
-M

EM
-

000001) for the results of the traffic 
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ent.

The RW
 package w

ill be updated to 
reinstate the pedestrian crossing should 
TfN

SW
 direct the G

EA DTI JV to 
incorporate into the design

H
12

Increased velocities
Scour protection m

easures at Bells Creek bridge that could w
ithstand the calculated velocity w

ould be provided during the detailed design 
docum

entation.
Contractor

Detailed design
Aurecon

N
/A

This package does not involve w
orks 

involving Bells Creek and associated 
flooding, flow

 velocities and scour 
considerations.

H
13

Probable m
axim

um
precipitation

Flood characteristics generated during the Probable M
axim

um
 Precipitation (PM

P) events in the vicinity of the w
orks w

ill be generated during the 
detailed design stage.

Contractor
Detailed design

Aurecon
N

/A
This design package has no relevance to 
flood m

odelling

H
14

Design changes
If the design and/or m

odelling is revised during detailed design, an additional environm
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ent  w
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pacts.

Contractor
Detailed design

Aurecon
Yes

N
o m

ajor design changes have occurred 
that require additional envirom

ental 
assessm

ent.

B2
Rem

oval of native
vegetation

N
ative vegetation rem

oval w
ould be m
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ised through detailed design and during construction.

 
Transport /Contractor

 
Detailed design /Construction

G
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Yes

W
orks w

ithin project boundary.
Clearing im

pacts
assessed as part of
DM

01.

B9
Rem

oval of threatened
fauna habitat

Threatened fauna habitat rem
oval w

ould be m
inim

ised through detailed design and during construction.
 

Transport /Contractor
 

Detailed design /Construction
G

DJV, Aurecon
Yes

W
orks w

ithin project boundary.
Clearing im

pacts
assessed as part of
DM

01.

B19
Aquatic im

pacts
Im

pacts to aquatic habitat w
ould be m

inim
ised through detailed design and during construction. Any instream

/flow
 structures (e.g. the proposed bridge 

structure) w
ould be designed and installed in accordance w

ith the Policy and G
uidelines for Fish Friendly W

aterw
ay Crossings (DPI, 2013), W

hy do fish 
need to cross the road?: fish passage requirem

ents for w
aterw

ay crossings (Fairfull and W
itheridge, 2003).

Contractor
 

Detailed design /Construction
Aurecon

N
/A

This design package has no relevance to 
instream

/flow
 structures.

B24
G

roundw
ater dependent

ecosystem
s

Interruptions to w
ater flow

s associated w
ith groundw

ater dependent ecosystem
s w

ould be m
inim

ised
through detailed design.

Contractor
Detailed design

Aurecon
N

/A
The proposed w

orks w
ithin this design 

package have no interface w
ith 

groundw
ater dependent ecosystem

s.

B25
Changes to hydrology

Changes to existing surface w
ater flow

s w
ould be m

inim
ised through detailed design.

Contractor
Detailed design

Aurecon
N

/A
The w

orks w
ithin the scope of this design 

package have no im
pact or relevance to 

existing surface w
ater flow

s.

CC1
Clim

ate Change

A detailed clim
ate change risk assessm

ent w
ould be carried out by review

ing and investigating the prelim
inary risks and adaptation options in 

accordance w
ith latest Transport Clim

ate Risk Assessm
ent G

uidelines (TfN
SW

, 2021) and other applicable N
SW

 and national guidelines. This w
ould 

include a sensitivity analysis check and consideration of clim
ate change for flooding as per Australian Rainfall and Runoff V4.2 (Australian G

overnm
ent, 

2019).

Contractor
Detailed design / Pre-Construction

Aurecon
Yes

The design interfaces w
ith the flooding 

design package (SD01) and drainage 
design package (SD02) to satisfy the 
flood im

m
unity requirem

ents on the 
carriagew

ays.

The results of the clim
ate change risk 

assessm
ent is discussed separately in 

pacakge SD01

RW
01



RRM
7-GEDT-0537-PM

-REG-000004 Environm
ental & Planning Approval Com

pliance Register
N

o.
Im

pact
Environm

ental safeguards
Responsibility

Tim
ing

Consultant
Com

pliant?
N

otes
RW

01

S1
Sustainability

Integrate sustainability requirem
ents/ initiatives/ opportunities identified in the Sustainability Plan (Stantec, 2024b) into future design.

Contractor
Detailed design

G
DJV, Aurecon

Yes

Extent of roadw
orks is m

inim
ised to m

eet 
the m

inim
um

 requirem
ents to ensure 

existing roadw
ork infrastructure is 

retained as m
uch as possible and new

 
additions/replacem

ents are m
inim

ised.
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Appendix H  
Design Calculations 

APPENDIX NO. APPENDIX DESCRIPTION 

H.1 Turn paths - Design and Check vehicles 

H.2 Sight distance checks 

H.3 Bridge vertical clearance checks 

H.4 Aquaplaning checks 

H.5 Castlereagh Connection sketch  

H.6 Maintenance access strategy 
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MC NMTHM:N NMTHM:N MTHC:F M0Hv0 M0Hv0 :d rFHFFs rdH0Cs NdMHM:N ::H7:M NdMHM:N NdMHM:N 5FKLHYHG ORQH
Cd NCMHdCT NCMHdCT MTHM00 M0HMNN M0HMNN :d rFHFFs rdHCMs NdMHdCT ::HMF: NdMHdCT NdMHdCT 5FKLHYHG ORQH
CC NC:H7MF NC:H7MF MTHv0v M0HM7 M0HM7 :d rFHFFs rdHvvs NdvH7MF ::HN0v NdvH7MF NdvH7MF 5FKLHYHG ORQH
7d N7vHFv N7vHFv MTHF7F M0HCN0 M0HCN0 :d rFHFFs rdHNFs NdvHFv :0HTFF NdvHFv NdvHFv 5FKLHYHG ORQH
7C N70H:FF N70H:FF MTHNCN M0HC:C M0HC:C :d rFHFFs dHdTs NdFH:FF :0H70F NdFH:FF NdFH:FF 5FKLHYHG ORQH
0d N0FHMNT N0FHMNT MTHdvN M0H77 M0H77 :d rFHFFs dHvds NdFHMNT :0HMFC NdFHMNT NdFHMNT 5FKLHYHG ORQH
0C N00HdFN N00HdFN M:HTN M0H0MM M0H0MM :d rFHFFs dHCNs NdFHdFN :0HN: NdFHdFN NdFHdFN 5FKLHYHG ORQH
:d N:NH7F0 N:NH7F0 M:H0T M0H:v: M0H:v: :d rFHNvs dH0Fs NdNH7F0 :7HTv0 NdNH7F0 NdNH7F0 5FKLHYHG ORQH
:C N:7HFv: N:7HFv: M:H70T M0HTM M0HTM :d rNHTFs dHTvs NdNHFv: :7H7T7 NdNHFv: NdNHFv: 5FKLHYHG ORQH
Td NTdH:7M NTdH:7M M:HC0: M:HdC M:HdC :d rNH0Ns NHNvs NddH:7M :7HM7M NddH:7M NddH:7M 5FKLHYHG ORQH
TC NTCHCF NTCHCF M:HM:: M:HN7v M:HN7v :d rNHCNs NHvFs NddHCF :7HFCN NddHCF NddHCF 5FKLHYHG ORQH
Ndd FddHFd0 FddHFd0 M:HMd: M:HF00 M:HF00 :d rNHvds NHMTs NddHFd0 :7HdCC NddHFd0 NddHFd0 5FKLHYHG ORQH
NdC FdMHTF7 FdMHTF7 M:HvvT M:HvTF M:HvTF :d rNHdTs NH7Cs TTHTF7 :CH:: TTHTF7 TTHTF7 5FKLHYHG ORQH
NNd FdTH7T FdTH7T M:HFT M:HCdC M:HCdC :d rdH::s NH0:s TTH7T :CH0vv TTH7T TTH7T 5FKLHYHG ORQH
NNC FNMHCdN FNMHCdN M:HFCN M:H7Nv M:H7Nv :d rdH70s NH:Ts TTHCdN :CH7NC TTHCdN TTHCdN 5FKLHYHG ORQH
NFd FNTHvC: FNTHvC: M:HFFv M:H0N0 M:H0N0 :d rdHM7s NHT0s TTHvC: :CHCFC TTHvC: TTHvC: 5FKLHYHG ORQH
NFC FFMHFCT FFMHFCT M:HFdC M:H:FM M:H:FM :d rdHFCs FHdvs TTHFCT :CHM7v TTHFCT TTHFCT 5FKLHYHG ORQH
Nvd FFTHFdC FFTHFdC M:HNT: M:HTF M:HTF :d rdHdMs FHd7s TTHFdC :CHMFT TTHFdC TTHFdC 5FKLHYHG ORQH
NvC FvMHNTC FvMHNTC M:HFdN MTHdd: MTHdd: :d dHN0s FHd0s TTHNTC :CHMFv TTHNTC TTHNTC 5FKLHYHG ORQH
NMd FvTHFFT FvTHFFT M:HFNC MTHd:C MTHd:C :d dHv:s FHdCs TTHFFT :CHMMM TTHFFT TTHFMF 5FKLHYHG ORQH
NMC FMMHvd0 FMMHvd0 M:HFvT MTHNCN MTHNCN :d dHCTs FHdds TTHvd0 :CHMTv TTHvd0 TTHvMC 5FKLHYHG ORQH
NCd FMTHMvN FMTHMvN M:HF0M MTHFN MTHFN :d dH:ds NHTvs TTHMvN :CHC0N TTHMvN TTHMTF 5FKLHYHG ORQH
NCC FCMHCTT FCMHCTT M:HvNT MTHF7v MTHF7v :d NHdNs NH:vs TTHCTT :CH707 TTHCTT TTH7:N 5FKLHYHG ORQH
N7d FCTH:d0 FCTH:d0 M:Hv0C MTHvd: MTHvd: :d NHFFs NH0Fs TTH:d0 :CH:d7 TTH:d0 TTHTd0 5FKLHYHG ORQH
N7C F7CHdv0 F7CHdv0 M:HMMN MTHvMC MTHvMC :d NHMvs NHCTs NddHdv0 :CHTMT NddHdv0 NddHNCN 5FKLHYHG ORQH
N0d F0dHF:0 F0dHF:0 M:HCN: MTHv0M MTHv0M :d NH7Ms NHMCs NddHF:0 :7HNdC NddHF:0 NddHMNN 5FKLHYHG ORQH
N0C F0CHCC0 F0CHCC0 M:H7dC MTHvTC MTHvTC :d NH:Cs NHvds NddHCC0 :7HF0v NddHCC0 NddH7:0 5FKLHYHG ORQH
N:d F:dH:vF F:dH:vF M:H0dv MTHMd0 MTHMd0 :d FHd7s NHNCs NddH:vF :7HMMM NddH:vF NddHT7v 5FKLHYHG ORQH
N:C F:7HNN F:7HNN M:H:NN MTHMNN MTHMNN :d FHF0s dHTTs NdNHNN :7H7N0 NdNHNN NdNHFv: 5FKLHYHG ORQH
NTd FTNHvT FTNHvT M:HTFT MTHMd7 MTHMd7 :d FHMvs dH:Ms NdNHvT :7H0T NdNHvT NdNHCNF 5FKLHYHG ORQH
NTC FT7H70F FT7H70F MTHdCN MTHvTv MTHvTv :d FHMvs dH7Ts NdNH70F :7HT7C NdNH70F NdNH0:M 5FKLHYHG ORQH
Fdd vdNHTC0 vdNHTC0 MTHN0F MTHv0N MTHv0N :d FHMvs dHCMs NdNHTC0 :0HNM NdNHTC0 NdFHdC0 5FKLHYHG ORQH
FdC vd0HFMM vd0HFMM MTHFTM MTHvMN MTHvMN :d FHMvs dHvTs NdFHFMM :0HvN0 NdFHFMM NdFHvvF 5FKLHYHG ORQH
FNd vNFHCvv vNFHCvv MTHMNv MTHvdv MTHvdv :d FHvds dHFMs NdFHCvv :0HMTC NdFHCvv NdFH7dT 5FKLHYHG ORQH
FNC vN0H:FC vN0H:FC MTHCFM MTHFC7 MTHFC7 :d FHNCs dHdTs NdFH:FC :0H70M NdFH:FC NdFH:T 5FKLHYHG ORQH
FFd vFvHNF vFvHNF MTH7vv MTHF MTHF :d NHTTs rdHd0s NdvHNF :0H:CM NdvHNF NdvHN0: 5FKLHYHG ORQH
FFC vF:HMN7 vF:HMN7 MTH0v: MTHNv7 MTHNv7 :d NH:Ms rdHFFs NdvHMN7 ::Hdv7 NdvHMN7 NdvHM0F 5FKLHYHG ORQH
Fvd vvvH0N7 vvvH0N7 MTH:vM MTHd7M MTHd7M :d NH7Ts rdHv0s NdvH0N7 ::HFNT NdvH0N7 NdvH00M 5FKLHYHG ORQH
FvC vvTHdN: vvTHdN: MTHTFN M:HT:F M:HT:F :d NHCMs rdHCFs NdMHdN: ::HMdF NdMHdN: NdMHd:M 5FKLHYHG ORQH
FMd vMMHvFF vMMHvFF MTHTTC M:H:Tv M:H:Tv :d NHvTs rdH70s NdMHvFF ::HC:: NdMHvFF NdMHv:: 5FKLHYHG ORQH
FMC vMTH7FT vMTH7FT CdHdCT M:H0TM M:H0TM :d NHFMs rdH:Fs NdMH7FT ::H00M NdMH7FT NdMH7:0 5FKLHYHG ORQH
FCd vCMHTvT vCMHTvT CdHNN0 M:H7:0 M:H7:0 :d NHdTs rdHT:s NdMHTvT ::HT7F NdMHTvT NdMHTTF 5FKLHYHG ORQH
FCC v7dHFCN v7dHFCN CdHN70 M:HC0F M:HC0F :d dHTvs rNHNvs NdCHFCN :THNC NdCHFCN NdCHvdF 5FKLHYHG ORQH
F7d v7CHC70 v7CHC70 CdHFN M:HMM: M:HMM: :d dH0:s rNHF:s NdCHC70 :THvMN NdCHC70 NdCH7NM 5FKLHYHG ORQH
F7C v0dH::C v0dH::C CdHFMC M:HvNC M:HvNC :d dH7vs rNHMvs NdCH::C :THCvF NdCH::C NdCHTFT 5FKLHYHG ORQH
F0d v07HFdC v07HFdC CdHF0v M:HN0M M:HN0M :d dHM:s rNHC:s Nd7HFdC :TH0FC Nd7HFdC Nd7HFM0 5FKLHYHG ORQH
F0C v:NHCFT v:NHCFT CdHFTv M:HdFM M:HdFM :d dHvvs rNH0vs Nd7HCFT :THTNT Nd7HCFT Nd7HC7: 5FKLHYHG ORQH
F:d v:7H:CC v:7H:CC CdHvd7 M0H:7C M0H:7C :d dHN:s rNH::s Nd7H:CC TdHNNM Nd7H:CC Nd7H:TN 5FKLHYHG ORQH
F:C vTFHN:C vTFHN:C CdHvNN M0H7T0 M0H7T0 :d dHdvs rFHdMs Nd0HN:C TdHvNN Nd0HN:C Nd0HFN: 5FKLHYHG ORQH

FuqSZBZRUNqDXUHFRQrDXrSZrNvqGPVMvM7vq5XVWYRDGVgFdN7gULJKWg-LVLELOLW\g
DTXDWLRQVgDQGg9DEOHVH[PO
5XVWYRDGVgFdN7gP5YgUUAgY9JNHCVgGJdHv7

Appendix H.2 - Sight Distance Checks



FTd vT0HCN0 vT0HCN0 CdHvd: M0HCFN M0HCFN :d rdHNvs rFHNTs Nd0HCN0 TdHCdT Nd0HCN0 Nd0HCM0 5FKLHYHG ORQH
FTC MdFH:CF MdFH:CF CdHFT: M0Hvv0 M0Hvv0 :d rdHF:s rFHvMs Nd0H:CF TdH0dT Nd0H:CF Nd0H:0T 5FKLHYHG ORQH
vdd Md:HNTN Md:HNTN CdHF:N M0HNMv M0HNMv :d rdHMvs rFHMTs Nd:HNTN TdHTN Nd:HNTN Nd:HFNM 5FKLHYHG ORQH
vdC MNvHCvF MNvHCvF CdHFCC M7HTMN M7HTMN :d rdHC:s rFH7Ms Nd:HCvF TNHNNF Nd:HCvF Nd:HCCv 5FKLHYHG ORQH
vNd MN:H:00 MN:H:00 CdHFFF M7H0v M7H0v :d rdH0vs rFH0Ts Nd:H:00 TNHvN7 Nd:H:00 Nd:H:TM 5FKLHYHG ORQH
vNC MFMHFFM MFMHFFM CdHN:F M7HCN M7HCN :d rdH::s rFHTMs NdTHFFM TNHCFN NdTHFFM NdTHFv: 5FKLHYHG ORQH
vFd MFTHC0C MFTHC0C CdHNvM M7HF:N M7HF:N :d rNHdMs rvHNds NdTHC0C TNH0F0 NdTHC0C NdTHC:7 5FKLHYHG ORQH
vFC MvMHTFT MvMHTFT CdHd0: M7HdMv M7HdMv :d rNHNTs rvHFCs NdTHTFT TNHTvC NdTHTFT NdTHTv7 5FKLHYHG ORQH
vvd MMdHF:0 MMdHF:0 CdHdNC MCH0T0 MCH0T0 :d rNHvMs rvHMds NNdHF:0 TFHNMC NNdHF:0 NNdHFT 5FKLHYHG ORQH
vvC MMCH7M0 MMCH7M0 MTHTMC MCHCMF MCHCMF :d rNHMTs rvHCCs NNdH7M0 TFHvC7 NNdH7M0 NNdH7M: 5FKLHYHG ORQH
vMd MCNHdNF MCNHdNF MTH:77 MCHF0: MCHF0: :d rNH7Ms rvH0ds NNNHdNF TFHC7T NNNHdNF NNNHdd: 5FKLHYHG ORQH
vMC MC7Hv0T MC7Hv0T MTH0:N MCHddC MCHddC :d rNH0Ts rvH:Cs NNNHv0T TFH0:v NNNHv0T NNNHv0F 5FKLHYHG ORQH
vCd M7NH0C M7NH0C MTH7:0 MMH0Fv MMH0Fv :d rNHTMs rMHdds NNNH0C TFHTT: NNNH0C NNNH0vT 5FKLHYHG ORQH
vCC M70HNFC M70HNFC MTHC:7 MMHMvF MMHMvF :d rFHNds rMHN7s NNFHNFC TvHFN7 NNFHNFC NNFHNN 5FKLHYHG ORQH
v7d M0FHCdv M0FHCdv MTHM0: MMHNvF MMHNvF :d rFHFCs rMHvNs NNFHCdv TvHMvM NNFHCdv NNFHM:M 5FKLHYHG ORQH
v7C M00H::C M00H::C MTHv7N MvH:FM MvH:FM :d rFHMds rMHM7s NNFH::C TvH7CC NNFH::C NNFH:7M 5FKLHYHG ORQH
v0d M:vHF0 M:vHF0 MTHFv: MvHCdT MvHCdT :d rFHCCs rMH7Ns NNvHF0 TvH:00 NNvHF0 NNvHFCF 5FKLHYHG ORQH
v0C M::H7CT M::H7CT MTHNd7 MvHN:7 MvHN:7 :d rFH0ds rMH07s NNvH7CT TMHN NNvH7CT NNvH7vM 5FKLHYHG ORQH
v:d MTMHdCF MTMHdCF M:HT7: MFH:CM MFH:CM :d rFH:Cs rMHTNs NNMHdCF TMHvFC NNMHdCF NNMHdNM 5FKLHYHG ORQH
v:C MTTHMv0 MTTHMv0 M:H:FN MFHCNT MFHCNT :d rvHdds rCHd7s NNMHMv0 TMHCM7 NNMHMv0 NNMHvTC 5FKLHYHG ORQH
vTd CdMH0T: CdMH0T: M:H770 MFHNT MFHNT :d rvHN7s rCHFds NNMH0T: TMH0CN NNMH0T: NNMH0C: 5FKLHYHG ORQH
vTC CNdHNvv CNdHNvv M:HCd7 MNH:70 MNH:70 :d rvHvNs rCHvFs NNCHNvv TMHTMF NNCHNvv NNCHNdv 5FKLHYHG ORQH
Mdd CNCHMMF CNCHMMF M:Hvv7 MNHCM: MNHCM: :d rvHM7s rCHMMs NNCHMMF TCHNN0 NNCHMMF NNCHMF: 5FKLHYHG ORQH
MdC CFdH0FM CFdH0FM M:HN7 MNHFvF MNHFvF :d rvH7Ns rCHCMs NNCH0FM TCHF0: NNCH0FM NNCH0vN 5FKLHYHG ORQH
MNd CFCHT0T CFCHT0T M0HT0C MdHTN0 MdHTN0 :d rvH07s rCH7Ms NNCHT0T TCHMFF NNCHT0T NN7HddM 5FKLHYHG ORQH
MNC CvNHFd7 CvNHFd7 M0H0:M MdH7dM MdH7dM :d rvHTNs rCH0Fs NN7HFd7 TCHCCN NN7HFd7 NN7HFMv 5FKLHYHG ORQH
MFd Cv7HMdC Cv7HMdC M0HC:M MdHFTF MdHFTF :d rMHd0s rCH0Ts NN7HMdC TCH77v NN7HMdC NN7HMCv 5FKLHYHG ORQH
MFC CMNHC07 CMNHC07 M0Hv00 vTHT:C vTHT:C :d rMHFFs rCH:Cs NN7HC07 TCH0CT NN7HC07 NN7H7vv 5FKLHYHG ORQH
Mvd CM7H0N0 CM7H0N0 M0HN7F vTH7T vTH7T :d rMHv0s rCHTds NN7H0N0 TCH:vT NN7H0N0 NN7H0: 5FKLHYHG ORQH
MvC CCNH:v CCNH:v M7HTM vTHMdT vTHMdT :d rMHCFs rCHTMs NN7H:v TCHTdF NN7H:v NN7H:Tv 5FKLHYHG ORQH
MMd CC7H:T CC7H:T M7H0NN vTHNMM vTHNMM :d rMH70s rCHT7s NN7H:T TCHTv7 NN7H:T NN7HTM: 5FKLHYHG ORQH
MMC C7NH:0v C7NH:0v M7HM0v v:H:TM v:H:TM :d rMH:Fs rCHT7s NN7H:0v TCHTF7 NN7H:0v NN7HTF 5FKLHYHG ORQH
MCd C77H00T C77H00T M7HFF: v:H77N v:H77N :d rMHT0s rCHTvs NN7H00T TCH:0M NN7H00T NN7H:d: 5FKLHYHG ORQH
MCC C0NH7N7 C0NH7N7 MCHT07 v:HMMF v:HMMF :d rCHNvs rCH:0s NN7H7N7 TCH0:F NN7H7N7 NN7H7FN 5FKLHYHG ORQH
M7d C07HMd7 C07HMd7 MCH0N7 v:HFv7 v:HFv7 :d rCHF:s rCH0Ts NN7HMd7 TCH77v NN7HMd7 NN7Hv: 5FKLHYHG ORQH
M7C C:NHNC C:NHNC MCHMM: v:HdMM v:HdMM :d rCHMvs rCH0ds NN7HNC TCHCNT NN7HNC NN7Hd:T 5FKLHYHG ORQH
M0d C:CH:C C:CH:C MCHN0v v0H:7v v0H:7v :d rCHC:s rCHCTs NNCH:C TCHvMT NNCH:C NNCH0M: 5FKLHYHG ORQH
M0C CTdHCd7 CTdHCd7 MMH:T v0H7TC v0H7TC :d rCH0vs rCHM7s NNCHCd7 TCHNCM NNCHCd7 NNCHv7 5FKLHYHG ORQH
M:d CTCHNNT CTCHNNT MMH7dN v0HCv: v0HCv: :d rCH::s rCHvFs NNCHNNT TMHTvM NNCHNNT NNMHTFT 5FKLHYHG ORQH
M:C CTTH7TN CTTH7TN MMHvd7 v0HvTv v0HvTv :d r7Hdds rCHN7s NNMH7TN TMH7TN NNMH7TN NNMHMCM 5FKLHYHG ORQH
MTd 7dMHFFM 7dMHFFM MMHddN v0HF7 v0HF7 :d r7Hdds rMHT:s NNMHFFM TMHMFv NNMHFFM NNvHT7 5FKLHYHG ORQH
MTC 7d:H0N0 7d:H0N0 MvH7TM v0HNv0 v0HNv0 :d r7Hdds rMH0:s NNvH0N0 TMHNvv NNvH0N0 NNvHMvM 5FKLHYHG ORQH
Cdd 7NvHN0M 7NvHN0M MvHv:7 v0HdF7 v0HdF7 :d r7Hdds rMHC0s NNvHN0M TvH:FN NNvHN0M NNFH:0v 5FKLHYHG ORQH
CdC 7N0HCTC 7N0HCTC MvHd00 v7HTFv v7HTFv :d r7Hdds rMHvMs NNFHCTC TvHM:0 NNFHCTC NNFHF0: 5FKLHYHG ORQH
CNd 7FNHTTC 7FNHTTC MFH00C v7H:vN v7H:vN :d r7Hdds rMHNds NNNHTTC TvHNM NNNHTTC NNNH77v 5FKLHYHG ORQH
CNC 7F7HMdv 7F7HMdv MFHM0C v7H0MT v7H0MT :d r7Hdds rvH:7s NNNHMdv TFH0T7 NNNHMdv NNNHdC0 5FKLHYHG ORQH
CFd 7vdH:NT 7vdH:NT MFHN0C v7H70C v7H70C :d r7Hdds rvH7Fs NNdH:NT TFHMC7 NNdH:NT NNdHM7N 5FKLHYHG ORQH
CFC 7vCHFMC 7vCHFMC MNH:07 v7H7N v7H7N :d r7Hdds rvHv:s NNdHFMC TFHNF NNdHFMC NdTH:00 5FKLHYHG ORQH
Cvd 7vTH70: 7vTH70: MNHC07 v7HCCv v7HCCv :d r7Hdds rvHNMs NdTH70: TNH0:: NdTH70: NdTHvNF 5FKLHYHG ORQH
CvC 7MMHNFC 7MMHNFC MNHF07 v7HCdv v7HCdv :d r7Hdds rFHTds NdTHNFC TNHM7F NdTHNFC Nd:H07N 5FKLHYHG ORQH
CMd 7M:HCT 7M:HCT MdHT00 v7HM7 v7HM7 :d rCHTvs rFH70s Nd:HCT TNHNM7 Nd:HCT Nd:HFF: 5FKLHYHG ORQH
CMC 7CvHd0v 7CvHd0v MdH7:7 v7HMFM v7HMFM :d rCH7Ts rFHMMs Nd:Hd0v TdH:M Nd:Hd0v Nd0H0NM 5FKLHYHG ORQH
CCd 7C0HC0v 7C0HC0v MdHMd0 v7HvTM v7HvTM :d rCHMCs rFHFNs Nd0HC0v TdHCMF Nd0HC0v Nd0HFN7 5FKLHYHG ORQH
CCC 77FHd:T 77FHd:T MdHNMN v7Hv0N v7Hv0N :d rCHFNs rNHTTs Nd0Hd:T TdHFCM Nd0Hd:T Nd7H0v7 5FKLHYHG ORQH
C7d 777H7FF 777H7FF vTH::7 v7HvC7 v7HvC7 :d rMHT0s rNH0:s Nd7H7FF :THT0C Nd7H7FF Nd7HF0N 5FKLHYHG ORQH
C7C 70NHN0N 70NHN0N vTH7MM v7HvM7 v7HvM7 :d rMH0vs rNHC7s Nd7HN0N :TH0dM Nd7HN0N NdCH:FF 5FKLHYHG ORQH
C0d 70CH0vC 70CH0vC vTHMNv v7HvM7 v7HvM7 :d rMHMTs rNHv7s NdCH0vC :THMMF NdCH0vC NdCHv:: 5FKLHYHG ORQH
C0C 7:dHvNM 7:dHvNM vTHNTC v7HvCN v7HvCN :d rMHFCs rNHN7s NdCHvNM :THN:: NdCHvNM NdMHT7T 5FKLHYHG ORQH
C:d 7:MHTd0 7:MHTd0 v:HT:T v7Hv7C v7Hv7C :d rMHdNs rdHT7s NdMHTd0 ::HTMF NdMHTd0 NdMHC7M 5FKLHYHG ORQH
C:C 7:THCNM 7:THCNM v:H0TM v7Hv:7 v7Hv:7 :d rvH00s rdH00s NdMHCNM ::H0dM NdMHCNM NdMHN0v 5FKLHYHG ORQH
CTd 7TMHNvC 7TMHNvC v:H7NF v7HMNM v7HMNM :d rvHCvs rdHC:s NdMHNvC ::HM0M NdMHNvC NdvH0T7 5FKLHYHG ORQH
CTC 7T:H00: 7T:H00: v:HMMF v7HMM7 v7HMM7 :d rvHF:s rdHMds NdvH00: ::HFC0 NdvH00: NdvHMMF 5FKLHYHG ORQH
7dd 0dvHMCT 0dvHMCT v:HF:M v7HM0: v7HM0: :d rvHdMs rdHFMs NdvHMCT ::Hd7F NdvHMCT NdvHNF7 5FKLHYHG ORQH
7dC 0d:HN0v 0d:HN0v v:HNv0 v7HCNN v7HCNN :d rFH:ds rdHdTs NdvHN0v :0H::0 NdvHN0v NdFH:CM 5FKLHYHG ORQH
7Nd 0NFHTNM 0NFHTNM v:Hddv v7HCMv v7HCMv :d rFHC7s dHdMs NdFHTNM :0H0F: NdFHTNM NdFH7NN 5FKLHYHG ORQH
7NC 0N0H7:v 0N0H7:v v0H::N v7HC0C v7HC0C :d rFHvFs dHN7s NdFH7:v :0HC:0 NdFH7:v NdFHvT0 5FKLHYHG ORQH
7Fd 0FFHMT7 0FFHMT7 v0H00N v7H7dF v7H7dF :d rFHd:s dHF7s NdFHMT7 :0HM0F NdFHMT7 NdFHFF7 5FKLHYHG ORQH
7FC 0F0HvCF 0F0HvCF v0H70v v7H7Fv v7H7Fv :d rNH:Ms dHvvs NdFHvCF :0Hv:v NdFHvCF NdFHNdN 5FKLHYHG ORQH
7vd 0vFHFCN 0vFHFCN v0HC:0 v7H7v0 v7H7v0 :d rNH7ds dHvTs NdFHFCN :0HvFN NdFHFCN NdFHdNT 5FKLHYHG ORQH
7vC 0v0HNTv 0v0HNTv v0HCNM v7H7MC v7H7MC :d rNHv0s dHMFs NdFHNTv :0HF:7 NdFHNTv NdNHT: 5FKLHYHG ORQH
7Md 0MFHN0: 0MFHN0: v0HMMT v7H7MC v7H7MC :d rNHFds dHMFs NdFHN0: :0HF07 NdFHN0: NdNHT:M 5FKLHYHG ORQH
7MC 0M0HFdC 0M0HFdC v0HvTM v7H7v: v7H7v: :d rNHdFs dHMNs NdFHFdC :0HFTv NdFHFdC NdFHdv 5FKLHYHG ORQH
7Cd 0CFHF0C 0CFHF0C v0HvM0 v7H7FM v7H7FM :d rdH:Cs dHv0s NdFHF0C :0Hvv7 NdFHF0C NdFHNN: 5FKLHYHG ORQH
7CC 0C0Hv:T 0C0Hv:T v0HvdT v7H7dN v7H7dN :d rdH70s dHvNs NdFHv:T :0HMd7 NdFHv:T NdFHFMT 5FKLHYHG ORQH
77d 07FHCMC 07FHCMC v0HF: v7HC0F v7HC0F :d rdHCds dHFvs NdFHCMC :0HCdF NdFHCMC NdFHMFv 5FKLHYHG ORQH
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dd20c2M dn2Cca0d dn2Cca0d MncaMu Mncn20 Mncn20 :n dcT2s ncuas dnacu2T :0cuTM dnacu2T dndc0d AFKLHYHG BRQH
dd2ac2M dn2ncnMd dn2ncnMd Mncud: MncnuC MncnuC :n dc:Ms ncans dnacCTT :0cCuC dnacCTT dndc:2: AFKLHYHG BRQH
ddC0c2M dnCMc:nT dnCMc:nT MncMn2 uTcTT2 uTcTT2 :n dc0as ncn:s dnac:u :0c200 dnac:u dnacna2 AFKLHYHG BRQH
ddCac2M dnMTcC02 dnMTcC02 MncM:T uTcTC uTcTC :n dc2ns rncnMs dnucn2u :0c:a dnucn2u dnacd:2 AFKLHYHG BRQH
ddM0c2M dnMMcuMa dnMMcuMa MncC22 uTc:T: uTc:T: :n dcM:s rncd2s dnucaT: :0cT2M dnucaT: dnacuM: AFKLHYHG BRQH
ddMac2M dnuTcdnC dnuTcdnC Mnc2u2 uTc:uT uTc:uT :n dcu2s rnca:s dnucCuM ::cdn: dnucCuM dnacCda AFKLHYHG BRQH
ddu0c2M dnuuc:20 dnuuc:20 Mnc0nd uTc002 uTc002 :n dcaMs rncMns dnuc00a ::caCu dnuc00a dnac2:M AFKLHYHG BRQH
dduac2M dna:c2a: dna:c2a: Mnc02 uTc0n2 uTc0n2 :n dcdas rncCas dnMcnda ::cuTT dnMcnda dnac:2C AFKLHYHG BRQH
dda0c2M dnaucu:0 dnaucu:0 Mnc:du uTc2ud uTc2ud :n dcnns rnc2Ms dnMcaCu ::cCMC dnMcaCu dnucnC AFKLHYHG BRQH
ddaac2M dnd:cdMM dnd:cdMM Mnc:2 uTcCM: uTcCM: :n nc::s rnc02s dnMcMT2 ::c2Tu dnMcMT2 dnuca0d AFKLHYHG BRQH
ddd0c2M dndacT dndacT MncT uTcMCT uTcMCT :n nc02s rnc::s dnMc0M ::c:Md dnMc0M dnucCda AFKLHYHG BRQH
dddac2M dnn0c2CM dnn0c2CM MncTuC uTcu2M uTcu2M :n nc2Ms rdcnns dnMcT:2 ::cTT dnMcT:2 dnuc0CM AFKLHYHG BRQH
ddn0c2M dnnacMn2 dnnacMn2 MncT2M uTca2a uTca2a :n ncCas rdcdas dnCcauM :TcdM dnCcauM dnucTT: AFKLHYHG BRQH
ddnac2M TT0cdC2 TT0cdC2 MncT:0 uTcdCu uTcdCu :n ncMns rdcaMs dnCcM:u :TcaT dnCcM:u dnMcaMM AFKLHYHG BRQH
dnT0c2M TTdcTnC TTdcTnC Mdcnnu uTcnu0 uTcnu0 :n nca:s rdcu2s dnCc0uM :TcMMa dnCc0uM dnMcMTa AFKLHYHG BRQH
dnTac2M T:2c2Ca T:2c2Ca MdcndM u:cTdC u:cTdC :n ncd2s rdcM:s dnCcT:0 :TcCTM dnCcT:0 dnMc0Md AFKLHYHG BRQH
dn:0c2M T:dcuT: T:dcuT: MdcndT u:c0:2 u:c0:2 :n ncnMs rdc2ns dn2caMa :Tc0M0 dn2caMa dnMcTTa AFKLHYHG BRQH
dn:ac2M T02cdMd T02cdMd Mdcnd: u:c2C u:c2C :n rncnTs rdc0as dn2cMTT :TcTnd dn2cMTT dnCcaMM AFKLHYHG BRQH
dn00c2M T0nc::u T0nc::u Mdcnd u:cCn: u:cCn: :n rncads rdc:Ms dn2c0C0 TncnC2 dn2c0C0 dnCcMTT AFKLHYHG BRQH
dn0ac2M T2Cc2au T2Cc2au MncTT0 u:cuCT u:cuCT :n rncuus rdcT2s dn0cnd0 Tncadd dn0cnd0 dnCc0CC AFKLHYHG BRQH
dn20c2M T2ncu2d T2ncu2d MncT0: u:canM u:canM :n rncMCs racn:s dn0ca0T Tncu20 dn0ca0T dn2cndu AFKLHYHG BRQH
dn2ac2M TCCcnT0 TCCcnT0 MncTCd u:cnMa u:cnMa :n rncC0s racans dn0cCMu TncCaC dn0cCMu dn2ca2: AFKLHYHG BRQH
dnC0c2M TMTc:ud TMTc:ud MncTd0 u0c:0a u0c:0a :n rnc2Ts racuas dn0c:nT Tnc2:u dn0c:nT dn2cCad AFKLHYHG BRQH
dnCac2M TMMcC2u TMMcC2u Mnc:00 u0c2T0 u0c2T0 :n rnc:ds racMMs dn:cn02 Tnc:Ma dn:cn02 dn2c00C AFKLHYHG BRQH
dnM0c2M TuTcaTC TuTcaTC Mnc:ud u0cCdT u0cCdT :n rncTus racC2s dn:cuMC Tdcnnd dn:cuMC dn0cnu AFKLHYHG BRQH
dnMac2M TuMcnM TuMcnM Mnc0: u0cuMa u0cuMa :n rdcnCs rac20s dn:c2 TdcdCa dn:c2 dn0ca0a AFKLHYHG BRQH
dnu0c2M Ta:c:na Ta:c:na Mnc0aa u0cd22 u0cd22 :n rdcd0s rac0:s dn:c:u0 TdcaTu dn:c:u0 dn0cMT0 AFKLHYHG BRQH
dnuac2M TaucC:u TaucC:u Mnc22 u2cTT u2cTT :n rdcaTs rac:0s dnTcnC0 TdcMaa dnTcnC0 dn0c0du AFKLHYHG BRQH
dna0c2M Td:cu:d Td:cu:d MncCTu u2c:dC u2c:dC :n rdcMds racT2s dnTcaCT TdcCMd dnTcaCT dn0cTdd AFKLHYHG BRQH
dnaac2M TducdT: TducdT: MncCdT u2c2Ma u2c2Ma :n rdcCus rucnMs dnTcMMd Tdc2MT dnTcMMd dn:cnTd AFKLHYHG BRQH
dnd0c2M Tn:cnu0 Tn:cnu0 MncMM u2cM02 u2cM02 :n rdc2Cs rucdds dnTc2nu Tdc0MM dnTc2nu dn:caC AFKLHYHG BRQH
dndac2M TnacTdu TnacTdu MncuCC u2cud: u2cud: :n rdc00s rucd2s dnTc0a0 Tdc:d0 dnTc0a0 dn:cu0a AFKLHYHG BRQH
dnn0c2M :T0c:aT :T0c:aT Mnca2M u2cd2T u2cd2T :n rdc:Ts rucans dnTc:dd Tdc:22 dnTc:dd dn:cMCM AFKLHYHG BRQH
dnnac2M :Tac0:0 :Tac0:0 Mncd22 u2cna2 u2cna2 :n racnds rucads dnTc:Cu Tdc:Td dnTc:Cu dn:cMT0 AFKLHYHG BRQH
TT0c2M ::0c0:C ::0c0:C Mncn2u uCc:TC uCc:TC :n racdus rucaas dnTc:CM Tdc:Ta dnTc:CM dn:cCn0 AFKLHYHG BRQH
TTac2M ::ac:aC ::ac:aC uTcTCM uCc00 uCc00 :n racaCs rucans dnTc:dC Tdc:2: dnTc:dC dn:cM00 AFKLHYHG BRQH
T:0c2M :00cTn2 :00cTn2 uTc:u: uCc2Cu uCc2Cu :n racu0s rucd2s dnTc0uM Tdc:ad dnTc0uM dn:cMd: AFKLHYHG BRQH
T:ac2M :0ucna0 :0ucna0 uTc0d0 uCcCMu uCcCMu :n racMTs rucdds dnTc2du Tdc0C dnTc2du dn:cuCT AFKLHYHG BRQH
T00c2M :2:cd:: :2:cd:: uTcC:T uCcMM uCcMM :n rac2ds rucnMs dnTcMCd Tdc2CC dnTcMCd dn:ca2u AFKLHYHG BRQH
T0ac2M :2ucu00 :2ucu00 uTcMC2 uCcuMa uCcuMa :n rac0us racT2s dnTca2a TdcCMu dnTca2a dn:cdu: AFKLHYHG BRQH
T20c2M :C:cC:2 :C:cC:2 uTcud0 uCcaC uCcaC :n rac:Cs rac:0s dnTcnCM TdcMa dnTcnCM dn0cTTd AFKLHYHG BRQH
T2ac2M :Cuc:dM :Cuc:dM uTcd0a uCcd2u uCcd2u :n racT0s rac00s dn:c:aC Tdca:C dn:c:aC dn0c:a2 AFKLHYHG BRQH
TC0c2M :MTcn2a :MTcn2a uTcna uCcn:u uCcn:u :n rucnTs rac22s dn:cC0: TdcduT dn:cC0: dn0c2Mu AFKLHYHG BRQH
TCac2M :MMcua: :MMcua: u:c:2u uCcnn: uCcnn: :n rucads racCMs dn:cuda TncT:d dn:cuda dn0cMMd AFKLHYHG BRQH
TM0c2M :uTc2da :uTc2da u:c0 uMcTM uMcTM :n rucuus racMas dn:cna0 Tnc:du dn:cna0 dn0caaa AFKLHYHG BRQH
TMac2M :uMc:TT :uMc:TT u:cCuu uMc:0: uMc:0: :n rucu0s racaTs dn0c0M Tnc2Ma dn0c0M dn0cnnd AFKLHYHG BRQH
Tu0c2M :uncd:M :uncd:M u:cu2M uMc:ad uMc:ad :n rucu0s racd2s dn0cMC2 TncM0u dn0cMC2 dn2c0: AFKLHYHG BRQH

