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Executive Summary

The Dunedin One-Way System Separated Cycle Lanes project is a partnership between the
Agency and Dunedin City Council, with the Agency taking the lead role. The project is
necessary to appropriately protect cyclists who travel on the existing SH 1 cycle lanes from
fatal or serious injury crashes, with four cyclist fatalities in 1998, 2005, 2011 and 2012.

The Programme Outcomes are; to improve road safety for cyclists, by providing a safe route
choice for cyclists, facilitate the adoption of cycling as a safe and practical choice for inner
city transport, contribute to an integrated central city cycle network and adjoining wider city
cycle network and integrate opportunities to improve pedestrian safety and amenity. The
main Project Outcome is to design and construct a separated cycleway on SH 1 that is free
of fatal and serious injury crashes. Other project outcomes include ‘Network Performance &
Capability’ benefits such as increased throughput by cycle, improved comfort & customer
experience regarding the ease of cycling (perceived) and health benefits by increasing
physical activity.

Work completed prior to this Detailed Business Case (DBC) includes a mixture of both
physical and theoretical work completed on the SH 1 cycle route. There have been a number
of short-term physical improvements made to the existing cycle lanes, but as a result of
cyclist deaths in 2011 and 2012, there was a strong public response that changes were
necessary to provide better facilities for cyclists.

The SCL improvements considered in this DBC are an important component of the strategy
for greater Dunedin cycle network, as pedestrian and cyclist crashes accounted for
approximately 60% of the high severity crashes (15 high severity crashes resulting in 15 DSi)
during 2009 - 2013. The key safety deficiency of the existing SH 1 cycle lanes is that
cyclists are only protected from vehicular traffic by painted lines on the road and their own
self-awareness.

There are few key constraints to this project other than ensuring the SCL fits within the
existing road corridor, without adversely affecting the level of service for vehicle traffic and
pedestrians.

Five options were initially assessed under the Strategic Assessment prior to this DBC and
two options were put forward for further consideration. The first was an SCL on each leg of
the one-way pair and the second was a bi-directional facility running the length of
Cumberland Street. This second option is not preferred on the grounds that the safety
concerns created for cyclists on a bi-directional facility are too difficult to overcome without
adversely affecting other road users.

The option selected (Uni-directional One-way pair SCL) is considered the optimum solution
which closely meets the desired programme and project objectives. The recommended
option provides a high standard of safety for new and existing cyclists due to the separation
and physical barrier from vehicular traffic. A summary of the recommended project
economic assessment is provided below:

. . . Expected Construction . . .
D . . B f B f R
Option Description Bl (S ) enefits enefit Cost Ratio

Option 1:

Uni-directional SCL $8.0M $20.2M 3.1

The project has been categorised as having a HHM assessment profile.

Consultation has been undertaken on both options prior to this DBC. There is general
support from stakeholders and affected parties. However, the removal of on-street parking
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is a key concern, particularly for local business owners, who fear it may adversely affect
‘drop-in’ traffic and consequently ongoing business viability over time.

The key risks remaining on the project relate to the need to maintain a high standard of

design / provision for the SCL, in the face of competing demands from stakeholders and

general road users, managing the outcomes from further consultation and availability of
detailed information (i.e. topographical and services survey data).

Overall, the project is considered to support the GPS objectives, and will deliver on the
desired outcomes of reducing fatal and serious injury cyclist crashes on the state highway.
The project should therefore be progressed to the next phase of the Business Case process.
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PART A - THE CASE FOR THE PROJECT
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Background

The Dunedin One Way System Separated Cycle Lanes (SCL) project is a partnership between the
NZ Transport Agency (NZTA) and Dunedin City Council (DCC), with the Transport Agency
taking the lead role. The purpose of the SCL project is to reduce instances of fatal and serious
cyclist crashes, as well as improving pedestrian facilities.

There have been a number of short-term physical improvements made to the existing cycle
lane and some reports completed on a possible long term solution. This is the second
investigative stage for this project, after an initial report of cycling options for central city
Dunedin was completed.

The Transport Agency Board has overall responsibility for NZTA projects and reports directly

to the Minister of Transport. NZTA is also the project sponsor.

The Dunedin One-Way System Separated Cycle Lanes project is a partnership between the
Transport Agency and DCC, with the Transport Agency taking the lead role. The project area
is bound within the section of SH 1 starting where SH 1 diverges in the north (at Pine Hill
Road), to Rattray Street in the south. The vast majority of this section of SH 1 runs through
central Dunedin and SH 1 is unique in that it is a one-way system separated by a street block.

Work Completed to Date

Prior to this Detailed Business Case (DBC) a mixture of both physical and theoretical work has
been completed on the SH 1 cycle route. There have been a number of short-term physical
improvements made to the existing cycle lanes and written reports outlining the possible long
term solutions and the obstacles to overcome to create a safe separated cycle facility.

Short-term Safety Improvements to Existing Cycle Lanes

As a result of cyclist deaths in 2011 and 2012, there was a strong public response that
changes were necessary to provide better facilities for cyclists. DCC contacted the Transport
Agency in November 2012 requesting the creation of a high level plan for improved cyclist
safety on the one-way pair, with an emphasis on separated facilities.

Reports Completed to Date

In October 2013 ViaStrada completed a report of possible cycling options for central city
Dunedin. This was the only site specific report completed in advance of this DBC, so in effect
acts in place of an Indicative Business Case (IBC) or Project Feasibility Report (PFR).

A SH 1 Cycle Lanes Parking Study was completed jointly by the Transport Agency and DCC,
which investigated the parking demand and supply in the city centre.

Background Information

The following information was supplied for the creation of this DBC:
North South Central City Cycling Options Report (Via Strada October 2013)
North South Central City Cycling Options - Appendices (Via Strada October 2013)
Central Dunedin Bicycle Corridors Data - Appendix (October 2013)
Option 1 Plan : One-way Pair SCL uni-directional (Via Strada March 2014)
Option 2 Plan : Cumberland St SCL bi-directional (Via Strada March 2014)
Central Dunedin Cycle Survey Results (January 2012)

Dunedin One-way System (SH 1) Cycle Survey Report (NZ Transport Agency March
2014)
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Consultation Response Report (DCC / NZ Transport Agency December 2013)
Consultation Output Summary Report (DCC / NZ Transport Agency December 2013)
Cross-sections: Types 1- 6 (Via Strada March 2014)

Option 1A Plan Set (Via Strada March 2014)

Cycle Lane FAQs (NZ Transport Agency November 201 3)

SH 1 Scheme Development Traffic Signal Operation Report (Via Strada April 2014)

SH 1 Cycle Lanes Parking Study (DCC / NZ Transport Agency undated)
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1.2 Project Governance
The governance structure for the project is depicted in Figure 1-1. In addition to the NZ
Transport Agency organisational structure below, the working group also consists of DCC, and
is supported by:
Dave Cull, Mayor, Dunedin City Council
Dr Sue Bidrose, CEOQ, Dunedin City Council

Sarah Connolly, Transport Planning Manager

1.2.1 Organisation structure

The following diagram represents the decision-making process structure within the Transport
Agency with regards to this project.

NZTA Board

HNO Value Assurance Committee

lan Duncan
Dunedin State Highway Manager
(Project Sponsor)

Tony Sizemore

Dunedin Decision Making Team Dunedin Transport Planning Manager

Simon Underwood
Project Manager

Figure 1-1: NZTA Organisation Structure

1.2.2 NZTA Board

The Transport Agency Board has overall responsibility for NZ Transport Agency projects. The
Board reports directly to the Minister of Transport and is responsible for:

land transport planning
managing the state highway network
regulating access to, and participation in, the land transport network
promotion of land transport safety and sustainability.
1.2.3 Highways and Network Operations Group Value Assurance Committee

The HNO Group Value Assurance Committee (VAC) is the most senior project decision making
team within the HNO group, which comprises the National Manager Professional Services and
various other senior managers and technical specialists.

1.2.4  Project Sponsor

The Project Sponsor is lan Duncan, Coastal Otago Region 13 State Highway Manager. The
Project Sponsor is responsible for:
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Ultimate authority and responsibility for the project

Endorsing changes to scope, schedule, budget and quality

Endorsing escalation and championing recommendations to the Highways VAC
Providing policy guidance to the Project Manager

Endorsing the Project Management Plan to confirm that project scope and deliverables
are correct

Reviewing progress and providing advice on resolution of issues
Supporting the Project Manager
Resolving issues beyond the Project Managers authority.

1.2.5 Dunedin Decision Making Team

The Coastal Otago Regional Management Team comprises senior decision makers within HNO
in the Southern region. It includes representation from the Coastal Otago Region State
Highway Manager and their direct reports.
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Problems, Opportunities and Constraints

This SCL project is located within the Dunedin central city, on SH 1 between Pine Hill Road and
Rattray Street. The primary problem for this section of state highway is the occurrence of fatal
and serious cyclist and pedestrian crashes, which account for approximately 60% of all the
high severity crashes that have taken place on this section of SH 1. It is clear from the crash
analysis the majority of high severity cyclist and pedestrian crashes occurred due to regular
interaction, with vehicle drivers’ failing to give way, or the doors of parked cars opening into
the path of the cyclist. By separating cyclists and vehicles, the severity of crashes can be
greatly reduced.

There is also the opportunity to increase the number of cyclists commuting in Dunedin, by
providing a safe route that has strong links to other existing and planned cycle ways in the
city. Where possible, improvements will also be made to pedestrian facilities.

The main project constraint is the numerous property accessways throughout the project
extents. There are number of high usage commercial accessways that the SCL will pass
adjacent to. This includes accessways for supermarkets, petrol stations, the Cadbury Factory
and fast food outlets.

Another constraint is that if the facility becomes too popular (a desired outcome) there is the
potential that passing opportunities within the facility become more and more limited. This
could reduce the overall Level of Service (LoS) for the facility and its attractiveness to users.

Furthermore, small business and retail owners are concerned with the loss of short term
parking throughout the SCL project extents.

It is expected there will not be any major issues obtaining RMA approvals for this project. Any
service relocation should be limited and confined to highway lighting, fibre optic cables and
power cables.

Problems and Opportunities

Site Description

This cycle project is located within the Dunedin central city, on SH 1 between Pine Hill Road
and Rattray Street (see Figure 2-1). This includes the part of SH 1 known as the “one-way
system”. The route position reference for this section runs between 015-0704/0.0 to 01S-
0706/0.44.

This DBC investigates the best arrangement for a SCL along SH 1. It also includes all ‘whole of
intersection’ areas at each intermediary intersection along the one-way system, as well as
extensions at either end, for which treatment is necessary to enable the project work to be
properly integrated with the wider network.

There are existing cycle lanes running the full length of the project section. These are
generally 2.4m wide lanes, line-marked on each leg of SH 1 through Dunedin, running parallel
to the live traffic lanes on the left hand side of drivers. The lanes are commonly located in
between the live lane and parked vehicles against the kerb. There is no specific protection for
cyclists other than the painted solid lines on the road surface and the cyclists’ own awareness.

Pedestrian facilities consist of common footpaths running parallel to the road, no different
than would be found in any urban situation. At signalised intersections there are existing
pedestrian facilities, with pedestrian phases providing for the various signalised pedestrian
movements. Pedestrian signals operate with either no protection (i.e. filtering with vehicles),
partial protection (early start for pedestrians with a red arrow for vehicles). No full protection
movement exists i.e. where the pedestrians receive a completely separate phase with no
vehicle conflict.

The Dunedin city street layout is a block (or grid) pattern, apart from the two sets of S-bends
i.e. reverse curves, in SH 1. The first set is located approximately halfway through the project
section, the second set towards the southern end. Therefore signalised intersections occur
frequently at common intervals in both directions of SH 1, providing for intersections with the
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local road network. A large number of accessways exist within the project extents, some of
which are very busy and provide access to supermarkets, hotels, car park buildings, the
hospital and commercial activity etc. The number of accessways along the section
significantly increases the number of conflict points that cyclists and pedestrians would have

with vehicular traffic.
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Albany Street

Hanover Street

Figure 2-2: SH1 Aea of consideration - aerial map (Source: Google Maps)

2.1.2 Problems

Cyclist fatalities on the one-way system occurred in 1998, 2005, 2011 and 2012. Marked
cycle lanes were installed following the 1998 fatality, but did not effectively prevent any of the
subsequent fatal cycle crashes. Common to all four fatalities, is that the crash involved a
sudden or an unexpected interaction with the general traffic.

Strategic investigation work undertaken during 2013", together with public consultation,
established there was a travel demand for safe cycling on the one-way system. It was further
recognised that while alternative routes do provide an essential role in providing for travel by
cycle within the central city, the one-way system would remain central to the existing, and any
new, cycle network infrastructure within the central city.

Further, it established the safety risk to users of the SH 1 one-way system was sharply focused
on cyclists and pedestrians. Therefore to achieve the necessary substantial improvement in

1 Submissions Summary Report on Dunedin Separated Cycle Lane Options, NZ Transport Agency & DCC,
December 2013
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2.2.1

2.2.2
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the safety performance of the one-way system required improved planning and provision for
these road user modes. While this DBC relates primarily to improving road safety via improved
cycle infrastructure, attention is also drawn to aspects where safety improvements can also be
provided for pedestrians along the route.

Opportunities

To develop this proposal and implement the SCL on the SH 1 one-way system, the desired
objectives/outcomes are to;

improve road safety for cyclists;
provide a safe route choice for cyclists;
facilitate the adoption of cycling as a safe and practical choice for inner city transport;

contribute to an integrated central city cycle network and the adjoining wider city cycle
network;

integrate opportunities to improve pedestrian safety and amenity.

Issues and Constraints

Transport Issues and Constraints

A key transport issue is the total volume of cyclists using the one-way pair cycle lanes
combined with the safety issues that eventuate. An issue for cyclists, using the existing on-
road cycle lanes, is the regular interaction with other road users. This interaction takes place
due to the competing demands for road space, and the cross sectional layout, with cycle lanes
provided on the left side of the highway between the through lane and the parking lane. This
results in a situation in which cyclists, using the on-street cycle lanes, still interact with other
roads users at accessways, car parking, manoeuvring, dooring and pedestrians crossing the
cycle lanes. This high level of interaction reduces the LoS of the facility for both safety and
efficiency. The existing position of the cycle lanes, located on the left side of the traffic lanes
does also result in a situation where cyclists are positioned in the blind spot of heavy vehicles.

Safety is considered further in Section 2.2.7 and 2.2.8.

A further transport constraint is the need to maintain operational efficiency of the SH 1 system
in central Dunedin. Any facilities provided to support cycling have the potential to reduce the
existing LoS for motor vehicle traffic. Ensuring that the efficiency of the through movement of
traffic on SH 1 travelling along the one-way pair is not adversely affected by the introduction
of separated cycling facilities is a fundamental requirement.

The high number of traffic signal intersections along the SH 1 corridor is also a further
constraint. Whilst the signal timings can (and do) provide a good level of traffic signal
coordination for motor vehicles by providing a green wave, this good level of coordination
does not, generally, exist for cyclists due to their lower progression speeds. This means that
the existing LoS for cyclists is not particularly high, given the necessity to stop at repetitively?.

Economic Issues and Constraints

SH 1 through Dunedin is an important economic area of the city, with a large number of
businesses adjacent to the SH 1 one-way pair that could ill afford any negative outcomes
arising from the installation of an SCL. A main concern of local businesses would be the
removal of parking spaces near their business and the potential for loss of income due to a
decrease in ‘drop-in’ traffic that no longer have somewhere convenient to park.

Of particular note is the P5/P10 parking for businesses along SH 1 that allows a high turnover
of customers and also facilities for loading on-street. If this parking is removed, it is likely to
result in economic disbenefits for businesses that rely on such parking.

2 The current traffic signal operation and effect on the progression speed of cyclists, traveling at a variety of speeds, is
covered in detail in the MWH (2014) Traffic Signal Operation Report.
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There is also metered parking along some sections of the SH 1 one-way pair which results in
revenue generation for DCC and any changes to this will obviously affect existing revenue. It
is possible some parking could be relocated, or currently unrestricted or time
restricted/unpaid parking could be converted to meter parking to offset the loss of current
metered parking. However, it is likely that the current metered parking is located in the areas
of highest demand and so alternatives may not be as attractive to drivers wanting to park. The
particular area encompassing the SH 1 one-way pair is the Dunedin CBD and this
predominantly includes well established buildings. No property acquisition is envisaged for
the SCL, so the project is not constrained in this regard.

Social Issues and Constraints

The proposed cycleway runs through the older part of central Dunedin. Numerous sites that
attract large numbers of visitors are located in this vicinity including the University of Otago,
Otago Museum, Cadbury’s, the Dunedin Railway Station Toitu and to the west The Octagon.
The location of these important sites within the study area is shown on Figure 2-3. These are
important Dunedin landmarks and contain heritage buildings and trees. They attract
residents, tourists and students into central Dunedin and contribute to its vibrancy and
vitality. Further sites that attract people are identified in Table 2-1.

All of these sites are traffic generators that create a level of parking demand. Currently
parking provided on the highway serves at least some of this parking demand. Any reduction
of (convenient) on-street parking provision could reduce peoples accessibility to those sites,
particularly the elderly or mobility impaired. This issue is particularly relevant in respect of
the museum and Dunedin Hospital.
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Figure 2-3: Key Traffic Generators

A number of significant traffic generators exist in close proximity to the project area. The sites
that are considered the highest traffic generators are shown in Figure 2-3. All of the sites that
have been identified as generating are detailed in Table 2-1 and are included if there is the
potential for significant pedestrian or vehicle movement, and/or of historic or cultural
importance (including tourist attractions). The information below has been compiled from
consultation with stakeholders and other available sources.

Table 2-1: Significant Traffic Generators

Site Comment on significance

Beaurepairs Busy access on Cumberland Street.

BP Service Station Separate busy entry and exit accesses on Cumberland Street.

Heavy vehicle commercial entrance and exit on Cumberland

Cadbury Factory Street and Castle Street.

Caltex Service Station Separate busy entry and exit accesses on Great King Street.
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Central Fire Station Main exit on Castle Street for fire engines.

Copland’s Entrance access only to car park.

Separate entry and exit accesses to large car park on

Countdown Supermarket Cumberland Street.

Cumberland College House of residents for Otago University students, busy access.

Access to hospital car parking from Cumberland Street. Short

Dunedin Hospital term parking for access to physiotherapy centre.

Heritage building (Category 1) opened in 1906. This is a very

Dunedin Railway Station important example of early Dunedin architecture.

Entry and exit access for fast food drive through and car

KFC 4
parking.

Leviathan Hotel Heritage Hotel built in 1884

McDonalds Entry and exit access for fast food drive through and car
parking.

Mobil Service Station Separate busy entry and exit accesses on Cumberland Street.

New World Supermarket | Entry only access from Cumberland Street

Otago Museum Established in 1868 and is Dunedin’s most visited attraction.

Shell Service Station Separate busy entry and exit access on Castle Street.

Major hub for public transport and centre of Dunedin’s café

The Octagon and hospitality culture.

Established in 1869 with main campus on Cumberland Street.

University of Otago Car parking access and multiple service accesses.

Through access from Cumberland Street to Castle Street for

VINZ vehicle testing station.

Separate entry and exit access to car park building on

Wilson Car park Cumberland Street and Castle Street.

A key safety design criteria is to ensure vehicles accessing any of the above locations are
treated appropriately in relation to the SCL. At busier accessways i.e. Wilson car park, the
design of the facility will be critically important to ensure the safety of all road users (e.g.
safety measures may need to be implemented that alert both cyclists and motorists that they
are entering into high conflict zones where motorists cross the SCL). Some of the significant
sites above have high use accessways, either by the public or commercially, and therefore
require specific focus.

2.2.4 Resource Management Issues and Constraints

There are a number of Resource Management documents (both statutory and non-statutory)
that must be considered when planning for cycleway projects. The key statutory plans and
standards applicable to the Dunedin SCL project are as follows:

Dunedin City District Plan (‘DCDP’);

Resource Management (National Environmental Standards for Assessing and Managing
Contaminants in Soil to Protect Human Health) Regulations 2011 (‘NES’);

Otago Regional Council - Regional Plan: Water and Regional Plan: Air.

Under the Dunedin City District Plan the corridor is designated for "State Highway Purposes
(SH 1)”: However, this does not inhibit what can be achieved with the SCL design.

3 Dunedin City District Plan, Schedule 25.5 - Designations.
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Table 2-2: Dunedin City District Plan Designation Detail

Designation D453 D454
Number

Requiring NZ Transport Agency NZ Transport Agency

Authority

Designation | SH 1 - South Bound One-Way System | SH 1 - North Bound One-Way System

Name and (Cumberland Street - Gowland Street | (Andersons Bay Road - Crawford Street

“purpose” - Castle Street - Lower High Street - - Lower High Street - Cumberland
Cumberland Street - Andersons Bay | Street - Malcolm Street - Great King
Road) - "State Highway Purposes Street) - "State Highway Purposes
(SH 1)" (SH )"

Location SH 1 - South Bound One-Way System | SH 1 - North Bound One-Way System
through Dunedin City Centre, through Dunedin City Centre, Dunedin
Dunedin

Legal Lots 1 and 2 DP 25488, and Pt Road | Sec 1 Blk LIV, Sec 1 Blk XLV, Pt Reserve

Description Reserve No 4, Pt Town Belt and Pt Blk L Town

of Dunedin, and Pt Road Reserve

Conditions No No

In addition to the designated State Highway, there is a small amount of local road (Emily
Siedeberg Place) connecting Cumberland Street north and south, which is shown on the
planning maps as “road”. Other than this section, which could potentially be incorporated
(into the cycleway project), it is expected that the cycleway works would be primarily contained
within the designated State Highway corridor, potentially with some ancillary works on other
local roads.

Adjoining the designated State Highway corridor are a number of different District Plan Zones
including the Central Activity Zone (CA), Large Scale Retail Zone (LSR), Campus Zone,
Residential 3 (R3) and Residential 1 (R1). The corridor passes through three Townscape
Precincts (TH12, TH10 and THO1) and an Urban Landscape Conservation Area (ULCA 1).

The District Plan maps also identify a number of protected buildings and trees adjacent to the
designated State Highway and road corridor. Within the project extent, there are thirteen
listed heritage trees on sites adjoining the State Highway designations®. Under the Dunedin
City District Plan the removal or modification of any tree or pruning, trimming or any other
modification or activity within the canopy spread of any listed tree is a discretionary activity®.
If the physical works impact on the adjoining heritage trees, resource consent may be required
prior to commencing the works. Also, given the minimal quantity of earthworks proposed, the
re-use of existing paved surfaces and the connection into the existing stormwater
infrastructure, modification of listed trees is unlikely.

There are no conditions on the NZ Transport Authority State Highway designations, south or
north bound. An outline plan under Section 176A of the RMA needs to be submitted to DCC
once the detailed design has sufficiently progressed to indicate the detail of the proposed
works. The territorial authority may request changes. Outline plan applications are processed
on a “non-notified” basis within 20 working days.

The NES seeks to ensure that any land affected by soil contaminants is appropriately identified
and assessed before it is disturbed or developed, and if necessary, is remediated or the
contaminants are confined as to make the land safe for human use.

4 Dunedin City District Plan, Planning maps 34, 35, 36, 49 and Schedule 25.3- T362, T360, T531, T533, T028,
T532,T534, T363, T364, T366, T365, T295, T294
5 Dunedin City District Plan, Chapter 15 Trees, Rule 15.5.1.
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The Hazardous Activities and Industries List (HAIL) compile activities and industries that are
considered likely to cause land contamination resulting from hazardous substance use,
storage or disposal.

The DCC GIS system records do not identify any know hazard information within the road
corridor. A number of adjoining sites are identified as potentially contaminated (See Appendix
G - Planning Information.

The Otago Regional Council (ORC) and DCC records do not identify any known contaminated
sites within the road corridor. There are records associated with nine sites adjacent to the SH
1 corridor held on the ORC’s “Database of Selected Land Uses.”

Under the NES, any small-scale soil disturbance activities which disturb no more than 25 cubic
metres per 500 square metres of affected land and that are of a temporary duration (up to two
months’), is a permitted activity. The cycleway construction is not anticipated to exceed these
thresholds, therefore the disturbance of soil on these sites would be permitted under
Regulation 9 of the NES.

The two key ORC statutory plans are the Regional Plan: Water and the Regional Plan: Air. The
cycleway does not involve any works in a waterbody or streambed. The majority of hard
surface areas already exist and stormwater from the road and footpaths is collected and
discharged via the existing Council stormwater infrastructure. No new or additional
discharges of stormwater are proposed for the new cycle facilities.

Under the Regional Air Plan the discharge of contaminants into air from road construction
activities is a permitted activity®. Therefore in terms of the two key ORC plans, no resource
consent requirement is activated.

The other regional council documents of relevance to this project include:
The Otago Regional Council Regional Policy Statement
Urban Water Quality Strategy

The cycleway proposal is expected to be consistent with these two higher level documents and
does not breach any conditions set within.

The resource management process to obtain the necessary outline plan approval and any
potential resource consent under the NES, would not involve public notification. Therefore
from a consenting perspective the project is relatively straightforward.

2.2.5 Stakeholder Issues and Constraints

The key stakeholder concerns related to existing user safety concerns, parking-economic,
parking-social. These issues have been summarised and responded to in a previous report’.

Some of the other concerns raised during consultation were; the perception of increased mid-
block crossing by pedestrians (with use of parking further afield); the use of the cycle lane by
skateboarders; and the potential of younger, less skilled cyclists, entering a busy inner city
traffic environment.

Stakeholders that supported the proposed SCL options were generally those from a cyclist
viewpoint. There was no clear indication of a preferred SCL option amongst stakeholders, with
both SCL options (bi-directional or uni-directional - see Section 4.14) evenly supported.
Consultation is further discussed in Section 6.

2.2.6 Maintenance Issues and Constraints

The existing maintenance regime consists of typical urban road routine maintenance. Since
the 1997/98 financial year, $365,000 has been spent on routine maintenance, including;

6 Otago Regional Council Air Plan, Rule 16.3.13.1.
7 Consultation Response Report (2013) DCC / NZ Transport Agency December 2013
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signage cleaning and repair, minor levelling, emergency works, surfacing defects repair,
stormwater structure maintenance, digouts, potholes, surface water channel maintenance,
environmental clean-up, resurfacing, shoulder maintenance, vegetation clearing and paint re-
marking

The current alignment has formalised drainage that requires routine clearing of kerbs and
sumps. There are numerous trees that require routine trimming to maintain adequate sight
lines. There is street lighting present on both sides of the road the entire project extent that
requires routine maintenance. There are numerous utility service pits located in the road
reserve that are accessed for routine maintenance.

The forward works programme indicates that a section of SH 1 is programmed for
maintenance resurfacing in 2014/15, with further sections resurfaced in 2015/16 and
2016/17. The local roads and SH 1 are maintained by the DCC and NZTA respectively. For SH
1, NZTA maintenance area is the carriageway bound by the lip of channel with the DCC
maintaining from the lip of channel to the property boundaries.

2.2.7 Crashes Issues and Constraints

A full review of the crash history of the 2.5km section of SH 1 (RP 704/0.0 to RP 706/0.44) is
analysed in Appendix C - Crash History Information, including crash classification and a crash
map. For the five year period from January 2009 to December 2013, there was a total of 359
crashes (26 high severity crashes resulting in 28 DSi).

Of the total reported crashes, only 11% involved pedestrians and cyclists. However, pedestrian
and cyclist crashes accounted for approximately 60% of the high severity crashes (15 high
severity crashes resulting in 15 DSi). This indicates that pedestrians and cyclists are over-
represented in high severity crashes along the project length. Three of the 15 DSi crashes
resulted in a fatality, these were due to; an elderly pedestrian crossing in at an incorrect
location (i.e. not a designated crossing place); a truck failing to give way to a cyclist; and a
cyclist manoeuvring to dodge an opening parked vehicle door and into the path of a truck. An
additional four serious injury, seven minor injury and four non-injury crashes involving
pedestrians and cyclists occurred during 2014 to date®.

Of all of the 13 cyclist crashes, two were fatal, four were serious, six were minor and one was
non-injury.

Five crashes involved rear end / obstruction crash types with cyclists colliding into motor
vehicles resulting in one fatal and one serious injury crashes (2 DSi).

o The fatal crash involved a cyclist manoeuvring to miss a door opening from a
parked vehicle into the path of a truck.

o The serious injury crash involved a cyclist colliding into the back of a parked truck
and trailer.

o Two minor injury crashes involved a cyclist colliding with a door opening from a
parked vehicle.

Six crashes involved crossing / turning crash types with cyclists impacting motor vehicles
resulting in one fatal, three serious injury crashes (4 DSi) as well as two minor injury crashes.

o The fatal crash occurred due truck failing to giveway to cyclist and colliding with
cyclist resulting in cyclist run over at Anzac / SH1S intersection.

o The three serious injury crashes involved motor vehicle drivers failing to giveway to
cyclists and a cyclist failing to stop at a red light running into motor vehicle.