F,xSZBZRUNxDXUHFRQrDXrSZrduxGPVMuM2uxAXVWURDGVgand2g7LJKWgvLVLELOLW\g
_TXDWLRQVgDQGg9DEOHVc[PO
AXVWURDGVgand2g.AUg773gU95dcCVgG5ncu2



Tuac2M :aCcM20 :aCcM20 u:cdTC uMc00 uMc00 :n rucu0s racnus dn0cd0u TncunM dn0cd0u dn2cC2d AFKLHYHG BRQH
Ta0c2M :anc0M0 :anc0M0 u:cna0 uMc0aC uMc0aC :n rucu0s rdcTns dn2c:Tu Tncdu0 dn2c:Tu dn2cuMM AFKLHYHG BRQH
Taac2M :d2cna2 :d2cna2 u0c:C: uMc2:2 uMc2:2 :n rucu0s rdc00s dn2c2dM :TcT0 dn2c2dM dn2cda0 AFKLHYHG BRQH
Td0c2M :ddcuna :ddcuna u0c2T uMc2Ca uMc2Ca :n rucu0s rdc2Ms dn2cuu: :Tc:nM dn2cuu: dnCcTd2 AFKLHYHG BRQH
Tdac2M :n2cC02 :n2cC02 u0cCaM uMc2aM uMc2aM :n ruca0s rdcCds dn2cn2M :Tc2M dn2cn2M dnCc0d2 AFKLHYHG BRQH
Tn0c2M :ndc:M: :ndc:M: u0cu2M uMc2na uMc2na :n rucdMs rdcuTs dnCc0Ta :TcM02 dnCc0Ta dnCcCd2 AFKLHYHG BRQH
Tnac2M 0T0cdd: 0T0cdd: u0cad uMcC:C uMcC:C :n rucnds rdca2s dnCcCad :Tcudu dnCcCad dnCcud0 AFKLHYHG BRQH
:T0c2M 0Tacu:0 0Tacu:0 u0cn2M uMcC0C uMcC0C :n rac::s rdcdus dnCcaCu :TcdCd dnCcaCu dnCcddT AFKLHYHG BRQH
:Tac2M 0:0c2Cu 0:0c2Cu u2cTaa uMcC0 uMcC0 :n rac0Cs rdcnns dnMcT:0 ::cTTd dnMcT:0 dnMcTaa AFKLHYHG BRQH
::0c2M 0:acTd0 0:acTd0 u2c0Td uMcC0 uMcC0 :n rac2as rnc:0s dnMc0au ::c:ud dnMc0au dnMc0a2 AFKLHYHG BRQH
::ac2M 00:cd0T 00:cd0T u2c222 uMcC00 uMcC00 :n racMTs rnc0Ms dnMcM2d ::c20a dnMcM2d dnMcCud AFKLHYHG BRQH
:00c2M 00ucMM 00ucMM u2cCM2 uMcC:T uMcC:T :n racu0s rnc2ds dnMca ::cCdu dnMca dnMcuad AFKLHYHG BRQH
:0ac2M 02:c2T: 02:c2T: u2cMuM uMc2n0 uMc2n0 :n racaMs rncM:s dnucTMa ::cuC2 dnucTMa dnMcn02 AFKLHYHG BRQH
:20c2M 02ucTCu 02ucTCu u2cuaT uMc2u uMc2u :n racdds rncuCs dnuc2:0 ::cand dnuc2:0 dnuc:uM AFKLHYHG BRQH
:2ac2M 0CTcdT 0CTcdT u2caa: uMc2CM uMc2CM :n rdcT:s rncaus dnucMC ::cnC2 dnucMC dnuc2d AFKLHYHG BRQH
:C0c2M 0CMcMn: 0CMcMn: u2cdua uMc20: uMc20: :n rdc:Cs rncdas dnucaua :0cTau dnucaua dnucMn2 AFKLHYHG BRQH
:Cac2M 0MTc2n2 0MTc2n2 u2cnMu uMc0na uMc0na :n rdc0as rncnas dnucnuu :0c:na dnucnuu dnucaad AFKLHYHG BRQH
:M0c2M 0MMc0:2 0MMc0:2 uCcT2 uMc0aC uMc0aC :n rdcCTs ncn0s dnac:CM :0c2Td dnac:CM dnucnCC AFKLHYHG BRQH
:Mac2M 0uTcTu0 0uTcTu0 uCc::M uMc0M0 uMc0M0 :n rdcM2s ncdCs dnac0na :0cCTT dnac0na dnacTd0 AFKLHYHG BRQH
:u0c2M 0uCcnC2 0uCcnC2 uCc:dM uMc02u uMc02u :n rdcuus ncads dnacC:M :0cCa2 dnacC:M dnac:da AFKLHYHG BRQH
:uac2M 0uncdMu 0uncdMu uCc0C uMc00M uMc00M :n rdcans nca2s dnacMT0 :0cM0a dnacMT0 dnac0uT AFKLHYHG BRQH
:a0c2M 0aCcdT: 0aCcdT: uCc2Tu uMc0:d uMc0:d :n rdcn:s ncaTs dnacMMa :0cMuT dnacMMa dnac2T: AFKLHYHG BRQH
:aac2M 0ancaaa 0ancaaa uCc2Mu uMc0:a uMc0:a :n rncTCs ncuns dnacMd: :0cMaM dnacMd: dnac2:T AFKLHYHG BRQH
:d0c2M 0dCcadM 0dCcadM uCcCTT uMc00: uMc00: :n rnc:as ncaTs dnacMa2 :0cMaT dnacMa2 dnac0da AFKLHYHG BRQH
:dac2M 0dncd0M 0dncd0M uCcC2 uMc02T uMc02T :n rnc2Ts nca0s dnacM22 :0cMCu dnacM22 dnac022 AFKLHYHG BRQH
:n0c2M 0nCcdnu 0nCcdnu uCcCu uMc0CM uMc0CM :n rncC2s ncaMs dnacCu0 :0cMT0 dnacCu0 dnac:u0 AFKLHYHG BRQH
:nac2M 0nn 0nn uCcCnC uMc0uM uMc0uM :n rncMus ncd:s dnac2M :0cC2 dnac2M dnacTM AFKLHYHG BRQH
0T0c2M 2TMc:22 2TMc:22 uCcM:0 uMc0n: uMc0n: :n rncuns ncdds dnac00M :0c2Ma dnac00M dnucn0C AFKLHYHG BRQH
0Tac2M 2:Tc0au 2:Tc0au uCcM0C uMc20T uMc20T :n rncd0s ncnMs dnacTd0 :0c0u dnacTd0 dnucad: AFKLHYHG BRQH
0:0c2M 2:McC0T 2:McC0T uCcM0 uMc2Cd uMc2Cd :n rncnMs rncnMs dnucn2d :0c:d: dnucn2d dnucu2a AFKLHYHG BRQH
0:ac2M 20TcMuC 20TcMuC uCcM0d uMc2au uMc2au :n ncnTs rncdds dnucanC :0cTn2 dnucanC dnucCn0 AFKLHYHG BRQH
000c2M 20McaT 20McaT uCcM0: uMcCTM uMcCTM :n ncads rncd:s dnucuC :0cTTC dnucuC dnuc2Ca AFKLHYHG BRQH
00ac2M 22TcdCa 22TcdCa uCcMTa uMcC22 uMcC22 :n ncuMs rncaCs dnucM:0 ::cn0T dnucM:0 dnuc0:d AFKLHYHG BRQH
020c2M 22Mcnu 22Mcnu uCcCda uMcCuT uMcCuT :n ncM0s rncuas dnuc2nT ::cdCM dnuc2nT dnuc::: AFKLHYHG BRQH
02ac2M 2C:cTuM 2C:cTuM uCcCu2 uMcCd2 uMcCd2 :n ncCns rncu2s dnuc0nC ::cada dnuc0nC dnucT0 AFKLHYHG BRQH
0C0c2M 2Cuc:22 2Cuc:22 uCcC2d uMcMT: uMcMT: :n ncCns rncMns dnuc00M ::caCM dnuc00M dnMcnaM AFKLHYHG BRQH
0Cac2M 2M:c:a2 2M:c:a2 uCcC:2 uMcM:C uMcM:C :n ncCns rncMas dnuc:dM ::ca0: dnuc:dM dnMcnC AFKLHYHG BRQH
0M0c2M 2Muc:du 2Muc:du uCc2dd uMcM00 uMcM00 :n ncCns rncMus dnuc:a0 ::ca:2 dnuc:a0 dnMcnM: AFKLHYHG BRQH
0Mac2M 2u:c:aT 2u:c:aT uCc2uC uMcM0u uMcM0u :n ncMMs rncMas dnuc:dd ::ca00 dnuc:dd dnMcndT AFKLHYHG BRQH
0u0c2M 2uuc:0a 2uuc:0a uCc2CM uMcM0M uMcM0M :n ncuMs rncMns dnuc02: ::caC dnuc02: dnucT2d AFKLHYHG BRQH
0uac2M 2a:cTMM 2a:cTMM uCc22T uMcM: uMcM: :n ncaus rncu2s dnuc2T2 ::can0 dnuc2T2 dnuc:02 AFKLHYHG BRQH
0a0c2M 2aMcnMu 2aMcnMu uCc20: uMcMT uMcMT :n ncdus rncuds dnucCT0 ::cdM2 dnucCT0 dnuc02a AFKLHYHG BRQH
0aac2M 2dTcd2a 2dTcd2a uCc2:d uMcCnC uMcCnC :n ncnas rncaCs dnucM0: ::cn0M dnucM0: dnuc2aT AFKLHYHG BRQH
0d0c2M 2dMcaTa 2dMcaTa uCc2: uMcCaM uMcCaM :n rncn:s rncd:s dnucuM: :0cTTM dnucuM: dnucM:C AFKLHYHG BRQH
0dac2M 2nTcMau 2nTcMau uCc20u uMcCuT uMcCuT :n rncdTs rncdas dnucad0 :0cTdM dnucad0 dnucuM AFKLHYHG BRQH
0n0c2M 2nMcCCu 2nMcCCu uCc22d uMcCCC uMcCCC :n rncaTs rncnCs dnucn:0 :0c:uM dnucn:0 dnucdT2 AFKLHYHG BRQH
0nac2M CTTc2:u CTTc2:u uCc2MM uMcC0d uMcC0d :n rncMns ncnas dnacTC2 :0c0CM dnacTC2 dnucnuT AFKLHYHG BRQH
2T0c2M CTMc:du CTMc:du uCc2aa uMcC:0 uMcC:0 :n rncCns ncnTs dnac:a0 :0c20C dnac:a0 dnac:aC AFKLHYHG BRQH
2Tac2M C:TcTud C:TcTud uCcCTC uMc2nu uMc2nu :n rncCCs ncdCs dnac0n: :0c2na dnac0n: dnac2d: AFKLHYHG BRQH
2:0c2M C:Ccnu0 C:Ccnu0 uCcC2: uMc2a uMc2a :n rncCCs ncans dnac2nu :0cCu0 dnac2nu dnacMaa AFKLHYHG BRQH
2:ac2M C:ncdu C:ncdu uCcCM uMc2uT uMc2uT :n rncCCs ncaCs dnacCd :0cM:d dnacCd dnacau: AFKLHYHG BRQH
200c2M C0CcanT C0CcanT uCcCdu uMc2CT uMc2CT :n rncCCs ncaTs dnacMud :0cMua dnacMud dnacn22 AFKLHYHG BRQH
20ac2M C0nca02 C0nca02 uCcM:C uMc20T uMc20T :n rncCCs ncuus dnacu2M :0cuTd dnacu2M dndcTnM AFKLHYHG BRQH
220c2M C2CcuaT C2CcuaT uCcMC: uMc2TT uMc2TT :n rncCCs ncuCs dnacud :0cuC: dnacud dndc022 AFKLHYHG BRQH
22ac2M C2ncu0 C2ncu0 uCcMua uMc0d: uMc0d: :n rncM:s ncu:s dnaca2T :0cuuu dnaca2T dndc2Md AFKLHYHG BRQH
2C0c2M CCCcuT: CCCcuT: uCcMdd uMc0u: uMc0u: :n rncu:s ncuTs dnacaMd :0cudC dnacaMd dndcCa2 AFKLHYHG BRQH
2Cac2M CCncMdM CCncMdM uCcuTM uMc0C: uMc0C: :n rncaTs ncMns dnacaa2 :0cun2 dnacaa2 dndcMaa AFKLHYHG BRQH
2M0c2M CMCcMd0 CMCcMd0 uCcu:u uMc00: uMc00: :n rncdTs ncMns dnacaau :0cunM dnacaau dndcua: AFKLHYHG BRQH
2Mac2M CMncMd0 CMncMd0 uCcu02 uMc0T: uMc0T: :n rncdns ncMns dnacaau :0cunM dnacaau dndcau0 AFKLHYHG BRQH
2u0c2M CuCcMd0 CuCcMd0 uCcu0u uMc:d: uMc:d: :n ncnns ncMns dnacaau :0cunM dnacaau dndcdMM AFKLHYHG BRQH
2uac2M CuncMd0 CuncMd0 uCcu02 uMc:u: uMc:u: :n ncdns ncMns dnacaau :0cunM dnacaau dndcnCa AFKLHYHG BRQH
2a0c2M CaCcMd0 CaCcMd0 uCcu:u uMc:C: uMc:C: :n ncdTs ncMns dnacaau :0cunM dnacaau dnncT2 AFKLHYHG BRQH
2aac2M CancMd0 CancMd0 uCcuTC uMc:0: uMc:0: :n ncaTs ncMns dnacaau :0cunM dnacaau dnnc:0 AFKLHYHG BRQH
2d0c2M CdCcMd0 CdCcMd0 uCcMdd uMc:T: uMc:T: :n ncu:s ncMns dnacaau :0cunM dnacaau dnnc0:a AFKLHYHG BRQH
2dac2M CdncMd0 CdncMd0 uCcMaT uMcTd: uMcTd: :n ncMns ncMns dnacaau :0cunM dnacaau dnnc2TM AFKLHYHG BRQH
2n0c2M CnCcMd0 CnCcMd0 uCcMMC uMcTuT uMcTuT :n ncMns ncMns dnacaau :0cunM dnacaau dnnc2nC AFKLHYHG BRQH
2nac2M CnncMd0 CnncMd0 uCcM2d uMcT2a uMcT2a :n ncMns ncMns dnacaau :0cunM dnacaau dnncCa0 AFKLHYHG BRQH
CT0c2M MTCcMd0 MTCcMd0 uCcM0: uMcT:C uMcT:C :n ncMns ncMns dnacaau :0cunM dnacaau dnncMTu AFKLHYHG BRQH
CTac2M MTncMd: MTncMd: uCcMTM uCcnn: uCcnn: :n ncMns ncMns dnacaaa :0cunu dnacaaa dnncCua AFKLHYHG BRQH
C:0c2M M:CcMa: M:CcMa: uCcCd uCcnuu uCcnuu :n ncMns ncMds dnacada :0caT0 dnacada dnncCTC AFKLHYHG BRQH
C:ac2M M:ncMM: M:ncMM: uCcCaT uCcn2a uCcn2a :n ncMns ncMas dnacdTa :0ca:C dnacdTa dnnc22M AFKLHYHG BRQH
C00c2M M0CcM00 M0CcM00 uCcCMT uCcnTC uCcnTC :n ncMns ncMus dnacd2a :0ca20 dnacd2a dnnc0aT AFKLHYHG BRQH
C0ac2M M0ncCd0 M0ncCd0 uCcC2T uCcdud uCcdud :n ncMns ncMCs dnacdau :0caMu dnacdau dnnc0:0 AFKLHYHG BRQH
C20c2M M2CcC2C M2CcC2C uCcC:T uCcd2: uCcd2: :n ncMns ncM:s dnacn0M :0cadu dnacn0M dnnc:aT AFKLHYHG BRQH
C2ac2M M2nc2aM M2nc2aM uCc2nT uCcanT uCcanT :n ncMns ncCds dnacnd2 :0cd02 dnacnd2 dnnc:2u AFKLHYHG BRQH
CC0c2M MCCc2Ta MCCc2Ta uCc2aT uCcaCu uCcaCu :n ncMns ncCCs dndcTM0 :0cduM dndcTM0 dnnc::0 AFKLHYHG BRQH
CCac2M MCnc00 MCnc00 uCc2MT uCcu uCcu :n ncMns ncCTs dndc:0 :0cn:2 dndc:0 dnncTna AFKLHYHG BRQH
CM0c2M MMCc:C0 MMCc:C0 uCc22T uCcuCd uCcuCd :n ncMns nc2us dndc0:a :0cnuu dndc0:a dnncTn2 AFKLHYHG BRQH
CMac2M MMncTCM MMncTCM uCc2:T uCcMnC uCcMnC :n ncMns nc2:s dndc2:2 :2cT0u dndc2:2 dnncT AFKLHYHG BRQH
Cu0c2M Mu2cn2 Mu2cn2 uCc0nT uCcM2u uCcM2u :n ncMns nc0Ms dndcC: :2cTn0 dndcC: dnnc::a AFKLHYHG BRQH
Cuac2M Mudcd0C Mudcd0C uCc0aT uCcCaM uCcCaM :n ncMns nc:ns dndcM2M :2c:u2 dndcM2M dnnc:Cu AFKLHYHG BRQH
Ca0c2M Ma2cu Ma2cu uCc0MT uCcC:: uCcC:: :n ncMns nc:0s dndcuM :2c0CT dndcuM dnnc:dM AFKLHYHG BRQH
Caac2M MadcMuu MadcMuu uCc02T uCc2C2 uCc2C2 :n ncMns ncTMs dndcan0 :2c200 dndcan0 dnnc02u AFKLHYHG BRQH
Cd0c2M Md2cC2: Md2cC2: uCc0:T uCc0a0 uCc0a0 :n ncMns dcnas dndcn0a :2cCTu dndcn0a dnnc0n: AFKLHYHG BRQH
Cdac2M Mddc0na Mddc0na uCc:nT uCc:na uCc:na :n ncMns dcnTs dnncTu: :2cCd dnncTu: dnnc2Ca AFKLHYHG BRQH
Cn0c2M Mn2c:u2 Mn2c:u2 uCc:aT uCc:: uCc:: :n ncMns dcd2s dnnc:nM :2cMa0 dnnc:nM dnncCTC AFKLHYHG BRQH
Cnac2M MndcT2T MndcT2T uCc:Ca uCcT2a uCcT2a :n ncMns dcaus dnnc20d :2cuMM dnnc20d dnncCuT AFKLHYHG BRQH
MT0c2M uT0cdna uT0cdna uCc:0C u2cnM0 u2cnM0 :n ncMns dcuds dnncCu: :2ca2a dnncCu: dnncM: AFKLHYHG BRQH
MTac2M uTacauM uTacauM uCc:T0 u2cduC u2cduC :n ncMns dcu:s dnncMn2 :2cd: dnncMn2 dnncMn0 AFKLHYHG BRQH



M:0c2M u:0cu2C u:0cu2C uCcTaa u2caa0 u2caa0 :n ncM2s dcMCs dnnca0M :2cnT: dnnca0M dnnca0C AFKLHYHG BRQH
M:ac2M u:acMT2 u:acMT2 uCcTMT u2cuau u2cuau :n ncCus dcCus dnncdMu :2cnd2 dnncdMu dnncdMM AFKLHYHG BRQH
M00c2M u00c2a0 u00c2a0 uCcT: u2cMad u2cMad :n nc2ds dc2ns dnncndu :CcTuM dnncndu dnncndu AFKLHYHG BRQH
M0ac2M u0ac0C0 u0ac0C0 u2cndC u2cCaM u2cCaM :n nc2:s dc20s TTc::u :Cc:Cu TTc::u TTc::u AFKLHYHG BRQH
M20c2M u20c::0 u20c::0 u2cnCu u2c2u u2c2u :n nc0Cs dc0Cs TTc0Cu :Cc00a TTc0Cu TTc0Cu AFKLHYHG BRQH
M2ac2M u2ucnd2 u2ucnd2 u2cnTa u2c0M u2c0M :n nc:us dc:as TTc2aM :Cc2Ta TTc2aM TTc2aM AFKLHYHG BRQH
MC0c2M uC:cdMM uC:cdMM u2cduC u2c:Cu u2c:Cu :n ncTns dc:Ts TTcMTC :Cc2dd TTcMTC TTcMTC AFKLHYHG BRQH
MCac2M uCuca0a uCuca0a u2cd:a u2cT2T u2cT2T :n ncT0s dcT0s TTcu20 :CcCud TTcu20 TTcu20 AFKLHYHG BRQH
MM0c2M uM:cM uM:cM u2caua u0cn:T u0cn:T :n dcnMs acnMs TTcaM :CcMCd TTcaM TTcaM AFKLHYHG BRQH
MMac2M uMucCa2 uMucCa2 u2ca:2 u0cada u0cada :n dcdas acdds TTcddM :Ccu0a TTcddM TTcddM AFKLHYHG BRQH
Mu0c2M uu:c2Mu uu:c2Mu u2cuMM u0cuu: u0cuu: :n dcdTs acd:s T:cTT2 :CcaT: T:cTT2 T:cTT2 AFKLHYHG BRQH
Muac2M uuuc0Ca uuuc0Ca u2cMnC u0cM2C u0cM2C :n dca2s acaMs T:c::: :Ccau T:c::: T:c::: AFKLHYHG BRQH
Ma0c2M ua:c:Cd ua:c:Cd u2cM0 u0cCTa u0cCTa :n dcuMs acuns T:c0:T :Ccd2: T:c0:T T:c0:T AFKLHYHG BRQH
Maac2M uaucTMd uaucTMd u2cCuT u0c0dT u0c0dT :n dcMds acuCs T:c2TT :Ccddd T:c2TT T:c2TT AFKLHYHG BRQH
Md0c2M udTcnaa udTcnaa u2c2dd u0c:M0 u0c:M0 :n dcM:s acMns T:c2d: :Ccn2 T:c2d: T:c2d: AFKLHYHG BRQH
Mdac2M udMcnTM udMcnTM u2c2:0 u0cT0C u0cT0C :n dcC2s acMMs T:cCM2 :CcndC T:cCM2 T:cCM2 AFKLHYHG BRQH
Mn0c2M unTcdC0 unTcdC0 u2c020 u:cdnu u:cdnu :n dc2us acM:s T:cM:u :McT0C T:cM:u T:cM:u AFKLHYHG BRQH
Mnac2M unMcadd unMcadd u2c:C u:caud u:caud :n dc0ns acCds T:cMaT :McTMd T:cMaT T:cMaT AFKLHYHG BRQH
uT0c2M aTTcaC2 aTTcaC2 u2cTu0 u:cu2 u:cu2 :n dc0:s acCMs T:cu:u :McTdu T:cu:u T:cu:u AFKLHYHG BRQH
uTac2M aTMcaTu aTMcaTu u0cna0 u:cM:: u:cM:: :n dc:Cs acC2s T:cuM0 :Mc:T T:cuM0 T:cuM0 AFKLHYHG BRQH
u:0c2M a:Tcuad a:Tcuad u0cdaa u:c2d0 u:c2d0 :n dcTas acC:s T:cudT :Mc:0a T:cudT T:cudT AFKLHYHG BRQH
u:ac2M a:McuM a:McuM u0caa u:c02a u:c02a :n acnns acCTs T:cu :Mc:2 T:cu T:cu AFKLHYHG BRQH
u00c2M a0TcuC a0TcuC u0cuad u:cTn0 u:cTn0 :n acn0s acCTs T:caT :Mc:CM T:caT T:caT AFKLHYHG BRQH
u0ac2M a0McuCa a0McuCa u0cMa2 uTcnd2 uTcnd2 :n acdMs acCTs T:ca:: :Mc:Ca T:ca:: T:ca:: AFKLHYHG BRQH
u20c2M a2TcuCa a2TcuCa u0cCuC uTcdMM uTcdMM :n acads acCTs T:ca:: :Mc:Ca T:ca:: T:ca2C AFKLHYHG BRQH
u2ac2M a2McuMT a2McuMT u0c2M: uTca0u uTca0u :n acaTs acCTs T:caT :Mc:CM T:caT T:caMu AFKLHYHG BRQH
uC0c2M aCTcuuT aCTcuuT u0c02C uTcMn0 uTcMn0 :n acu2s acCTs T:cund :Mc:2 T:cund T:caa: AFKLHYHG BRQH
uCac2M aCMcuaa aCMcuaa u0c::M uTcCuu uTcCuu :n acMus acC:s T:cud: :Mc:0d T:cud: T:caa AFKLHYHG BRQH
uM0c2M aMTcaT2 aMTcaT2 u:cnn: uTc2MT uTc2MT :n acCds acC2s T:cuMu :Mc::0 T:cuMu T:caa AFKLHYHG BRQH
uMac2M aMMca2M aMMca2M u:cduC uTc022 uTc022 :n acC:s acCMs T:cu02 :McTn: T:cu02 T:caa2 AFKLHYHG BRQH
uu0c2M auTcaau auTcaau u:ca2M uTc:0u uTc:0u :n acCTs acCas T:cMd2 :McTuu T:cMd2 T:caM AFKLHYHG BRQH
uuac2M auMcd0C auMcd0C u:cuTM uTcT0 uTcT0 :n acCTs acMTs T:cM2M :McT2M T:cM2M T:ca2d AFKLHYHG BRQH
ua0c2M aaTcda aaTcda u:cCaM Mncn02 Mncn02 :n acCTs acM2s T:cCa :McTTT T:cCa T:caT AFKLHYHG BRQH
uaac2M aaMcnC0 aaMcnC0 u:c2Cu Mncd:T Mncd:T :n acCTs acMas T:cC:u :Ccnu: T:cC:u T:cuaC AFKLHYHG BRQH
ud0c2M ad:cT:2 ad:cT:2 u:c0:u MncaTT MncaTT :n acCTs acu:s T:c2CM :Ccn:u T:c2CM T:cu2: AFKLHYHG BRQH
udac2M aducTn0 aducTn0 u:cTdu MncMnu MncMnu :n acCTs acuus T:c0uu :Ccduu T:c0uu T:cMdT AFKLHYHG BRQH
un0c2M an:c:a an:c:a uTcnMa MncCn0 MncCn0 :n acCTs aca:s T:c:dT :Ccd:0 T:c:dT T:cM00 AFKLHYHG BRQH
unac2M anuc0a2 anuc0a2 uTcd0a Mnc2nM Mnc2nM :n acCTs acaus T:cTdM :CcaM2 T:cTdM T:cCMM AFKLHYHG BRQH
aT0c2M dT:c2au dT:c2au uTcuna Mnc2T2 Mnc2T2 :n acCTs acd0s TTcnd2 :Ccudd TTcnd2 T:c2d: AFKLHYHG BRQH
aTac2M dTucCdM dTucCdM uTcMud Mnc0:a Mnc0:a :n acCTs acdds TTcdaC :Ccu0T TTcdaC T:c2T: AFKLHYHG BRQH
a:0c2M d::cMnC d::cMnC uTcC2M Mnc:2C Mnc:2C :n acCTs acnMs TTcauC :CcMM: TTcauC T:c0: AFKLHYHG BRQH
a:ac2M d:ucaTC d:ucaTC uTc0dM MncTu0 MncTu0 :n acCTs dcT:s TTcuMC :CcCd0 TTcuMC T:c:2u AFKLHYHG BRQH
a00c2M d0:cd:M d0:cd:M uTc:Ca Mdcnn: Mdcnn: :n acCTs dcTas TTcMC2 :CcC:2 TTcMC2 T:cTM0 AFKLHYHG BRQH
a0ac2M d0ucn0u d0ucn0u uTcT2d Mdcn02 Mdcn02 :n acCTs dc:Cs TTcC22 :Cc2C2 TTcC22 TTcnM AFKLHYHG BRQH
a20c2M d20cT2a d20cT2a Mncn:: MdcdMd MdcdMd :n acCTs dc0Ts TTc20: :Cc0aC TTc20: TTcd0M AFKLHYHG BRQH
a2ac2M d2ac:Cd d2ac:Cd MncadT Mdcand Mdcand :n acC:s dc0us TTc0:T :Cc0TC TTc0:T TTcu2u AFKLHYHG BRQH
aC0c2M dC0c0uT dC0c0uT MncuCd Mdca2 Mdca2 :n acCas dc22s TTcTnd :Cc:2C TTcTnd TTcC:T AFKLHYHG BRQH
aCac2M dCac2a2 dCac2a2 MncM0a MdcuaM MdcuaM :n acM2s dc2ns dnncndu :CcTuC dnncndu TTc:d2 AFKLHYHG BRQH
aM0c2M dM0cCdM dM0cCdM MncC:0 Mdcu0C Mdcu0C :n acMns dcCMs dnncda2 :2cnnC dnncda2 dnncnMd AFKLHYHG BRQH
aMac2M dMacM dMacM Mnc0nd MdcMad MdcMad :n acuus dcM0s dnncauT :2cn02 dnncauT dnnca2M AFKLHYHG BRQH
au0c2M du0ca:0 du0ca:0 Mnc:nM MdcM02 MdcM02 :n aca0s dcMds dnncuCu :2cdM2 dnncuCu dnncM:u AFKLHYHG BRQH
auac2M duacd0u duacd0u MncT MdcCud MdcCud :n acads dcuCs dnncM20 :2cad0 dnncM20 dnnc2T: AFKLHYHG BRQH
aa0c2M da0cnCT da0cnCT Mdcnd MdcC0: MdcC0: :n acdMs dca:s dnncC:d :2ca:: dnncC:d dnncTn2 AFKLHYHG BRQH
aaac2M dadcTMM dadcTMM Mdcda Mdc2dd Mdc2dd :n acn:s dcaas dnnc2TC :2cu2 dnnc2TC dndcn0a AFKLHYHG BRQH
ad0c2M dd2c:aT dd2c:aT Mdcaa0 Mdc222 Mdc222 :n acnas dcd2s dnnc:d :2cMud dnnc:d dndcdTa AFKLHYHG BRQH
adac2M dddc0dM dddc0dM Mdcuu Mdc0du Mdc0du :n dcTCs dcdns dnncTa2 :2cCnu dnncTa2 dndca:2 AFKLHYHG BRQH
an0c2M dn2cCT: dn2cCT: MdcMu Mdc0MT Mdc0MT :n dc:Ts dcnus dndcnMa :2cC0M dndcnMa dndcuMa AFKLHYHG BRQH
anac2M dndcM:a dndcM:a MdcCaM Mdc0:u Mdc0:u :n dc:us ncT0s dndcdC: :2c2M2 dndcdC: dndcMn2 AFKLHYHG BRQH
dT0c2M T2cu2C T2cu2C Mdc2da Mdc:a Mdc:a :n dc02s ncTds dndca0M :2c0dT dndca0M dndcM0M AFKLHYHG BRQH
dTac2M TdcaM: TdcaM: Mdc2T: Mdc:CM Mdc:CM :n dc0ns nc:Ms dndcuTd :2c0Td dndcuTd dndcCM2 AFKLHYHG BRQH
d:0c2M :2cdud :2cdud Mdc00C Mdc::u Mdc::u :n dc2Ms nc0:s dndcCnT :2c:2M dndcCnT dndc2ad AFKLHYHG BRQH
d:ac2M :dcndu :dcndu Mdc:M0 MdcTn0 MdcTn0 :n dcC0s nc0as dndc2a0 :2cTu2 dndc2a0 dndc2T0 AFKLHYHG BRQH
d00c2M 0CcT 0CcT MdcTdC MdcTad MdcTad :n dcCds nc22s dndc0M :0cnn2 dndc0M dndc02T AFKLHYHG BRQH
d0ac2M 0nc0TM 0nc0TM MdcT:a MdcTuM MdcTuM :n dcMCs nc2ns dndc:M2 :0cn0a dndc:M2 dndc:ud AFKLHYHG BRQH
d20c2M 2Cc2T2 2Cc2T2 MacnMC MdcTM: MdcTM: :n dcuTs ncCCs dndcTMu :0cdua dndcTMu dndc:2C AFKLHYHG BRQH
d2ac2M 2nc2n0 2nc2n0 Macdnu MdcT2C MdcT2C :n dcuas ncCns dnacnuu :0cd:0 dnacnuu dndc:uC AFKLHYHG BRQH
dC0c2M CCcCa2 CCcCa2 Macd2d MdcT:0 MdcT:0 :n dca2s ncM2s dnacddM :0cau0 dnacddM dndc:du AFKLHYHG BRQH
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dM dd0c0:N dd0c0:N uNcnCM udc1C udc1C 0n rncNNs rncuCs dnNc0:N 00cNa1 dnNc0:N dnNc1dd 7FKLHYHG BRQH
an daNc:d0 daNc:d0 uNcnu1 udc1uM udc1uM 0n rncNNs rncu1s dnNc:d0 00cNua dnNc:d0 dnNc1MM 7FKLHYHG BRQH
aM da0c:u da0c:u uNcnNa udcC:0 udcC:0 0n rncNNs rncu0s dnNc:u 00cNMM dnNc:u dnNc0 7FKLHYHG BRQH
Nn dNNc:C dNNc:C uNcnda udcCC1 udcCC1 0n rncNNs rncu:s dnNc:C 00cNC1 dnNc:C dnNc0uN 7FKLHYHG BRQH
NM dN0c:10 dN0c:10 uac:0: udcCN1 udcCN1 0n rncNNs rncMns dnNc:10 00cN1: dnNc:10 dnNc00M 7FKLHYHG BRQH
un duNc::u duNc::u uac:C1 udcC udcC 0n rncNNs rncMds dnNc::u 00cN00 dnNc::u dnNc:au 7FKLHYHG BRQH
uM du:cnn0 du:cnn0 uac:MM udcMMM udcMMM 0n rncNMs rncMas dnucnn0 00cN:1 dnucnn0 dnNc:M: 7FKLHYHG BRQH
Mn dMucna0 dMucna0 uac:N1 udcMau udcMau 0n rncNCs rncMNs dnucna0 00cun0 dnucna0 dnNc:0d 7FKLHYHG BRQH
MM dM:cnM0 dM:cnM0 uac:da udcu:a udcu:a 0n rncN0s rncMus dnucnM0 00cua1 dnucnM0 dnucndd 7FKLHYHG BRQH
Cn dCucd dCucd uac0:u udcuCN udcuCN 0n rncN:s rncMCs dnucd 00cuMa dnucd dnucnMC 7FKLHYHG BRQH
CM dC:cdMN dC:cdMN uac01u udcua0 udcua0 0n rncuds rncM:s dnucdMN 00cu0M dnucdMN dnucdaM 7FKLHYHG BRQH
1n d1ucad1 d1ucad1 uac0MC udcN1: udcN1: 0n rncuas rncCas dnucad1 00cMau dnucad1 dnucanu 7FKLHYHG BRQH
1M d1:ca:N d1:ca:N uac0N0 udcNNN udcNNN 0n rncuus rncCCs dnuca:N 00cM1 dnuca:N dnuca:u 7FKLHYHG BRQH
0n d0ucN0d d0ucN0d uac0dM udca0a udca0a 0n rncuMs rnc1ns dnucN0d 00cCaN dnucN0d dnucN:C 7FKLHYHG BRQH
0M d0:cu0N d0:cu0N uac10: udcaaN udcaaN 0n rncu1s rnc1Ms dnucu0N 00cC0M dnucu0N dnucMda 7FKLHYHG BRQH
:n d:ucM:0 d:ucM:0 uac1MC udcdMu udcdMu 0n rncu0s rnc0ds dnucM:0 00c1MM dnucM:0 dnucCMd 7FKLHYHG BRQH
:M d::c1a0 d::c1a0 uac1N0 udcn0a udcn0a 0n rncMns rnc01s dnuc1a0 00c0Nu dnuc1a0 dnuc0du 7FKLHYHG BRQH
dnn anuc01a anuc01a uac1d udcnnN udcnnN 0n rncMds rnc:us dnuc01a 00c:ad dnuc01a dnuc::a 7FKLHYHG BRQH
dnM adncnN adncnN uacC0 unc:NN unc:NN 0n rncMNs rdcnas dnMcnN 0:cndC dnMcnN dnMcd0 7FKLHYHG BRQH
ddn adMcana adMcana uacCC1 unc0u0 unc0u0 0n rncMus rdcdns dnMcana 0:cdad dnMcana dnMcN1u 7FKLHYHG BRQH
ddM aancN0: aancN0: uacCCM unc1MM unc1MM 0n rncMus rdcd:s dnMcN0: 0:caNu dnMcN0: dnMcMCu 7FKLHYHG BRQH
dan aaMcM0C aaMcM0C uacCM uncCCN uncCCN 0n rncMus rdca:s dnMcM0C 0:cNMa dnMcM0C dnMc1u1 7FKLHYHG BRQH
daM aNnc10u aNnc10u uacCu uncMC uncMC 0n rncMus rdcN0s dnMc10u 0:cu1a dnMc10u dnMc:N 7FKLHYHG BRQH
dNn aNMc:0u aNMc:0u uacM0: uncuCd uncuCd 0n rncMus rdcu0s dnMc:0u 0:cM:a dnMc:0u dnCcddu 7FKLHYHG BRQH
dNM audcd0u audcd0u uacMM0 uncNuu uncNuu 0n rncMus rdcM1s dnCcd0u 0:c1da dnCcd0u dnCca:1 7FKLHYHG BRQH
dun auCcN0M auCcN0M uacMN uncaau uncaau 0n rncMus rdcC1s dnCcN0M 0:c0NN dnCcN0M dnCcu0 7FKLHYHG BRQH
duM aMdcM11 aMdcM11 uacu:u uncdnu uncdnu 0n rncMus rdc1Ms dnCcM11 0:c:u0 dnCcM11 dnCcCMN 7FKLHYHG BRQH
dMn aMCc1MC aMCc1MC uacuu0 N:c:0u N:c:0u 0n rncM1s rdc0us dnCc1MC :ncnMM dnCc1MC dnCc0du 7FKLHYHG BRQH
dMM aCdc:a aCdc:a uacud1 N:c0CM N:c0CM 0n rncCCs rdc:ds dnCc:a :ncdMN dnCc:a dnCc:1d 7FKLHYHG BRQH
dCn aC1cn1a aC1cn1a uacN00 N:c1uC N:c1uC 0n rnc1Cs rdc:0s dn1cn1a :ncauu dn1cn1a dn1cddM 7FKLHYHG BRQH
dCM a1acan: a1acan: uacNM1 N:cCa1 N:cCa1 0n rnc0Ms racnMs dn1can: :ncNaC dn1can: dn1cauM 7FKLHYHG BRQH
d1n a11cNNa a11cNNa uacNa N:cMn: N:cMn: 0n rnc:Ms racdns dn1cNNa :ncN:: dn1cNNa dn1cNCd 7FKLHYHG BRQH
d1M a0acuud a0acuud uaca1a N:cN:C N:cN:C 0n rdcnus racdMs dn1cuud :ncuCu dn1cuud dn1cuCu 7FKLHYHG BRQH
d0n a01cMn0 a01cMn0 uacaa1 N:ca:C N:ca:C 0n rdcdus racd0s dn1cMn0 :ncMnu dn1cMn0 dn1cMaM 7FKLHYHG BRQH
d0M a:acMNu a:acMNu uacd1M N:cd:1 N:cd:1 0n rdcaNs racd:s dn1cMNu :ncMd: dn1cMNu dn1cMuN 7FKLHYHG BRQH
d:n a:1cMuM a:1cMuM uacdd1 N:cdnM N:cdnM 0n rdcNNs racans dn1cMuM :ncMaC dn1cMuM dn1cMMN 7FKLHYHG BRQH
d:M NnacMuu NnacMuu uacnu: N:cnnC N:cnnC 0n rdcuas racans dn1cMuu :ncMaM dn1cMuu dn1cMuu 7FKLHYHG BRQH
ann Nn1cMuC Nn1cMuC udc:10 N0c:dd N0c:dd 0n rdcMds racans dn1cMuC :ncMaC dn1cMuC dn1cMN 7FKLHYHG BRQH
anM NdacMud NdacMud udc:nd N0c0dd N0c0dd 0n rdcCds racans dn1cMud :ncMau dn1cMud dn1cMn0 7FKLHYHG BRQH
adn Nd1cMaN Nd1cMaN udc0Nu N0c1nu N0c1nu 0n rdc1ns racd:s dn1cMaN :ncMdN dn1cMaN dn1cu1d 7FKLHYHG BRQH
adM Naacu:1 Naacu:1 udc1Ma N0cM:1 N0cM:1 0n rdc0ns racd0s dn1cu:1 :ncu:1 dn1cu:1 dn1cua0 7FKLHYHG BRQH
aan Na1cu1a Na1cu1a udcCCd N0cu: N0cu: 0n rdc0:s racd1s dn1cu1a :ncu0a dn1cu1a dn1cN:u 7FKLHYHG BRQH
aaM NNacuuC NNacuuC udcM1u N0cN0N N0cN0N 0n rdc::s racdMs dn1cuuC :ncuC1 dn1cuuC dn1cNC: 7FKLHYHG BRQH
aNn NN1cuad NN1cuad udcu1C N0ca1C N0ca1C 0n racn0s racdus dn1cuad :ncuMa dn1cuad dn1cNuu 7FKLHYHG BRQH
aNM NuacN:C NuacN:C udcN0N N0cdC: N0cdC: 0n racd0s racdNs dn1cN:C :ncuN1 dn1cN:C dn1cNd: 7FKLHYHG BRQH
aun Nu1cN1 Nu1cN1 udca1d N0cnCa N0cnCa 0n raca1s racdas dn1cN1 :ncuaa dn1cN1 dn1ca:M 7FKLHYHG BRQH
auM NMacNuM NMacNuM udcdMC N1c:MC N1c:MC 0n racNds racdds dn1cNuM :ncun1 dn1cNuM dn1ca1d 7FKLHYHG BRQH
aMn NM1cNN0 NM1cNN0 udcnud N1c0u0 N1c0u0 0n racNds racdds dn1cNN0 :ncuna dn1cNN0 dn1caCM 7FKLHYHG BRQH
aMM NCacNCM NCacNCM unc:aM N1c1u N1c1u 0n racNds racdas dn1cNCM :ncud0 dn1cNCM dn1ca:u 7FKLHYHG BRQH
aCn NC1cN:u NC1cN:u unc0n: N1cCNd N1cCNd 0n racNds racdNs dn1cN:u :ncuNC dn1cN:u dn1cNa: 7FKLHYHG BRQH
aCM N1acuad N1acuad uncC:u N1cMaa N1cMaa 0n racNds racdus dn1cuad :ncuMa dn1cuad dn1cN1d 7FKLHYHG BRQH
a1n N11cuNu N11cuNu uncM10 N1cudu N1cudu 0n racNds racdMs dn1cuNu :ncuC dn1cuNu dn1cunC 7FKLHYHG BRQH
a1M N0acuNu N0acuNu uncuCN N1cNnC N1cNnC 0n racNds racdMs dn1cuNu :ncuC dn1cuNu dn1cua1 7FKLHYHG BRQH
a0n N01cuNu N01cuNu uncNu0 N1cd:0 N1cd:0 0n racans racdMs dn1cuNu :ncuC dn1cuNu dn1cuu0 7FKLHYHG BRQH
a0M N:acuNu N:acuNu uncauM N1cn: N1cn: 0n rdc:Cs racdMs dn1cuNu :ncuC dn1cuNu dn1cuC1 7FKLHYHG BRQH
a:n N:1cuNu N:1cuNu uncdu1 NCc:0u NCc:0u 0n rdc:Cs racdMs dn1cuNu :ncuC dn1cuNu dn1cu0C 7FKLHYHG BRQH
a:M unacua1 unacua1 uncnu: NCc00: NCc00: 0n rdc:Cs racdMs dn1cua1 :ncuMM dn1cua1 dn1cu:u 7FKLHYHG BRQH
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Nnn un1cN0d un1cN0d N:c:MC NCc0n: NCc0n: 0n racn1s racdas dn1cN0d :ncua0 dn1cN0d dn1cuMC 7FKLHYHG BRQH
NnM udaca:a udaca:a N:c0M0 NCc1u NCc1u 0n racdMs racn0s dn1ca:a :ncN1M dn1ca:a dn1cN1M 7FKLHYHG BRQH
Ndn ud1cdCa ud1cdCa N:c1M0 NCcC00 NCcC00 0n racdMs racnNs dn1cdCa :nca:0 dn1cdCa dn1caMd 7FKLHYHG BRQH
NdM uadc::d uadc::d N:cCM0 NCcCu1 NCcCu1 0n racdMs rdc:Ms dnCc::d :ncd:M dnCc::d dn1cn0u 7FKLHYHG BRQH
Nan uaCc110 uaCc110 N:cMMd NCcCa NCcCa 0n racdMs rdc0Ms dnCc110 :ncnC0 dnCc110 dnCc01C 7FKLHYHG BRQH
NaM uNdcMaC uNdcMaC N:cuuN NCcCnu NCcCnu 0n racdMs rdc1Ns dnCcMaC 0:c:d1 dnCcMaC dnCcCa0 7FKLHYHG BRQH
NNn uNCcaNu uNCcaNu N:cNNC NCcCna NCcCna 0n racdMs rdcM:s dnCcaNu 0:c1ua dnCcaNu dnCcNN: 7FKLHYHG BRQH
NNM uunc:nu uunc:nu N:caa0 NCcCdd NCcCdd 0n racdMs rdcuus dnMc:nu 0:cMuu dnMc:nu dnCcndN 7FKLHYHG BRQH
Nun uuMcMN1 uuMcMN1 N:cdad NCcCNN NCcCNN 0n racdMs rdcaCs dnMcMN1 0:cNaN dnMcMN1 dnMcCu: 7FKLHYHG BRQH
NuM uMncdNu uMncdNu N:cndN NCcCCM NCcCCM 0n racdMs rdcn1s dnMcdNu 0:cn1: dnMcdNu dnMcaM 7FKLHYHG BRQH
NMn uMucC:C uMucC:C N0c:nC NCc1nd NCc1nd 0n racdMs rnc0Cs dnucC:C 00c0du dnucC:C dnuc0dC 7FKLHYHG BRQH
NMM uM:caNd uM:caNd N0c1:0 NCc1ua NCc1ua 0n racdMs rncCNs dnucaNd 00cMNa dnucaNd dnucNM1 7FKLHYHG BRQH
NCn uCNc1C: uCNc1C: N0cC:d NCc100 NCc100 0n racdMs rncuns dnNc1C: 00caMd dnNc1C: dnNc:nd 7FKLHYHG BRQH
NCM uC0cNdC uC0cNdC N0cM0N NCc0Nd NCc0Nd 0n racdMs rncd1s dnNcNdC 01c:1u dnNcNdC dnNcuMM 7FKLHYHG BRQH
N1n u1ac: u1ac: N0cu1u NCc01M NCc01M 0n racdMs ncnMs dnac: 01c1a dnac: dnNcnu: 7FKLHYHG BRQH
N1M u11cMu0 u11cMu0 N0cNCC NCc:da NCc:da 0n racdMs ncaNs dnacMu0 01cMnu dnacMu0 dnacC:0 7FKLHYHG BRQH
N0n u0acaCu u0acaCu N0caM0 NCc:uN NCc:uN 0n racdMs ncN0s dnacaCu 01cNa: dnacaCu dnacuda 7FKLHYHG BRQH
N0M u01cnuC u01cnuC N0cdM NCc:Ca NCc:Ca 0n racdMs ncu:s dnacnuC 01cd:M dnacnuC dnacd:d 7FKLHYHG BRQH
N:n u:dc0:a u:dc0:a N0cnuN NCc:C: NCc:C: 0n racdMs ncM1s dndc0:a 01cd dndc0:a dnacnN0 7FKLHYHG BRQH
N:M u:Cc0na u:Cc0na N1c:NM NCc:1u NCc:1u 0n racdMs ncCas dndc0na 01cnuM dndc0na dndc:u0 7FKLHYHG BRQH
unn Mndc11M Mndc11M N1c0NN NCc:C: NCc:C: 0n rdc:ds ncCus dndc11M 01cna0 dndc11M dndc:ad 7FKLHYHG BRQH
unM MnCc0da MnCc0da N1c1uM NCc:M: NCc:M: 0n rdcCNs ncCas dndc0da 01cnMd dndc0da dndc:M1 7FKLHYHG BRQH
udn Mddc:dd Mddc:dd N1cC1 NCc:N1 NCc:N1 0n rdcNCs ncMCs dndc:dd 01cdda dndc:dd dnacnM1 7FKLHYHG BRQH
udM Md1cn1M Md1cn1M N1cCn: NCc:nC NCc:nC 0n rdcn:s ncu0s dnacn1M 01cadN dnacn1M dnacaad 7FKLHYHG BRQH
uan MaacNnN MaacNnN N1cMCa NCc0Ca NCc0Ca 0n rnc0ds ncNCs dnacNnN 01cNMu dnacNnN dnacuu: 7FKLHYHG BRQH
uaM Ma1cM:M Ma1cM:M N1cMa0 NCc0n0 NCc0n0 0n rncMus ncads dnacM:M 01cMNN dnacM:M dnac1u 7FKLHYHG BRQH
uNn MNac:aa MNac:aa N1cMn0 NCc1ua NCc1ua 0n rnca1s ncnus dnac:aa 01c1Nu dnac:aa dnNcnC1 7FKLHYHG BRQH
uNM MN0caM: MN0caM: N1cMnd NCcC1d NCcC1d 0n ncnds rncdus dnNcaM: 01c:N: dnNcaM: dnNcunN 7FKLHYHG BRQH
uun MuNcM:0 MuNcM:0 N1cMn0 NCcCnd NCcCnd 0n nca0s rncNds dnNcM:0 00cduC dnNcM:0 dnNc1ua 7FKLHYHG BRQH
uuM Mu0c:aa Mu0c:aa N1cMa: NCcMNd NCcMNd 0n ncMCs rncu1s dnNc:aa 00cNuu dnNc:aa dnucnCC 7FKLHYHG BRQH
uMn MMucaa MMucaa N1cMCu NCcuCd NCcuCd 0n nc0Ns rncCas dnucaa 00cMaM dnucaa dnucNCu 7FKLHYHG BRQH
uMM MM:cu:d MM:cu:d N1cCnN NCcN:a NCcN:a 0n dcdns rnc1Cs dnucu:d 00cC: dnucu:d dnucCNu 7FKLHYHG BRQH
uCn MCuc1dC MCuc1dC N1cCMd NCcNNa NCcNNa 0n dcdNs rnc01s dnuc1dC 00c0a1 dnuc1dC dnuc0C 7FKLHYHG BRQH
uCM MC:c00: MC:c00: N1cC:: NCca0a NCca0a 0n dcdNs rnc:Ms dnuc00: 00c:Nd dnuc00: dnMcnNN 7FKLHYHG BRQH
u1n M1Mcnn0 M1Mcnn0 N1c1uC NCcaud NCcaud 0n dcdNs rdcnds dnMcnn0 0:cnnN dnMcnn0 dnMcdMd 7FKLHYHG BRQH
u1M M0ncn1a M0ncn1a N1c1:a NCcad NCcad 0n dcnns rdcnus dnMcn1a 0:cnua dnMcn1a dnMcadC 7FKLHYHG BRQH
u0n M0Mcn0a M0Mcn0a N1c0a0 NCcd00 NCcd00 0n nc1:s rdcnus dnMcn0a 0:cnu0 dnMcn0a dnMcaaC 7FKLHYHG BRQH
u0M M:ncnN0 M:ncnN0 N1c0Mu NCcd1N NCcd1N 0n ncM:s rdcnas dnMcnN0 0:cnad dnMcnN0 dnMcd0N 7FKLHYHG BRQH
u:n M:uc:N: M:uc:N: N1c0C: NCcdC1 NCcdC1 0n ncN:s rnc:0s dnuc:N: 00c:Cd dnuc:N: dnMcn0C 7FKLHYHG BRQH
u:M M::c10C M::c10C N1c01M NCcd1 NCcd1 0n ncd0s rnc:ns dnuc10C 00c0C: dnuc10C dnuc:Nu 7FKLHYHG BRQH
Mnn CnucM0 CnucM0 N1c01 NCcd0 NCcd0 0n rncnas rnc0ns dnucM0 00c1uu dnucM0 dnuc1a 7FKLHYHG BRQH
MnM Cn:cNu Cn:cNu N1c0Cu NCcd:: NCcd:: 0n rncaNs rncC0s dnucNu 00cM:0 dnucNu dnucu1N 7FKLHYHG BRQH
Mdn Cducn11 Cducn11 N1c0u1 NCcaau NCcaau 0n rncuNs rncMMs dnucn11 00cuN: dnucn11 dnucanM 7FKLHYHG BRQH
MdM Cd0c1:N Cd0c1:N N1c0ad NCcaM0 NCcaM0 0n rncCus rncuds dnNc1:N 00caCC dnNc1:N dnNc:dM 7FKLHYHG BRQH
Man CaNcMnu CaNcMnu N1c10u NCca:N NCca:N 0n rnc0us rncaCs dnNcMnu 00cn: dnNcMnu dnNcCaa 7FKLHYHG BRQH
MaM Ca0cad0 Ca0cad0 N1c1N1 NCcNa: NCcNa: 0n rdcnus rncdas dnNcad0 01c:dM dnNcad0 dnNcNNa 7FKLHYHG BRQH
MNn CNac:u1 CNac:u1 N1cC0 NCcNCu NCcNCu 0n rdcaMs ncnas dnac:u1 01c1u: dnac:u1 dnNcnM1 7FKLHYHG BRQH
MNM CN1c1nd CN1c1nd N1cCdu NCcu NCcu 0n rdcNas ncdMs dnac1nd 01cM:0 dnac1nd dnac0n0 7FKLHYHG BRQH
Mun Cuacu0d Cuacu0d N1cMu0 NCcuNC NCcuNC 0n rdcNas ncaCs dnacu0d 01cuCN dnacu0d dnacM0u 7FKLHYHG BRQH
MuM Cu1cN Cu1cN N1cu0a NCcuC0 NCcuC0 0n rdcNas ncNCs dnacN 01cNMa dnacN dnacN:: 7FKLHYHG BRQH
MMn CMacdCN CMacdCN N1cud1 NCcu:u NCcu:u 0n rdcNas ncuNs dnacdCN 01caC1 dnacdCN dnacaMC 7FKLHYHG BRQH
MMM CM1cnC0 CM1cnC0 N1cNMd NCcMdN NCcMdN 0n rdcNas ncu0s dnacnC0 01can: dnacnC0 dnacdMC 7FKLHYHG BRQH
MCn CCacndC CCacndC N1ca0C NCcMau NCcMau 0n rdcaas ncMds dnacndC 01cd11 dnacndC dnacn:1 7FKLHYHG BRQH
MCM CC1cnn1 CC1cnn1 N1caa: NCcMa: NCcMa: 0n rdcnMs ncMds dnacnn1 01cd1d dnacnn1 dnacn0 7FKLHYHG BRQH
M1n C1acnu C1acnu N1cd0d NCcMa1 NCcMa1 0n rnc00s ncMns dnacnu 01cd:d dnacnu dnacdnu 7FKLHYHG BRQH
M1M C11cddM C11cddM N1cdud NCcMd1 NCcMd1 0n rnc1ds ncuCs dnacddM 01caN0 dnacddM dnacd1 7FKLHYHG BRQH
M0n C0acaNN C0acaNN N1cdd NCcM NCcM 0n rncMNs ncN:s dnacaNN 01cNd dnacaNN dnaca10 7FKLHYHG BRQH
M0M C01cN:u C01cN:u N1cn00 NCcu1u NCcu1u 0n rncNCs ncNds dnacN:u 01cud dnacN:u dnacua0 7FKLHYHG BRQH
M:n C:acM01 C:acM01 N1cn1N NCcuu NCcuu 0n rncd:s ncads dnacM01 01cMa0 dnacM01 dnacCn: 7FKLHYHG BRQH
M:M C:1c0 C:1c0 N1cnC1 NCcN:0 NCcN:0 0n rncnas ncdns dnac0 01cCM: dnac0 dnac0dd 7FKLHYHG BRQH
Cnn 1nNcnNu 1nNcnNu N1cn1 NCcNM NCcNM 0n ncdCs rncnas dnNcnNu 01c0na dnNcnNu dnNcnNu 7FKLHYHG BRQH
CnM 1n0ca1M 1n0ca1M N1cn0d NCca:0 NCca:0 0n ncNNs rncdMs dnNca1M 01c:u: dnNca1M dnNca1M 7FKLHYHG BRQH
Cdn 1dNcMd1 1dNcMd1 N1cdnd NCcauM NCcauM 0n ncMns rnca1s dnNcMd1 00cn:1 dnNcMd1 dnNcMd1 7FKLHYHG BRQH
CdM 1d0c1u: 1d0c1u: N1cdN NCcd:N NCcd:N 0n ncC1s rncN:s dnNc1u: 00caN: dnNc1u: dnNc1u: 7FKLHYHG BRQH
Can 1aNc:Ca 1aNc:Ca N1cdC1 NCcdud NCcdud 0n nc1Ms rncu:s dnNc:Ca 00cNC: dnNc:Ca dnNc:Ca 7FKLHYHG BRQH
CaM 1a:cdMC 1a:cdMC N1canu NCcn0: NCcn0: 0n nc1Ms rncM:s dnucdMC 00cu01 dnucdMC dnucdMC 7FKLHYHG BRQH
CNn 1NucNNd 1NucNNd N1caua NCcnN1 NCcnN1 0n nc1Ms rncC0s dnucNNd 00cM:N dnucNNd dnucNNd 7FKLHYHG BRQH
CNM 1N:cu0M 1N:cu0M N1ca0 NMc:0C NMc:0C 0n nc1Ms rnc1Ms dnucu0M 00cC0C dnucu0M dnucu0d 7FKLHYHG BRQH
Cun 1uucCd: 1uucCd: N1cNd1 NMc:NM NMc:NM 0n nc1Ms rnc0as dnucCd: 00c1C0 dnucCd: dnucCn: 7FKLHYHG BRQH
CuM 1u:c1NN 1u:c1NN N1cNMN NMc00u NMc00u 0n ncC1s rnc01s dnuc1NN 00c0N1 dnuc1NN dnuc1dC 7FKLHYHG BRQH
CMn 1Muc0aC 1Muc0aC N1cN0N NMc0NN NMc0NN 0n ncMas rnc:as dnuc0aC 00c0:N dnuc0aC dnuc0nN 7FKLHYHG BRQH
CMM 1M:c0:0 1M:c0:0 N1cunC NMc10a NMc10a 0n ncN0s rnc:Cs dnuc0:0 00c:N1 dnuc0:0 dnuc0C0 7FKLHYHG BRQH
CCn 1Cuc:u: 1Cuc:u: N1cuad NMc1Na NMc1Na 0n ncaNs rnc:0s dnuc:u: 00c:C1 dnuc:u: dnuc:dN 7FKLHYHG BRQH
CCM 1C:c:1: 1C:c:1: N1cua: NMcC0d NMcC0d 0n ncn0s rnc::s dnuc:1: 00c:0C dnuc:1: dnuc:NC 7FKLHYHG BRQH
C1n 11uc:00 11uc:00 N1cua: NMcCNd NMcCNd 0n rncnCs rdcnns dnuc:00 00c::d dnuc:00 dnuc:N0 7FKLHYHG BRQH
C1M 11:c:00 11:c:00 N1cuaa NMcM0d NMcM0d 0n rncads rdcnns dnuc:00 00c::d dnuc:00 dnuc:Nd 7FKLHYHG BRQH
C0n 10uc:00 10uc:00 N1cun0 NMcMNa NMcMNa 0n rncNMs rdcnns dnuc:00 00c::d dnuc:00 dnuc:aN 7FKLHYHG BRQH
C0M 10:c:00 10:c:00 N1cN01 NMcu0a NMcu0a 0n rncMns rdcnns dnuc:00 00c::d dnuc:00 dnuc:dC 7FKLHYHG BRQH
C:n 1:uc:00 1:uc:00 N1cNM: NMcuNa NMcuNa 0n rncCMs rdcnns dnuc:00 00c::d dnuc:00 dnuc:n0 7FKLHYHG BRQH
C:M 1::c:1: 1::c:1: N1cNaN NMcN00 NMcN00 0n rnc1:s rnc::s dnuc:1: 00c:0C dnuc:1: dnuc0:d 7FKLHYHG BRQH
1nn 0nuc:ud 0nuc:ud N1ca1: NMcNMu NMcNMu 0n rnc:us rnc:0s dnuc:ud 00c:CN dnuc:ud dnuc0uM 7FKLHYHG BRQH
1nM 0n:c01a 0n:c01a N1caN NMcNNa NMcNNa 0n rdcnns rnc:us dnuc01a 00c:ad dnuc01a dnuc1C0 7FKLHYHG BRQH
1dn 0duc11a 0duc11a N1cd0 NMcNd: NMcNd: 0n rdcnns rnc0:s dnuc11a 00c0C dnuc11a dnucCCd 7FKLHYHG BRQH
1dM 0d:cCua 0d:cCua N1cdN NMcNd1 NMcNd1 0n rdcnns rnc0Ns dnucCua 00c10a dnucCua dnucMaN 7FKLHYHG BRQH
1an 0aucu0a 0aucu0a N1cn0 NMcNaM NMcNaM 0n rdcnns rnc1Ms dnucu0a 00cC0M dnucu0a dnucNMC 7FKLHYHG BRQH
1aM 0a:ca:N 0a:ca:N N1cnNd NMcNuN NMcNuN 0n rdcnns rncCCs dnuca:N 00cM1 dnuca:N dnucdC 7FKLHYHG BRQH
1Nn 0Nucn1M 0Nucn1M NCc:0d NMcN1d NMcN1d 0n rdcnns rncMMs dnucn1M 00cuN1 dnucn1M dnNc:NM 7FKLHYHG BRQH
1NM 0N0c0a: 0N0c0a: NCc:Nd NMcun0 NMcun0 0n rdcnns rncuNs dnNc0a: 00ca01 dnNc0a: dnNcC0N 7FKLHYHG BRQH
1un 0uNcMMu 0uNcMMu NCc00d NMcuMN NMcuMN 0n rdcnns rnca:s dnNcMMu 00cda dnNcMMu dnNcun0 7FKLHYHG BRQH
1uM 0u0caMN 0u0caMN NCc0Nd NMcMn: NMcMn: 0n rdcnns rncdNs dnNcaMN 01c:NC dnNcaMN dnNcddN 7FKLHYHG BRQH
1Mn 0Mac:aM 0Mac:aM NCc10d NMcM0d NMcM0d 0n rdcnns ncnNs dnac:aM 01c1NM dnac:aM dnac1:a 7FKLHYHG BRQH
1MM 0M1cM1d 0M1cM1d NCc1Nd NMcCM1 NMcCM1 0n rdcnns ncaas dnacM1d 01cMd0 dnacM1d dnacuuC 7FKLHYHG BRQH
1Cn 0Cacd:a 0Cacd:a NCcC0d NMc1u0 NMc1u0 0n rdcnns ncuas dnacd:a 01ca0M dnacd:a dnacn1M 7FKLHYHG BRQH
1CM 0CCc1:u 0CCc1:u NCcCNd NMc0M NMc0M 0n rdcnns ncCNs dndc1:u 01cnu dndc1:u dndcC0u 7FKLHYHG BRQH
11n 01dcN:1 01dcN:1 NCcM0d NMc:MC NMc:MC 0n rdcnns nc0us dndcN:1 0Cc1:M dndcN:1 dndca:M 7FKLHYHG BRQH
11M 01CcnnM 01CcnnM NCcMNd NCcn1C NCcn1C 0n rdcnns dcnMs dndcnnM 0CcMMa dndcnnM dnnc:dd 7FKLHYHG BRQH
10n 00ncCd0 00ncCd0 NCcu0d NCcanN NCcanN 0n rdcnns dcaCs dnncCd0 0CcNdd dnncCd0 dnncMNa 7FKLHYHG BRQH