All five hit object crashes included cyclists colliding with an opening door of a parked motor
vehicle, colliding with a parked truck and trailer and hit kerb due to medical event. These
crashes resulted in one fatality, one serious injury and three minor injury crashes.

8 For the crash statistics currently contained within the CAS system.
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Six crashes involved ‘failed giveway / stop’ as the crash causation factor resulting in one fatal,
three serious injury and two minor injury cyclist crashes. The fatal crash involved a motor
vehicle failing to giveway to a cyclist travelling along SH1 at Anzac Avenue / SH1 intersection.

Three cyclist crashes occurred at the fault of the cyclist. The cyclist crashes resulted from
running red light at a signal controlled intersection, mechanical failure and failure to stop
colliding with truck and trailer. Resulting in two serious and one minor injury crash.

The pedestrian crashes resulted from; incorrect crossing location; stepping into the path of an
on-coming vehicle; and inattention when crossing road.

It is clear from the crash analysis that the majority of high severity pedestrian and cyclist
crashes occurred due to drivers failing to give way or parked vehicle doors opening into the
cyclist’s path.

Interestingly, there were four crashes involving pedestrian mobile users’ i.e. vulnerable users.
This term is somewhat ambiguous, but is believed to include skaters (skateboarders, roller
skaters etc.) resulting in four crashes (1 minor injury, 3 non-injury).

It is also noted that there is a level of underreporting in crash statistics, with the EEM?° stating
that for minor injury crashes 50km/h environment, the underreporting factor for pedestrian
crashes is 4.5, whereas for ‘other’ minor injury crashes this is 2.75 i.e. for every reported
pedestrian minor injury crash, there are 4.5 others that go unreported. It is also expected that
this is a similar situation for non-injury crashes with a considerable number going unreported.

2.2.8 Safety and Geometric Issues and Constraints

The key safety issue is the overall number and severity of cyclist crashes that have occurred
within the project area given there is a known demand for cyclists to use this route, interacting
with other traffic (private cars, commercial vehicles and public transport).

Given the crash history, it is evident that both cyclists and pedestrians are over-represented in
high severity crashes.

The current State Highway environment is challenging for cyclists to negotiate due to:
Interaction with parking and opening vehicle doors
Multiple intersections (mostly signalised)

Accessways and associated conflicts (exacerbated at accessways with poor sight
distance)

Multiple traffic lanes
Loading and unloading, and
Pedestrian movements.

Intervisibilility between drivers and cyclists can be problematic, with various turning and
manoeuvring of vehicles taking place.

Another key safety issue that the project needs to consider is the risk of cyclists being on the
left hand side of turning trucks in the ‘blind spot’ for truck drivers. Whilst this is a risk in any
situation where cyclists are on the left side of the road, it is considered a higher risk issue on
the one-way system, due to the number of side roads combined with the higher volumes of
trucks and cyclists. The occurrence of crashes in this situation has not been an issue for the
one-way system at present, however it is known nationally as being a problem and numerous
high severity crashes have occurred in these circumstances'®

9 Economic Evaluation Manual (2013), NZTA, Table A6.20(a)

10 Examples include the fatal Lincoln Road crash in Christchurch on 02/04/14 where a female cyclist was travelling in a
LHS on-road cycle lane and was struck by a left turning truck with the driver not seeing the cyclist; a further crash of this
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The existing geometry within the one-way pairs is not considered to be a particular constraint
to cycling. However, there are geometric constraints along the one-way pair system that any
cycling facility proposal needs to be cognisant of;

Existing road corridors: with there being no desire to acquire land not already used for
road purposes, the environment to improve cycling must be contained purely within
the existing highway corridor

Northern extent: the four arm intersection at George Street / Pine Hill Road is already
challenging due to vehicle speeds, gradients on one approach and conflicting
movements, restricted sight distances and the storm channel bridge in close proximity
further reinforces this constraint.

The existing gradient throughout the project area is relatively flat with minor gradients
changes, which is not considered to be a constraint to cycling, slightly uphill to the north and
downhill to the south.

A further constraint is the high number of traffic signal intersections which don’t currently
cater for any protected cycle or pedestrian movements.

2.2.9 Stormwater Issues and Constraints
The existing management of stormwater from road runoff is considered to operate in a
satisfactory manner. Stormwater is therefore not currently considered an issue or constraint.

From the preliminary work undertaken prior to this DBC, it is expected, generally, that
stormwater infrastructure will not be altered or additional sumps and associated pipework
constructed. Any permanent separator between the traffic and cycle lanes must include breaks
that allow water to runoff to the existing kerb and channel.

It is noted that stormwater management will be a high profile concern for the public and
stakeholders after recent flooding in Dunedin.

2.2.10 Geotechnical Issues and Constraints

No known geotechnical issues exist within the existing highway corridor. Therefore, it is
expected that there will be no geotechnical issues or constraints as all construction work will
take place at or just below the existing pavement and footpath surfaces. As no major
excavation work will take place, no geotechnical investigations have taken place.

2.2.11 Service Utilities Issues and Constraints

Initial contact with service utility providers has been made and they have supplied some
limited information as to service location information. This is discussed further in Section
5.2.13. Itis prudent that service utility providers are consulted further to better refine service
information and locations. Service location and/or pot-holing is likely to be required in due
course to better determine accurate service locations and impacts. The following services have
been identified within the project extents;

Chorus telecom cable

Water, waste water and storm water services
Delta underground power cables

Vodafone buried fibre optic cables

Kordia buried fibre optic cables

LINZ Benchmarks

Stakeholders in the area must be notified of planned disruptions during any utility service
relocation work.

nature occurred in Mosgiel in 1998 where a left turning truck collided with a straight through cyclist after failing to see
them.
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Outcomes

The Strategic Outcomes for any activity proposed by NZTA should align with the impacts
sought by the Government Policy Statement for Land Transport Funding 2015. In particular to
reduce deaths and serious injuries resulting from road crashes and to deliver better use of the
existing transport capacity. Encouraging cycling has both positive health outcomes for cyclists
and also reduces the adverse environmental effects of vehicle emissions.

The Programme Outcomes for the SCL are to improve road safety for cyclists by providing a
safe route choice and to encourage cycling as a safe and practical mode choice for Dunedin
inner city transport. NZTA, with cooperation with DCC, is striving to create an integrated
central city cycle network, which connects with the wider Dunedin cycle network. The
programme will also use the opportunity to integrate any pedestrian safety improvements and
amenity to the network.

The main Project Outcome is to eliminate the occurrence of cycle and pedestrian related fatal
and serious injury crashes within the project length on SH 1. Two cyclists and one pedestrian
lost their life from 2009 to 2013, while 12 serious injuries occurred during the same five year
period. The secondary project outcome is to increase the number of cyclists commuting in
Dunedin, by providing an improved safer cycling facility. Cyclist numbers should increase, as
previously hesitant cyclists may now be more confident that the route is safe enough to
traverse.

Strategic Outcomes

The strategic outcomes for any activity proposed by NZTA should align with the impacts
sought by the Government Policy Statement for Land Transport Funding 2015. The overall
strategic direction for land transport is to drive improved performance from the land transport
system by focusing on:

Economic growth and productivity
Road safety
Value for money

The following applicable long term impacts should be achieved by the provision of the SCL
facility as it enhances transport efficiency and lowers the cost of transportation through:

Better access to markets, employment and areas that contribute to economic growth (for
cyclists).

Reductions in deaths and serious injuries as a result of road crashes.
More transport choices, particularly for those with limited access to a car.
A secure and resilient transport network.

Reductions in adverse environmental effects from land transport.

Right infrastructure and service to the right level at the best cost.

The following are walking and cycling improvements associated with short to medium term
results:

Extension of the dedicated cycle networks in main urban areas.
Improve suburban routes for cyclists.

Improve linkages to the NZ cycle trails.

Progress the Safer Journeys Action Plan.

Improve the transparency of road safety related investment.

Improve transparency of investment in mitigating environmental effects, including
climate change.
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Associated health benefits

No specific Strategic Assessment Report was undertaken in advance of this DBC, as this
project and its development have occurred as working partnership between NZTA and DCC.
Also, this project had commenced prior to the changeover to business case reporting for
Government Agencies. The initial option assessment for this project started with a report
conducted by ViaStrada''.

3.2 Programme Outcomes

This separated cycle lane forms part of the Dunedin Strategic Cycle Network, which NZTA is
constructing in cooperation with Dunedin City Council. The programme objectives for the
Dunedin Strategic Cycle Network are;

to improve road safety for cyclists, by providing a safe route choice for cyclists;
facilitate the adoption of cycling as a safe and practical choice for inner city transport;

contribute to an integrated central city cycle network and adjoining wider city cycle
network;

to integrate opportunities to improve pedestrian safety and amenity.

3.3 Project Outcomes

The main project outcome is to design and construct a section of separated cycleway on SH 1
that is free of fatal and serious injury crashes. Safety improvements to pedestrian facilities will
also be undertaken within this project extent at the same time. The key project outcome'? is
therefore

Safety, with the desire to increase safety by reducing death and serious injuries, by
cycling mode (measured by the number of death and serious injuries occurring on the
one-way system following implementation, compared against pre-implementation
numbers - with the intended project outcome being to eradicate death and serious
injury crashes to cyclists using the SCL facility).

A further safety outcome sought relates to reducing death and serious injuries to
pedestrians using the one way system, seeking a reduction between pre and post
implementation pedestrian DSi casualties.

Another project outcome is to increase cyclist numbers, as those users who previously thought
the route too dangerous to cycle, may now consider the proposed improvements as now
sufficiently providing a safe route to traverse to their final destination. It is predicted that 200
new daily users will be attracted to the facility. To ensure that these new users materialise, it is
important the new facility links well to other cycling facilities in the city centre. This outcome
sits within the PIKB ‘Network Performance & Capability’ stream whereby the following benefits
will be measured:

Increased throughput; throughput, people, by cycle, measured against existing cycling
counts

Decrease journey time; travel time by cycle, measured against the current journey time
for cyclists on the one-way system (note - this is covered in detail in the MWH Traffic
Signals Operation Report'®); however it is recognised the desired effect on journey

11 Dunedin Central City: Cycling Options - ViaStrada, October 2013

12 befined within the Planning & Investment Knowledge Base within the Investment Performance Measurement list of
measures https://www.pikb.co.nz/assets/Uploads/Documents/Investment-performance-measurement-list-of-measures-
September-2014-V5.1.pdf

13 The effect on motorised vehicles is also considered in this report with the design philosophy adopted as being generally
‘no worsening’ for traffic using the one-way system
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time for cyclists should be considered as a ‘no significant worsening’ given the
separation from motor vehicles.

Improve comfort & customer experience; ease of cycling (perceived) - by measuring
levels of satisfaction regarding ease of cycling

Finally, there are benefits that sit within the PIKB ‘Health’ category of investment performance
measurement. Benefits will be achieved through the ‘increase physical activity’ category. This
will not be specifically measured but confirmed by a proxy of the measurement of cyclist
numbers with a total increase in daily numbers assumed to have achieved this health outcome.

These project outcomes can therefore be considered as the benefits of investment.
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4 Alternatives and Option Assessment

Option development began with the strategic study that considered potential options for the
SCL facility through central Dunedin with two options progressed to this DBC investigation;
Option 1 (Cumberland Street & Great King Street uni-directional SCL) and Option 2
(Cumberland Street bi-directional SCL).

The key measures that these options need to deliver are a high LoS for cyclists, and spatial
separation from general traffic at mid-block locations and temporal separation from vehicular
traffic at signalised intersections. To achieve this, the existing road width must be reallocated
from the current provisions between road users.

Options 1 and 2 were then analysed in greater detail against a wide range of factors such as
technical, safety, social, environmental, cultural and economy impacts.

4.1 Alternatives Analysed

Prior to this DBC, a variety of options were investigated to consider opportunities for cycling
within Dunedin city centre. The previous assessment' reviewed the existing cycle network and
identified where key gaps existed within the central city cycle network. The primary focus of
the assessment was the provision of north-south corridor options. An assessment of five
localised options for this area was undertaken during the previous evaluation. These five
options are listed below:

One-way system SCLs

Cumberland St bi-directional SCL
Great King St SCL

One-way system (left hand side ) SCL
George St SCL

The previous evaluation concluded two options should be investigated in further detail; One-
Way Pair SCL and the Cumberland Street SCL options.

Further, although Cycling Options report considered that the Leith St corridor did not provide
an equivalent level accessibility for cycling within the central city, it was recognised as a
complementary route for cycling between North East Valley, the University and Otago
Polytechnic, and the harbour-side cycle routes. The concept of ‘on-highway’ SCL’s are a
derivative of the earlier work undertaken and is not reconsidered as part of this DBC.

All prior investigation was undertaken before the transition to the Better Business Case
methodology.

4.2 Recommended Package of Options

Two options are therefore considered to be worthy of further, more detailed, investigation
within this Detailed Business Case. These two options are:

Option 1: One way pair SCL (uni-directional)
Option 2: Cumberland Street SCL (bi-directional)

14 Detailed within the ‘Dunedin Central City — Cycling Options Report: 2013’ ViaStrada & Dunedin City Council / NZ
Transport Agency / Inner City Cycle Safety Working Group http://www.nzta.govt.nz/network/projects/dunedin-sh1-cycle-
lane-safety-improvements-project/docs/north-south-central-city-cycling-options-report-excluding-appendices.pdf
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It is worthwhile to note that the previous investigation work then advanced these options
slightly further, by providing an early concept design for Option 1. In the concept design, as
much parking as possible was retained alongside the SCL (on the true right) and this option
that retained parking was termed Option 1A,

The recommended package of alternatives is described below and is based on the information
considered / analysed during the strategy study, and subsequent investigations.

4.2.1 Physical Separation

Physical separation of cyclists and motor vehicles is considered an essential part of the
project, due the improved level of safety that physical separation achieves. Separated facilities
will remove the vast majority of conflicts between cyclists and other traffic, by limiting
interaction and thereby achieving desired safety benefits.

Therefore physical separation is a minimum requirement for the proposed cycle facilities.
Furthermore, during consultation over 86% of respondents (using the online feedback method)
were supportive of introducing a SCL facility.

The current system of wider on-road cycle lanes is considered not to offer the necessary level
of protection to cyclists and forces a level of interaction between road users that is
undesirable. Providing fully separated cycling facilities is therefore considered to be a step
change improvement for both safety and quality of facility for cyclists.

However, the one-way pairs contain a significant number of side road intersections and
existing accessways, which users of the SCL will be forced to cross, reintroducing conflict with
other vehicles. At all intersections currently signalised (and those which could be upgraded to
signals as part of these improvements), temporal separation is provided (see Section 4.2.2).

At non-signalised intersections and accessways, temporal separation through separate signal
phasing is not possible. Therefore, it must be accepted that some form of interaction will
continue to take place. There is no feasible alternative to avoid this, however through the
application of suitable design techniques, the risk from allowing a level of interaction at such
locations is considered to be low (and unavoidable).

4.2.2 Temporal Separation

The greatest level of interaction between cyclists and other motor vehicles occurs at
intersections due to the high number of conflicting movements that exist at these points on
the route. Given the large number of intersections present throughout the one-way pairs,
measures must be provided to reduce or remove this level of conflict at intersections.

Given the vast majority of intersections along the one-way pairs are currently controlled by
traffic signals, a possible method of separating conflicting movements between cyclists and
motor vehicles would be to provide a separate signal phase for cyclists on the SCL. This is no
different than the principles currently employed at signals where opposing movements tend to
be operated under separate signal phases (whether that is vehicle-vehicle or vehicle-pedestrian
conflicts).

Therefore it is considered necessary that cyclists and conflicting vehicle movements are
separated through traffic signal phasing at all signalised intersections.

4.2.3 Cyclist Level of Service

It is recognised that in order for the SCL to be successful at achieving the project objectives, it
is essential that a good LoS for cyclists is created. Providing a good LoS will contribute to the
success of the project as it would encourage high usage of the facility. Ensuring the facility is
well used is necessary for a number of outcomes but specifically should result in improved
safety by segregating cyclists from motorised vehicles.

15 with Option1 (formerly Option A), being the uni-directional one-way pair SCL and incorporating no parking alongside
the SCL. Option 2 (formerly Option B) being bi-directional Cumberland Street SCL, and similarly incorporating no parking
alongside the SCL.
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The LoS for cyclists will be governed by the overall quality of the design i.e. providing a high
standard of provision for cyclists, and ensuring cyclists are comfortable and willing to use the
facility e.g. by having sufficient width to regularly pass slower moving cyclists. In addition,
there will need to be good progression through the one-way system at traffic signal
intersections i.e. good cyclist signal green wave coordination, so that users of the SCL do not
have to frequently stop at traffic signals and then consider this unacceptable and choose
instead to not use the SCL and use alternative routes, modes or riding in the live traffic lanes.

Therefore providing a good LoS for cyclists is critical for safety, usage and ultimately, project
viability.

Motor Vehicle Level of Service

As with the LoS required for cycling, a key project requirement is a ‘no worsening’ of the
performance of the one-way system for motor vehicles progressing along the one-way system.
However for turning vehicles (i.e. for vehicles turning left or right off the one-way system onto
the local network) it is accepted that a reduction in the current LoS is necessary, given the
enhanced coordination needed for the SCL operation.

Road Space Reallocation & Parking

The existing road widths within the one-way system are a fixed constraint in which any SCL
facility can be implemented. Acquisition of additional land to provide more width within the
corridor is not considered viable due to affordability constraints.

Therefore, the SCL provision will be achieved via the reallocation of the existing corridor
width. The current road width is essentially split between footpaths, parking, on-street cycle
lanes and traffic lanes.

A requirement of the project was ‘no-worsening’ for the through traffic using SH 1, this means
the number of traffic lanes cannot be reduced. Furthermore, the project aims to provide
pedestrian benefits were possible as a secondary objective, so worsening of the pedestrian
provision by narrowing footpaths, is only likely to be feasible in a limited number of areas.
Therefore, the road width for providing SCLs (and physical separator strip) is made available
only from space currently provided to either on road cycle lanes (which will no longer be
required) or from space currently provided for on-street parking'®.

Other Design Considerations
Commercial Accessways

The interface with accessways is an important consideration because (as referred to above), at
these locations the interaction between cyclists and motor vehicles is reintroduced over the
length of each accessway. This is true of all accessways, however heavy use commercial
accessways are of the greatest concern because of the higher volumes of vehicular traffic, and,
in some instances, the heavier nature of the commercial vehicle fleet leading to increased
levels of risk - due to the volume of vehicles using the accessway as well as HCV movements
which can have reduced close-range visibility of cyclists below the cab, whilst a larger vehicle
collision will generally result in a higher severity outcome.

Cyclist Volumes

Cycle volumes are considered below, Table 4-1 shows the cycle counts undertaken in 2012",
which suggest the current peak hour cyclist flows on the one-way system are tidal, with the
predominant movements being southbound in the AM peak period and northbound during the
PM peak period.

16 It is noted that minor width alterations to traffic lanes or footpaths is considered feasible.

17 Taken from Central Dunedin Cycle Survey Results 2012 (NZ Transport Agency), for Wednesday 5 December 2012 —
note these counts were undertaken within the school holiday period. Count site at North Ground, northbound and
southbound.
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Table 4-1: 2012 Cycling Counts

Northbound Southbound

Time 8.00-9.00 17.00-18.00 8.00-9.00 17.00-18.00
Count 3 28 38 11
AADT Estimate 112 191

Further cycle counts were undertaken in subsequent years. Table 4-2 shows the calculated
annual average daily cycle use volumes for each block surveyed during the period 2013 -
2014. This suggests that daily flows are fairly consistent in each direction.

The recorded counts have been adjusted by a scale factor which recognises that the surveys
were undertaken during the summer university semester break, when many persons who
might otherwise travel by cycle, were absent. The scale factor of 1.13 was taken from the
Cycle Network and Route Planning Guide (LTSA 2004).

Table 4-2: Annual (2013/14) Average Daily Cycle Traffic Estimation

DAILY CYCLE VOLUME | Leviathan Hotel St Andrew St Frederick St Dundas St
-Stuart St -Hanover St Albany St -Howe St

Northbound 141 190 198 187
Holiday adjusted value 159 215 224 211
Southbound 127 193 208 196
Holiday adjusted value 143 218 235 221
Combined adjusted 302 433 459 432
volume (north & south)

By comparison, in February 2014 DCC undertook 24 hour cycle counts on both North Road
(North East Valley) and Portsmouth Drive, where the average number of weekday cyclists
recorded (combined for each direction of flow) was 322 and 380 respectively. Whilst these
sites are not in close proximity to the study area, they do serve as a validation for the figures
extrapolated in Table 4-1 above.

There have been considerable fluctuations in the travel to work by bicycle census data as
displayed in Table 4-3:

Table 4-3: Census Travel to Work by Bicycle'® Data

4.2.6.3

2001 ‘ 2006 ‘ 2013
Travel to work mode 1173 858 1224

It is not entirely clear why there was such a drop in 2006 from the relatively stable levels of
2001 to 2013, however inclement weather during the census survey day is expected. In terms
of a share of the total work commute, this was 2.7% in 2001, 1.8% in 2006 and 2.6% in 201 3.

Separated Cycle Lane Width
The width of the SCL is an important factor in making the lane safe and efficient, and thereby
attractive for cyclists to use. The original investigation work (during the Strategy stage)
considered the following widths:
Option 1 (uni-directional)
o SCL Midblock: 2.6m

o SCL intersection: 1.6m

18 Main means of travel to work for employed people from census data
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o SCL Midblock with parking / accessway shoulder: 1.6m
Option 2 (bi-directional)

o SCL Midblock: 3.2m

o SCL intersection: 2.8m

These widths have generally been maintained for the more detailed options analysis except for
Option 1 midblock with parking, which has been widened to 1.8m, and different options at
accessways. However some additional commentary is provided below as to the implications of
these widths.

For Option 1, a standard mid-block width of 2.6m provides a high level of service and
sufficient width for cyclists travelling at different speeds to pass each other comfortably. At
intersections this width is reduced, as passing would not be expected, so 1.6m for the entry
and departure from an intersection is satisfactory. For sections where parking alongside the
SCL is provided, the SCL width would need to narrow to 1.6m, which would again prevent
passing. Midblock with parking has been widened to 1.8m, which is generally considered too
tight to pass other cyclists, however provides an improved visual quality for cyclists. It is noted
that passing maybe possible with communication between the two cyclists, and this would not
be possible with a 1.6m wide facility.

For Option 2, the SCL must cater for two-way cycling. The 3.2m lane would adequately provide
for the two-way movement, with a 1.6m width available for single file cycling in each direction.
The 1.6m width would not allow cyclists to pass other cyclists at any point within their marked
lane. However, cyclists could potentially pass by using the adjacent (and opposing movement)
lane when it is clear of oncoming cyclists. The 1.6m width would also lose the social
interaction of cyclists being able to ride side by side and talk. The relatively flat and straight
alignments over most of the route assist in this regard, both in terms of visibility in selecting
an appropriate location / suitable gap to pass, and also in judging speeds.

It is expected from the outset, there would be sufficient gaps within the cycle traffic flows for
this passing manoeuvre to be undertaken with ease. The cycle count data suggests that
current cyclist flows on the one-way pair are tidal, with the predominant movements being
southbound in the AM peak period and northbound during the PM peak period. Given these
figures, it is expected that a two-way 3.2m lane would operate satisfactorily with adequate
passing opportunities to allow faster cyclists to pass slower moving cyclists as necessary.

However, an objective of the SCL provision is to facilitate the adoption of cycling within the
city, with the desired outcome being a substantial increase in overall cycling trips.
Consequently, as usage of the SCL increases, there is the potential that passing opportunities
become more and more limited. This could reduce the overall LoS of the facility and its
attractiveness to users (leading to some cyclists becoming unwilling to use the SCL), and is
therefore considered a potential longer term limitation of Option 2.

Do-Minimum Option

The Do-Minimum alignment is not satisfactory, failing to meet most of the outcomes detailed
in Section 3, hence leading to this project investigation.

The Do-Minimum has been assumed as the continued maintenance and operation of the
existing State Highway and cycling facilities. There is scheduled pavement and surfacing
maintenance work within the near future. However, this makes no impact on cycling provision
and is not therefore considered. Instead the Do-Minimum option is considered to include no
new cycling infrastructure.
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The Do-Minimum consists of maintaining the existing cycle lane infrastructure within the SH 1
one-way pair:

I The cycle lane on the northbound one-way is currently positioned on the left of traffic
and adjacent to the kerbside parking. Changes in early 2013 increased the width of
the cycle lane to 2.4m from the Leviathan Hotel throughout the one-way system. With
the exception of one block at St Andrew Street (2.0m wide) the cycle lane is between
2.3m - 2.4m for the full length to Duke Street, where it narrows and splits direction at
the intersection with Pine Hill Road.

1. On the southbound one-way the existing situation is a separated cycle path from Pine
Hill Road to Duke Street. South of Duke Street the cycle lane is again to the left of
moving traffic adjacent to the kerbside parking and is a consistent 2.4m wide through
to Stuart Street. From Stuart Street the cycle lane narrows as the road transitions from
two lanes of traffic to three or four lanes prior to the intersection with Queens
Gardens.

4.3 Detailed Business Case Analysis

The tables below outline the development of the two chosen options for the project. The DBC
Options are directly derived from the earlier investigation during phase but with the two
options progressed to a greater level of assessment.

Table 4-4: DBC Background Summary Table

Proposal Details

Dunedin Central City Cycling | Name of Project Simon Underwood -

AEEIE] INETES Options: DBC Manager & Region: | Dunedin

Investigate and develop a concept design for enhanced cyclist and
Activity Description: | pedestrian safety on the one way pair, through the introduction of
separated cycle facilities

Background Information

The general geography scope for the DBC assessment was considered as
the area of:

. Cumberland Street, Great King Street to the West
Geographic Context: | - Pine Hill Road, Bank Street to the North

. Cumberland Street, Castle Street to the East
Queens Gardens, Rattray Street to the South

As expected for a central city area, the land use is a broad mix of retail,
commercial, healthcare, leisure and residential (generally higher density).
The proportion of residential use increases towards the north further away
from The Octagon, with a corresponding decrease in commercial uses.

Economic Context:
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Table 4-5: Option 1: Planning Objectives & Implementability

DBC OPTION 1 -One-way Pairs Uni-directional SCL (including variant Option 1A)

Option Description: | This option is based on a uni-directional SCL constructed the whole length
of the SH 1 one-way pair north of Rattray Street, with the SCL located on the
true right-hand side of the road. This option replaces the existing cycle
lanes over the whole length of the route and requires the removal of on-
street parking from the right hand sides of the one-way streets.

Option 1 involved the removal of all parking along the kerbside where the
SCL was provided. Option TA retained as much parking alongside the SCL
(on the true right side of the road) as was considered practicable for
acceptable safety and operational requirements). In both variants, parking
on the true left was generally unchanged.

Lower (Expected) Upper (95%)
Capital Cost ($m): 8.0 10.4
Estimated Total
: 0.0 0.0
Public Sector Net Property Cost ($m)
Funding Opex ($m/40yr): N/A N/A
Requirement: Maintenance ($m/40yr): 13.9
Present Value of Cost to 12.1
Govt.($m): '
Timing of need: Optimal Programme: | 2016 | Likely: | 2016
IRS Profile: Strategic Fit: | H | Effectiveness.i H | Efficiency.‘| M
Planning Objectives
Objective: Performance against planning objective:
Improve road There is an established travel demand for cycling on the one-way system but
safety for cyclists; a safety risk exists particularly for cyclists and a substantial improvement in
to provide a safe safety performance is required. Option 1 provides separation between
route choice for motor vehicles and cyclists by physical means in mid-block sections, and by
cyclists temporal traffic signal timings at (most) intersections. This separation is

expected to result in a step-change safety improvement for cyclists.

Facilitate the Investigation work undertaken during 2013, together with public
adoption of cycling | consultation, established there was a strong travel demand for cycling on
as a safe and the one-way system and while alternatives routes play an essential role in

practical choice for | providing for those traveling via cycle within the central city, the one-way
inner city transport | system would remain central to the existing, and any new, cycle network
infrastructure within the central city.

By providing a SCL facility on the route where there is an existing (and
expected future) demand, the system provides good connectivity and
directness and is likely to be highly attractive to cyclists. In combination with
the increased safety performance, the SCL is expected to make cycling a
more desirable mode of travel, resulting in a growth of cyclist numbers on
the one-way system and consequently more widely across central Dunedin.

Contribute to an The one-way pair has an established cycling demand and it is expected that
integrated central an SCL would act as a future major cycling route in an arterial type function.
city cycle network The project (and options) have been developed in full partnership with DCC
and adjoining and will support the creation of a wider connected and integrated cycle
wider city cycle network throughout central city Dunedin and the wider area.

network

In parallel to the SCL project, existing network gaps have been identified,
with work being undertaken by DCC to address these gaps and maximise
connectivity to the proposed SCL.
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To integrate
opportunities to
improve pedestrian
safety and amenity

At signalised intersections, it has been demonstrated (within the Traffic Signal
Operation Report') that the LoS and safety for pedestrians can be
significantly improved from the existing situation. Traffic signal phasing to
support the SCL and cyclist movements, will reallocate a proportion of the
signal cycle time to the pedestrian phase (which runs concurrent to the SCL),
thereby affording pedestrians an increased time to cross the street.