10M 00McaNM 00McaNM NCcuNd NCcNNC NCcNNC 0n rdcnns dcu0s dnncaNM 0Ccn1N dnncaNM dnncdMC 7FKLHYHG BRQH
1:n 00:c0MC 00:c0MC NCcN0a NCcu0a NCcu0a 0n rdcnns dcC:s ::c0MC 0Mc0N1 ::c0MC ::c10M 7FKLHYHG BRQH
1:M 0:ucu0d 0:ucu0d NCcNNa NCcCNC NCcCNC 0n rnc::s dc:ns ::cu0d 0McCna ::cu0d ::cud0 7FKLHYHG BRQH
0nn 0::cddd 0::cddd NCca00 NCc1:: NCc1:: 0n rnc10s acdds ::cddd 0McN1 ::cddd ::cnMC 7FKLHYHG BRQH
0nM :nNc1Ma :nNc1Ma NCcaMu NCc:1 NCc:1 0n rncMCs acNas :0c1Ma 0McduM :0c1Ma :0c1nu 7FKLHYHG BRQH
0dn :n0cuad :n0cuad NCcaNd N1cdu N1cdu 0n rncNMs acMas :0cuad 0uc:N1 :0cuad :0cN:d 7FKLHYHG BRQH
0dM :dNcdd: :dNcdd: NCcad: N1cNdd N1cNdd 0n rncdus acC:s :0cdd: 0uc1uC :0cdd: :0cdd 7FKLHYHG BRQH
0an :d1c0uM :d1c0uM NCcad0 N1cu0N N1cu0N 0n ncn0s ac0Cs :1c0uM 0ucM1N :1c0uM :1c0MC 7FKLHYHG BRQH
0aM :aacM:0 :aacM:0 NCcaa1 N1cCM1 N1cCM1 0n nca:s Ncnds :1cM:0 0ucudC :1cM:0 :1cCa0 7FKLHYHG BRQH
0Nn :a1cN11 :a1cN11 NCcauC N1c0NN N1c0NN 0n ncMns Ncdus :1cN11 0uca1C :1cN11 :1cuaM 7FKLHYHG BRQH
0NM :Nacd0a :Nacd0a NCca1C N0cnn: N0cnn: 0n nc1ds NcaCs :1cd0a 0ucdMa :1cd0a :1cau1 7FKLHYHG BRQH
0un :N1cndN :N1cndN NCcNd1 N0cd01 N0cd01 0n nc:as NcNCs :1cndN 0ucnuM :1cndN :1cn:N 7FKLHYHG BRQH
0uM :udc00d :udc00d NCcNC: N0cNCC N0cNCC 0n dcdus Ncuus :Cc00d 0Nc:Cd :Cc00d :Cc:1a 7FKLHYHG BRQH
0Mn :uCc1: :uCc1: NCcuNd N0cMuN N0cMuN 0n dcNMs NcMns :Cc1: 0Nc:nN :Cc1: :Cc001 7FKLHYHG BRQH
0MM :Mdc1N0 :Mdc1N0 NCcMdN N0c1du N0c1du 0n dcMCs NcMNs :Cc1N0 0Nc01 :Cc1N0 :Cc0u 7FKLHYHG BRQH
0Cn :MCc1aM :MCc1aM NCcCnC N0c00d N0c00d 0n dc11s NcMus :Cc1aM 0Nc0Ca :Cc1aM :Cc0Nd 7FKLHYHG BRQH
0CM :Cdc1MN :Cdc1MN NCc1n: N:cnua N:cnua 0n dc::s NcMas :Cc1MN 0Nc01: :Cc1MN :Cc0Cd 7FKLHYHG BRQH
01n :CCc0d: :CCc0d: NCc0aN N:cd:0 N:cd:0 0n acans Ncu0s :Cc0d: 0Nc:aa :Cc0d: :Cc:N 7FKLHYHG BRQH
01M :1dc:aa :1dc:aa NCc:u0 N:cNu1 N:cNu1 0n acuds Ncuas :Cc:aa 0Nc:01 :Cc:aa :1cnNM 7FKLHYHG BRQH
00n :11cnuu :11cnuu N1cn0N N:cu: N:cu: 0n acCas NcNus :1cnuu 0ucnCM :1cnuu :1cdM0 7FKLHYHG BRQH
00M :0acd0d :0acd0d N1caa: N:cCaC N:cCaC 0n ac0us NcaCs :1cd0d 0ucdMa :1cd0d :1ca:: 7FKLHYHG BRQH
0:n :01cNNM :01cNNM N1cN0C N:c1MC N:c1MC 0n NcnMs Ncd1s :1cNNM 0ucaM :1cNNM :1cuM1 7FKLHYHG BRQH
0:M ::acMnM ::acMnM N1cMMa N:c010 N:c010 0n NcaCs NcnCs :1cMnM 0ucNM0 :1cMnM :1cCNa 7FKLHYHG BRQH
:nn ::1cC:N ::1cC:N N1c1a: N:c::u N:c::u 0n Ncu1s ac:Ms :1cC:N 0ucu1C :1cC:N :1c0au 7FKLHYHG BRQH
:nM dnnac0:1 dnnac0:1 N1c:dM uncdna uncdna 0n NcC1s ac0Ns :1c0:1 0ucCnM :1c0:1 :0cnN1 7FKLHYHG BRQH
:dn dnn0cdd: dnn0cdd: N0cn:0 uncanu uncanu 0n NcC1s acC:s :0cdd: 0uc1uM :0cdd: :0caMu 7FKLHYHG BRQH
:dM dndNcNu0 dndNcNu0 N0ca0 unca:0 unca:0 0n NcC1s acMCs :0cNu0 0uc0: :0cNu0 :0cu11 7FKLHYHG BRQH
:an dnd0cM0 dnd0cM0 N0cuCa uncN0M uncN0M 0n NcC1s acuas :0cM0 0McnNC :0cM0 :0c1nN 7FKLHYHG BRQH
:aM dnu1cdCd dnu1cdCd N0cCuC unc1a: unc1a: :n NcC1s dc0:s daacdCd dnucM00 daacdCd daacd:N 7FKLHYHG BRQH
:Nn dnMacuCu dnMacuCu N0c0a: unc1C0 unc1C0 :n NcC1s dc1Cs daacuCu dnuc111 daacuCu daacu:M 7FKLHYHG BRQH
:NM dnM1c1C: dnM1c1C: N:cndN unc1:: unc1:: :n NcC1s dcCas daac1C: dnuc:C0 daac1C: daac1:0 7FKLHYHG BRQH
:un dnCNcn11 dnCNcn11 N:cd:1 unc0aN unc0aN :n NcC1s dcu0s daNcn11 dnMcdC daNcn11 daNcdnu 7FKLHYHG BRQH
:uM dnC0cN01 dnC0cN01 N:cN1: unc0u unc0u :n NcM:s dcNMs daNcN01 dnMcNMN daNcN01 daNcuda 7FKLHYHG BRQH
:Mn dn1NcC:: dn1NcC:: N:cMMM unc0u0 unc0u0 :n NcuCs dcads daNcC:: dnMcMu1 daNcC:: daNc1aN 7FKLHYHG BRQH
:MM dn1:cndN dn1:cndN N:c1aM unc0u: unc0u: :n NcNas dcn0s daucndN dnMc1ua daucndN daucnNM 7FKLHYHG BRQH
:Cn dn0ucNN dn0ucNN N:c001 unc0uN unc0uN :n Ncd0s nc:us daucNN dnMc:N0 daucNN daucNM 7FKLHYHG BRQH
:CM dn0:cCu: dn0:cCu: uncnuN unc0a0 unc0a0 :n NcnMs nc0ns daucCu: dnCcdNC daucCu: daucCC1 7FKLHYHG BRQH
:1n dn:uc:1 dn:uc:1 uncd:a unc0nC unc0nC :n ac:ds ncC1s dauc:1 dnCcNNu dauc:1 dauc:01 7FKLHYHG BRQH
:1M ddnnca:u ddnnca:u uncNNu unc11C unc11C :n ac10s ncMNs daMca:u dnCcMNu daMca:u daMcNn: 7FKLHYHG BRQH
:0n ddnMcCa ddnMcCa uncuC: unc1N: unc1N: :n acCus ncuns daMcCa dnCc1NM daMcCa daMcCNN 7FKLHYHG BRQH
:0M dddnc:u: dddnc:u: uncM:0 uncC:M uncC:M :n acMns ncaCs daMc:u: dnCc:N1 daMc:u: daMc:CC 7FKLHYHG BRQH
::n dddCca0 dddCca0 unc1a uncCuN uncCuN :n acN1s ncdas daCca0 dn1cdu daCca0 daCcNna 7FKLHYHG BRQH
::M ddadcCdu ddadcCdu unc0NM uncM0u uncM0u :n acaNs rncnds daCcCdu dn1cNuM daCcCdu daCcCN1 7FKLHYHG BRQH
dnnn ddaCc:M ddaCc:M unc:uN uncMd1 uncMd1 :n acdns rncdMs daCc:M dn1cMM daCc:M daCc:CC 7FKLHYHG BRQH
dnnM ddNaca0: ddNaca0: udcnuu uncuuN uncuuN :n dc:Cs rnca:s da1ca0: dn1c1M1 da1ca0: da1cNnN 7FKLHYHG BRQH
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TERM DESCRIPTION 
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TERM DESCRIPTION 

WOL Whole of Life 

Workflow Sequence of tasks or activities 

WSO Co Westlink M7 Operator 
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1 INTRODUCTION 

1.1 Project description 

The Richmond Road Upgrade (M7 to Townson Road) (RRM7 or the Project) is a critical infrastructure initiative 
designed to support the rapid growth of Sydney's North West Growth Area (NWGA). The NWGA is a planned 
development encompassing approximately 10,000 hectares and projected to house 250,000 people across 90,000 
homes. This growth necessitates significant upgrades to the existing road network to accommodate increased traffic 
and freight demands. 

Richmond Road serves as a vital arterial route connecting Blacktown through Marsden Park Industrial Precincts 
within the NWGA towards Windsor. While previous stages of the Richmond Road upgrade have been completed, 
further improvements are essential to address growing congestion and ensure future capacity. 

The NSW Government, recognising the need for enhanced connectivity and improved traffic flow, has prioritised this 
project to achieve several key objectives:  
◼ Easing congestion and improving travel times 

◼ Enhancing traffic flow through key intersections 

◼ Bolstering safety for all road users  

◼ Improving connectivity between residential, commercial, and employment hubs  

◼ Supporting pedestrian and cyclist safety through new shared paths.  

These improvements will contribute to greater freight efficiency and support economic growth in the region. Key 
upgrades include modifications to the M7 Motorway ramp, additional lanes on Richmond Road, and intersection 
upgrades at various locations, including Rooty Hill Road North. 

The project is divided into two separable portions: 
◼ Portion 1 (Northern Section): This section extends from just North of the Townson Road junction to south of the 

intersection with Alderton and Langford Drives. It includes widening Richmond Road from four to six lanes. 
Construction will commence in October 2025 and will be complete by December 2026 

◼ Portion 2 (Southern Section): This section will focus on the construction of a flyover exit ramp from the M7 which 
crosses over Rooty Hill Road North, the construction of a new road/ pedestrian and bikeway bridge over Bells 
Creek and the widening of Richmond Road from four to six lanes. It will incorporate additional turning lanes at 
the Rooty Hill Road junction and will join the southern point of Portion 1. Construction is expected to begin mid-
2026 and will be complete before the end of 2028. 

In February 2025 TfNSW released a RFT for the Design and Construction of the Project. Gamuda Engineering 
Australia DT Infrastructure Joint Venture (GEA DTI JV) and Aurecon were the successful parties, and TfNSW 
executed the contract with GEA DTI JV on 23 October 2025.  

An overview of the Project is provided in Figure 1-1. 



 RW01 – ROADWORKS - PORTION 2 
(SOUTHERN SECTION) - DESIGN REPORT 

RRM7-GEDT-0537-RW-RPT-
010001 

 

Richmond Road Upgrade (M7 to Townson Road) Revision A | 13 February 2026 Page 10 of 78 

 

 
Figure 1-1: Project site overview 
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The Project comprises approximately 2.2 km of Main Carriageway between M7 Motorway and Towson Road in 
Marsden Park. The cross section consists of a six lane carriageway with three lanes in each direction excluding any 
auxiliary lanes. 

The key features of the project include the following: 
◼ Upgrade of Richmond Road between the M7 Motorway and Townson Road to six lanes (three lanes in each 

direction). This would include:  

− Road widening between the M7 Motorway and the Alderton Drive / Langford Drive intersection including a 
new bridge structure over Bells Creek 

− Widening into the median from the Alderton Drive / Langford Drive intersection to about 250 metres north of 
the Hollinsworth Road / Townson Road intersection 

◼ Building a new flyover bridge from the M7 Motorway Rooty Hill Road North exit ramp to Richmond Road 
northbound to allow road users to bypass two sets of traffic lights, reducing congestion and queuing onto the 
motorway allowing uninterrupted flow of traffic 

◼ Upgrades to the intersection of Richmond Road, Hollinsworth Road and Townson Road including:  

− Additional northbound through lane along Richmond Road (providing three through lanes towards 
Richmond) 

− Additional dedicated right turn lane from Richmond Road southbound onto Hollinsworth Road 

− New left turn slip lane from Hollinsworth Road onto Richmond Road including a pedestrian island and 
crossing 

− Staged pedestrian crossings across Richmond Road on the north and south sides of the intersection, with a 
pedestrian refuge in the median. 

◼ Upgrades to the intersection of Richmond Road, Langford Drive and Alderton Drive including:  

− Additional northbound and southbound through lanes along Richmond Road (providing three through lanes 
in both directions) 

− Staged pedestrian crossings across Richmond Road on the north and south sides of the intersection, with a 
pedestrian refuge in the median. 

◼ Upgrades to the intersection of Richmond Road, Rooty Hill Road North and the M7 Motorway ramps including:  

− Two dedicated lanes on Richmond Road heading onto the M7 Motorway (southbound entry ramp)  

− Two dedicated southbound through lanes on Richmond Road (towards Blacktown) 

− Additional right turn lane from Richmond Road southbound onto Rooty Hill Road North (providing two 
dedicated right turn lanes onto Rooty Hill Road North)  

− Relocation of the existing pedestrian crossing on Richmond Road approximately 160 metres south. This 
would be a new staged pedestrian crossing across Richmond Road, with a pedestrian refuge in the median 
at the intersection of Richmond Road and the M7 Motorway southbound entry ramp. 

◼ Building a new concrete bridge structure over Bells Creek for the northbound carriageway. This would include: 

− Three northbound travel lanes 

− A shared pedestrian and bike path on the western side, which replaces the existing boardwalk bridge next to 
the northbound Richmond Road carriageway 

◼ Upgrade works on the existing Bells Creek Bridge which becomes the southbound carriageway of Richmond 
Road 
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◼ Shifting the existing pedestrian and bike path on the western side of Richmond Road to be further west 

◼ Continuing to improve public transport by maintaining the dedicated bus lanes at the intersections. 

◼ Drainage and water quality structures including:  

− Adjustments to the pits and pipes of the existing stormwater network  

− New water quality basin on the east side of Richmond Road 

− Open flooding channel on the eastern side of Richmond Road roughly between the M7 Motorway 
northbound on-ramp and Bells Creek for flood mitigation purposes. 

◼ Roadside furniture including safety barriers, signage, line marking, lighting and fencing. 

◼ Earthwork cutting, embankments and retaining walls to accommodate the widened road alignment, flyover 
bridge and open flooding channel. 

◼ Modified formal access to properties along the upgraded sections of Richmond Road. 

◼ Property acquisition including full acquisition of one property and partial acquisition of two properties. 

◼ Rehabilitation of disturbed areas and landscaping. 

◼ Establishment and use of three temporary ancillary facilities during construction. 

The project alignment generally runs from south to north and consequently the carriageways are identified as 
northbound and southbound carriageways. For consistency across the Project, a convention has been adopted to 
name features on the nearside shoulder of the northbound carriageway as being on the western side of the 
alignment. Similarly, features on the nearside shoulder of the southbound carriageway are referred to as being on 
the eastern side of the alignment. 

1.2 Description of design package 
The purpose of this report is to document the Developed Concept Design (DCD) for Roadworks - Portion 2 
(Southern Section), RRM7-GEDT-0537-RW-RPT-010001. 

This package includes the following information, specific to the elements of construction: 
◼ Road Geometry and Alignment 

◼ Earthworks design 

◼ Provide background information to support the development of the civil design for the Project 

1.3 Scope of design package 
The report demonstrates how the requirements of the Head Contract and the Scope of Works and Technical 
Criteria (SWTC) have been met for this design package. Specifically, this design report provides the following 
information in relation to this design package: 
◼ Basis of design 

◼ Design details 

◼ Safety-in-design 

◼ Constructability considerations 

◼ Operation and maintenance considerations 

◼ Durability requirements 

◼ Compliance 

◼ Environment 
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◼ Sustainability 

◼ Items for resolution. 

1.4 Design submission stage 
This report identifies certain aspects of the design development at each submission stage as required by SWTC 
Appendix C.2, Clause 2.2 (d). 

The submission stages are as follows: 
◼ Developed Concept Design (DCD) 

− The Developed Concept Design Stage is the developed Design Documentation for any discrete element or 
part thereof and is the stage at which the Concept Design has been developed to fully define the project 
systems, ensure integration with adjoining design elements, adjacent infrastructure interfaces and between 
associated design disciplines. The Developed Concept Design Stage is the stage at which design will not 
materially change in relation to the concept and general details that have been developed since the Concept 
Design 

◼ Substantial Detailed Design (SDD) 

− The Substantial Detailed Design Stage is the fully developed design including proprietary engineering or 
systems solutions, which includes all the design standards, design reports, specifications, models, 
calculations and drawings for each design element of the relevant Design Package, and is the stage at which 
the final design analysis, design details and drawings demonstrate compliance with and satisfaction of all the 
requirements of the Contract as well as draft O&M requirements for each design element of the relevant 
Design Package 

◼ Final Design Documentation (FDD) 

− The Final Design Documentation Stage is the final completed integrated and verified design including 
proprietary engineering solutions, which includes all the design standards and completed design reports 
including proof engineer’s report, specifications, models and calculations, design drawings, Inspection and 
Test Plans and Verification Checklists and final O&M requirements for each design element of the relevant 
Design Package. 