Therefore reducing the wait time between the pedestrian phases during each
signal cycle.

From a safety perspective, pedestrian movements will receive full protection
from turning traffic when the signal phasing is changed, this is a substantial
improvement to the current situation (noting that partial protection has
recently been provided in isolation on a number of intersections throughout
the one-way system).

Rationale for
Selection or
Rejection of Option:

Option 1 was approved by NZTA to be considered at Detailed Business Case
for a number of reasons;

The proposed works are expected provide a high standard and long
term solution which safely provides for cycling within Dunedin city
centre.

A uni-directional SCL along the one-way pairs would replace the
existing on-road facility and follow a well-known route where an
established demand exists and future demand is expected.

There was a high level of support received during public
consultation for the provision of an SCL and particularly this option.

Option 1A)

Implementability Appraisal of Option 1: One-way Pairs Uni-directional SCL (including variant

Technical:

Option 1 is relatively straight forward in terms of overall complexity,
providing a uni-directional SCL along the right-hand side of the SH 1 one-way
pair.

No topographical survey has been undertaken for this DBC. This is
considered a relatively low risk given the nature of the proposed works and
on-site width verification measurements undertaken. However, such a survey
will be required at detailed design stage and would record service box
locations which may require minor alterations to the design.

Avoiding service relocations (resulting from kerb line alterations) is an
important requirement, as any major service relocations would result in
increased costs and possibly affordability issues. The relocation of some
existing kerb line is necessary, though changes are minimal. In addition, any
kerb line changes have been cross referenced against existing services plans
to avoid any high cost relocations (however pot-holing will be required in the
later stages of design).

The removal of on-street parking is required to provide a wider lane, ensure
sight distances are attained and provide a higher quality facility for cyclists.
In some locations parking can be retained and the SCL width reduced,
however this reduces the LoS for cyclists and would mean that passing
slower cyclists is not possible for the length of this reduction. Parking
spaces have been removed in this option, principally for safety reasons at
accessways and intersections, but also to maintain and protect the high
standard of SCL provision, and finally for logicality, e.g. if only a single
parking space could be retained within a street block.

The effect on parking is considered in Section 5.2.6.

The removal of parking is a contentious issue and is discussed further in the
‘Public / Stakeholders’ Section below.

19 MWH Traffic Signal Operation Report (2015),
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Consentability

Option 1 has straightforward consentability:

Cycleway works to be carried out within the State Highway
designation require an outline plan approval from DCC (20 working
days / non-notified).

A resource consent may be required under the NES soil contamination
national environmental standard if the 25m3/500m? threshold is
exceeded.

No regional council consents are required as there are no works in a
waterbody and no additional stormwater to be discharged.

Operational /
Maintenance:

Maintenance

The proposed works will result in a minor change to the state highway asset
and therefore a corresponding change to the ongoing maintenance and
operation of this section of SH 1.

In effect, the general premise of the design is to reallocate one lane of the
carriageway to SCL and its physical separator. Generally the existing kerb
lines will remain in-situ. The overall width of carriageway to maintain will
remain unchanged. However, the provision of the SCL and its separator will
impact upon maintenance in varying ways:

The traffic loading on the carriageway of the new SCL will be
reduced given it will only be trafficked by cyclists in future (though
noting this is primarily a parking lane at present so traffic loadings
will already be lower). Therefore, it is expected that pavement
maintenance intervention in the new SCL will be reduced from
current levels given its future use is only by cyclists.

It is expected that future maintenance of the SH 1 carriageway
(reseal or rehabilitation) would only be necessary between the
existing left-hand side kerb line and the new kerb line of the SCL.
This method would also ensure the pavement surface level for the
traffic lanes remains higher than the SCL, thereby ensuring positive
drainage.

The surface quality of the SCL will become more important and
require a high standard finish from the outset. However, following
the initial surfacing, the surface should prove durable given the
reduced traffic loadings (even with the provision of coloured
surfacing material).

A full width resurfacing will be required when the SCL is introduced
to remove ghost markings, and to also provide a high standard of
surface within the SCL. Some milling of surface irregularities would
also be required within the SCL to provide a smooth and consistent
shape with no lips.

The design form ensures there are sufficient breaks in the length of
the SCL separator to negate the need for significant changes to the
existing stormwater infrastructure. A small number of additional
sumps / pipework will be required where long lengths of the
existing kerb line are being relocated (to provide additional width).
Sumps may have to be re-levelled to form a smooth running surface
for cyclists to traverse and existing grates exchanged for cycle
friendly sump grates.

Similarly any service covers located within the SCL will need to be
checked and re-set as appropriate, to form a flush level surface.
Service covers may also need to be replaced with cycle friendly (e.g.
non-slip types).

The overall maintenance implications are expected to be broadly neutral.

Rubbish collection would be undertaken with bins collected from the
separator strip.
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Operation

The operation of the one-way pairs is covered in the MWH Traffic Signal
Operation Report. In summary, two through traffic lanes will be provided at
all mid-block locations along the one-way system. Leading up to a signalised
intersection, an additional lane will be gained either side of the two central
through lanes to cater for left and right turning vehicles off the one-way
system, thereby creating four separate lanes at the 4-arm signal
intersections (replicating the existing layout). Immediately downstream of a
signalised intersection, the turn lanes would reduce down to two through
lanes again with the outside turning lanes being removed after the
intersection.

This method of operation has been modelled and accords with the projects
overall objective of no reduction in LoS for the SH 1 through traffic.

For the SCL, a new phase will be added to the intersection signal operation,
so that cyclists can cross the side roads of the one-way system with full
protection from turning vehicles. The new phase will also provide additional
green time for pedestrians walking adjacent to the one-way system.

The change in signal phasing disadvantages vehicles turning right off the
SH 1 one-ways into side roads, as wait times will become longer and to a
lesser extent, the same applies to side road traffic turning onto the one-way
system. Overall the proposed signal operation has been tested and was
demonstrated to work satisfactorily for the whole of traffic flow efficiency.

Different cyclist progression speeds have been tested and good levels of co-
ordination can be provided for cyclists progressing along the one-way
system, avoiding the need for cyclists to stop at every signalised
intersection.

It is proposed to fund the SCL project from the National Land Transport
Fund.

Financial:
Maintenance and operation costs should remain stable and broadly the same
as the current budget requirement.

Public / Refer to stakeholder feedback in Section 6.

Stakeholders:
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Table 4-6: Option 1: Option Assessment

Assessment of Option 1: One-way Pairs Uni-directional SCL (including variant Option 1A)

Criterion Supporting Information

There is a significant safety issue with the current operation with the interaction
between cyclists and motor vehicles within the one-way pairs. This has resulted in a
significant number of crashes, including fatal and serious injuries. See Section 2.2.7
and Appendix C — Crash History Information.

In addition to the actual crash occurrences, it is apparent from the consultation
undertaken to date that there are also concerns about near misses and the overall
safety of the existing on-road cycling facilities.

By providing physical separation (and temporal separation at signalised
intersections) between cyclists and motor vehicles, the conflict is removed (other
than at accessways). As a result, the cycle safety on the one-way pairs is significantly
Safety: improved and the number and severity of crashes is expected to be considerably
reduced.

It is also necessary to acknowledge that the construction of a SCL does create some
additional safety considerations. The removal of parking is likely to result in greater
pedestrian movement and increased mid-block crossing demand, if drivers’ cannot
locate a suitable car park in close proximity to their desired destination. Increased
mid-block crossing increases the risk of a pedestrian vs. motor vehicle crash.

Additionally, the construction of the SCL could potentially increase the risk of a
pedestrian vs. cyclist crash, due to pedestrians crossing the SCL at mid-block
location and being unaware or unfamiliar with the new cycle facility. The risk of
death or serious injury crashes in such circumstances is expected to be very low.

The detailed economic analysis is provided in Section 8 of this report and Appendix
A - Economic Worksheets

The main benefit of this option is the health and environment benefits from the
proposed cycling facility.

The health and environmental benefits are augmented by both pedestrian and cyclist
safety benefits and cyclist travel time savings.

The main safety benefits for this option include the separation of cyclists from
vehicular traffic and parked vehicles, phasing improvements for pedestrians and
cyclists at signalised intersections and a number of additional pedestrian crossing
facilities, both signalised and in the form of kerb extensions. These improvements
result in a reduction in cyclist hit object and cyclist crossing/turning crashes along
with a reduction in pedestrian crossing crash risk.

Economy: The cyclist travel time savings relate to the higher quality, separated cyclist facility,
allowing cyclists to travel at slightly higher speeds in a safe manner.

In terms of wider economic effects, appropriately designed, the SCL is not expected
to be detrimental to the Dunedin city economy. It is expected that the SCL will create
positive economic impacts; the SCL will safely carry a large number of both existing
and new cyclists who commute for work and feed them into their place of work in
the CBD. This will remove vehicular traffic off SH 1, which helps to reduce any CBD
congestion, a problem which is known to cost the NZ economy millions of dollars
every year.

Whilst not specifically within the New Zealand environment, studies have shown that
providing cycling facilities can create considerable economic benefits for a local
area®.

20 Clifton et al. (2012) Business Cycles — Catering to the Bicycling Market TR News 280 May-June 2012
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Integration:

The project supports road safety targets of reducing death and serious injury
crashes.

Promotion and development of active modes is a key government strategy under the
GPS 2015, with investment in walking and cycling key to providing a land transport
system that offers modal choice. Improved cycle networks are a vital component of
this.

Cycling is clearly recognised as an opportunity to play a greater role in providing
additional transport system capacity, particularly in urban areas. Increased cycling
also provides health benefits and mitigation against the adverse environmental
effects of CO, emissions of motorised travel.

Integration with the wider cycle network (existing and proposed) is important to
provide a continuous high quality route for cyclists. The extents of this option have
been considered for connectivity and future extension of the cycle network, in the
context of the wider city cycle infrastructure. Staff at DCC are working on options to
improve connectivity and safety within the local road network and to better manage
cyclists travel needs when travelling to, from and across the SH 1 one-way system.

Social:

The main positive social impact generated by this proposed project / design, is the
reduction of fatal and serious injury crashes. This benefit is predominantly
recognised for the wider cycling community (either current or future), however local
residents / workers / shoppers benefit by not attending serious crash scenes as a
first responder. Witnessing such traumatic events can take a strong emotional toll
on those persons unqualified, or not trained to experience such events.

Positive social impacts are also expected with health benefits from increased cycling
and reduced CO, emissions.

Negative social impacts are likely to be experienced by retailers, businesses and
individuals due to the loss of any parking and/or any negative impacts on delivery
vehicle access.

Bio-Physical:

The cycleway passes through a highly modified, central city urban environment and
will have minimal impact on this biophysical environment.

The cycleway runs adjacent to locations containing 13 listed heritage trees. During
the design we will need to confirm that the tree canopies and root systems will not
be impacted by physical works, which is contrary to Section 15 of the Dunedin City
District Plan.

Human
Health:

The SCL has the potential to create many positive human health benefits. Increasing
the number of people cycling can have significant benefits for health as people
become more active. However, caution must be exercised because additional cyclists
could create safety issues as cyclists are already overrepresented in fatal and serious
crashes on the one-way system; this risk can however be offset by providing
separated facilities that are well designed and provide a safe solution particularly
where conflicts still take place (i.e. at accessways and intersections with vehicles).
Further, there is the possibility that more cyclists will increase driver awareness
around the possible presence of cyclists - the safety in numbers effect.

A well designed facility that does not compromise on safety is also important
because new riders attracted to the facility may well be less experienced / able and
develop an unrealistic / false sense of security within the SCL, not expected any
vehicle conflict to still take place (i.e. at accessways).

Disturbing soil during construction that has a history of contamination can lead to
adverse effects on human health. The NES soil contamination seeks to address this
issue and as noted previously, resource consent may be required if the volume of
earthworks exceeds the permitted threshold.
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Cultural:

There are no known sites of cultural significance within the project extents. Given
the small scale earthworks and disturbance proposed, accidental discovery is
unlikely. NZTA minimum Standard Z/22 - Accidental Discovery Procedures should
still be applied. This specification sets out the particular procedures to be followed
in the event that an archaeological site, Koiwi or Taonga is accidentally discovered

during investigation, construction and/or maintenance of the state highway
network.

Property:

No land acquisition (or temporary occupation of private property) is anticipated for
this project option, as the project has been designed to make use of the existing
road corridor only.
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Table 4-7: Option 2: Planning Objectives & Implementability

DBC OPTION 2 -One-way Pairs Bi-directional SCL

Option Description:

This option is based on a bi-directional SCL constructed the whole length of
Cumberland Street, including the local road link on Emily Siedeberg Place,
which connects the opposing directions of the SH 1 one-way legs at the
central S-bend. This short local road link is suitable for a ‘Quiet Street’
treatment. Therefore, the southern part of this SCL would be located on the
northbound one-way link, and the northern part located on the southbound
link.

The true right-hand side of the road was been chosen for the SCL, as this
side best links up with Emily Siedeberg Place, avoiding the need to cross the
SH 1 one-way legs. This option would replace the existing cycle lanes in
Cumberland Street and requires the removal of parking from the side of
Cumberland Street for which the SCL is proposed.

Lower (Expected) Upper (95%)

Capital Cost ($m): 5.6 7.5
Ezt;?cagiit-g?tal Net Property Cost ($m): 0.0 0.0
Funding Opex ($m/40yr): N/A N/A
Requirement: Maintenance ($m/40yr): 9.5

Present Value of Cost to 8.4

Govt.($m):
Timing of need: Optimal Programme: | 2016 | Likely: | 2016
IRS Profile: Strategic Fit: | H | Effectiveness.1 M | Efficiency:| M

Planning Objectives

Objective:

Performance against planning objective:

Improve road
safety for cyclists;
to provide a safe
route choice for
cyclists

Facilitate the
adoption of cycling
as a safe and
practical choice for
inner city transport

Contribute to an
integrated central
city cycle network
and adjoining
wider city cycle
network

There is an established travel demand for cycling on the one-way system but
a safety risk exists particularly for cyclists and a substantial improvement in
safety performance is required. Option 2 provides separation between
motor vehicles and cyclists by physical means in mid-block sections, and by
temporal traffic signal timings at (most) intersections. This separation is
expected to result in a step-change safety improvement for cyclists.
However, major concerns exist as to whether a bi-directional facility can be
designed to function safely in the Dunedin city centre along this route.