◼ Issued for Construction (IFC) 

− The Issued for Construction Design Documentation is the design which the Contractor is entitled to use for 
construction purposes and incorporates minor amendments to the Final Design Documentation, verified by 
the Independent Certifier (IC), to address any comments of conditions noted in the IC’s signed document  

The design is currently at the Developed Concept Design (DCD) stage. Future submissions will include: 
◼ Substantial Detailed Design (SDD) 

◼ Final Design Documentation (FDD) 

◼ Issued for Construction (IFC) 

1.5 Design submission stage 
The deliverables of this package include the following: 
◼ Design Report (this report) 

◼ Drawings as listed in Appendix A 

This report should be read in conjunction with the deliverables and drawings listed Appendix A 
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2 DESIGN DEVELOPMENT 

2.1 Design criteria 
The DCD submission of the Roadworks - Portion 2 (Southern Section) (RRM7-GEDT-0537-RW-RPT-010001) 
meets the requirements of the Head Contract, Scope of Works & Technical Criteria (SWTC) and associated 
documents, except as noted in section 3.4. 

2.1.1 Function and performance criteria 

The following connectivity and intersection and interchange performance requirements must be met for the Project, 
in accordance with SWTC Appendix B.2 Table B.2-5B. 
Table 2-1: Minimum connectivity and intersection and interchange performance requirements 

LOCATION MINIMUM CONNECTIVITY REQUIREMENTS  

Richmond Road 
Northbound MC10 

◼ Adjust and upgrade the left turn slip Lanes from Richmond Road into Westlink M7 
Southbound On-Ramp and Rooty Hill Road North and the right turn Lane from Richmond 
Road into Westlink M7 Northbound On-Ramp to accommodate Richmond Road and ramps 
modifications  

◼ Two (2) through Lanes from the southern limit of works Chainage (Ch) 0 to Ch 700 

◼ Three (3) through Lanes from Ch 700 where the Rooty Hill Road North flyover joins the 
Main Carriageway, to Ch 1182 (start of Portion 1).   

Richmond Road 
Southbound MC20 

◼ Two (2) through Lanes from southern limit of works to Ch 230  

◼ Two (2) right turn Lanes, departure side of the intersection with Rooty Hill Road North  

◼ Four (4) through Lanes from Ch 280 to Ch 900  

◼ Two (2) right turn Lanes, approach side of the intersection with Rooty Hill Road North  

◼ A single left slip turn Lane, approach side of the intersection with M7 Northbound On-Ramp  

◼ Three through Lanes from Ch 900 to Ch 1182 (Start of Portion 1) 

Rooty Hill Road North 
Flyover MC70 

A single Lane including the diverge from Westlink M7 off Ramp to the proposed single Lane 
Flyover, and the merge with Richmond Road Northbound MC10 around Ch 700 

Westlink M7 Northbound 
Off-Ramp MCB0 

Existing turning Lane arrangements maintained. Augmented to accommodate proposed ramp 
modifications 

Westlink M7 Southbound 
On-Ramp MCD0 

Existing turning Lane arrangements maintained. Augmented to accommodate proposed ramp 
modifications 

Westlink M7 Northbound 
On-Ramp MCC0 

Existing turning Lane arrangements maintained. Augmented to accommodate proposed ramp 
modifications 

Westlink M7 Southbound 
Off-Ramp MCA0 

Existing turning Lane arrangements maintained. Augmented to accommodate proposed ramp 
modifications 

Rooty Hill Road North 
MCC0 

Existing through Lane arrangements maintained. Augmented to accommodate proposed ramp 
modifications. 
Lane, shoulder and median widths to be as per existing conditions.  

 

2.1.2 Design vehicles 

The following design and check vehicles have been adopted for the Project in accordance with SWTC Appendix 
B.2 Table B.2-2. 
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Table 2-2: Design and Check Vehicles 

LOCATION DESIGN VEHICLE CHECK VEHICLE 

Main Carriageway and Ramps 
◼ Intersection of Richmond Road and Rooty Hill Road North 

◼ Intersection of Richmond Road and M7 Motorway On Ramps 

◼ Intersection of Richmond Road and M7 Motorway Exit Ramp 

◼ Intersection of Westlink M7 off ramp and Rooty Hill North 

Level 2 PBS  
= 26.0m B-Double vehicle 

Level 3 PBS   
= Austroads 36.2m 
A-Double (Type 1) 

Main Carriageway and Intersections 
◼ Intersection of Richmond Road with Rooty Hill Road North 

Level 2 PBS  
= 26.0m B-Double vehicle 

Level 3 PBS   
= Austroads 36.2m 
A-Double (Type 1) 

Colebee Yard access Level 1 PBS = 19m Prime 
mover and semi-trailer 

Level 2 PBS  
= 26.0m B-Double 
vehicle 

The turn paths on intersections are to cater for the movements of the design and check vehicles nominated in 
above. 

For dual right turns, a combination of a 5.2m passenger car and the nominated design vehicles in table B.2-2 must 
be used. The 5.2m passenger car must turn from the right most Lane of the dual right turn, in accordance with 
SWTC Appendix B.2 Clause 2.2 (b). 

Refer Appendix H for turn paths. 

2.1.3 Design speeds and posted speeds 

The following design and posted speeds were adopted for the Project in accordance with SWTC Appendix B.2 
Table B.2-1B 
Table 2-3: Design and posted speeds 

LOCATION POSTED SPEED (KM/H) DESIGN SPEED (KM/H) 

Main Carriageway 
◼ Richmond Road Northbound MC10 CH000 to CH1182 

◼ Richmond Road Southbound MC20 CH000 to CH1167 

 
70 

 
80 (CH0 to CH925) 
90 (CH925 to CH0 of 
MC10 Portion 1) 
 

Main Carriageway Ramps and Local Roads 
◼ Rooty Hill Road North Flyover MC70 CH000 to CH490 

◼ Rooty Hill Road North Flyover MC70 CH490 onwards 

◼ Westlink M7 off Ramp to Rooty Hill Road North MCB0 

◼ Westlink M7 Southbound On-Ramp MCD0 

◼ Westlink M7 Northbound On-Ramp 

◼ Westlink M7 Southbound Off-Ramp 

◼ Rooty Hill Road North  

 

60 

70 

60 

70 

60 

60 

60 

 

80 

80 

70 

80 

70 

70 

70 

 

Merges and diverges must have a minimum design speed that are the same as the minimum design speed 
specified for the respective adjoining Carriageway, in accordance with SWTC Appendix B.2 Clause 2.1 (b). 
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2.1.4 Horizontal and vertical geometry 

The following design criteria have been adopted in accordance with the SWTC Appendix B.2 and AGRD Part 3 
(2021) (excluding geometry of existing roads which will be maintained, as far as reasonably practicable). 
Table 2-4: Horizontal and vertical geometry 

DESIGN ELEMENT MAIN CARRIAGEWAY RAMPS DESIGN REFERENCE 

Minimum horizontal 
curve radius (3% 
superelevation) 

R266m (V80km/h) 
R399m (V90km/h) 

R266m (V80km/h) AGRD Part 3 (2021) Section 7.4.1 

Minimum horizontal 
adverse curve radius 
(3% crossfall) 

R660m (V80km/h) 
R1150m (V90km/h) 

R660m (V80km/h) AGRD Part 3 (2021) Table 7.12 

Minimum horizontal 
curve length 

R180m (V80km/h) 
R230m (V90km/h) 

R180m (V80km/h) AGRD Part 3 (2021) Table 7.7 

Compound curves 1:0.75 Ratio of large radius to small radius 
(at locations where approved by the Principal) 

Increasing radius compound curves on one-way 
carriageways are acceptable 

SWTC Appendix B.2 Clause 4.1 
(d)  

Reverse curves Tangent length between curves to be: 
Desirable minimum: V m 

Absolute minimum: 0.7V m 

AGRD Part 3 (2021) Section 7.5.3 

Broken back curves Tangent length between curves to be: 
Minimum: V m 

AGRD Part 3 (2021) Section 7.5.2 

Clearance to Site 
Boundary 

The minimum horizontal clearance from toe of formation 
or top of cutting to the Site or Local Area Works Area 

boundary for the Main Carriageways and ramps must be 
3.0 m, with the exception of the locations noted below: 
◼ northbound Main Carriageway adjacent to BNI site: 

1m (MC10 360 to 520); 

◼ northbound Main Carriageway at northern tie-in to 
Portion 1: 2.5m (CH 1040 to 1182 MC10) 1; and  

◼ southbound Main Carriageway at northern tie-in to 
Portion 1: CH 960 to 1050 MC20 1. 

SWTC Appendix B.2 Section 3.1 f) 
SWTC Appendix B.1 Table B.1-1 
Item A.34 

Minimum vertical 
clearance 

5.4m for road bridges SWTC Appendix B.2 Clause 3.2 
b) (ii) 
SWTC Appendix B.2 Table B.2-4 

Driver reaction time 2.0 (s), for design speed = V100 km/h 
1.5 (s), for design speed ≤ 90 km/h 

SWTC Appendix B.2 Clause 4.4 
(a) 

Minimum Crest “K” 
value 2 

K= 23.9 (V80 km/h) 
K= 35.5 (V90 km/h) 

K= 23.9 (V80 km/h) AGRD Part 3 (2021) Table 8.7 

Minimum length of 
crest “K” curves 

L=60m (V80 km/h) 
L=80m (V90 km/h) 

L=60m (V80 km/h) AGRD Part 3 (2021) Table 8.6 

Minimum Sag “K” 
Value 

K= 10 (V80 km/h, with 
streetlighting) 

K= 13 (V90 km/h, with 
streetlighting) 

K= 10 (V80 km/h, with 
streetlighting) 

K= 17 (V80 km/h, without 
streetlighting) 

AGRD Part 3 (2021) Figure 8.9 

Minimum length of 
sag “K” curves 

L=60m (V80 km/h) 
L=70m (V90 km/h) 

L=60m (V80 km/h) AGRD Part 3 (2021) Table 8.10 
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DESIGN ELEMENT MAIN CARRIAGEWAY RAMPS DESIGN REFERENCE 

Maximum longitudinal 
grade 

6% (V80 km/h) 
6% (V90 km/h) 

6% (downhill) 
5% (uphill) 

AGRD Part 3 (2021) Table 8.3 
SWTC Appendix B.2 Clause 4.2 
(a) (ii) 

Minimum longitudinal 
grade 

Roads with kerb and channel: 
▪ Desirable minimum: 1.0% 
▪ Absolute minimum: 0.5% 

 
Roads in cut: 

▪ Unlined drains: 0.5% 
▪ Lined drains: 0.3% 

 
Roads without kerb and channel and not in cut: 

▪ Absolute minimum: 0% 

AGRD Part 3 (2021) Table 8.5 

Radial acceleration Sum of the radial accelerations at the common tangent 
point does not exceed the tolerable allowance for riding 

comfort, a < 0.05 g m/sec2 

AGRD Part 3 (2021) Clause 8.6.6 

Notes: 
1 ‘Portion 1’ has been corrected from ‘Portion 2’ in SWTC Appendix B.1 Table B.1-1 Item A.34 
2 Minimum values do not consider impacts of grade correction 

2.1.5 Cross section development 

2.1.5.1 Main Carriageway 

The following minimum design criteria have been adopted for the Main Carriageway in accordance with SWTC 
Appendix B.2 Table B.2-3. 
Table 2-5: Main Carriageway minimum design criteria 

 MINIMUM DIMENSION 

Lane width 1 3.5 m 
◼ Right turn auxiliary Lane width (median side) 

◼ Right turn auxiliary Lane width (next to through Lane) 
3.3 m 

Left turn auxiliary Lane width  3.5 m 

Shoulder width - Nearside 2.0 m 

Shoulder width - Offside 0.5 m 

Verge width – Nearside adjacent to 4H:1V or flatter batters 1.0 m 

Verge width – Nearside adjacent to Type F barrier 1.0 m 

Verge width – Nearside adjacent to wire rope safety barrier or W Beam 
barrier 

1.5 m 

Verge width – Offside adjacent 4H:1V or flatter batters 1.0 m 

Verge width – Offside adjacent to barriers 1.5 m 

Median width 1.8 m minimum adjacent to right turn 
Lanes 

Median width for staged pedestrian crossings 3.6 m desired (3.0 m minimum) 

Shoulder width adjacent to safety barrier– Nearside 2 3.0 m 

Shoulder width adjacent to safety barrier – Offside 3 1.0 m 
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Notes: 
1 Lane widths listed above are exclusive of curve widening requirements for design vehicles on horizontal curves. All shoulder 
dimensions above are exclusive of widening requirements for stopping sight distance. Refer to 2.1.5.4 for curve widening 
requirements 
2 2m nearside shoulder adjacent to a safety barrier has been provided along the northbound carriageway MC10 CH280 to 
CH335 and MC10 CH685 to CH745 in accordance with SWTC Appendix B.1 Conditionally Agreed Exception Item C.1. 
3 0.5m offside shoulder adjacent to a safety barrier has been provided along the northbound carriageway MC10 CH285 to 
CH700 and southbound carriageway MC20 CH285 to CH700 in accordance with SWTC Appendix B.1 Conditionally Agreed 
Exception Item C.2. 

 

2.1.5.2 Ramps 

The following minimum design criteria have been adopted for the Ramps in accordance with SWTC Appendix B.2 
Table B.2-3. 
Table 2-6: Ramps minimum design criteria 

 MINIMUM DIMENSION 

Lane width 1 3.5 m 

Shoulder width - Nearside 2.5 m 

Shoulder width – Offside 2 1 m 

Shoulder width adjacent to safety barrier– Nearside  3.0 m 

Shoulder width adjacent to safety barrier – Offside 2 1.0 m 

Notes: 
1 Lane widths listed above are exclusive of curve widening requirements for design vehicles on horizontal curves. All shoulder 
dimensions above are exclusive of widening requirements for stopping sight distance. Refer to 2.1.5.4 for curve widening 
requirements. 
2 0.5m offside shoulder adjacent to a safety barrier has been provided along Rooty Hill Road Flyover (MC70) in accordance with 
SWTC Appendix B.1 Conditionally Agreed Exception Item C.2. 

 

2.1.5.3 Local road - Rooty Hill Road North MCC0 

The following minimum design criteria have been adopted for the local road (Rooty Hill Road North MCC0) in 
accordance with SWTC Appendix B.2 Table B.2-8. 
Table 2-7: Local road minimum design criteria 

 MINIMUM DIMENSION 

No. of Lanes  ◼ Maintain existing conditions 

◼ Adjust and upgrade the Left turn slip Lanes to and from Richmond Road to 
accommodate modifications to Richmond Road and Ramp 

◼ Eastbound: Two through Lanes, two right turn Lanes and one left slip turn Lane 

Lane width As existing 

Shoulder width - Nearside As existing 

Shoulder width - Offside As existing 

 

2.1.5.4 Curve widening 

Where applicable, lane widening has been provided in accordance with AGRD Part 3 Section 7.9 as required by 
SWTC Appendix B.2 Clause 3.1 (e) (iii) and 3.2 (d) (ii).  

Curve widening has been applied using the specified design vehicles in Table B.2-2, refer to Table 2-2 above. 
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2.1.5.5 Crossfall 

The following nominal crossfall values were adopted for the Project in accordance with SWTC Appendix B.2 
Clause 4.5 and 6.6. 
 

Table 2-8: Nominal crossfall 

LOCATION CROSSFALL 

New Carriageways ◼ Minimum of three (3) percent fall towards the Nearside Shoulder 

◼ Maximum super-elevation on all Carriageways and Shoulders of five (5) 
percent 

Existing Carriageways No greater than the existing crossfall 

Widening of existing Carriageways No greater than crossfall of the nearest existing trafficable Lane. 

Ramps ◼ new ramps – no less than 3 percent 1 

◼ widened existing ramps – no greater than cross fall of the nearest existing 
trafficable Lane. 

Local roads ◼ The minimum normal crossfall for new roads in Local Area Works Areas is 
3 percent. 

◼ The crossfall for existing roads must be no greater than the existing 
crossfall. 

Notes: 
1 5% crossfall has been adopted on the Flyover to achieve compliant flow widths, refer to 3.1.4 for details. 

The horizontal geometry (later detailed in section 3.1) allows for adverse crossfall to be adopted at certain 
locations. The calculated minimum horizontal radius with adverse crossfall is R660m (3%) for a V80 km/h design 
speed and has been adopted where required at the locations below: 
◼ R660m, Richmond Road northbound MC10 CH 467 to CH 600 (approximately) 

◼ R1705m, Richmond Road southbound MC20 CH 672 to CH 813 (approximately) for the two nearside lanes 

◼ R740m, Rooty Hill Road Flyover MC70, CH 524 to CH 703 (approximately) 

 

2.1.5.6 Vehicle envelope 

The vehicle envelope (shown in Figure 2-1) has been developed in accordance with the requirements of SWTC 
Appendix B.2 Clause 3.2 (c) and Figure B.2-1.1; and AGRD Part 6 (2010) (SWTC Appendix B.1 Item A.32). The 
cross section has been developed to provide vehicle roll allowance for a 4.6m high rigid or articulated truck at a 
nominal 3% crossfall in accordance with AGRD Part 6 Table 6.8 (2010). Refer Table 2-9 below. 
Table 2-9: Vehicle roll allowance 

DESIGN SPEED 1 
VEHICLE ROLL ALLOWANCE AT 4.6M HEIGHT ABOVE PAVEMENT 

-3% CROSSFALL 
(TOWARDS BARRIER)  

3% CROSSFALL 
(AWAY FROM BARRIER) 

V90 km/h 0.86 m 0.64 m 

V80 km/h 0.75 m 0.53 m 

V70 km/h 0.70 m 0.53 m 

Notes: 
1 Refer to Table 2-3 for applicable locations on the Project. 
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Figure 2-1: Vehicle roll allowance 

 

2.1.6 Ramp design 

The following design criteria in Table 2-10 have been considered for the interchange ramp design in accordance 
with AGRD Part 4C (2023). 
Table 2-10: Ramp design criteria 

DESIGN ELEMENT ENTRY RAMPS EXIT RAMPS DESIGN REFERENCE 

Maximum 
superelevation 

6% Section 8.3.2 AGRD Part 4C 
(2023) 

Merge / diverge taper 
lengths and angles at 
‘soft’ nose 

150m 
(90m at 1:50) 1 

1:15 2 Figure 11.1 and 11.7 AGRD Part 
4C (2023) 

Minimum parallel lane 
length 

90m  
(Rooty Hill Road North 

Flyover) 

N/A SWTC Appendix B.2 Table B.2-6 
and Table B.2-7 

Notes: 
1 60m is achieved on the flyover entry ramp (MC70 CH700) taper, refer to SWTC Appendix B.1 Agreed Exception Item A10  
2 1 in 6m is achieved on the flyover (MC70 CH0), refer to SWTC Appendix B.1 Agreed Exception Item A11 

2.1.7 Environmental criteria 

Refer to section 4.11 and 4.12 for the environmental and sustainability criteria and the outcomes achieved in the 
design to satisfy these requirements. 
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2.2 Design inputs 
Please refer to Table 2-11 for list of contributors to this design package. 
Table 2-11: List of package contributors 

ENGINEERS DESIGNER REVIEWERS VERIFIERS  

Charlotte Cartwright  
(Package, Roads and 
Civil Lead) 

Vivian Hoang  
(Geometric Design Lead) 

James Abraham  
(Design Manager) 

Chloe Williams  
(Civil Verifier)  
Vanessa Van Itallie  
(Geometric Design Verifier) 

The specific inputs required to develop this design package are described in the following sections. 

2.2.1 Survey 

The design has been developed using a combination of topographical survey and existing utilities survey provided 
by TfNSW or captured on site by the project team. 

2.2.2 Traffic 

A traffic assessment has been undertaken for the Project to demonstrate compliance with traffic performance 
requirements specified in the Environmental Documents and sections 2.1, 3.3 and 3.4 of SWTC Appendix B.18, 
refer to TP01 for further details. 

2.2.3 Flooding 

The flood levels indicated by the Project TUFLOW hydraulic model is a key input to the geometric design (in 
particular the vertical alignment) of the Main Carriageway to demonstrate the required flood immunity is achieved 
for the carriageway. 

Refer to the Permanent Works Flood Modelling and Assessment Package (SD01) for further details on the 
hydraulic modelling and flooding assessments undertaken for the Project. 

2.2.4 Pavements 

Where Richmond Road where widening is occurring, the vertical alignment has been optimised to minimise overlay 
and avoid any cutting of the existing pavement. 

2.2.5 Key constraints  

The key constraints considered in the development of the design are summarised in Table 2-12 below. 
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Table 2-12: Key constraints 

KEY CONSTRAINT DESCRIPTION DESIGN IMPACT 

Site Boundary The Site Boundary indicates the new area 
of land to be owned by TfNSW to 
accommodate the works of the Project. 
The Site Boundary is defined in Info Doc 
07.03.16.01.18.03 RRM7Y2T-STANA-
0537-PP-M2D-000010.dwg 
Per SWTC Appendix B.1 Table B.1-1 Item 
A.34 The minimum horizontal clearance 
from toe of formation or top of cutting to 
the Site or Local Area Works Area 
boundary for the Main Carriageways and 
ramps must be 3.0 m, with the exception of 
the locations noted below: 
◼ northbound Main Carriageway adjacent 

to BNI site: 1m (MC10 360 to 520); 

◼ northbound Main Carriageway at 
northern tie-in to Portion 1: 2.5m (CH 
1040 to 1182 MC10) 1; and 

◼ southbound Main Carriageway at 
northern tie-in to Portion 1: CH 960 to 
1050 MC20 1. 

Road alignment and batter slopes are 
designed to contain the earthworks footprint 
within the Site Boundary with a 3m 
clearance with the exception of the 
locations noted below as per SWTC 
Appendix B.1 Table B.1-1 Item A.34: 
◼ northbound Main Carriageway adjacent 

to BNI site: 1m (MC10 360 to 520); 

◼ northbound Main Carriageway at 
northern tie-in to Portion 1: 2.5m (CH 
1040 to 1182 MC10); and 

◼ southbound Main Carriageway at 
northern tie-in to Portion 1: CH 960 to 
1050 MC20. 

 

In some isolated instances, the proposed 
works encroach into the 3m clearance. 
Refer Section 3.1.10 for details. 

Vertical clearances to 
bridges 

Per SWTC Appendix B.2 Clause 3.2 b) (ii) 
and Table B.2-4, the minimum vertical 
clearances need to be achieved.  
 

The design achieves the minimum vertical 
clearances required by the SWTC and 
clearance envelopes. This includes 
additional temporary works clearance at 
Pier 1 for construction staging. 
 

Flyover bridge span length Per SWTC Appendix B.4 Clause 10.2 (a) 
the Rooty Hilly Road Flyover but have a 
clear span over Rooty Hill Road North 
including no pier(s) in the traffic island 
between the left turn slip lane and though 
lanes on Rooty Hill Road North earthbound  

The Rooty Hilly Road Flyover horizontal 
alignment achieves a clear span over Rooty 
Hill Road North required by the SWTC. 

Future Castlereagh 
Connection 

Per SWTC Clause 2.1 (c) xiv) the Project 
Works are to ensure future integration with 
Castlereagh Connection (by others) is 
achievable with minimal requirements for 
demolition or reworks 
 
Minimum requirements in SWTC Clause 
5.35 are to be achieved. 

The design achieved the minimum 
requirements for the future Castlereagh 
Connection as required by the SWTC. 

Portion 1 The northern limit of works is required to 
tie into Portion 1 Project Works defined in 
Info Doc 07.03.26, designed by others. 

The design ties into Portion 1 Project 
Works, designed by others. 

Flood immunity levels Flood immunity to be provided in 
accordance with SWTC Appendix B.7 
Table B.7-2 

The vertical geometry is designed to 
achieve the flood immunity criteria 
nominated in SWTC Appendix B.7 Table 
B.7-2. 

Existing services Consider the location and type of existing 
services within the Site Boundary 

The existing services have been 
considered in the design. 
Refer to the UT01 for details. 
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KEY CONSTRAINT DESCRIPTION DESIGN IMPACT 

Constructability and 
staging 

Consider constructability and operation of 
the existing road network (construction 
sequencing and traffic staging) 

The design considers the features of the 
existing ground levels and the existing road 
carriageway to facilitate constructability and 
traffic staging sequence as detailed in the 
Traffic Management and Safety Plan. 

Notes: 
1 ‘Portion 1’ has been corrected from ‘Portion 2’ in SWTC Appendix B.1 Table B.1-1 Item A.34 

 

2.2.6 Relevant RFIs 

Refer to Table 2-13 below for a summary of relevant RFIs for this design package. For further details refer to the 
appropriate Teambinder RFI and response. 
Table 2-13: Relevant RFIs 

TFNSW 
TRANSMITTAL SUMMARY OF REQUEST SUMMARY OF RESPONSE ACTION 

Nil.    

 

2.3 Standards and specifications 

2.3.1 Order of precedence 

Design requirements are to be in accordance with the SWTC. Unless otherwise expressly stated in the deed and 
SWTC, in the event of any inconsistency the following order of precedence must apply: 

◼ The SWTC  

◼ Other Appendices excluding: 

− The Codes and Standards in Appendix D.4; and 

− Appendices E.2 to E.11 

◼ The Codes and Standards in Appendix D.4: 

− Section 2 – TfNSW Technical Directions; 

− Section 3 – TfNSW Specifications; 

− Section 4 – TfNSW Codes, Standards, Guidelines and Policies; 

− Section 5 – Austroads Guidelines and Transport Reference Documents; 

− Section 6 – Other Australian, NSW and Industry Documents; 

− Section 7 – Australian and International Codes, Standards and Guidelines; and 

− Section 8 – Other Reference Documents, Codes, Standards and Guidelines 

◼ Appendix E.3 and Appendix E.4; 

◼ Appendix E.2, Appendix E.5 to Appendix E.11; and 

◼ Other agreed reference documents and standards. 
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For the avoidance of doubt, the requirements of the SWTC must always have a higher order of precedence over 
any elements of the Contractor’s Concept Design or Contractor Specifications, including any qualifying statements 
or comments contained within the Contractor’s Concept Design or Contractor Specifications unless: 
◼ The agreed exceptions in SWTC Appendix B.1 permit and exception; or 

◼ Otherwise approved by the Principal’s Representative in writing. 

The above is in accordance with the standards listed in the SWTC Main Body, Clause 1.6 (b). 

2.3.2 Codes, Standards and Specifications 

The following standards and specifications are applicable to this design package. 

Table 2-14: Additional Codes, Standards, Technical Publications and Guidelines 

REFERENCE DOCUMENT TITLE  

SWTC Main Body 
Appendix A.1 Project Location 
Appendix B.02 Geometric and Road Design Requirements  
Appendix B.04 Bridges and Structures  
Appendix B.05 Geotechnical Performance and Design Requirements 
Appendix B.06 Pavements  
Appendix B.07 Drainage  
Appendix B.08 Signposting, Delineation and Roadside Features 
Appendix B.09 Traffic Control System  
Appendix B.11 Urban Design  
Appendix B.12 Intelligent Transport Systems 
Appendix B.17 Lighting 
Appendix B.18 Traffic and Transport Performance Requirements 
Appendix D.04 Codes and Standards 
Appendix E.2 Property Adjustments 

TfNSW Supplements to 
Austroads Guide to Road 
Design 

TfNSW Supplement to Austroads Guides (TS 02642:1.0) 
 

Austroads Guide to Road 
Design (AGRD) 

Part 3: Geometric Design (2021) 
Part 4: Intersection and Crossings – General (2023) 
Part 4A: Unsignalised and Signalised Intersections (2023) 
Part 4C: Interchanges (2023) 
Part 6: Roadside Design, Safety and Barriers (2024) 1 
Part 6A: Paths for Walking and Cycling (2021) 
Part 6B: Roadside Environment (2021) 

Austroads Guide to Traffic 
Management (AGTM) 

Part 6: Intersection, Interchanges and Crossings Management (2020) 

Turning Path Templates 
Guide 

Austroads Design Vehicle and Turning Path Templates Guide (2023) 

Notes: 
1 With the exception of the working width, which is to be in accordance with SWTC Appendix B.2 Annexure B.2-1 (AGRD Part 6 
2010), SWTC Appendix B.1 Table B.1-1 Item A.32 
 

2.4 Interface requirements 
The following section details interfaces to the design package. 
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2.4.1 Related design packages 

This report describes the design of , the following design lot(s) are relevant to this design report but are covered 
under a separate design package as follows: 

 
Table 2-15: Related Design Packages 

DESIGN PACKAGE / 
DESIGN LOT DESCRIPTION  DESIGNED BY AURECON OR OTHER 

CONSULTANT 

BR01 BR01 - Bridge Over Rooty Hill Road North 
(Flyover Bridge) and Retaining Wall 

Aurecon 

BR02 BR02 - Bridge Over Bells Creek on Richmond 
Rd Northbound 

Aurecon 

BR03 BR03 - Upgrade of Existing Bridge Over Bells 
Creek 

Aurecon 

DM01 Site Clearing Aurecon 

DU01 Urban Design and Landscape Plan DesignInc 

DY01 Durability Report Aurecon 

FN01 Road Furniture - Portion 2 (Southern Section) Aurecon 

GE01 Geotechnical Investigation Plan Aurecon 

GE03 Geotechnical Interpretative Report Aurecon 

GE04 Geotechnical Design - Portion 2 (Southern 
Section) 

Aurecon 

GN01 Retained Existing Assets Aurecon 

GN02 Safety In Design Report Aurecon 

LA01 Landscape Design DesignInc 

LV01 Street Lighting - Portion 2 (Southern Section) Aurecon 

MS01 Misc Structures - Signs, Culverts Aurecon 

NV01 Operational Noise and Vibration Report GEA DTI JV 

PJ01 Property Adjustments - Portion 2 (Southern 
Section) 

Aurecon 

PV01 Pavements And Subsurface Drainage - Portion 
2 (Southern Section) 

Aurecon 

SD01 Flooding And Hydrology - Portion 2 (Southern 
Section) 

Aurecon 

SD02 Drainage Transverse and Longitudinal - Portion 
2 (Southern Section) 

Aurecon 

TP01 Traffic Modelling Aurecon 

TT01 Intelligent Transport Systems Aurecon 

TT02 Traffic Control Signals Aurecon 

TW01 Traffic Staging (CAT1) GEA DTI JV 

TW02 BR01 - Flyover Temporary Girder Support 
(CAT1) 

GEA DTI JV 

UT01 Utility Coordination Plan GEA DTI JV 
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2.4.2 Key interdisciplinary interfaces 

The design has been developed to provide a coordinated, integrated, economic, safe and constructible solution. 
The key internal interfaces within this design package are summarised in Table 2-16. 

 
Table 2-16: Key internal interfaces 

DISCPLINE / INTERFACE ITEM CONTROLS IDENTIFIED 

Flooding The road alignment has been developed to ensure 0.2% AEP flood immunity is 
achieved on the Main Carriageway edge line. The following features have also been 
provided in the design: 
◼ 10% AEP flood immunity on Rooty Hill Road North to the edge line 

◼ Flood hazard during a 10% AEP flood event as defined in Australian Rainfall and 
Runoff (ARR) 2019 limited to low hazard as defined in ARR 1987 

◼ 10% AEP flood immunity crossing of proposed swale for TfNSW/Colbee Yard 
property access in accordance with SWTC Appendix E.2. Refer to Property 
Works Package PJ01 for details on the property access. 