Investigation work undertaken during 2013, together with public
consultation, established there was a strong travel demand for cycling on
the one-way system and while alternatives routes play an essential role in
providing for those traveling via cycle within the central city, the one-way
system would remain central to the existing, and any new, cycle network
infrastructure within the central city.

By providing a SCL facility on the route where there is an existing (and
expected future) demand, the system provides good connectivity and
directness and is likely to be highly attractive to cyclists. In combination with
the increased safety performance, the SCL is expected to make cycling a
more desirable mode of travel, resulting in a growth of cyclist numbers on
the one-way system and consequently more widely across central Dunedin.

The one-way pair has an established cycling demand and it is expected that
an SCL would act as a future major cycling route in an arterial type function.
The project (and options) have been developed in full partnership with DCC
and will support the creation of a wider connected and integrated cycle
network throughout central city Dunedin and the wider area.
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In parallel to the SCL project, existing network gaps have been identified,
with work being undertaken by DCC to address these gaps and maximise
connectivity to the proposed SCL.

To integrate
opportunities to
improve pedestrian
safety and amenity

At signalised intersections, it has been demonstrated®' that the LoS and safety
for pedestrians can be significantly improved from the existing situation.
Traffic signal phasing to support the SCL and cyclist movements, will
reallocate a proportion of the signal cycle time to the pedestrian phase (which
runs concurrent to the SCL), thereby affording pedestrians an increased time
to cross the street. Therefore reducing the wait time between the pedestrian
phases during each signal cycle.

From a safety perspective, pedestrian movements will receive full protection

from turning traffic when the signal phasing is changed, this is a substantial

improvement to the current situation (noting that full protection has recently
been provided in isolation on a number of intersections throughout the one-
way system).

A negative aspect is the need to reduce footpath widths at intersections to
accommodate the two-way bi-directional SCL, which will reduce the pedestrian
amenity.

Rationale for
Selection or
Rejection of Option:

Option 2 was approved by NZTA to be considered at Detailed Business Case
for a number of reasons;

The proposed works are expected to provide a high standard long term
solution to provide for cycling within Dunedin city centre. As this option
requires only a single (wider) SCL along Cumberland Street, it considerably
reduces the need to remove car parking spaces (approximately 50%
reduction in parking loss when compared to Option 1). The effect on
access to property frontages is also significantly reduced (again the affect is
approximately halved due to the overall SCL route length being effectively
halved).

A bi-directional SCL along the one-way pairs would replace the existing on-
road cycle facilities and follows the well-known route where an established
demand exists and future demand is expected.

There was a high level of support received during public consultation for the
provision of an SCL. Option 2 was also provisionally supported by key
stakeholders.

Ultimately this option is not preferred as the safety of cyclists using a bi-
directional facility in this busy city centre environment is not considered
acceptable. An additional issue is the reduced efficiency of operation of a
two-way SCL facility on the signalised intersections of the SH 1 one-way
pairs.

Implementability Appraisal of Option 2: One-way Pairs Bi-directional (Cumberland Street)

Technical:

Option 2 has a greater level of technical complexity than Option 1, due to
the bi-directional nature of the SCL. This means at times some cyclists ride
against the flow of the State Highway system. This would occur between
Burlington Street and Malcolm Street for southbound cyclists on Cumberland
Street, then between Emily Siedberg Place and the SCL termination at the
northern extent (Pine Hill Road) for northbound cyclists on Cumberland
Street. This is considered further in the Operational and Safety sections
below.

It is desirable to avoid service relocations (resulting from kerb line
alterations) where practical, as any major service relocations would result in
increased costs and possibly affordability issues. Option 2 necessitates the
relocation of substantial lengths of kerb line at intersections due to the

21 MWH Traffic Signal Operation Report (2015),
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cross-sectional width required to accommodate two-way cycle movements
within the SCL. Kerb lines would require relocation on both sides of the
highway.

Reducing footpath widths at intersections down to between 2.0-2.5m is not
considered to be a positive approach and is counterproductive to the
objective of providing pedestrian (as well as cyclist), improvements.
Intersections are locations of high pedestrian demand and density.
Therefore reducing footpaths is not desirable, particularly in locations of
very high foot traffic and periodic concentrated pedestrian flows (such as
near the university).

The removal of parking adjacent to the SCL is required, as it would not be
possible to maintain parking at any location alongside the SCL due to width
constraints. However parking could remain on the opposite side of the State
Highway. As the facility is bi-directional, no new facilities would be required
on Great King Street or Castle Street meaning parking could be maintained
at current levels.

The effect on parking has not been considered in detail but is expected to
be less than Option 1, given that roughly 50% less of SH 1 is effected by
Option 2.

The removal of parking is a contentious issue and discussed further in the
‘Public / Stakeholders’ cells below.

No topographical survey has been undertaken for this DBC. This is
considered a relatively low risk given the nature of the proposed works and
on-site width verification measurements undertaken. However, such a survey
will be required at detailed design stage and would record service box
locations which may require alterations to the design.

Option 2 also has straightforward consentability. The only point of
difference is the small section of road connecting Cumberland Street north
Consentability and south, which is not subject to the state highway designation. This is
shown as “road” on the Dunedin City District Plan maps and the written
approval of DCC is required to use this section of road.

Maintenance

The proposed works will result in a minor change to the state highway asset
and therefore a corresponding change to the ongoing maintenance and
operation of this section of SH 1.

In the midblock sections, 4-5m of the existing carriageway would be
reallocated to SCL and its physical separator. Whereas at intersections, part
of the existing footpath would have to be removed (both sides of the road),
with the kerbs setback to provide additional space for the SCL. The overall
width of carriageway to maintain will remain unchanged for the mid-block
situation, but would need to increase at intersections by at least Tm due to
the reduced footpath widths.

Operational / The provision of the SCL and separator will impact upon maintenance in
Maintenance: varying ways:

The traffic loading on the carriageway of the new SCL will be
reduced given it will only be trafficked by cyclists in future (though
noting this is primarily a parking lane at present so traffic loadings
will already be lower). Therefore, it is expected that pavement
maintenance intervention in the new SCL will be reduced from
current levels given its future use is only by cyclists.

It is expected that future maintenance of the SH 1 carriageway
(reseal or rehabilitation) would only be necessary between the
existing left-hand side kerb line and the new kerb line of the SCL. In
the mid-block sections this would reduce from the existing 14m of
carriageway down to around 10m. Maintaining a 10m width has cost
benefits and it also ensures the pavement surface level for the
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vehicle traffic lanes remains above the SCL, thereby ensuring
positive drainage.

The surface quality of the SCL will become more important and
require a high standard finish from the outset. However, following
the initial surfacing, the surface should prove durable given the
reduced traffic loadings (even with the provision of coloured
surfacing material).

A full width reseal will be required when the SCL is introduced to
remove ghost markings, and to also provide a high standard of
surface within the SCL. Some milling of surface irregularities would
also be required within the SCL to provide a smooth and consistent
surface with no lips.

For the midblock sections, the design form ensures there are
sufficient breaks in the length of the SCL separator to negate the
need for significant changes to the existing stormwater
infrastructure. A small number of additional sumps / pipework will
be required where long lengths of the existing kerb line are being
relocated (to provide additional width). Sumps may have to be re-
levelled to form a smooth running surface for cyclists to traverse
and existing grates exchanged for cycle friendly sump grates.

For the intersections, where kerb lines are setback, new sumps and
pipework would be required as the existing stormwater
infrastructure would be incorrectly located (i.e. sumps would be
offset from the new kerb line).

Rubbish collection would be undertaken with bins collected from the
separator.

The overall maintenance implications are expected to be broadly neutral.

Operation

The operation of the one-way pairs is covered in the MWH Traffic Signal
Operation Report. In summary, two through traffic lanes will be provided at
all mid-block locations along the one-way system. Leading up to a signalised
intersection, an additional lane will be gained either side of the two central
through lanes to cater for left and right turning vehicles off the one-way
system, thereby creating four separate lanes at the 4-arm signal
intersections. Immediately downstream of a signalised intersection, the turn
lanes would reduce down to two through lanes again with the outside
turning lanes being removed after the intersection.

This method of operation has been tested and agrees with the projects
overall objective of no reduction in LoS for the SH 1 through traffic.

For the SCL, a new phase will be added to the intersection signal operation,
so that cyclists can cross the side roads of the one-way system with full
protection from turning vehicles. The new phase will also provide additional
green time for pedestrians walking adjacent to the one-way system.

The change in signal phasing disadvantages vehicles turning right off the
SH 1 one-ways into side roads, as wait times will become longer and to a
lesser extent, the same applies to side road traffic turning onto the one-way
system.

Overall the proposed signal operation has been tested and demonstrated to
work satisfactorily for whole of traffic flow efficiency.

However, for cyclists progressing against the flow of vehicular traffic on the
one-way system, a good level of cyclist green wave co-ordination is more
difficult to achieve. This is because the priority for the green wave co-
ordination is given to motor vehicles travelling along the one-way. As a
result of this, cyclists travelling in a contraflow direction are likely to be
required to stop regularly along the route. This reduced LoS is unlikely to be
acceptable to cyclists and is expected to result in a transferral of users to
other routes or cyclists running red lights. This is considered to be a flaw in
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this option.

It is proposed to fund the SCL project from the National Land Transport
Fund.

Financial:
Maintenance and operation costs should remain stable and broadly the same
as the current budget requirement.

Public / Refer to stakeholder feedback in Section 6.

Stakeholders:
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Table 4-8: Option 2: Option Assessment

Assessment of Option 2: One-way Pairs Bi-directional (Cumberland Street)

Criterion Supporting Information

There is a significant safety issue with the current operation with the interaction
between cyclists and motor vehicles within the one-way pairs. This has resulted in a
significant number of crashes, including fatal and serious injuries. See Section 2.2.7
and Appendix C — Crash History Information

In addition to the actual crash occurrences, it is apparent from the consultation
undertaken to date that there are also concerns about near misses and the overall
safety of the existing on-road cycling facilities.

By providing physical separation (and temporal separation at signalised
intersections) between cyclists and motor vehicles, the conflict is removed (other
than at accessways).

However, with Option 2, there is a major safety concern that cyclists travelling in a
contra-flow direction to the one-way system would be at risk of crashes with vehicles
at accessway locations. This is because the direction of cyclists approaching the
accessway will be unexpected for road users entering or exiting an accessway for
the one-way system (with their expected focus being on other one-way system
traffic). This is further compounded by the central city location with busy
commercial accessways, resulting in high usage and heavier vehicles (in some cases
with reduced cab visibility). Furthermore, commercial accessways are also
considered to be more problematic given that commercial vehicle drivers may be
less familiar with the local surroundings (unlike residential accessway users), and fail
to notice the contraflow cyclist movements. This safety issue is deemed to be a fatal
flaw in the design for Option 2.

Safety:

Research from overseas suggests that two-way cycle paths alongside roads can
create serious safety issues?, and it has even been suggested that the crash rate
may be up to 12 times the rate of providing no cycling measures at all.

The detailed economic analysis for this option is provided in Section 8 and Appendix
A - Economic Worksheets

The main benefit of this option is the health and environment benefits from the
proposed cycling facility.

The health and environmental benefits are augmented by both pedestrian and cyclist
safety benefits and cyclist travel time savings.

The main safety benefits for this option include the separation of cyclists from
vehicular traffic and parked vehicles, phasing improvements for pedestrians and
cyclists at signalised intersections and some additional pedestrian crossing facilities.
These improvements result in a reduction in cyclist hit object crashes and pedestrian
crossing crashes; however, due to the two-way separated cycle lane arrangement
and one-way vehicle traffic intersections will need to be negotiated with care, as a
result there is no expected reduction in crossing/turning crashes for this option.

Economy:

The cyclist travel time savings relate to the higher quality, separated cyclist facility,
allowing cyclists to travel at slightly higher speeds in a safe manner.

As with Option 1 In terms of wider economic effects, appropriately designed, the
SCL is not expected to be detrimental to the Dunedin city economy. It is expected
that the SCL will create positive economic impacts; the SCL will safely carry a large
number of both existing and new cyclists who commute for work and feed them into

22 Autumn-Hall L. & Adams M. 1998 “Sidewalk Bicycling Safety Issues”. Transportation Research Record 1636.
Leden. 1989 Technical Research Centre of Finland. Safety of Cycling children — Effect of the street environment.
Linderholm. 1984. University of Lund, Sweden. Signalised intersections function and accident risk for unprotected users.

Wachtel, A. & Lewiston, D. 1994. Risk Factors for Bicycle-Motor Vehicle Collisions at Intersections. ITE Journal, published
by ITE, September 1994
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their place of work in the CBD. This will remove vehicular traffic off SH 1, which
helps to reduce any CBD congestion, a problem which is known to cost the NZ
economy millions of dollars every year.

Whilst not specifically within the New Zealand environment, studies have shown that
providing cycling facilities can create considerable economic benefits for a local
area®.

Integration:

The project only partially supports road safety targets of reducing fatal and serious
injury crashes. Major concerns exist about the safety of contraflow cyclists near
commercial accessways.

Promotion and development of active modes is a key government strategy under the
GPS 2015, with investment in walking and cycling key to providing a land transport
system that offers choice. In this regard, Option 2 meets these GPS objectives.
However, road safety remains a key government priority and the GPS specifically
refers to the priority of safe cycling. This option is assessed as not providing a safe
cycling solution.

Integration with the wider cycle network (existing and proposed) is important to
provide a continuous high quality route for cyclists. The extents of this option have
been considered for connectivity and future extension of the cycle network, in the
context of the wider city cycle infrastructure. Staff at DCC are working on options to
improve connectivity and safety within the local road network and to better manage
cyclists travel needs when travelling to, from and across the SH 1 one-way system.

Social:

Introducing an SCL should have the positive social impact of reducing fatal and
serious crashes. With a bi-directional facility, separation is still provided for cyclists
and the number of fatal and serious crashes should reduce from current levels.
However, given concerns around the safe operation of this bi-directional facility, if
crashes continue to take place, then all of the social benefits possible will not have
been realised. This benefit is predominantly recognised for the wider cycling
community (either current or future), however local residents / workers / shoppers
benefit by not attending serious crash scenes as a first responder. Witnessing such
traumatic events can take a strong emotional toll on those persons unqualified, or
not trained to experience such events.

Positive social impacts are also expected with health benefits from increased cycling
and reduced CO, emissions.

Negative social impacts are likely to be experienced by retailers, businesses and
individuals due to the loss of any parking and/or any negative impacts on delivery
vehicle access. Option 2 is however likely to result in the need to remove less
parking spaces than Option 1.

An additional negative social impact is the requirement to reduce footpath widths at
intersections. This may create pedestrian congestion and increased difficulty for
visually and mobility impaired pedestrians, or parents with pushchairs.

Bio-Physical:

The cycleway passes through a highly modified, central city urban environment and
will have minimal impact on this biophysical environment.

The cycleway runs adjacent to locations containing 7 listed heritage trees. During
the design it will be necessary to confirm that the tree canopies and root systems
will not be impacted by physical works, which is contrary to Section 15 of the
Dunedin City District Plan.

Human
Health:

The SCL has the potential to create many positive human health benefits. Increasing
the number of people cycling can have significant benefits for health as people

become more active. However, caution must be exercised because additional cyclists
could create safety issues as cyclists are already overrepresented in fatal and serious

23 Clifton et al. (2012) Business Cycles — Catering to the Bicycling Market TR News 280 May-June 2012
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crashes on the one-way system; this risk can however be offset by providing
separated facilities that are well designed and provide a safe solution particularly
where conflicts still take place (i.e. at accessways and intersections with vehicles).
Further, there is the possibility that more cyclists will increase driver awareness
around the possible presence of cyclists - the safety in numbers effect.

A well designed facility that does not compromise on safety is also important
because new riders attracted to the facility may well be less experienced / able and
develop an unrealistic / false sense of security within the SCL, not expected any
vehicle conflict to still take place (i.e. at accessways).

With a two-way (i.e. bi-directional) facility, it is known that safety issues can be
exacerbated, due to drivers not anticipating cyclist movements from the contraflow
direction, causing collisions at intersections and accessways.

Disturbing soil during construction that has a history of contamination can lead to
adverse effects on human health. The NES soil contamination seeks to address this
issue and as noted previously, resource consent may be required if the volume of
earthworks exceeds the permitted threshold.

Cultural:

There are no known sites of cultural significance within the project extents. Given
the small scale earthworks and disturbance proposed, accidental discovery is
unlikely. NZTA minimum Standard Z/22 - Accidental Discovery Procedures should
still be applied. This specification sets out the particular procedures to be followed
in the event that an archaeological site, Koiwi or Taonga is accidentally discovered
during investigation, construction and/or maintenance of the state highway network

Property:

No land acquisition (or temporary occupation of private property) is anticipated for
this project option, as the project has been designed to make use of the existing
road corridor only.
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5 Recommended Project Option Description

The preferred project option is Option 1: One-way pair uni-directional facility, and was selected
on the basis of both safety performance and network operation. The overriding differentiator
between the two options was considered to be safety performance, with the safety of the two
options considered to be markedly different. Option 2 was unable to be supported due to
critical concerns around the safety of cyclists in two-way (bi-directional) SCL operation in the
Dunedin central city environment.

The safety concern with Option 2 relates to the interaction of vehicles and cyclists at
intersections and accessways where drivers would be less aware of contraflow cyclists riding
against the one-way system, with the expectation of a significant increase in collisions.

The scope of Option 1 is to provide a one-way SCL along the one-way pairs. Mid-block, where
no parking is provided, this would generally include a 2.6m separated cycle lane, with 1.6m
physical separator to traffic. Where parking is retained alongside the SCL, this would result in
a 1.8m SCL, with 0.8m physical separator to the traffic lane. At intersections, the SCL would be
1.6m width, with 0.5m separator strip.

The design of intersections and accessways and coordination of traffic signals is considered an
essential component of providing a high quality and safe SCL. The specific approach proposed
for these locations is detailed. Further detail is provided including the other design aspects
such as pedestrian provision, parking, stormwater management and lighting.

5.1 Preferred Option Selection & Rationale

The recommended project option for the central Dunedin SCL is Option 1: One-way pair uni-
directional facility.

The rationale for the selection of this option is summarised below:

Safety: Option 1 was considered to be considerably safer than Option 2, as safety
concerns relating to the safe passage of two-way cyclists on the one-way pairs system
was too great to overcome. This issue relates specifically to the presence of
accessways and intersections and the potential for drivers to fail to notice that a
cyclist is approaching from the contraflow direction. This has been covered in more
detail in Section 4.3. Option 2 is not supported in the Dunedin city centre on the one-
way pairs due to the significant volume of accessways and intersections and
fundamental concerns around cyclist safety.

Operation: Option 1 can be accommodated within the traffic signal phasing
coordination with an acceptable level of service provided to cyclists using the uni-
directional SCL. This is possible because the cyclists’ movements can be coordinated
well with the ‘same-direction’ vehicular traffic on the one-way pairs. With a bi-
directional facility (Option 2), a reasonable level of co-ordination could still be
achieved* despite the fact that some cyclists are riding against the one-way vehicle
flow i.e. against the motor vehicle green wave. Achieving a good level of service
through coordination of motor vehicles (on the one-way pair) and SCL cyclists
travelling in the same direction is possible by using the expected speed range of
cyclists (15-20km/h), lead / lag signal phasing, and reallocation of spare capacity
within the intersection.

Whilst the operational performance of both options does appear to be similar from the
analysis undertaken, the overriding safety concerns of a two-way SCL conflicting with private
accessways / intersections and drivers not necessarily expecting contra-flow cyclists, which
results in Option 1 being selected as the preferred option.

This option has been developed further for the DBC and the details of this recommended
project option are described herein.

24 Refer to the MWH Traffic Signal Operation Report (2015), noting only the AM peak period was tested.
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Project Scope

Proposed Cross Section

Refer to the drawings provided in Appendix F - Project Drawings.

The cross section proposed for the preferred option has been adapted from the original cross-
sections considered as part of the preliminary options investigation. The cross-sectional splits
described below have been derived based on the best allocation of road space that is
considered to meet the needs of all road users in each scenario. It is however a fine balance
between all users, with competing demands for road space within a constrained corridor.

The cross-sectional split has been selected for a variety of reasons which is described below.

Mid-block sections without parking (Figure 5-1)

RHS Footpath (existing width) ~3.0m
Separated Cycle Lane 2.6m
Separator 1.6m

RHS Shoulder 0.3m

Traffic lane 3.3m

Traffic lane 3.3m

LHS Parking lane 2.9m

LHS Footpath (existing width ~3.0m
Total Width = 20.0m

TYPE 1. SEPARATED CYCLE LANE MID - BLOCK, STANDARD

30m Zim 33m 3.3m 1.6m Z/8m Cycle 3.0m
‘ Footpath Parking lane Traffic lane ‘ Traffi lane Separator lame Footpath
0B buffer fo 0.3m buffer to
fraffic lane traffic lane

Kerb fo Kerk 14m
... |
Road Comdor 20m

Figure 5-1: Typical Mid-Block Layout (no parking)

Maintaining the existing footpath width is considered preferential wherever possible, as it
maintains a higher level of service for pedestrians, whilst also avoiding additional projects
costs where they are unnecessary. In addition, relocating kerb lines carries additional risks
because of the impact to services, both below and above ground apparatus, which can carry
significant financial impacts.

A 2.6m wide lane is sufficient enough to allow cyclists to pass one another, providing a good
quality of route that does not restrict cyclists of differing ability levels (and speeds
preferences). The cycle lane is combined with a separator of 1.6m. Providing reasonable width
for a separator is beneficial for providing a greater offset between cyclists and motor vehicles,
also a wider separator is likely to prove attractive for cyclists. Furthermore, the width of the
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separator will also be sufficient for a wheelie bin to be placed upon, simplifying the ease in
which rubbish collection can occur. A 0.3m shoulder between the edge of the physical
separator and the lane edge line is also provided to further enhance the space between the
cycle lane and motor vehicle traffic. The 0.3m provided in the mid-block sections without
parking, also ensures consistency of line between adjacent sections that include parking
(rather than have the edge line deviate between sections which would not be desirable).

Traffic lanes 3.3m wide are proposed, which is slightly narrower than existing width, but
sufficient for safe and efficient traffic operation. Traffic lanes are widened around the S-curves
(at Albany Street and Fredrick Street) to cater for the tracking of heavy vehicles. This is
achieved via narrowing of the right hand side footpath from 3.0m to 2.0m. It is acknowledged
that this results in a reduced level of service for pedestrian movement. However, given the
locations this is proposed are mid-block (between intersections), then this is deemed a good
balance between pedestrian and heavy vehicle tracking needs.

A left-hand side 2.9m parking lane is provided which consists of a parking bay (nominally
2.1m) and a buffer strip (0.8m) for opening car doors.

Mid-block sections with parking (Figure 5-2)

RHS Footpath 2.0m

Separated Cycle Lane 1.8m
Separator (kerbed) 0.8m

Parking lane 2.1Tm

RHS Shoulder 0.8m

Traffic lane 3.3m

Traffic lane 3.3m

LHS Parking lane 2.9m

LHS Footpath (existing width ~3.0m)
Total Width = 20.0m

TYPE 3: SEPARATED CYCLE LANE MID - BLOCK WITH PARKING

10m 1.Bm 20m

33m
Footpath

24im 33m 24m
Traffic lane Traffic lane Parking lane

Parking lane Cyclelame| Footpath
0.8m kufier to 0.8m kuffer to 0.8m
fraffic lane trafiic lane Separator

Ked fo Kark 15m

Road Coridor 20m

Figure 5-2: Typical Mid-Block Layout (with parking)
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A reduction in the RHS footpath in the midblock situation (from 3.0m to 2.0m) is proposed to
allow for the retention of some on-street parking on the right-hand side of the highway
adjacent to the SCL. It is acknowledged that this results in a reduced level of service for
pedestrian movement. However, given the locations this is proposed are mid-block (between
intersections), then this is deemed a good balance between pedestrian and parking needs. The
2.0m footpath width, whilst narrow in a central city environment, is provided between
intersections where densities of pedestrians are expected to be lower than the concentrations
expected at intersections. In addition, the location of street furniture (signs posts, lighting
columns, bins etc.) will need careful planning to maintain as much effective pedestrian width
as possible.

An SCL width of 1.8m is proposed. This is a slight increase beyond the original concept widths
of 1.6m where parking is provided. The additional 200mm is expected to offer the ability for
competent cyclists to be able to pass slower cyclists in some circumstances, whereas at 1.6m,
this is expected to be too narrow. This small reallocation of road space is therefore
considered to be a positive measure in achieving improved route quality.

A separator strip of 0.8m is proposed to provide a buffer between the SCL and the parking
bay. The concept design phase originally proposed this separator strip to be painted, rather
than a physical measure. However, this has been refined and a physical separator is proposed.
The basis for this change is to maintain continuity through the route. Furthermore, the
expectation is that it will encourage better parking discipline with vehicles parking correctly
next to the kerb, avoiding the potential to encroach over into the painted flush buffer strip.
The risk with such encroachment is that car doors would then open into the SCL, which must
be avoided. Whilst a 1.0m clearance for car door opening has traditionally been used across
New Zealand, spatial constraints dictate this is not possible (without corresponding width
reductions, and negative impacts on the rest of the cross section. The desirable minimum of
0.8m is in accordance with the Christchurch City Major Cycleway Design Guidelines (2015).

Traffic lanes 3.3m wide are proposed, keeping consistency through mid-blocks in the project
area, except though the S-curves where lane widening is required to cater for the tracking of
heavy vehicles. Similarly, a left-hand side 2.9m parking lane is provided which consists of a
parking bay (nominally 2.1m) and a buffer strip (0.8m) for opening car doors.

It is important to recognise that maintaining consistency of line, and avoiding any sharp
deviation of the lane and edge lines is important to ensure the safe and smooth operation of
the vehicular traffic flow. The cross-sections proposed (and the transition between the
different cross-sections) achieves this, by providing linear consistency for the through lanes in
terms of centre line and edge line position.

Traffic Signalised Intersections (Figure 5-3)

RHS Footpath (existing width) ~3.0m
Separated Cycle Lane 1.6m
Separator 0.5m

Right turn lane 2.7m

Traffic lane (through) 3.2m

Traffic lane (through) 3.2m

Left turn lane 2.8m

LHS Footpath (existing width ~3.0m
Total Width = 20.0m
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TYPE 2: SEPARATED CYCLE LANE AT INTERSECTIONS

2.8m
Left turn lane

2.Tm Right tum
Traffic lane Traffic lane lane Faotpath

32Zm ‘ 3.2m

3.0m ‘

0.5m
Separaior
Hierk fo Kerk 14m

Road Comidor 20m

Figure 5-3: Typical Traffic Signal Intersection Layout

Both footpaths would be maintained at their current widths (except as noted at the S-curves),
because of the concentration and stacking of pedestrians at intersections. Reducing these
footpath widths over the greater project area was considered but rejected, as the need to
maintain a high level of service for pedestrians was paramount.

In order to provide for all of the requirements of different road users at the intersections, it is
necessary to reduce the SCL width down to 1.6m. This width is not sufficient to allow cyclists
to pass over this length. However this is considered reasonable on the approach to the traffic
signals to maximise usage of the available space given competing demands.

The separator will also be reduced down to 0.5m at signalised intersections. The early stages
concept design proposed 0.3m separator at intersections. However, 0.5m is considered
preferable given the additional separation - particularly as the right turn lane will be narrowed,
combined with the potential for the protrusion of vehicle wing mirrors.

The right turn lane is proposed to be 2.7m wide, which is acknowledged as a necessary
compromise, given the limited width available. It is expected that extra wide vehicles would
actually need to straddle the right turn lane and part of the adjacent through lane, because the
length of the right turn bay makes it difficult for larger vehicles to fully enter the right turn
lane (given no over steer is possible). From the tracking undertaken for the existing
intersection layouts, this situation already occurs. This is considered an acceptable and safe
situation (no different from now) even when larger vehicles are queued at a right turn red
arrow while waiting for cyclists and pedestrians.

The turning paths for right turning vehicles has been checked*and can be accommodated
within the intersection footprint proposed.

Traffic lanes of 3.2m width are proposed, closely consistent with the mid-block sections,
where the lane lines that form the mid-block sections provide consistency of line, avoiding any
major deviations between the mid-block and intersection interface. By reducing the through
lanes down from 3.3m to 3.2m at the intersection, it allows an additional 0.2m to be provided
to the right turn lane, which is considered important to cater for larger turning vehicles.

25 Using the RTS18 design vehicle (18m semi-trailer) tracking curves
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A left turn lane of 2.8m width is proposed. Whilst this may be considered narrow, it is
important to recognise that the current width of the left turn lane is generally narrow at
typically 2.6m (with a range between 2.6m and 3.0m). There is an existing on-street cycle lane
between the left turn lane and the through lane, which will be removed. Larger vehicles have
been observed encroaching into the cycle lane to make their left turn more easily. A lane of
2.8m would continue to pose some difficulty for very large vehicles and it is expected that
some heavy vehicles drivers would straddle part of the through lane. At detailed design stage
it will be necessary to analyse the tracking paths for the left turn and determine whether the
side road stop lines should be set back.