◼ 1% AEP flood immunity with 0.3m freeboard to the underside of Bridge 02 (Bells 
Creek Bridge) 1 

Road Furniture and 
Linemarking 

The road alignment and earthworks design has been developed to determine the 
following features: 
◼ The location and need for safety barriers along the road corridor in line with the 

SWTC requirements and AGRD Part 6 (2024) 2 

◼ Verge widths to suit the requirements for safety barriers, guideposts and signage 
structures (refer section 2.1.5) 

◼ Safety barrier transitions and overlap details 

◼ Linemarking types to suit the road alignment and lane allocation along the 
Project. 

Refer to the road furniture and linemarking package (FN01) for further details. 

Drainage and Water Quality The pavement drainage networks have been designed to collect pavement run-off 
from the road surface and convey it to various discharge locations such as existing 
waterways. The alignment and earthworks design integrates the pavement drainage 
and stormwater drainage to ensure a sustainable and holistic solution is provided 
with a low maintenance regime. 
Cross drainage levels have been specified to tie-in to existing outlet levels and to 
ensure sufficient cover to the road pavements. Similarly, the pit and pipe network 
has been designed to ensure sufficient cover is provided over the road pavement. 
Other key integration points include: 
◼ Road surface drainage flow paths, shoulder widths and flow widths 

◼ Aquaplaning and surface flow depths which are related to longitudinal gradients 
and crossfall 

◼ Overland flow paths and coordination with major culverts 

◼ Provision of various barrier or kerb types with corresponding influences on 
surface drainage 

Pavements Key interfaces with pavements include: 
◼ Maximise the reuse of existing pavement to simplify the construction sequence 

and traffic staging at the tie-in locations (where practical) 
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DISCPLINE / INTERFACE ITEM CONTROLS IDENTIFIED 
◼ Where possible, the road alignment has been designed to minimise the volume 

of asphalt overlay over the existing pavement surface. 

◼ Provide a minimum clearance of 300mm from top of pipe culverts and box 
culverts to the underside of the Selected Material Zone (SMZ) to ensure 
sufficient compaction, design life and pavement performance is achieved in 
accordance with SWTC Appendix B.7 Clause 4 a) (vi) and b) (vi). 

Bridges and other structures The horizontal and vertical road geometry is integrated with the bridge design with 
consideration given to clearance envelopes, shoulder widening for SSD, maximum 
girder span lengths, pier configurations, abutment arrangements and provisions for 
safety, maintenance and access. A summary is provided below: 
◼ BR01: The road geometry is governed by the SSD requirements, minimum 

vertical clearance to Rooty Hill Road North and Richmond Road northbound, 
minimum temporary vertical clearance to Rooty Hill Road North at Pier 1, 
working width clearance to the bridge piers, achieving a clear span across Rooty 
Hill Road North, clearance to existing gas main on the south of Rooty Hill Road 
North and TCS visibility. 

◼ BR02: The road geometry is governed by the 1% AEP flood immunity levels with 
0.3m freeboard on Bells Creeks 1 

Roadway Lighting Roadway Lighting for the Project is provided in accordance with SWTC Appendix 
B.17. Refer to the Roadway Lighting Package (LV01) for additional details. 
A summary of the key interfaces with road design include: 
◼ Where possible, light poles have been located outside of the clearzone. Where 

this is not possible frangible light poles have been utilised to reduce the 
consequence of a vehicle impact on the poles or the light poles have been 
shielded by a suitable safety barrier, 

Utilities The design considers the relocation strategy of existing utilities across the Project 
Corridor. Where existing utilities are to be retained, the clearance and cover 
requirements have been maintained to the roadworks, in accordance with the 
relevant Utility Authority standards.  
Refer to the Utilities Package (UT01) for further details. 

Traffic Control Signals (TCS) The Richmond Road / Rooty Hill Road Intersection and Richmond Road / M7 
southbound on-ramp Intersection are existing signalised intersections. The 
intersections are to be modified to suit the Project Works. Refer to TCS Package 
(TT02) for details. 
A summary of the key interfaces with road design include: 
◼ Where possible, minimise impact to the existing traffic signals and TCS assets 

◼ Median widths and traffic islands are spaceproofed to accommodate, pedestrian 
crossings, kerb ramps, directional signage, TCS assets and clearances to 
vehicle turn paths and kerbs. 

Durability The minimum design life of assets for this package is in accordance with SWTC 
Appendix B.13 Table B.13-1. Refer to the Durability Report (RRM7-GEDT-0537-DY-
RPT-010001) for any non-conformances identified for the Project. 

Landscaping The landscaping design will be developed to not obstruct sight lines within the 
verge. Refer to Landscaping Package (LA01) for details. 

Future Castlereagh Connection The design has been developed in consideration that the future Castlereagh 
Connection (by others) is achievable with minimal requirements for demolition or 
reworks, in accordance with SWTC Clause 2.1 (c) xiv). The future widening 
interfaces for this design package are discussed in Section 4.8. 
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DISCPLINE / INTERFACE ITEM CONTROLS IDENTIFIED 

Maintenance access The design has been developed in consideration of maintenance access 
requirements to key infrastructure elements and utility assets. For details of formal 
maintenance access and other maintenance provisions, refer to Section 4.6 

Notes: 
1 Agreed Exception SWTC Appendix B.1 Table B.1-1 Item A.35 
2 With the exception of the working width, which is to be in accordance with SWTC Appendix B.2 Annexure B.2-1 (AGRD Part 6 
2010), SWTC Appendix B.1 Table B.1-1 Item A.32 
 

2.5 Design changes 
This section summarises the alterations made to this design package due to variations and evolution of the design 
during design development. 

2.5.1 Concept design to Developed Concept Design (DCD) 

Key design changes between the Concept Design and DCD are listed in Table 2-17. 
Table 2-17: Differences from Concept Design 

KEY CHANGE DISCUSSION 
SUMMARY OF IMPACT ON DURABILITY, 

PERFORMANCE CRITERIA, DESIGN 
LOADS, STANDARDS OR MINIMUM 

OPERATING CONDITIONS 

Richmond Road 
northbound 
vertical alignment 

Richmond Road northbound vertical alignment 
has been lowered between MC10 CH 390 to CH 
700 to increase the clearance from the toe of 
batter to the BNI site. 
An additional crest and sag have been 
introduced prior to Bells Creek Bridge. 

Nil adverse impact.  
The following improvements have been 
identified: 
◼ Positive outcome for the BNI site with 

increased the clearance from the toe of 
batter to the BNI site 

◼ Reduction in afflux and overall flood impact 

◼ Reduction in retaining wall height  

Bells Creek Bridge 
(BR02) vertical 
alignment 
 

Bells Creek bridge vertical has been lifted 
approximately 40mm with minor vertical 
adjustments to the north. 

Nil adverse impact.  
The following improvements have been 
identified: 
◼ Improved flood conveyance 

Richmond Road 
northbound 
horizontal 
alignment 

Minor adjustment to Richmond Road northbound 
horizontal alignment between MC10 CH 740 and 
northern limit of works to tie into Portion 1 IFC 
model. 

Nil adverse impact.  

Rooty Hill Road 
Flyover horizontal 
alignment 

Flyover horizontal alignment has been optimised 
between MC70 CH 80 to CH 510 
◼ Following the 1:15 taper exit from Westlink 

M7 northbound off ramp (MCB0) the 
R10000m curve was removed at 
approximately MC70 CH65 

◼ Flyover radius reduced to R320m (previously 
R350m) 

Nil adverse impact. 
The following improvements have been 
identified: 
◼ Positive sustainability outcome with a 

reduction in concrete quantity with the 
removal of a bridge pier 

Rooty Hill Road 
Flyover vertical 
alignment 

Flyover vertical alignment has been optimised 
from MC70 CH 80 onwards. 
◼ Lowered to reduce structure and RSW 

heights whilst achieving the vertical 

Nil adverse impact. 
The following improvements have been 
identified: 
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KEY CHANGE DISCUSSION 
SUMMARY OF IMPACT ON DURABILITY, 

PERFORMANCE CRITERIA, DESIGN 
LOADS, STANDARDS OR MINIMUM 

OPERATING CONDITIONS 
clearance including temporary works 
clearance at pier 1 

◼ K value = 33 on the bridge 

◼ 6% downgrade after the crest, compliant with 
SWTC Appendix B.2 Clause 4.2 a) (ii) 

◼ Positive sustainability outcome with a 
reduction in concrete quantity with a lower 
bridge structure and reduced RSW height 

◼ Positive sustainability outcome with a 
reduction in earthworks quantities 

Rooty Hill Road 
Flyover Abutment 
locations 

The Flyover bridge length has been reduced by 
approximately 7m with new abutment locations 

Nil adverse impact. 
The following improvements have been 
identified: 
◼ Positive sustainability outcome with a 

reduction in concrete quantity with reduced 
bridge structure length 

◼ Improved earthwork cut/fill balance. 

Rooty Hill Road 
Flyover 
embankment 

The Western embankment along MC70 between 
CH 80 to CH 220 has been flattened from 2H:1V 
to 6H:1V.  
Barriers were removed along the 6H:1V slope as 
they are considered a recoverable in accordance 
with AGRD Part 6 Section 3.4.2 (2024). Where 
barriers were removed, the shoulder was 
reduced from 3m to 2.5m in accordance with 
SWTC Appendix B.2 Table B.2-3 

Nil adverse impact. 
The following improvements have been 
identified: 
◼ Positive sustainability outcome with a 

reduction in pavement and barrier 
quantities 

◼ Improved earthwork cut/fill balance. 

Richmond Road 
northbound super 
flip location 

The super flip at MC10 MC470 has been shifted 
5m to the north to resolve an aquaplaning 
failure. 

Nil adverse impact. 
 

Rooty Hill Road 
Flyover retaining 
wall 

The retaining wall at MC70 CH 100 has been 
removed with a 2H:1V cut batter provided 
adjacent to the M7 embankment. 

Nil adverse impact. 
The following improvements have been 
identified: 
◼ Positive sustainability outcome with a 

reduction in concrete quantity 

Richmond Road 
southbound 
vertical alignment 

Minor adjustments to the vertical alignment on 
MC20 from CH340 to CH1180 with varying 
crossfall across the lanes, match the existing 
surface better and avoiding undercutting. 

Nil adverse impact. 
The following improvements have been 
identified: 
◼ Positive sustainability outcome with a 

reduction in pavement overlay 

 

Left turn onto 
Westlink M7 
southbound on 
ramp turning line  

Currently there are two left turn lanes onto the 
Westlink M7 southbound on ramp. The revised 
intersection reduces the left turn to one lane but 
retained the existing turn line. 
The limit of works on M7 southbound on ramp 
has been extended to remove the existing 
turning line with mill and resheet. 
 

Nil adverse impact. 
The following improvements have been 
identified: 
◼ Positive community impact, reducing 

confusion at the intersection 

Site boundary Site boundary updated from the REF boundary 3 additional locations identified where 3m 
clearance to boundary is not achieved. Refer 
to Section 3.1.10 for details. 
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KEY CHANGE DISCUSSION 
SUMMARY OF IMPACT ON DURABILITY, 

PERFORMANCE CRITERIA, DESIGN 
LOADS, STANDARDS OR MINIMUM 

OPERATING CONDITIONS 

Endeavour Energy 
Substation 

A substation verge build out has been added at 
MC10 CH595 for the Endeavour Substation 

Nil adverse impact. 

Control line Control lines MCA0, MCB0 and MCC0 and have 
shortened to reflect the proposed design. 
 

Nil adverse impact. 

 

2.5.2 Developed Concept Design to Substantial Detailed Design (SDD) 

Key design changes between the DCD and SDD will be listed in Table 2-18. 
Table 2-18: Differences from Developed Concept Design 

KEY CHANGE DISCUSSION 
SUMMARY OF IMPACT ON DURABILITY, 

PERFORMANCE CRITERIA, DESIGN 
LOADS, STANDARDS OR MINIMUM 

OPERATING CONDITIONS 

N/A at DCD   

 

2.5.3 Substantial Detailed Design to Final Design Documentation (FDD) 

Key design changes between SDD and FDD will be listed in Table 2-19. 
Table 2-19: Differences from Substantial Detailed Design 

KEY CHANGE DISCUSSION  

SUMMARY OF IMPACT ON 
DURABILITY, PERFORMANCE 

CRITERIA, DESIGN LOADS, 
STANDARDS OR MINIMUM 
OPERATING CONDITIONS 

N/A at DCD   
 

2.6 Design methodology 
The DCD submission of the Roadworks - Portion 2 (Southern Section) Package (RRM7-GEDT-0537-RW-RPT-
010001) focuses on providing a solution that delivers a safe, constructible and maintainable outcome that supports 
the Project and the delivery objectives. 

The geometric design methodology and outcomes are as follows: 
◼ Compliant with the SWTC and applicable design standards (Austroads and TfNSW supplements, where 

available); refer section 2.1 

◼ Consistent with other similar road projects in the Hunter region 

◼ Is holistic and integrated between design disciplines including but not limited to drainage, structures, 
constructability / staging, urban design and environmental constraints to provide a robust solution ready for 
delivery. 

◼ Considers the various project and site constraints and stakeholder requirements  

◼ Develop a solution which incorporates Health Safety in Design (HSiD) principles and is safe to construct, 
operate and maintain. 
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2.6.1 Design objectives 

The Roadworks - Portion 2 (Southern Section) Package has been developed based on the following design 
objectives: 
◼ ease congestion and improve the travel times for all road users 

◼ improve traffic flow through the intersections 

◼ improve safety for all road users 

◼ improve connectivity for the communities in the north-west 

◼ improve pedestrian safety with a new staged crossing making it easier for pedestrians and bike riders to move 
safely in and around the area. 

2.6.2 Delivery objectives 

The Roadworks - Portion 2 (Southern Section) Package meets the delivery objectives for the Project as noted in 
Table 2-20. 
Table 2-20: Delivery objectives 

DELVIERY 
OBJECTIVE DESIGN FEATURES BENEFIT TO THE PROJECT 

Safety to public ◼ Road alignment optimised to provide a safer 
user experience 

◼ Improved road safety across the 
Project corridor 

Timely and effective 
delivery 

◼ Optimisation of road geometry to maximum 
reuse of material, tie into existing surface 
levels and minimise imported fill 

◼ Optimised number of temporary work stages 
to reduce impact to community 

◼ Reuse or integration of existing pavement 
where appropriate 

◼ Minimise bridge structures where possible 
across the Project and the resulting lower 
maintenance and WOL costs for the Project 

◼ Minimise total paved surface area across the 
Project to reduce maintenance costs and the 
built environment features 

◼ Environmental benefits, reduced 
import with reduction in fuel 
consumption and reduced impact to 
surrounding road network during 
construction. 

◼ Better value for money solution that 
optimises the network, reduces future 
maintenance and simplifies the 
Project corridor. 

Minimal impacts on 
environment 

Minimal disruption 
to public 

Value for money 
outcome 

Whole of life 

Seamless/minimal 
third-party interface 

◼ Optimised road geometry design by reducing 
median width and steepening batters to 
increase the construction footprint to BNI site  

◼ Optimised alignment of embankment 
diverging from the M7 minimising impact to 
M7 footprint, with consideration of future 
maintenance access provisions.  

◼ Road alignment design future proofing for 
Castlereagh Connection 

◼ Increase boundary clearance to BNI 

◼ Maximising material-reuse 
(earthworks). 

◼ Minimised demolition required for 
construction of the Castlereagh 
Connection 
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3 DESIGN OUTCOMES 
The following section provides a description of the design solution for the assets, systems and equipment covered 
by this design package. The design has been developed in accordance with the design criteria nominated in 
section 2.1. Design calculations for this design package are included in Appendix H. 

3.1 Design details 

3.1.1 Control line naming 

Table 3-1 below lists and describes the various control line used for the Project. 
Table 3-1: Control line details 

 

 

 

 

 

 

 

 

 

 

 

 
 

3.1.2 Richmond Road northbound (MC10) 

3.1.2.1 Horizontal alignment 

The existing horizontal alignment along Richmond Road northbound from the southern limit of works to the south of 
Rooty Hill Road North intersection is retained. The existing kerb lines and crossfall have been retained through this 
area. The on-road cycle lanes have been removed, as the space constraints of the upgraded Richmond Road / 
Rooty Hill Road North intersection does not allow for continuous cyclist lanes throughout the intersection. Cyclists 
are required to utilise the existing off-road shared user path. Removal of the on road cyclist lanes allowed for the 
existing 3.2m lanes to be widened to 3.5m in accordance with SWTC Appendix B.2 Table B.2-3. 

It is noted that the below departures are present in this area, refer to Section 3.4.1 for further details: 
◼ The existing shared path on the western side between MC10 CH 20 to 100 does not achieve the minimum 2.5m 

wide shared path requirement in SWTC Appendix B.2 Clause 8.2 (a) (i) 

◼ The legacy geometric design departures listed below are retained as-is and are not required to be addressed as 
part of the Works in accordance with SWTC Appendix B.1 Item C8 (Conditionally agreed exception) 

− Horizontal curve insufficient for adverse crossfall for 80km/h (R440). 

− Crossfall < 1%. 

− Both (2 no.) left turn lane lengths and tapers are insufficient (96m compared to 82m, 32m compared to 12m, 
respectively). 

− No curve widening applied on any lane widths; and 

DESIGN ELEMENT CONTROL LINE REFERENCE LOCATION OF CONTROL LINE 

Main Carriageway 

Richmond Road northbound MC10 Offside edge of travel lane 

Richmond Road southbound MC20 Centreline 

Ramps 

Rooty Hill Road North Flyover MC70 Nearside edge of travel lane 

Westlink M7 Southbound Off-Ramp MCA0 Centreline 

Westlink M7 Northbound Off-Ramp MCB0 Nearside edge of travel lane 

Westlink M7 Northbound On-Ramp MCC0 Offside edge of travel lane 

Westlink M7 Southbound On-Ramp MCD0 Centreline 

Local Roads 

Rooty Hill Road North MCC0 Offside edge of travel lane 
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− No minimum curve lengths applied. 

On the departure side of Rooty Hill Road intersection, the alignment is designed to maximise the horizontal 
clearance to the BNI site. A 660m curve is utilised with the existing crossfall of 2.5%. Part way through the 
horizontal curve 3% adverse crossfall is applied to facilitate the tie in with the Rooty Hill Road North Flyover 
(MC70). Where the carriageway passes under the Rooty Hill Road Flyover MASH TL5 barriers have been provided 
in accordance with SWTC Appendix B.8 Clause 6.2 f) (iv) A. with working width provided to the structure in 
accordance with AGRD Part 6 (2010) and SWTC Appendix B.1 Item A32. 

It is noted that the below departures are present in this area, refer to Section 3.4.1 for further details: 
◼ SWTC Appendix B.2 Table B.2-3 Shoulder width adjacent to safety barrier - Nearside= 3.0m, with the 

exceptions of the following location, in accordance with SWTC Appendix B.1 Item C1 (Conditionally agreed 
exception): 

− MC10 northbound carriageway CH 280 to 335 and 685 to 745, where a minimum nearside shoulder width of 
2.0m is to be provided 

◼ SWTC Appendix B.2 Table B.2-3 Shoulder width adjacent to safety barrier - Offside = 1.0m, with the exception 
of the following location: 

− northbound carriageway MC10 CH 285 to 700; where a 0.5m offside shoulder width is to be provided. 

◼ Arc length of 180 m is required for 80 km/hr speed (AGRD Part 3 Table 7.7 (2021)), expect for the following 
locations as captured in design departure No.17  

− MC10 CH 217 (curve radius 1000 m) achieves 36 m 

− MC10 CH 736 (curve radius 1450 m) achieves 106 m 

◼ MC10 CH 906 (curve radius 740 m) achieves 214 m, Arc length of 230 m is required for 90 km/hr speed (AGRD 
Part 3 Table 7.7 (2021)), Design departure No. 17 

◼ The roadside areas must comply with the requirements of the Austroads Guide to Road Design - Part 6 (2024) 
and the TfNSW Supplement to the Austroads Guide to Road Design Part 6 (2023) TS 02642:1.00, with the 
exception of the working width, which is to be in accordance with SWTC Appendix B.2 Annexure B.2-1 (AGRD 
Part 6 2010) (SWTC Appendix B.1 Agreed exception Item A32) 

 

Bells Creek Bridge (BR02) is on a straight bearing parallel to the existing Bells Creek Bridge (BR03) with 4.7m 
separation between the bridge structures (back of barrier to back of barrier). 

It is noted that the below departures are present in this area, refer to Section 3.4.1 for further details: 
◼ SWTC Appendix B.2 Table B.2-3 Shoulder width adjacent to safety barrier - Nearside= 3.0m, with the 

exceptions of the following locations, in accordance with SWTC Appendix B.1 Item C1 (Conditionally agreed 
exception): 

− MC10 northbound carriageway CH 280 to 335 and 685 to 745, where a minimum nearside shoulder width of 
2.0m is to be provided 

 

The horizontal alignment and crossfall ties into Potion 1 Project Works defined in Info Doc 07.03.26, designed by 
others. The crossfall ties into Portion 1 and is part of the super transition occurring in Portion 1 just north of Portion 
2 limit of works 
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3.1.2.2 Vertical alignment 

Along Richmond Road northbound from the southern limit of works to MC10 CH 395 the existing vertical alignment 
is retained maximising the reuse of pavement and increasing the horizontal clearance to the BNI site. Minimum 
vertical clearance of 5.4m is achieved to the Rooty Hill Road Flyover where the carriageway passes underneath. 

On approach to Bells Creek Bridge (BR02) the vertical alignment is as low as possible whilst achieved 0.2% AEP 
flood immunity to the edge line of the carriageway maximising the horizontal clearance to the BNI site. BR02 has 
1% longitudinal grade achieving 0.3m freeboard to the 1% AEP flood level (SWTC Appendix B.1 Table B.1-1 Item 
A.35).  

On the departure side of BR02 the vertical alignment is as low as possible whilst achieving 0.2% AEP flood 
immunity to the edge line of the carriageway. 

The vertical alignment ties into Potion 1 Project Works defined in Info Doc 07.03.26, designed by others. 

It is noted that the below departures are present in this area, refer to Section 3.4.1 for further details: 
◼ Richmond Road at MC10 CH50 to CH110 achieves a longitudinal grade of 0.4%, minimum longitudinal grade 

0.5% is required (AGRD Part 3 Table 5.8 (2021)), SWTC Appendix B.1 Table B.1-1 Agreed exception Item A6 

◼ The Annual Exceedance Probability (AEP) for flood immunity and Serviceability Limit State (SLS) must be 1% 
for road bridges, with an additional 0.5 metres freeboard to the underside of structures, with the exception of 
Bells Creek Bridge which must have an additional, 0.3m freeboard, SWTC Appendix B.1 Table B.1-1 Agreed 
exception Item A35 

 

3.1.3 Richmond Road southbound (MC20) 

3.1.3.1 Horizontal alignment 

Along Richmond Road southbound from the southern limit of works to the southern of Rooty Hill Road North 
intersection has minor horizontal realignment of the existing arrangement because of the changed lane 
configurations on the northern side of the Rooty Hill Road North intersection. The existing kerb lines and crossfall 
have been retained through this area with the exception of a localised kerb build out on the eastern side to retain a 
minimum 2.5m shared path at MC20 CH 110. 

It is noted that the below departures are present in this area, refer to Section 3.4.1 for further details: 
◼ MC20 CH 172 (curve radius 1065 m) achieves 101 m, Arc length of 180 m is required for 80 km/hr speed 

(AGRD Part 3 Table 7.7 (2021)), Design departure No. 17 

◼ The legacy geometric design departures listed below are retained as-is and are not required to be addressed as 
part of the Works in accordance with SWTC Appendix B.1 Item C8 (Conditionally agreed exception) 

− Horizontal curve insufficient for adverse crossfall for 80km/h (R315) 

− No curve widening applied on any lane widths; and 

− No minimum curve lengths applied. 

On the approach side of Rooty Hill Road intersection, the alignment is designed to maximise the reuse of existing 
pavement whilst providing compliant working width to the Flyover retaining walls and not infringing into the Sydney 
Water Pump Station property boundary. Where the carriageway is adjacent to the Rooty Hill Road Flyover and 
retaining structure, MASH TL5 barriers have been provided in accordance with SWTC Appendix B.8 Clause 6.2 f) 
(iv) A. with working width provided to the structure in accordance with AGRD Part 6 (2010) and SWTC Appendix 
B.1 Item A32. 

It is noted that the below departures are present in this area, refer to Section 3.4.1 for further details: 
◼ Arc length of 180 m is required for 80 km/hr speed (AGRD Part 3 Table 7.7 (2021)), expect for the following 

locations as captured in design departure No.17  

− MC20 CH 493 (curve radius 400 m) achieves 107 m 
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− MC20 CH 671 (curve radius 1705 m) achieves 141 m 

◼ SWTC Appendix B.2 Table B.2-3 Shoulder width - Nearside= 2.0m, with the exceptions of the following location, 
in accordance with SWTC Appendix B.1 Item A44: 

− MC20 CH 275 to 410 where a 0.5 m nearside shoulder width adjacent to auxiliary lane is permitted. 

◼ SWTC Appendix B.2 Table B.2-3 Shoulder width adjacent to safety barrier - Offside = 1.0m, with the exception 
of the following location: 

− southbound carriageway MC20 CH 275 to 700, where a 0.5m offside shoulder width is to be provided. 

◼ SWTC Appendix B.2 Table B.2-3 Main Carriageways | Right turn auxiliary lane width (next to through lane) | 
3.5m, with the exceptions of the following locations, in accordance with SWTC Appendix B.1 Item C3 
(Conditionally agreed exception): 

− Richmond Road southbound (MC20) CH 275 to 410 where the right turn lane width of 3.3 metres is to be 
provided. 

◼ The roadside areas must comply with the requirements of the Austroads Guide to Road Design - Part 6 (2024) 
and the TfNSW Supplement to the Austroads Guide to Road Design Part 6 (2023) TS 02642:1.00, with the 
exception of the working width, which is to be in accordance with SWTC Appendix B.2 Annexure B.2-1 (AGRD 
Part 6 2010) (SWTC Appendix B.1 Agreed exception Item A32) 

From MC20 CH 600 to the northern limit of works, the horizontal alignment aims to retain as much of the existing 
pavement and infrastructure as possible. This includes the existing Bells Creek Bridge (BR03) which is 
relinemarked and the nearside road furniture (kerbs and barriers) is retained. 

The horizontal alignment ties into Potion 1 Project Works defined in Info Doc 07.03.26, designed by others. 

 

3.1.3.2 Vertical alignment 

Along Richmond Road southbound from the southern limit of works to MC20 CH 340 and MC20 CH 695 to the 
northern limit of work the existing vertical alignment is retained maximising the reuse of pavement. 

The vertical alignment achieves 0.2% AEP flood immunity to the edge line of the carriageway through to provision 
of a flood relief channel along the eastern side, refer to SD01 and SD02 for further details. 

The vertical alignment ties into Potion 1 Project Works defined in Info Doc 07.03.26, designed by others. 

 

3.1.4 Rooty Hill Road North Flyover (MC70) 

3.1.4.1 Horizontal alignment 

The Flyover departs form the Westlink M7 northbound off ramp on a straight bearing with a taper angle of 1 in 6 
(SWTC Appendix B.1 Table B.1-1 Item A.11). A R320m curve is adopted on the Flyover Bridge (BR01) that has a 
clear span over Rooty Hill Road north and Richmond Road northbound. A 5% crossfall has been provided on BR01 
to achieved compliant flow widths (refer to SD02 for further details). A 2% rotation of crossfall from 5% to 3% 
occurs on an approximately 38m straight prior to the adverse R740m curve, refer to Section 3.4.1 for further details 
on this concession. MC70 has a 60m 1:50 taper to join the Richmond Road northbound carriageway (MC10) prior 
to Bells Creek Bridge (BR02), (SWTC Appendix B.1 Table B.1-1 Item A.10). 

The cross section along MC70 including BR02 is as below, achieving V80km/h SSD: 
◼ 2.5m nearside shoulder transition to 3m where a barrier is introduced 

◼ 3.5m travel lane, with 0.3m of curve widening applied on the R320m curve across BR01 

◼ 0.5m offside shoulder / clearance to barrier (SWTC Appendix B.1 Table B.1-2 Item C2, conditionally agreed 
exception) 
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It is noted that the below departures are present in this area, refer to Section 3.4.1 for further details: 
◼ 60 m is only achieved on the flyover single entry ramp (MC70 CH700) taper, taper length for a single-lane entry 

ramp to be 90m (for 1:50 taper) required (AGRD Part 4c Figure 11.7 (2023)), SWTC Appendix B.1 Table B.1-1 
Agreed exception Item A10 

◼ Flyover Bridge 1 in 6 is achieved on the flyover bridge (MC70 CH0), Taper angle of 1 in 15 required (AGRD Part 
4c Figure 11 (2023)), SWTC Appendix B.1 Table B.1-1 Agreed exception Item A11 

◼ SWTC Appendix B.2 Table B.2-3 Shoulder width adjacent to safety barrier - Offside = 1.0m, with the exception 
of the following location: 

− Rooty Hill Road Flyover MC70 all chainages, where a 0.5m offside shoulder width is to be provided  

◼ MC70 CH 524 (curve radius 740 m) achieves 178 m, Arc length of 180 m is required for 80 km/hr speed (AGRD 
Part 3 Table 7.7 (2021)), Design departure No. 17 

 

1.1m clearance has been provided between the pile of Pier 1 and the centreline of the gas main located under the 
footpath in front of Pier 1. A minimum 3.5m clearance has been provided between the toe of the Rooty Hill Road 
Flyover embankment and toe of the M7 embankment. 

 

3.1.4.2 Vertical alignment 

Along the Flyover the existing vertical alignment is retained from the MC70 CH 0 to CH 60, matching the vertical 
alignment of MCB0. The vertical alignment is as low as possible reducing visual impacts to the BNI site, until tying 
into MC10 at CH 625. A minimum 5.4m vertical clearance is achieved over Rooty Hill Road North and Richmond 
Road northbound. 

At Pier 1 an additional vertical clearance of 0.8m has been provided to the lowest point of the integral headstock. 
This allows all existing Rooty Hill Road North traffic lanes to remain operational during curing. 

 

3.1.5 Westlink M7 southbound off ramp (MCA0) 

The existing horizontal and vertical alignment of the existing Westlink M7 southbound off ramp is retained. The 
below existing departures are retained in the design: 
◼ MCA0 CH 108.5 (curve radius 266m) achieves 42 m and MCA0 CH 64 (curve radius 97m) achieves 24 m; Arc 

length of 140 m is required for 70 km/hr speed (AGRD Part 3 Table 7.7 (2021)), SWTC Appendix B.1 Table B.1-
1 Agreed exception Item A3 

− Note: The chainage in SWTC Appendix B.1 is based on the TfNSW reference design chainage system (by 
others) and therefore does not match the chainage system used in the detailed design. However, the curve 
is located at the same plan position and therefore has no impact on the intent of this agreed concession. 

◼ MCA0 has a radius of 100 m with no transition, Curves require transitions for radii less than 220 m in roads with 
a speed of 70 km/hr, (AGRD Part 3 Table 7.3 (2021)). Refer to departure no. 16 in Table 3-7 for further details 

3.1.6 Westlink M7 northbound off ramp (MCB0) 

The existing horizontal and vertical alignment of the existing Westlink M7 northbound off ramp is retained. In the 
existing condition there is no curve widening applied on traffic lanes and SSD on the turning lane does not achieve 
a 70km/h design speed due to the existing noise wall. SWTC Appendix B.1 Table B.1-2 Item A40 accepts these 
legacy geometric design departures are to be retained as-is and are not required to be addressed as part of the 
Works. 
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3.1.7 Rooty Hill Road North / Westlink M7 northbound on ramp (MCC0) 

The existing horizontal and vertical alignment of the existing Westlink M7 southbound off ramp is retained. 

3.1.8 Westlink M7 southbound on ramp (MCD0) 

The existing horizontal and vertical alignment of the existing Westlink M7 southbound on ramp is retained. This on 
ramp generally meets V60km/h geometry instead of the required V80km/h. SWTC Appendix B.1 Table B.1-2 Item 
C8 conditionally excepts these legacy geometric design departures are to be retained as-is and are not required to 
be addressed as part of the Works. 

 

3.1.9 Property Accesses 

The property accesses along the Project corridor are designed in accordance with SWTC Appendix E.2 and is 
documented separately in the Property Adjustment - Portion 1 (Southern Section) Package (PJ01). However, 
locations with a key interface with the RW01 package are discussed below. 

 

3.1.9.1 Colebee Yard 

The property access connection point has been retained and modified to suit the widened carriageway on 
Richmond Road southbound. The design vehicle is a 19m semi-trailer and 26m B-double as the check vehicle. 

Sight distance checks have been undertaken in accordance with AGRD Part 4A (2023) and is documented in 
Appendix H. 

 

3.1.9.2 717 Richmond Road 

The property access connection point has been retained and modified to suit the widened carriageway on 
Richmond Road southbound. Sight distance checks have been undertaken in accordance with AGRD Part 4A 
(2023) and is documented in Appendix H. 

 

3.1.9.3 Sydney Water Pump Station 

The property access connection point has been retained and modified to suit the widened carriageway on 
Richmond Road southbound. Sight distance checks have been undertaken in accordance with AGRD Part 4A 
(2023) and is documented in Appendix H. 

3.1.10 Land Use 

The Site boundary for the Project defines the allowable extents of the earthworks. The earthworks bench 
requirements on embankment and cuttings are summarised in Table 3-2 below, in accordance with SWTC 
Appendix B.5.Table B.5-2, Table B.5-3 and Section 3.2. 
Table 3-2: Bench requirements on embankment and cutting 

EARTHWORKS  BATTER SLOPE  VERTICAL HEIGHT OF 
BATTER SLOPE  BENCH WIDTH  

Cutting  2H:1V or flatter  Maximum 10 m  Minimum 4.5 m  

Steeper than 2H:1V  Maximum 7 m  Minimum 4.5 m  

Embankment (Other than 
rock fill)  

Steeper than 2H:1V  Maximum 7 m  Minimum 4 m  

2H:1V or flatter  Maximum 10 m  Minimum 4 m  

Rock fill embankment  N/A  Maximum 12 m  Not required  

N/A  Greater than 12 m  Minimum 4 m  
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In accordance with SWTC Appendix B.2 Clause 3.1 (f) and SWTC Appendix B.1 Table B.1-1 Item A.34 the 
minimum horizontal clearance from toe of formation or top of cutting to the Site or Local Area Works Area boundary 
for the Main Carriageways and ramps must be 3.0 m, with the exception of the locations noted below: 
◼ northbound Main Carriageway adjacent to BNI site: 1m (MC10 360 to 520); 

◼ northbound Main Carriageway at northern tie-in to Portion 1: 2.5m (CH 1040 to 1182 MC10) 1; and 

◼ southbound Main Carriageway at northern tie-in to Portion 1: CH 960 to 1050 MC20 1. 

 
Note: 
1 ‘Portion 1’ has been corrected from ‘Portion 2’ in SWTC Appendix B.1 Table B.1-1 Item A.34 

 

In addition to SWTC Appendix B.1 Table B.1-1 Item A.34 the following locations do not achieve 3.0m form the toe 
of formation or top of cutting to the Site or Local Area Works Area boundary for the Main Carriageways and ramps: 
◼ southbound Main Carriageway adjacent to AMPLITEL: CH 340 to 400 MC10 

◼ southbound Main Carriageway adjacent to Sydney Water Pump Station: CH 530 to 545 MC10, where the 
existing offset from the edge of shoulder to Sydney Water Pump Station is retained 

◼ southbound Main Carriageway at northern tie-in to Portion 1: CH 810 to 960 MC20, where the existing kerb and 
verge is retained 

 

Refer to Section 3.4.1 for further details. 

 

3.1.11 Pedestrian and Cycleway connections 

3.1.11.1 Off road shared user path and connections 

The following off road pedestrian path and shared user path crossing facilities have been provided in the design in 
accordance with SWTC Appendix B.2 Clause 8: 
◼ 2.5m shared path south of the Richmond Road / Rooty Hill Road North intersection to the southern limit of 

works (both sides of the roads), expect for: 

− MC10 CH 20 to Ch75 (western side) where the shared path width varies between 2m and 2.5m, with 2.5m 
path with obstructions MC10 CH 75 to Ch100 (western side). Refer to 3.4.1 for further details. 

◼ 4m shared path north of the Richmond Road / Rooty Hill Road North intersection (western side of the road) 

◼ 5% maximum longitudinal grade for shared paths, in general to match the longitudinal grades on the respective 
proposed main carriageway adjacent to the shared paths 

◼ 2% nominal crossfall 

◼ 2.5m pedestrian footpath connection from Rooty Hill North Road eastern limit of works to Richmond Road / 
Rooty Hill North Road Intersection 

 

Shared path crossings are provided Richmond Road / Rooty Hill Road North intersection as follows: 
◼ Provided along the western and eastern legs, refer to SWTC Appendix B.1 Conditional Agreed Exception C9 

◼ Not provided along the northern and southern legs, refer to SWTC Appendix B.1 Agreed Exception A1 

 

Shared paths crossings are provided Richmond Road / M7 southbound entry ramp intersection as follows: 
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◼ Crossings along Richmond Road northbound western side of the road 

◼ Introduction of staggered crossings across Richmond Road western and eastern side of the road to replace the 
northern leg crossing of Richmond Road / Rooty Hill Road North intersection 

− Localised kerb build out occurs on the eastern side to retain a minimum 2.5m shared path 

 

Refer to TT02 for further details on signalised pedestrian crossings. 

 

3.1.11.2 On road cycle lane and connections 

Sealed shoulder has been provided on the main carriageway, ramps and local roads, in accordance with SWTC 
Appendix B.2 Table B.2-3 and Table B.2-8 for on road cycle lane provision. 

The existing shoulder width on Rooty Hill Road North left turn lane onto Richmond Road northbound is retained for 
on road cyclists to join the shared path or turn left onto Richmond Road northbound, refer to Figure 3-1. 

 

 
Figure 3-1: Cyclists on Rooty Hill Road North left turn lane shoulder 

 

3.2 Analysis results 

3.2.1 Vertical clearances at bridges 

The design provides the minimum vertical clearances to bridge structures, in accordance with SWTC Appendix B.2 
Clause 3.2 b) (ii) and Table B.2-4. No bridge clearance non-conformances have been identified and clearances are 
compliant with the SWTC requirements. 
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The vertical clearances achieved at overpass and underpass structures are summarised in Table 3-3 and Appendix 
H. 
Table 3-3: Bridge vertical clearances 

BRIDGE NO. REQUIRED 
CLEARANCE ACHIEVED CLEARANCE DESIGN COMMENT 

BR01 - Pier 1 6.2m  6.47m  Additional 0.8m vertical clearance 
required for temporary works 

BR01 - Rooty Hill Road 
North Median 

5.4m 
 

6.24m The vertical clearance is 
constrained by Pier 1, Pier 4, 
achieving V80km/h SSD, overdrive 
on the bridge and tying into 
Richmond Road northbound prior 
to Bells Creek Bridge.  
Reducing the clearance at this 
location is not possible without 
raising the vertical at Pier 1 and 
Pier 4 

BR01 - Pier 2 5.4m 
 

6.72m 

BR01 - Pier 3 5.4m 
 

6.51m 

BR01 - Pier 4 5.4m 5.65m - 

BR02 - Bells Creek 1% AEP flood immunity 
and SLS, with an 
additional 0.3m freeboard 
to underside of structure 

1% AEP flood immunity and 
SLS, with an additional 
0.3m freeboard to underside 
of structure 

SWTC Appendix B.1 Table B.1-1 
Item A.35 

 

3.2.2 Sight Distance checks 

Sight distance checks that have been undertaken to verify the road geometry are listed below: 
◼ Stopping sight distance (SSD), approach sight distance (ASD), safe intersection sight distance (SISD) and 

minimum gap sight distance (MGSD) checks 

− Driver reaction time as per SWTC Appendix B.2 Clause 4.4 a) 

− Coefficient of deceleration; 0.36 

◼ Entry / exit ramp sight distance checks (refer Section 3.2.2.1) 

All checks (including diagrams) can be referred to Appendix H. 

 

3.2.2.1 Entry / Exit ramps sight distance checks 

Sight distance checks were undertaken in accordance with AGRD Part 4C (2023) 

At entry ramp merges, the following visibilities are required: 
◼ Drivers on each carriageway to identify a pending lane add (approach to nose) 

◼ Drivers ability to see where the lane add occurs (terminal visibility) 

These requirements are satisfied by achieving the criteria summarised in Table 3-4 below. 
Table 3-4: Visibility requirements at entry ramp merges 

PARAMETER 
LIMIT APPROACH TO NOSE TERMINAL VISIBILITY 

Desirable 
minimum 

6 s of travel 
1.1 m eye height to 0.1 m object height 

6 sec of travel time 
1.1 m eye height to 0.0 m object height (linemarking) 



 RW01 – ROADWORKS - PORTION 2 
(SOUTHERN SECTION) - DESIGN REPORT 

RRM7-GEDT-0537-RW-RPT-
010001 

 

Richmond Road Upgrade (M7 to Townson Road) Revision A | 13 February 2026 Page 41 of 78 

 

PARAMETER 
LIMIT APPROACH TO NOSE TERMINAL VISIBILITY 

Absolute 
minimum 

4 s of travel 
1.1 m eye height to 0.1 m object height 

6 sec of travel time 
1.1 m eye height to 0.0 m object height (linemarking) 

 

3.2.2.2 Sight distance checks at property entrances 

Sight distance checks at property entrances has been undertaken in accordance with AGRD Part 4A (2023) and 
are documented in the Appendix H. Refer to Property Adjustments - Portion 2 (Southern Section) Package (PJ01) 
for further details on Property Adjustments. 

 

3.2.3 Aquaplaning checks 

Aquaplaning checks have been undertaken at key locations along the Project corridor (i.e. areas with 
superelevation transitions or long surface flow paths). As per SWTC Appendix B.7 Clause 6 f) the following 
conditions have been checked for aquaplaning for a storm event of 50mm per hour intensity, macrotexture depth of 
0.5mm, except spray sealed surface where a greater texture depth may be used only for investigation of existing 
pavements: 
◼ Travel lanes with maximum water depth not greater than 4mm 

◼ Travel lanes with maximum change in the depth of flow across the pavement must not exceed 4mm over 10m; 
and 

◼ The aquaplaning assessment considers the effects of any predicted future pavement settlement. 

 

Refer to Appendix H for aquaplaning checks. 

Note: The surface flows on all constructed pavements through each superelevation transition must be checked 
using the as-constructed surface levels to verify compliance with the requirements of SWTC Appendix B.7 Clause 
6 f). 

 

3.2.4 Intersection turn paths 

Turn paths for design vehicles and check vehicles are provided in Appendix H. 

For the purposes of this assessment, the following input parameters were defined to ensure the pavement extents 
are suitable for the turning paths of the design and check vehicles: 
◼ Minimum radius to suit a turning speed of 5 km/h, in accordance with Austroads Design Vehicles and Turning 

Path Templates Guide (2023)  

◼ 500mm clearance from the vehicle envelope to face of kerb, safety barrier, centerline or other physical 
obstructions for design vehicles with the exception of the below: 

− Left turn from M7 southbound exit ramp onto Richmond Rd southbound, 124mm achieved 

− Right turn from Richmond Rd northbound to M7 northbound entry ramp, 50mm achieved 

For two existing (and retained) design vehicle turn paths, the 500mm clearance envelope is encroached into by 
existing kerbs to be retained. The wheel path is contained within the pavement, and the clearance envelope does 
not encroach onto any physical obstructions such at TCS pole or signage. Departure 14 has been raised, refer to 
Section 3.4.1 for details. 
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3.3 Review and verification 
This submission has been subject to the following internal design verification and reviews: 
◼ Internal verification 

◼ Cross discipline review 

◼ Contractor review 

◼ Proof engineering / independent checking (optional)  

Comments from external reviewers are included in Table 3-5 (IC, TfNSW and other stakeholders), together with the 
designer responses. 
Table 3-5: Design review and verification summary 

ITEM DESIGN 
STAGE REVIEWER STATUS OF APPROVAL 

Internal Verification DCD Chloe Williams - Aurecon Confirmed 

Cross Disciplinary 
Review DCD Aurecon and GEA DTI JV Confirmed 

External Review DCD TfNSW, IC and other stakeholders Pending 

Comments from external reviewers are included in Appendix B (PV, TfNSW and other stakeholders), together with 
the designer responses. 

3.3.1 Proof Engineering / Independent Checking Engineering Assessment 

 This section is not applicable for this design package. 

3.4 Compliance 
A compliance tracking process has been developed and implemented to ensure ongoing compliance with the 
design requirements stipulated in the project SWTC and Environmental Documents as defined in the Head 
Contract. This process is embedded within the design development process and workflow, with an SWTC and 
Environmental and Sustainability compliance register established to ensure the design is consistent with the 
approved project.  

The registers are periodically reviewed and subject to amendments in accordance with developments in the 
detailed design process, design inputs, project criteria and interface requirements. 

3.4.1 Scope of Works and Technical Criteria 

This design package is compliant to the SWTC and Head Contract requirements, except as noted in Table 3-6. 
Potential non-compliances are noted in Table 3-7 and will be resolved prior to the Final Design Documentation 
submission. Table 3-8 summarises previously agreed and conditionally agreed exceptions that are currently not 
required in the design. 

Design Compliance to the SWTC clauses relevant to this design package are provided in Appendix F. 
Table 3-6: Agreed non-conformances 

DETAILS OF NON-CONFORMANCE REASON FOR NON-
CONFORMANCE 

PROPOSED 
ACTION 

TfNSW Technical Direction TS 02670 Section 2 
 
Required Value: 
◼ Pedestrian crossing required at all legs of a signalised 

intersection. 

Departure Value Adopted: 

In the TfNSW Reference Design 
the northern crossing was removed 
for the traffic performance of the 
intersection. An alternate stages 
pedestrian crossing is proposed 
approximately 100m south of the 
existing intersection. Note that 
there is also no current pedestrian 

Nil. 
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DETAILS OF NON-CONFORMANCE REASON FOR NON-
CONFORMANCE 

PROPOSED 
ACTION 

◼ Traffic control signals pedestrian crossings not provided at 
Richmond Road and Rooty Hill Road North intersection on the 
northern and southern legs. 

 
Reference: Agreed exception (SWTC Appendix B.1 Table B.1-1 
Item A1) 

crossing at the southern leg of this 
intersection 

Austroads Guide to Road Design Part 3 Table 7.7 (2021) 
 
Required Value: 
◼ Arc length of 140 m is required for 70 km/hr speed.  

Departure Value Adopted: 
Rooty Hill Road North at:  
◼ MCA0 CH 108.5 (curve radius 266m) achieves 42 m 

◼ MCA0 CH 64 (curve radius 97m) achieves 24 m 

Note: The chainage in SWTC Appendix B.1 is based on the TfNSW 
reference design chainage system (by others) and therefore does 
not match the chainage system used in the detailed design. 
However, the curve is located at the same plan position and 
therefore has no impact on the intent of this agreed concession. 
 
Reference: Agreed exception (SWTC Appendix B.1 Table B.1-1 
Item A3) 

Existing Rooty Hill Road North 
horizontal alignment is retained. 
 
 
 

Nil. 

Austroads Guide to Road Design Part 3 Table 8.5 (2021) 
 
Required Value:  
◼ Minimum longitudinal grade 0.5%. 

Departure Value Adopted: 
◼ Richmond Road at MC10 CH50 to CH110 achieves a 

longitudinal grade of 0.4%. 

 
Reference: Agreed exception (SWTC Appendix B.1 Table B.1-1 
Item A6) 

Flat grades are required to match 
the existing levels at the Richmond 
Road / Rooty Hill Road / M7 
intersection. Note that existing 
crossfall has been retained. 

Nil. 

Austroads Guide to Road Design Part 5A Section 4 (2021) 
 
Required Value: 
◼ Maximum water depth of 4mm. 

Departure Value Adopted: 
◼ Flow depths exceeding 4mm at Richmond Road and Rooty Hill 

Road North intersection. 

 
Reference: Agreed exception (SWTC Appendix B.1 Table B.1-1 
Item A.9) 

This is an existing issue at 
locations which are unable to be 
fixed. 

Nil. 

Austroads Guide to Road Design Part 4C Figure 11.7 (2023) 
 
Required Value: 

This taper has been shortened to 
allow for the curve at MC70 CH520 
to be accommodated without 
impacts to the Blacktown Native 
Institute or Sydney Water Pump 
Station. 

Nil. 
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DETAILS OF NON-CONFORMANCE REASON FOR NON-
CONFORMANCE 

PROPOSED 
ACTION 

◼ Taper length for a single-lane entry ramp to be 90m (for 1:50 
taper). 

Departure Value Adopted: 
◼ 60 m is only achieved on the flyover single entry ramp (MC70 

CH700) taper. 

 
Reference: Agreed exception (SWTC Appendix B.1 Table B.1-1 
Item A.10) 

Austroads Guide to Road Design Part 4C Figure 11.1 (2023) 
 
Required Value: 
◼ Taper angle of 1 in 15 required.  

Departure Value Adopted: 
◼ Flyover Bridge 1 in 6 is achieved on the flyover bridge (MC70 

CH0). 

 
Reference: Agreed exception (SWTC Appendix B.1 Table B.1-1 
Item A.11) 

A taper of 1:15 could not be 
accommodated without impacts to 
the Blacktown Native Institute or 
Sydney Water Pump Station. 

Nil. 

SWTC Appendix B.8 Section 6.1 a)  
 
Required Value: 
◼ The roadside areas must comply with the requirements of the 

Austroads Guide to Road Design - Part 6 (2024) and the TfNSW 
Supplement to the Austroads Guide to Road Design Part 6 
(2023) TS 02642:1.00 

Departure Value Adopted: 
◼ The roadside areas must comply with the requirements of the 

Austroads Guide to Road Design - Part 6 (2024) and the TfNSW 
Supplement to the Austroads Guide to Road Design Part 6 
(2023) TS 02642:1.00, with the exception of the working width, 
which is to be in accordance with SWTC Appendix B.2 
Annexure B.2-1 (AGRD Part 6 2010) 

 
Reference: Agreed exception (SWTC Appendix B.1 Table B.1-1 
Item A.32) 

Replication of the MASH TL5 test 
conditions (and hence a heavy 
vehicle rolling on the barrier to a 
width of 2m) is highly unlikely, 
noting the following: road is posted 
70km/h in this area, straight 
horizontal alignment and relatively 
narrow shoulder meaning a high 
angle of impact is low on the off 
side of the road. 
Furthermore, adoption of working 
width as per AGRD Part 6 2010 is 
consistent with TfNSW's Reference 
Design and is the basis for the 
project boundary, clearing footprint 
and environmental impacts. 
Providing additional space within 
the available project boundary 
would encroach closer to the 
sensitive BNI site and likely require 
the introduction of retaining walls 
which is a negative impact 
compared to the REF. 

Nil. 

SWTC Appendix B.2 Section 3.1 f)  
 
Required Value: 
f) The minimum horizontal clearance from toe of formation or top 
of cutting to the Site or Local  Area Works Area boundary for the 
Main Carriageways and ramps must be 6.0m. 
 
Departure Value Adopted: 
f) The minimum horizontal clearance from toe of formation or top 
of cutting to the Site or Local Area Works Area boundary for the 

It is noted that TfNSW's Reference 
Design did not achieve 3.0m in 
numerous locations; hence this 
departure is critical as it is the 
basis for the project boundary, 
clearing footprint and 
environmental impacts. Adoption of 
> 3m clearance to the boundary 
will result in a significant increase 
in retaining structures across the 
project which is a negative impact 
compared to the REF with no net 
benefit to TfNSW. 

Nil. 
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DETAILS OF NON-CONFORMANCE REASON FOR NON-
CONFORMANCE 

PROPOSED 
ACTION 

Main Carriageways and ramps must be 3.0 m, with the exception  
of the locations noted below: 
(i) northbound Main Carriageway adjacent to BNI site: 1m (MC10 
360 to 520); 
(ii) northbound Main Carriageway at northern tie-in to Portion 1: 
2.5m (CH 1040 to 1182 MC10); and 
(iii) southbound Main Carriageway at northern tie-in to Portion 1: 
CH 960 to 1050 MC20. 
 
Note: ‘Portion 1’ has been corrected from ‘Portion 2’ 
 
Reference: Agreed exception (SWTC Appendix B.1 Table B.1-1 
Item A.34) 

SWTC Appendix B.4 Section 3.1.15 a)  
 
Required Value: 
a) The Annual Exceedance Probability (AEP) for flood immunity 
and Serviceability Limit State (SLS) must be 1% for road bridges, 
with an additional 0.5 metres freeboard to the underside of 
structures. 
 
Departure Value Adopted: 
a) The Annual Exceedance Probability (AEP) for flood immunity 
and Serviceability Limit State (SLS) must be 1% for road bridges, 
with an additional 0.5 metres freeboard to the underside of 
structures, with the exception of Bells Creek Bridge which must 
have an additional, 0.3m freeboard. 
 
Reference: Agreed exception (SWTC Appendix B.1 Table B.1-1 
Item A.35) 

- A lesser freeboard will all the 
earthworks and impact to the BNI 
site to be reduced. This may also 
reduce the span length of the new 
Bells Creek N/B Bridge.  
- A 300mm freeboard is in excess 
of the existing Bells Creek Bridge 
(future SB Main Carriageway) 
which is downstream and 
submerged in the 1% AEP (as 
noted on the bridge WAE 
drawings). 
- For the avoidance of doubt, the 
proposed design will meet the 
0.2% AEP flood evacuation 
requirements. 

Nil. 

SWTC Appendix B.7 Section 5 m)  
 
Required Value: 
m) The unnamed drainage channel from northbound M7 Motorway 
access ramp to Bells Creek is to be located to receive stormwater 
runoff from the M7 to discharge into Bells Creek. This drainage 
channel is to be trapezoidal in shape with a minimum 10m wide 
base width and capacity to convey up to the 0.2% AEP event 
flows. 
 
Departure Value Adopted: 
m) The unnamed drainage channel from northbound M7 Motorway 
access ramp to Bells Creek is to be located to receive stormwater 
runoff from the M7 to discharge into Bells Creek. This drainage 
channel is to be trapezoidal in shape with capacity to convey bank 
full flows up to the 1% AEP event flows and to ensure flood 
immunity for the adjacent portion of Richmond Road for storms 
up to the 0.2% AEP event. 
 
Reference: Agreed exception (SWTC Appendix B.1 Table B.1-1 
Item A.36) 

The flooding performance and 
drainage water quality 
requirements are achieved with a 
smaller capacity and there are 
significant environmental, traffic 
and cost benefits in reducing the 
amount of potentially contaminated 
excavated material being removed, 
hauled and disposed off site with a 
slight improvement in ongoing 
maintenance burden for the asset 
maintainer. 
 
The flood model has demonstrated 
that the swale width can be 
reduced to < 10m and > 5m, whilst 
still maintaining Richmond Road’s 
flood immunity in the 0.2% AEP. 
The proposed tender swale design 
contains the 1% AEP flow. 

Nil. 

SWTC Appendix B.2 Section 5.1 a)  
 

No dedicated maintenance bay has 
been proposed for the (existing or 
new) VMS, noting that provision of 

Nil. 
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PROPOSED 
ACTION 

Required Value: 
a) The Contractor must provide maintenance bays adjacent to 
infrastructure that requires vehicular maintenance access (for 
inspection, maintenance, repairs, refurbishments and 
replacements), including but not limited to: 
(i) MCS or OMCS nodes; 
(ii) sumps and pump stations; 
(iii) new bridges / underpasses; 
(iv) water quality basins; and  
(v) VMS's 
 
Departure Value Adopted: 
a) The Contractor must provide maintenance bays, or a suitable 
alternative provision for maintenance, adjacent to infrastructure 
that requires vehicular maintenance access (for 
inspection, maintenance, repairs, refurbishments and 
replacements), including but not limited to: 
(i) MCS or OMCS nodes; 
(ii) sumps and pump stations; 
(iii) new bridges / underpasses; 
(iv) water quality basins; and  
(v) VMS's 
 
Reference: Agreed exception (SWTC Appendix B.1 Table B.1-1 
Item A.39) 

no maintenance bay is consistent 
with the current maintenance 
arrangement. 
The proposed 4 SB lanes adjacent 
to the VMS is considered an 
improved arrangement compared 
to the existing arrangement, 
whereby the nearside lane can be 
closed for maintenance parking 
and VMS access via elevated 
working platform. This is also 
consistent with the current 
maintenance arrangement and 
reference design. Furthermore, if 
road widening were proposed to 
accommodate a bay then this 
would be inconsistent with 
TfNSW's Reference Design and 
the basis for the project boundary, 
clearing footprint and 
environmental impacts. 
 
The basin will be accessed via 
vehicular access off Colebee 
driveway. 

SWTC Appendix B.2 various 
 
The legacy geometric design departures listed below are retained 
as-is and are not required to be addressed as part of the Works: 
MCB0 - M7 off ramp to Rooty Hill Road: 
◼ No curve widening applied on traffic lanes. 

◼ SSD on turning lane does not achieve a 70km/h design speed 
due to the existing noise wall. 

 
Reference: Agreed exception (SWTC Appendix B.1 Table B.1-1 
Item A.40) 

The works on the M7 Off Ramp to 
Rooty Hill are limited to diverge 
works for the Rooty Hill Flyover. 
GEA DTI JV have endeavoured to 
address these departures where 
feasible however amendments to 
rectify these departures would 
require major works which would 
extend beyond the scope and 
boundary of this project. 
The solution adopted is in line with 
the REF and is considered a 
reasonably practical and value-for-
money approach. 

Nil. 

SWTC Appendix B.2 Table B.2-3  
 
Required Value: 

Ramps Minimum Dimension 

Lane width 3.5 m 

Shoulder width - Nearside 2.5 m 

Shoulder width - Offside 1.0 m 

Shoulder width adjacent to safety barrier 
Nearside 

3.0 m 

Shoulder width adjacent to safety barrier 
Offside 

1.0 m 

Provision of a reduced shoulder 
width adjacent to a turning auxiliary 
lane provides a value-for-money 
solution whilst minimising project 
footprint and property impacts, as 
long as drainage flow widths are 
achieved within the proposed 
shoulder. Cyclists continue straight 
to the intersection via a cycle lane.  
 
This location is adjacent to the 
Colebee property and adoption of a 
0.5m shoulder is consistent with 
the project's Environmental 
Assessment. 

Nil. 
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DETAILS OF NON-CONFORMANCE REASON FOR NON-
CONFORMANCE 

PROPOSED 
ACTION 

Departure Value Adopted: 

Ramps Minimum Dimension 

Lane width 3.5 m 

Shoulder width - Nearside 2.0 m, except at MC20 CH 275 to 
410 where 0.5m adjacent to auxiliary 
lane is permitted. 

Shoulder width - Offside 1.0 m 

Shoulder width adjacent to safety 
barrier Nearside 

3.0 m 

Shoulder width adjacent to safety 
barrier Offside 

1.0 m 

Shoulder width - nearside | 2.0m, except at MC20 CH 275 to 410 
where a 0.5 m nearside shoulder width adjacent to auxiliary lane is 
permitted. 
 
Reference: Agreed exception (SWTC Appendix B.1 Table B.1-1 
Item A.44) 

 
Table 3-7: Potential non-conformances (to be confirmed at FDD) 

DETAILS OF NON-CONFORMANCE REASON FOR NON-CONFORMANCE PROPOSED 
ACTION STATUS 

SWTC Appendix B.2 Table B.2-3 
 
Table B.2-3 Shoulder width adjacent to 
safety barrier - Nearside= 3.0m, with the 
exceptions of the following locations: 
- MC10 northbound carriageway CH 280 
to 335 and 685 to 745, where a minimum 
nearside shoulder width of 2.0m is to be 
provided 
 
Reference: Conditionally agreed 
exception (SWTC Appendix B.1 Table B.1-
2 Item C1) 

2.0m nearside shoulder adjacent to 
barrier adopted from CH 280.00 to 
335.00on MC10, in the vicinity of the 
bridge pier for the Rooty Hill flyover 
ramp. Adoption of a 2.0m nearside 
shoulder in this location allows bridge 
span widths to be optimised. No 
technical / functional aspects of the 
shoulder are compromised by this 
proposal. The barrier will transition to a 
kerb immediately downstream of the 
bridge pier, whereby the 2.0m nearside 
shoulder will be maintained adjacent to 
a kerb. 
 
2.0m nearside shoulder adjacent to 
barrier adopted from CH 685.00 to 
745.00 on MC10, on the Bells Creek 
Bridge. Continuation of a 2.0m nearside 
shoulder over the bridge has the 
advantage of maintaining a constant 
shoulder width and cross section on the 
Northbound Carriageway. The 
horizontal alignment in this area is 
straight with a nominal 1% constant 
vertical grade.   

TfNSW to 
accept the non-
conformance in 
recognition of 
the constraints 
imposed by the 
design 
requirements 
and the adjacent 
BNI property 
boundary. 
 

Conditionally 
agreed 

SWTC Appendix B.2 Table B.2-3 
 
Table B.2-3 Shoulder width adjacent to 
safety barrier - Offside = 1.0m, with the 
exception of the following locations: 

Providing additional space within the 
available project boundary would 
encroach closer to the sensitive BNI 
site and likely require the introduction of 

TfNSW to 
accept the non-
conformance in 
recognition of 
the constraints 

Conditionally 
agreed 
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◼ northbound carriageway MC10 CH 285 
to 700; 

◼ southbound carriageway MC20 CH 275 
to 700; and 

◼ Rooty Hill Road Flyover MC70 all 
chainages,  

where a 0.5m offside shoulder width is to 
be provided. 
 
Reference: Conditionally agreed 
exception (SWTC Appendix B.1 Table B.1-
2 Item C2) 

retaining walls which is a negative 
impact compared to the REF. 
 
0.5m offside shoulder adjacent to 
barrier adopted from CH 285.00 to 
700.00 on MC10, in the vicinity of the 
bridge pier for the Rooty Hill flyover 
ramp. Adoption of a 0.5m offside 
shoulder in this location allows bridge 
span widths to be optimised. No 
technical / functional aspects of the 
shoulder are compromised by this 
proposal. The shoulder will increase to 
a 1.0m wide shoulder downstream of 
the bridge pier, whereby a 1.0m offside 
shoulder will be maintained adjacent to 
a barrier and the flyover retaining walls. 
 
A minimum 0.5m offside shoulder is 
adopted adjacent to barrier adopted 
from CH 700 to 280 on MC20, adjacent 
to the Rooty Hill Flyover and bridge 
piers. Adoption of a minimum 0.5m 
offside shoulder in this location allows 
the horizontal alignment of the SB 
carriageway and appropriate lane and 
nearside shoulder widths to be 
accommodated. No technical / 
functional aspects of the shoulder are 
compromised by this proposal. The 
shoulder will increase to a 1.0m wide 
offside shoulder north of the flyover 
structure. 
 
A 3.0m nearside shoulder and a 0.5m 
offside shoulder are provided along the 
Flyover Ramp. This configuration does 
not compromise the structural bridge 
design whilst maximising the achieved 
stopping sight distance along the ramp. 
 
The extents of these shoulder widths 
have been minimised as much as 
possible. Elsewhere, compliant 
shoulder widths have been provided 
(i.e. 3.0m nearside and 1.0m offside 
adjacent to barriers, or 2.0m nearside 
and 0.5m offside adjacent to kerbs). 

imposed by the 
design 
requirements 
and the adjacent 
BNI property 
boundary. 
 

SWTC Appendix B.2 Table B.2-3 
 
Main Carriageways | Right turn auxiliary 
lane width (next to through lane) | 3.5m, 
with the exception of Richmond Road 
southbound (MC20) CH 275 to 410 where 
the right turn lane width of 3.3 metres is 
to be provided. 
 

No longer required as the SWTC 
Appendix B.2 Table B.2-3 was updated 
to 3.3m 

TfNSW to 
accept the non-
conformance in 
recognition of 
the constraints 
imposed by the 
design 
requirements 
and the adjacent 
BNI property 
boundary. 

Conditionally 
agreed 
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Reference: Conditionally agreed 
exception (SWTC Appendix B.1 Table B.1-
2 Item C3) 

 

SWTC Appendix B.2 
 
The legacy geometric design departures 
listed below are retained as-is and are not 
required to be addressed as part of the 
Works: 
Richmond Road northbound (MC10) 
south of intersection with Rooty Hill Road 
North: 
◼ Horizontal curve insufficient for 

adverse crossfall for 80km/h (R440). 

◼ Crossfall < 1%. 

◼ Both (2 no.) left turn lane lengths and 
tapers are insufficient (96m compared 
to 82m, 32m compared to 12m, 
respectively). 

Richmond Road southbound (MC20) 
south of intersection with Rooty Hill Road 
North: 
◼ Horizontal curve insufficient for 

adverse crossfall for 80km/h (R315). 

Richmond Road south of Rooty Hill Road 
intersection, southbound (MC20) and 
northbound (MC10) carriageways; 
◼ No curve widening applied on any lane 

widths; and 

◼ No minimum curve lengths applied. 

Westlink M7 on ramp (MCD0): 
◼ Geometry generally meets 60km/h 

instead of 80km/h. 

 
Reference: Conditionally agreed 
exception (SWTC Appendix B.1 Table B.1-
2 Item C8) 

In this area, it is proposed to 
undertaken some kerb adjustment and 
linemarking works to ensure that a 
minimum 2.5m wide path is achieved 
adjacent to both the SB and NB 
carriageways as per the SWTC 
Appendix B.2 Section 8.2 a) i), and that 
the lane width requirements in the 
SWTC Appendix B.2 Table B.2-3 are 
achieved.  
 
GEA DTI JV have endeavoured to 
address these departures where 
feasible however amendments to rectify 
these departures would require major 
works which would extend beyond the 
scope and boundary of this project. 
 
The solution adopted is in line with the 
REF and is considered a reasonably 
practical and value-for-money 
approach. 

TfNSW to 
accept the non-
conformance in 
recognition of 
the constraints 
imposed by 
existing M7 
infrastructure. 
This is 
consistent with 
the Tender 
Concept Design. 
 

Conditionally 
agreed 

SWTC Appendix B.9 Section 1.4 b) & TS 
02670.8 Section 8.7 
 
However, where the length of the 
crossing is more than 25 m a median post 
must be provided and a secondary 
pedestrian lantern must be placed on the 
median post with accompanying 
pedestrian push buttons, except for at the 
existing approximately 27m wide 
pedestrian crossing of the Rooty Hill 
Road North eastern leg, which is to be 
retained as-is, with provision of a new 

At the Rooty Hill Road North eastbound 
approach, the existing pedestrian 
crossing measures approximately 27m 
as per survey. There are no median 
posts with associated lanterns and 
pushbutton in the existing situation. 
 
A new median post equipped with 
standard pushbutton is proposed in the 
existing approximately 1.8m wide 
median, in accordance with TfNSW 
TSD standards, to enable a stranded 
pedestrian to promptly request the next 
pedestrian crossing phase. 

TfNSW to 
accept the non-
conformance in 
recognition that 
this is the 
existing 
condition. 
This is 
consistent with 
the Tender 
Concept Design. 
 

Conditionally 
agreed 
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median post with a standard pushbutton 
in the existing raised median. 
 
Reference: Conditionally agreed 
exception (SWTC Appendix B.1 Table B.1-
2 Item C9) 

 
GEA DTI JV have endeavoured to 
address these departures where 
feasible however amendments to rectify 
these departures would require major 
works which would extend beyond the 
scope of this project as addressing this 
departure would require a 2 stage 
crossing with wide median noting that 
would introduce traffic impacts such as 
removal of a travel lane or widening of 
the entire Rooty Hill Rd at the 
intersection. 
 
The solution adopted is in line with the 
REF and is considered a reasonably 
practical and value-for-money 
approach. 

Shared path width varying between 2m 
and 2.5m MC10 CH 20 to Ch75 (western 
side), and a 2.5m path with obstructions 
MC10 CH 75 to Ch100 (western side). 
 
Requirements: minimum 2.5m, SWTC 
Appendix B.2 Clause 8.2 a) (i) 
 
Reference: Design departure No. 12 

Existing kerb line is retained south of 
the Richmond Road / Rooty Hill Road 
intersection. If the kerb line was to be 
extended to accommodate a 2.5m wide 
sure user path, there would still be 
existing obstacles such as street 
lighting and TCS poles. The existing 
condition is proposed to be retained for 
this shared path. 

TfNSW to 
accept the non-
conformance in 
recognition that 
this is the 
existing 
condition. 
This is 
consistent with 
the Tender 
Concept Design. 
 

Open 

Separating tangent length between 
reverse curves on MC70 
 
Requirement: 56 m AGRD Part 3 (2021) 
Section 7.5.3 
 
Achieved: 38 m, MC70 CH 486 
 
 
Reference: Design departure No. 13 

North of abutment B of the Rooty Hill 
Road Flyover Bridge MC70 alignment is 
constrained by MC10 and MC20 
carriageways along with achieving a 
1:50 taper with MC10. 
 
Between the R320m with 5% crossfall 
on the flyover and R740m adverse 
curve as 38m separating tangent is 
provided. This length has been 
maximised to be as long as possible. 
 
It is noted that a full rotation of crossfall 
is not occurring on the straight, only a 
2% rotation. 

TfNSW to 
accept the non-
conformance in 
recognition that 
there is no full 
rotation of 
crossfall 
occurring along 
the straight, only 
a 2% rotation. 
The length of 
the straight is 
improved (from 
26m in Tender 
Concept 
Design). 

Open 

Requirement: 500mm clearance from the 
design vehicle envelope to face of kerb, 
safety barrier, centerline or other physical 
obstructions for design (Austroads 
Design Vehicles and Turning Path 
Templates Guide (2023)) 
 
Departure: 
◼ Left turn from M7 southbound exit 

ramp onto Richmond Rd southbound, 
124mm achieved 

For two existing (and retained) design 
vehicle turn paths, the 500mm 
clearance envelope is encroached into 
by existing kerbs to be retained. 
 
The wheel path is contained within the 
pavement and the clearance envelope 
does not encroach onto any physical 
obstructions such at TCS pole or 
signage. 

TfNSW to 
accept the non-
conformance in 
recognition that 
this is the 
existing 
condition. 
This is 
consistent with 
the Tender 
Concept Design 

Open 
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◼ Right turn from Richmond Rd 
northbound to M7 northbound entry 
ramp, 50mm achieved 

 
Reference: Design departure No. 14 
 

In addition to SWTC Appendix B.1 Table 
B.1-1 Item A.34 the following locations do 
not achieve 3.0m form the toe of 
formation or top of cutting to the Site or 
Local Area Works Area boundary for the 
Main Carriageways and ramps: 
◼ southbound Main Carriageway 

adjacent to AMPLITEL: CH 340 to 400 
MC10 

◼ southbound Main Carriageway 
adjacent to Sydney Water Pump 
Station: CH 530 to 545 MC10, where 
the existing offset from the edge of 
shoulder to Sydney Water Pump 
Station is retained 

◼ southbound Main Carriageway at 
northern tie-in to Portion 1: CH 810 to 
960 MC20, where the existing kerb and 
verge is retained 

 
Reference: Design departure No. 15 

The site boundary was updated from 
the REF boundary which was used on 
the plans shown in the both the TfNSW 
Reference Design and the Tender 
Concept Design. 
 
The toe of the embankment has not 
increased since the Tender Concept 
Design. 

TfNSW to 
accept the non-
conformance in 
recognition that 
the clearance to 
boundary has 
been 
maximised. 
This is 
consistent with 
the Tender 
Concept Design 

Open 

Austroads Guide to Road Design Part 3 
Table 7.3 (2021) 
 
Required Value: 
◼ Curves require transitions for radii 

less than 220 m in roads with a speed 
of 70 km/hr. 

Departure Value Adopted: 
Rooty Hill Road North at: 
◼ MCA0 has a radius of 100 m with no 

transition 

 
Reference: Design departure No. 16 

The existing alignment of Rooty Hill 
Road North is retained.  
 
It is noted that the posted speed for 
Rooty Hill Road North is V60km/h, 
which does not required spirals to be 
adopted. 
 

TfNSW to 
accept the non-
conformance in 
recognition that 
this is the 
existing 
condition. 
This is 
consistent with 
the Tender 
Concept Design 

Open 

Lengths of horizontal curves 
 
Austroads Guide to Road Design Part 3 
Table 7.7 (2021) 
 
Required Value: 
◼ Arc length of 180 m is required for 80 

km/hr speed.  

Short lengths of curves are required to 
match into the existing Richmond Road. 
Road widening is not possible due to 
the retention of the existing Bells Creek 
Bridge, existing road alignment and 
property constraints. 
 
The horizontal alignment has been 
optimised requiring the adjustments to 
the size of horizontal curves and 

TfNSW to 
accept the non-
conformance in 
recognition that 
the design has 
been optimised 
to provide the 
best alignment. 
This is 
consistent with 

Open 
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DETAILS OF NON-CONFORMANCE REASON FOR NON-CONFORMANCE PROPOSED 
ACTION STATUS 

 

Departure Value Adopted: 
Richmond Road at: 
◼ MC10 CH 217 (curve radius 1000 m) 

achieves 36 m 

◼ MC10 CH 736 (curve radius 1450 m) 
achieves 106 m 

◼ MC20 CH 172 (curve radius 1065 m) 
achieves 101 m 

◼ MC20 CH 493 (curve radius 400 m) 
achieves 107 m 

◼ MC20 CH 671 (curve radius 1705 m) 
achieves 141 m 

Rooty Hill Road Flyover: 

◼ MC70 CH 524 (curve radius 740 m) 
achieves 178 m 

 

Required Value: 
◼ Arc length of 230 m is required for 90 

km/hr speed.  

Departure Value Adopted: 
Richmond Road at: 
◼ MC10 CH 906 (curve radius 470 m) 

achieves 214 m 

Reference: Design departure No. 17 

lengths. Design departure No. 17 
captures these revised curve radius 
and lengths.  
 
SWTC Appendix B.1 Table B.1-1 Item 
A2 has been removed from the design 

the Tender 
Concept Design 

 
Table 3-8: Agreed and conditionally agreed non-conformances no longer required (to be confirmed at FDD) 

DETAILS OF NON-CONFORMANCE REASON FOR REMOVAL 

Austroads Guide to Road Design Part 3 Table 7.7 (2021) 
 
Required Value: 
◼ Arc length of 180 m is required for 80 km/hr speed.  

Departure Value Adopted: 
Richmond Road at: 
◼ MC20 CH 175 (curve radius 1720 m) achieves 153 m 

◼ MC20 CH 495 (curve radius 400 m) achieves 107 m 

 
Reference: Agreed exception (SWTC Appendix B.1 Table B.1-1 Item A2) 

The horizontal alignment has been 
optimised requiring the adjustments 
to the size of horizontal curves and 
lengths. Design departure No. 17 
captures these revised curve radius 
and lengths. 
 
 

Austroads Guide to Road Design Part 3 Table 7.3 (2021) 
 
Required Value: 

The design speed of Rooty Hill 
Road North is V70km/h. Design 
departure No. 16 has been 
submitted in lieu of SWTC Appendix 
B.1 Table B.1-1 Item A4 capturing 
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DETAILS OF NON-CONFORMANCE REASON FOR REMOVAL 
◼ Curves require transitions for radii less than 300 m in roads with a speed of 

80 km/hr. 

Departure Value Adopted: 
Rooty Hill Road North at: 
◼ MCA0 has a radius of 220 m with no transition 

◼ MCC0 has a radius of 220 m with no transition 

 
Reference: Agreed exception (SWTC Appendix B.1 Table B.1-1 Item A4) 

the correct design speed and radius 
present in the design. 

Austroads Guide to Road Design Part 3 Table 8.5 (2021) 
 
Required Value: 
◼ Minimum longitudinal grade 0.5%. 

Departure Value Adopted: 
◼ Richmond Road at MC20 CH680 to CH730 achieves longitudinal grades 

between 0 - 0.1%. 

 
Reference: Agreed exception (SWTC Appendix B.1 Table B.1-1 Item A.7) 

Vertical geometry has been refined 
to remove the flat grades. 

Austroads Guide to Road Design Part 3 Table 8.10 (2021) 
 
Required Value: 
◼ Arc length of 60 m is required for 80 km/hr speed.  

Departure Value Adopted: 
◼ Richmond Road at MC20 CH670 to CH704 vertical curve and MC20 CH722 to 

CH757 vertical curve achieves arc length of 35 m. 

 
Reference: Agreed exception (SWTC Appendix B.1 Table B.1-1 Item A.8) 

Vertical geometry has been refined 
to remove the short lengths of 
curves. 

AS5100.1 Section 13.5  
 
Required Value: 
◼ 1.2 m nearside shoulder based on the AADT > 5000. 

Departure Value Adopted: 
◼ 1.0 m nearside shoulder has been adopted along the flyover bridge. 

 
Reference: Agreed exception (SWTC Appendix B.1 Table B.1-1 Item A.12) 

A 2.5m shoulder is provided where 
there is not a barrier present, and a 
3.0m shoulder has been provided 
where a barrier is present in 
accordance with SWTC Appendix 
B.2 Table B.2-3. 

SWTC B.2 Section 4.4 a) (iv) 
 
a) Stopping sight distance for cars must be assessed in accordance with 
Austroads Guide to Road Design and TfNSW Supplements, and adopting the 
following parameters: 
(iv) the design speed; with the exception of the Rooty Hill Road North Flyover 
(MC70) CH 240 to 375m where a reduced design speed of 70km/hr is acceptable. 
 
Reference: Conditionally agreed exception (SWTC Appendix B.1 Table B.1-2 
Item C4) 

SSD for V80km/h has been 
achieved throughout MC70 with the 
provision of a 3m nearside shoulder 
and 0.5m offside shoulder. 
 
Note the removal of this approved 
conditionally agreed exception is 
reliant on the approval of SWTC 
Appendix B.1 Table B.1-2 Item C2. 
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3.4.2 Environmental & Planning Approval Compliance 

The Environmental compliance register in Appendix G is provided in accordance with the compliance assessment 
criteria as listed in Table 3-9. 
Table 3-9: Key Compliance Design Criteria 

STATUS DESCRIPTION 

Compliant The intent and all specific requirements of the consent condition have been met. 

Non-compliant The intent of one or more specific requirements of the consent condition or management measure has not 
been met. 

TBD Conformance with a condition of the consent is not yet determined, with compliance to be confirmed at a 
subsequent design submission stage. 

3.4.3 Model Verification 

Model verification has been undertaken in accordance with the Digital Engineering Management Plan (RRM7-
GEDT-NWW-DN-PLN-000001) for the Project. Ongoing verification and checks will be undertaken throughout the 
design development process to ensure a 3d model is developed that is consistent with SWTC and Head Contract 
requirements. 
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4 DESIGN CONSIDERATIONS 

4.1 Safety in Design 
The Safety in Design (SiD) process is required to satisfy relevant WHS Legislation and Head Contract 
requirements (including Clause 5.2 of the SWTC). 

The SiD workshop was held in-person on 04/02/2026 and was attended by TfNSW, GEA DTI JV and Aurecon to 
identify the relevant risks in the Project. The SiD register is presented in Appendix C of this design report. 

Table 4-1 below will provide a summary of the key risks identified in the SiD workshop that are relevant to this 
package of Works. 
Table 4-1: Key SiD Hazards and Controls 

RISK ID 
NUMBER 1 

HAZARD 
DESCRIPTION CAUSE CONTROLS IDENTIFIED 

GEDT-014 Errant cyclist collides 
with motor vehicle using 
M7 southbound on-ramp 
from Richmond Rd 

CA01 - Cyclist does not slow 
sufficiently when exiting the M7 to 
Richmond Road, mounts kerb and 
strikes or is struck motor vehicle 
using on-ramp 

Existing condition has signage and 
"passive" traffic calming barriers for 
cyclist exiting M7 to Richmond Road 
On-ramp has a signalised pedestrian 
crossing   

GEDT-045 Plant rollover when 
maintain batter slopes 

CA01 - Batter slopes exceeding 
mobile grown maintenance plant 
safe operation parameters typical 
15 degrees cross slope 

The batter slopes are designed to be 
4H:1V or flatter as much as reasonably 
practicable 
 

Notes: 
1 The Risk ID number corresponds to the findings highlighted in the SiD register. Refer to Appendix C for details. 

 

4.2 Road Safety Audits 
In addition to the SiD workshops, two Road Safety Audits will be carried out on the design at Developed Concept 
Design and Substantial Detailed Design.  

The road safety audit raised 16 findings on the DCD and SDD submissions as follows: 

1 finding with High level of risk 

5 findings with Medium level of risk 

1 finding with Low level of risk 

1 note 

Refer to Appendix I for the Corrective Action Responses (CAR) to the findings of the road safety audit along with 
the road safety audit. A summary of the findings with High level of risk and the corresponding CAR is provided in 
provided in Table 4-2. 
Table 4-2: Road safety audit findings 

RSA 
ID  DESCRIPTION OF RISK PROPOSED CORRECTIVE ACTION 

RESPONSE (CAR) STATUS 

DEVELOPED CONCEPT DESIGN (DCD) 

1 

Previous Stantec RSA Finding #1 
Previous finding reported that there is an existing 
concrete shared path on the eastern side of Richmond 
Road, which is to be retained as part of the proposed 
upgrade. The shared path ends at approx. Ch 1150 with 
no connection to other paths. 
Pedestrians and/or cyclists may use the existing path to 
its end not knowing that there is no connection beyond 

Portion 1 IFT drawings were updated to 
remove the shared path south of the entry to 
Greenways Village.  
 
ACTION: Note to be added to the plans to 
indicate that this section of path has been 
removed by Portion 1 Works. 

Open 
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RSA 
ID  DESCRIPTION OF RISK PROPOSED CORRECTIVE ACTION 

RESPONSE (CAR) STATUS 

and then could attempt to cross six travel lanes to the 
western side of Richmond Rd to connect to bi-directional 
shared path. As a result, there is increased risk of a 
pedestrian or cyclist being struck by a vehicle in a 70 
km/h speed zone. 
The frequency of an incident is decreased due to there 
being minimal reason for pedestrians/cyclists on the 
eastern side of Richmond Rd in this area. 

4.3 Constructability 
During development of the design, the Construction teams have been fully involved in the design review process. A 
constructability review of this package has been undertaken for the design and the outcomes are summarised 
below. 
Table 4-3: Summary of outcomes 

ITEM 
DESIGN 
STAGE 

IDENTIFIED 
CONSTRUCTION ISSUE DESIGN RESOLUTION 

Temporary vertical works 
clearance at BR01 Pier 1 

DCD Vertical clearance of 5.4m is 
required from Rooty Hill Road to the 
temporary works structure around 
Pier 1. 
0.8m additional vertical clearance to 
the lowest point of the integral 
headstock has been provided. This 
allows all existing Rooty Hill Road 
North traffic lanes to remain 
operational during curing 

Resolved in DCD 

Clearance to gas main at 
BR01 Pier 1 

DCD Achieving sufficient clearance 
between Pier 1 of the Flyover and 
the existing high pressure gas pipe 

Resolved in DCD.  
Rooty Hill Road Flyover alignment 
adjusted to achieve approximately 1.1m 
clearance from face of pier to the high 
pressure gas pipe. 
To be revisited in SDD to confirm 
clearance is retained. 

Cut / Fill parity for the 
Project 

DCD Strive for a cut / fill balance for the 
Project and reduce export of excess 
material 

Resolved in DCD 
Additionally, the western embankment 
along MC70 approx. CH 80 to CH 220 
flattened form 2H:1V to 6H:1V to 
reduce excess fill.  
 

Clearance to BNI DCD Strive to maximise the clearance to 
the BNI site 

Resolved in DCD. 
MC10 south of Bells Creek Bridge 
approx. CH 395 to CH 700 has been 
lowered to increase the clearance to 
BNI. 

 

4.4 Asset management 
Asset Documentation is provided for SDD submissions, the GEA DTI JV Digital Execution Plan (DEXP – RRM7-
GEDT-NWW-DN-PLN-000001) and the Aurecon Digital Engineering Management Plan (DEMP – RRM7-GEDT-
NWW-DN-PLN-000002). Refer to relevant asset data deliverables for this package. These comprise the digital 
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models, the asset tagging register and clash detection report. These are submitted one week after the submission 
of the design report and drawings. 

4.5 Design optimisation / Whole of Life 
The design has been optimised and coordinated with various engineering disciplines to ensure an integrated, 
economic, safe and constructible solution is achieved.  

A summary of the key outcomes in the design to reduce the whole of life costs of the Project are noted below, as 
follows: 
◼ Strive for a cut / fill parity for the Project and overall reduction in haulage of earthworks between work zones 

◼ Replace bridge structures with earthworks embankment 

◼ Reduction in quantities of concrete, pavements and stormwater infrastructure 

◼ Co-locate maintenance parking bays and access provisions to provide access to multiple items of infrastructure 

◼ Where possible, minimise clearing of areas within the Site boundary 

◼ Where possible retain existing infrastructure 

4.6 Operations and maintenance 
The operations, maintenance, and decommissioning requirements have been considered in the development of 
this design package and are outlined in the following sections. The outcomes presented here to demonstrate the 
design complies with the Head Contract O&M requirements, will be incorporated into the O&M Manuals which will 
be provided separately from the Design Documentation. 

Refer to Appendix H for a preliminary maintenance plan. The DCD documents the intended access strategy and 
maintenance provisions to a conceptual / schematic level only. The maintenance provisions and parking bay 
infrastructure will be further developed and incorporated into the design during the SDD phase based on TfNSW 
feedback and other relevant parties. 

 

4.6.1 Bridge structures 

The following maintenance provisions are provided for bridge structures, in accordance with SWTC Appendix B.4 
Clause 3.1.18 and 3.4.5: 
◼ The minimum vertical clearance from the soffit of the superstructure to the finished ground level must be not 

less than 1.5 m. 

◼ A minimum clear gap of 3 m between adjacent bridges for safety and maintenance access 

 

4.6.2 Drainage assets 

The following maintenance provisions are provided for drainage assets, in accordance with SWTC B.7 Clause 7 
(g)(iv) and SWTC B.4 clause 5.8 (g): 
◼ Water quality control basins and structures are designed and constructed with safe and efficient access for 

maintenance and emergency response purposes 

 

4.6.3 Utilities assets 

Vehicular access is provided to the AMPLITEL tower from the Colebee property driveway.  

Access to the Sydney Water pump station is retained with a new property driveway from Richmond Road 
southbound.  
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The Endeavour Energy substation on the west of Richmond Road is accessible via the shared path. 

 

4.6.4 ITS and TCS infrastructure 

TCS infrastructure at the Richmond Road / Rooty Hill Road North intersection and Richmond Road / Westlink M7 
southbound entry ramp intersection can retain the existing maintenance strategy for these intersections. 

CCTV poles will be maintained from the shared path with the VMS continue to be maintained as present with 
maintenance vehicles parking in the shoulder adjacent to the VMS. 

 

4.6.5 Streetlights 

Where possible streetlights will be maintained from the shared path. Along the eastern side Richmond Road 
southbound, the existing streetlights are proposed to be maintained from the verge. 

 

4.7 Disaster recovery 
Richmond Road is a designated regional flood evacuation route in the Hawkesbury Nepean Flood Plan (NSW 
State Emergency Service (NSW SES), 2015). The Project Works are designed such that Richmond Road is free 
from flooding up to the 0.2% AEP storm event, in accordance with SWTC Appendix B.7 Clause 2.2 (c). 

It is noted that the flood immunity is provided to the edge line of the carriageway in accordance with SWTC 
Appendix B.7 Table B.7-2. 

Refer to the Flooding and Hydrology - Portion 2 (Southern Section) Package (SD01) for further details on the flood 
assessments and hydraulic modelling undertaken for the Project. 

 

4.8 Future proofing 
As per SWTC Clause 2.1 (c) xiv) the Project Works are to ensure future integration with Castlereagh Connection as 
per 'SKE-22_Indicative future intersection of RR and CC-20250204 .pdf' (by others) is achievable with minimal 
requirements for demolition or reworks. 

 

The following minimum requirements as listed in SWTC Clause 5.35 are to be achieved: 
◼ sufficient space is reserved in the median for potential signalised intersections, including: 

− provision for dual right-turn bays from Richmond Road southbound to the future Castlereagh connection on 
ramp, with median separation; and  

− providing suitable levels across the median to enable conversion with minimal adjustments for future 
pavements; 

◼ provision of compliant approach sight distance on all legs of the intersections; 

◼ conducting aquaplaning checks for all future intersections; 

◼ avoiding drainage pits or manholes in future intersections (i.e. no pits or access points in future Carriageways); 

◼ ensuring all Utility Service Works avoid the need for any future relocation work; 

◼ ensuring that streetlighting is adequately spaced to avoid potential clashes with Castlereagh Interchange 
structures; 
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◼ avoiding any new trees, large sign structures or infrastructure being positioned such that they clash with the 
future works resulting in removal/relocation, (refer to Option 2 of 'Richmond Road Flyover Ramp - Options 
Report 2'); and 

◼ ensuring that future intersections do not adversely impact provision for pedestrian movements and the Active 
Transport strategy across the road network in the area. 

 

A preliminary sketch has been completed as part of DCD demonstrating sufficient space is reserved in the median 
for future integration with Castlereagh Connection (by others), refer to Appendix H for further details. Detailed 
checks will be provided in SDD. 

4.9 Durability 
The minimum design life of assets for this package is in accordance with SWTC Appendix B.13 Table B.13-1. 
Refer to the Durability Report (RRM7-GEDT-0537-DY-RPT-010001) for any non-conformances identified for the 
Project. 

 

4.10 Design Life 
This section is not applicable for this design package. 

 

4.11 Environment 
A summary of compliance with the environmental requirements applicable for this package as set out in the 
project’s Environmental Documents is provided below. A complete overview of applicable conditions and evidence 
of compliance is included in Appendix G. 

 

4.11.1 Cultural heritage impacts 

The design has been developed to ensure that the activities of the Contractor have a minimal impact on the 
existing cultural and aboriginal heritage sites, in compliance with the Aboriginal Heritage Impact Permit (AHIP) 
specific to the area. 

Refer to the Site Clearing Package (DM01) for further details on the extents of clearing for the Project and 
subsequent impacts (if any) on cultural heritage assets. 

 

4.11.2 Biodiversity 

Refer to the Site Clearing Package (DM01) for further details on the extents of clearing for the Project and 
subsequent impacts (if any) on biodiversity. 

 

4.11.3 Waterways 

The design has been developed to minimise the impact on aquatic habitats and riparian zones. Any clearing 
activities near the waterways areas is in accordance with TfNSW D&C G38 Clause 3.7. 

Refer to the Site Clearing Package (DM01) for further details on the extents of clearing for the Project and 
subsequent impacts (if any) on waterways. 
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4.12 Sustainability 

4.12.1 Energy and greenhouse 

A summary of the key outcomes in the design to reduce the energy and greenhouse of the Project are noted 
below, as follows: 
◼ Strive for a cut / fill parity for the Project and overall reduction in haulage of earthworks between work zones 

◼ Replace bridge structures with earthworks embankment 

◼ Reduction in quantities of concrete, pavements and stormwater infrastructure 

◼ Co-locate maintenance parking bays and access provisions to provide access to multiple items of infrastructure 

◼ Where possible, minimise clearing of areas within the Site boundary 

◼ Where possible retain existing infrastructure 

4.12.2 Materials and waste 

The design has achieved the following: 
◼ Overall reduction in earthworks quantities and strive for a cut/fill parity for the Project. 

◼ Minimise earthworks operations and clearing within the Project Corridor. Refer Site Clearing Package (DM01) 
for further details. 

◼ Where possible, reuse existing pavement and minimise pavement overlay at tie-in locations. 

◼ Minimise volume of concrete structures for the Project such as bridges and culvert. 

4.12.3 Biodiversity 

Refer to the Site Clearing Package (DM01) for further details on the extents of clearing for the Project and 
subsequent impacts (if any) on biodiversity. 

4.12.4 Climate Resilience 

The road alignment has been designed to provide a 0.2% AEP flood immunity on Richmond Road, as per Table 
B.7-2 SWTC Appendix B.7.  

A climate change risk assessment in accordance with Clause 2.1 a) Appendix D.5 will be undertaken by GEA DTI 
JV (by others). The associated mitigation measures (if any) will be incorporated into the design. 

4.13 Predicted Effects 

4.13.1 Ground settlement 

This section is not applicable for this design package. 

4.13.2 Noise and vibration 

This section is not applicable for this design package. 

4.13.3 Instrumentation and monitoring 

This section is not applicable for this design package. 

4.13.4 Decommissioning 

This section is not applicable for this design package.  