At traffic signal intersections a cyclist hook turn box is also proposed. A hook turn box is
provided close to intersection kerb radius and caters for cyclists in the SCL that wish to turn
left (i.e. across the SH 1 through traffic. It is acknowledged that the cyclist tracking into the
left turn hook is tight and will need to be performed at low speed.

Priority Intersections (non-signalised)

There are only a small number of non-signalised intersections along the route of the SCL. The
general treatment on these locations is a raised table to continue the SCL through the
intersection, with a give-way / stop requirement for vehicles approaching the intersection
(from the minor road), in advance of the SCL. This applies to any of the tee intersections on
the route.

The detail of the treatment at the Howe Street / Cumberland Street intersection requires
further consideration at detailed design. This is the only intersection that is not currently
signalised at present, or proposed for signalisation as part of the SCL works. There is a risk at
this intersection of drivers heading west on Howe Street and crossing Cumberland Street and
only looking out for approaching motor vehicle traffic to the right, and failing to see cyclists in
the SCL.

The specific signage and markings for the unsignalised intersections will be important during
detailed design to ensure road users awareness of the facility and conflicts.

Separator Type

The separator type proposed in this DBC is a mountable concrete kerb with an asphalt infill
between the concrete kerbs. No vertical measures are proposed on the separator at this stage
- however, it is possible that some form of vertical feature could be provided during detailed
design. Such features have a beneficial effect of reinforcing the presence of the SCL to vehicle
drivers. Furthermore, additional vertical features could potentially assist in making cyclists feel
safer (though the counter-productive effect of creating a false sense of security will also need
further assessment). An example of additional vertical features within the separator could take
the form of reflective safe hit posts.

Where accessways cross the SCL, a raised delineator is proposed. Providing vertical measures
for vehicles to cross is considered highly beneficial in highlighting to drivers the presence of
the cycleway and raising awareness. The intent would also be to provide high visibility
markings on the raised accessway ramp to further reinforce the proximity of the cycleway.

The type of separation proposed is shown in Figure 5-4 below from Beach Road in Auckland.
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Figure 5-4: Example of separator type from Beach Road, Auckland

Additional signage and road markings will also need to be considered for the treatment of
accessways. A small sign could be placed on the separator to warn drivers of the presence of
the cycleway / cyclists. Furthermore, providing the green surfacing on the SCL through the
accessways will also contribute to driver awareness.

Pedestrians

The desire to provide improvements for pedestrians, where possible, is an overall project
objective. The need to maintain footpath widths at intersections is clearly important to avoid
reducing pedestrian LoS. Whilst reducing the footpath at some mid-block locations to
(generally) facilitate parking is proposed, this is not considered as a substantial reduction in
LoS for pedestrians at these locations, as pedestrians should be less concentrated than at
intersections. Furthermore, the impact of the reduced width can be mitigated by ensuring all
street furniture is reduced and kept to a minimum by combining items (such as rubbish bins
with lighting columns) and reducing footpath clutter. This will need to be considered in the
detailed design phase.

As part of the Option 1 proposal there are a number of improvements also provided for
pedestrians. These improvements will be most noticeable at signalised intersections, At all of
the signalised intersections along the corridor, the pedestrian green time will be increased for
those pedestrians moving parallel with the one-way system, on the same side as the SCL (i.e.
RHS). This is due to changes to the signal phasing and the extra green time provided for the
SCL movement, which will also provide extra green time for the parallel pedestrian crossing. In
addition, this movement will become fully protected from turning vehicles (presently no or
partial protection). Similarly, the pedestrian movement on the side opposite the SCL (i.e. LHS)
will be provided with either full of partial pedestrian protection (presently no or partial
protection), which can run with the SCL and through vehicle phase, affording a good level of
service to pedestrians i.e. better than current LoS due to better protection and increased green
time. The LHS pedestrian movement timing can occur independent of the RHS pedestrian
movement.

For pedestrians crossing the SH 1 one-way on the upstream arm of the intersection,
pedestrians will receive the same amount of green time as the current signal operation
running during the side road phase/s. For the downstream pedestrian crossing on the one-
way, protection will be required (either partial or full), with a lag applied to vehicles turning
from side roads. It is envisaged there will be no change to the LoS for pedestrians crossing the
one-way on either side of the intersection.

Additional mid-block uncontrolled pedestrian crossing provision is proposed, with kerb build
outs to reduce the effective on carriageway crossing widths. These crossing points were
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originally identified in the early strategy work and have been verified as being suitable and
beneficial locations. They are:

Cumberland Street (northbound), opposite ASB House

Cumberland Street (northbound), between Countdown Supermarket and Cadbury
World

Cumberland Street (northbound), opposite New World Supermarket
Castle Street (southbound), opposite Cadbury World
Castle Street (southbound), opposite Dunbar Street (Toitu)

Property Access

Property access is a key consideration for the project. Whilst the project aims to provide for
cycling, maintaining a good level of access to property is essential in this central city
environment.

The intent throughout, in terms of the treatment of existing accessways, has been to maintain
as near as possible to the same level of access that is currently provided. It is not essential
that any existing accessways or side roads are closed, however there are locations where
closure would have benefit to the operation of the SCL - for example by providing greater
lengths of continuous kerbed separation. Any accessways or side roads that could potentially
be closed will be subject to consultation with affected parties and only selected for closure if a
suitably convenient® alternative exists.

In terms of local road intersections, changes could be made to both Walsh Street and
Clarendon Street that could benefit the SCL operation. No changes to either are considered
essential, and whilst there would be benefit to the SCL, this needs to be balanced against
impact on affected parties:

Clarendon Street: for the SCL operation, one option considered was to close the
intersection with Gowland Street and for Clarendon Street to operate as a two-way
street. However, this is not considered feasible and therefore no changes are
proposed.

Walsh Street: as with Clarendon Street, an option considered was to close Walsh Street
at the intersection with Malcolm Street, but this is not considered essential at this
stage. On-site observations suggest Walsh Street is used as a rat-run to avoid the
Albany Street / Malcom Street signals (though it is not known if there is sufficient
enough volumes for this to be considered problematic), so it is possible that network
changes could have broader benefits. Consultation with the University has shown
numerous near misses with pedestrians in this area and they would support a closing
or a one-way reversal.

Accessway Design

The layout treatment of accessways and basis for design is included with the Design
Philosophy Statement. This includes details of sight distances adopted (and associated impact
on parking spaces), expected driver behaviour for turning into and out of accessways,
classification of types of access and consequential treatment selected.

The design objective is to provide a safe and efficient accessway for drivers, cyclists and
pedestrians which can cater for the expected range of cycle user abilities with minimal
disruption to highway traffic.

An 85th percentile operating speed of 55 km/h has been adopted for the one-way system.
This reflects the speed that a portion of drivers are expected to travel along the route in free-
flow conditions, particularly later in the green phase and in off-peak times.

26 gyitably convenient is a subjective assessment but is taken to mean reasonably close, avoiding the need for excessive
detours or significant additional journey length
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For all accessways that allow a right turn in movement from the highway, the on-street parking
shall be banned for a minimum of 30m in advance of the accessway measured from the
nearside of the accessway.

The preferred approach for accessway treatment has been agreed with the client as follows:

The governing parameter for accessway design and sight distance will be a 30m
parking ban on the approach to any accessway. The 30m parking ban will govern the
available sight distance.

No application of additional SSD/SISD/MGSD will be applied to accessways with the
30m parking ban dictating available sight distance.

This approach is agreed on the basis of there being an established practice of on-street
parking currently provided right up to accessways with only Tm of banned parking. The 30m
parking ban and resultant sight distance provided is considered by the client to be an
acceptable balance between the current parking in close proximity to accessways, and the full
provision of Minimum Gap Sight Distance.

In terms of accessway design detail, three different treatment options are proposed:

Low use: for the lowest use accessways (in terms of volumes), no formalised provision
to cater for turning (in) vehicles - vehicles will simply turn from the through lane. This
means that the SCL width remains at 2.6m when crossing the accessway.

Medium use: for accessways that experience moderate usage, a level of shoulder /
turning provision is provided for right turners into accessways. The facility provided a
kerbed taper and then 10m bay prior to the accessway; this enables a right turning
vehicle to move clear of the through traffic lane prior to turning. Following traffic
could, at slow speed and with care (and dependent upon the type / size of vehicle
turning and vehicle following) pass without crossing the centreline. This option
reduces the width of the SCL through the accessway to 2.1m width.

High use: for accessways that experience the highest levels of use, a higher standard
facility is provided for vehicles turning into the accessway. A minimum of 10m length
of fully developed shoulder / turning lane is provided prior to the accessway. The
design for the high use accessway is similar to the medium use type, but provides
greater width for turning vehicles. This greater width is provided by narrowing the SCL
down to 1.6m through the accessway. This provides a width of 2.4m between the
edge of the mountable separator and the edge line. Reducing the SCL width to such an
extent will have a consequential reduction in LoS for cyclists - however given this type
of treatment is only applied in a small number of instances, this is not considered to
be an issue. Further, reducing the SCL width down through the highest use
accessways is a positive measure to raise cyclists awareness of the presence of a high
use accessway and increased potential for vehicle conflict (i.e. signifying a clear
change).

Parking

It is necessary to remove on-road parking in a significant number of locations to accommodate
the SCL. The parking removed is adjacent to the SCL (i.e. the RHS of the highway), whereas
parking opposite (LHS) can be fully retained.

Parking removal is necessary to provide a safe and high quality system for cyclists and
pedestrians. However, some right-hand side parking can be retained where this is not in
conflict with accessways (in terms of safety and operation). Where parking is retained, it
necessitates a reduced width SCL. The reduced width is likely to result in single file cycling
where overtaking is either not possible, or becomes difficult (dependent upon various factors
such as the lane position of the cyclists, behaviour, speed, size etc.).

A number of different options have been considered in respect of parking:

Option 1 (uni-directional facility): Removal of all right-hand side parking (with a few
exceptions)
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Option 1A (uni-directional facility): Removal of parking as is required for safe
operation uni-directional facility

Option 1B (uni-directional facility): Removal of all parking, with a small number of
‘operational essential’ parks retained

Option 2 (bi-directional facility): Removal of all parks directly alongside the bi-
directional SCL

5.2.6.1 Option 1

Detailed analysis of Option 1 has not been undertaken. However, the expectation is that
almost all of the existing 393 parks would be removed, with the exceptions listed below:

Outside Galaxy books, northbound, between Moat St and Duke St (as the SCL diverts
down Moat St)

Northbound, between Burlington St and the Leviathan (as the SCL will not commence
until beyond this point)

Southbound, between Stuart St and Dunbar St (due to the removal of a traffic lane)
5.2.6.2 Option 1A

Where parking is retained, it has been agreed?®” that a minimum of four adjacent car parking
spaces must be provided. If it is not possible to fit at least four, then none will be provided.
This is to provide some consistency in the kerb line position and avoid the solution becoming
unsightly. Furthermore, providing parking in reasonable ‘blocks’ together should assist
drivers’ in identifying / recalling where on-road parking is provided on the true right-hand side
of the road, avoiding late manoeuvring or excessive vehicle braking when isolated and
unexpected parking places are observed as vacant.

The effect on parking (of implementing Option TA) is assessed as follows:

27 with the NZ Transport Agency Project Manager
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Southbound ‘ Northbound

Proposed Change Existing Proposed

Dowling Street to Leviathan

Cnr 0 0 0 10 9 -1

Leviathan Cnr to Stuart

Street 13 8 -5 (1) 17 0 -17(4)

Stuart Street to St Andrew

Street 29 0 -29(1) 23 0 -23(5)

St Andrew Street to

Hanover Street 6 0 -6(2) 8 0 -8(2)

Hanover Street to Frederick

Street 17 0 -17 18 13 -5x*

Frederick Street to Albany

Street 29 19 -10(2) 26 17 -9

Albany Street to Union

Street 16 5 -11* 25 22 -3

Union Street to St David

Street 23 10 -13 22 0 -22

St David Street to Dundas

Street 28 28 0 25 22 -3

Dundas Street to Howe

Street 12 0 -12(5) 14 0 -14(2)

Howe Street to Duke Street 19 0 -19(2) 13 2 -11

Duke Street to Great King St

North 0 0 0 - - -
192 70 -122 201 85 -116

*Includes loss of a disabled park [**signifies two disabled parks]
Numbers shown in parentheses signify P5/P10 parks lost

Table 5-2: Option 1A Parking Summar
Parking Places ‘ Number

Existing Total 393
Proposed 155
Parking places lost 238
Percentage Reduction -61%

The figures above only include the parking on the side of SH1 where the SCL will be located
(i.e. the true right side). In total it is estimated that 238 on-road parking spaces will be lost. It
should be noted that these figures will require verification during detailed design and should
be considered indicative only at this stage. No detailed site survey has been undertaken to
verify the total number of spaces currently available, with totals derived from assessment of
aerial imagery - as such it is not unexpected that there is some variation here to other studies
undertaken®,.

5.2.6.3 Option 1B

This option focuses on those areas of greatest need, adjacent to those properties where there
is a reasonable basis for either high customer turn-over, or need to have available for people
drop-off/pick up. It is assumed that each location requires 2 parks, which would be marked as
P5/P10s

Southbound

a. Good Earth Café. This could be immediately preceding the St David St traffic signals,
or just after. Audience: order and run customers and delivery stops.

28 gych as the Transport Agency / DCC SH1 Cycle Lanes Study, referencing a 2012 Parking Study conducted by Abley
Transportation Consultants
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b. Te Rangi Hiroa College. This is a student halls of residence, which has a P5
now. Audience: taxis, drop-off/pick-ups (including mobility impaired students).

Northbound

a. ASB house. North of the Leviathon. Audience: office building deliveries, taxis, pick-
up/drop off.

b. Cadbury World. Audience: taxis, drop-off/pick-ups (including mobility impaired
visitors).

c. Food Department Café, at Walsh St. Audience: order and run customers and delivery
stops.

d. The Roast Office, Albany St corner. Audience: order and run customers and delivery
stops.

e. Alhambra rugby ground. North Ground. Located immediately past the northern end of
building (also with a relocated post box). Audience: post box users, taxis, drop-
off/pick-ups (including mobility impaired visitors).

f. Cutlers/video/pizza. Dundas St to Howe St block. Audience: business delivery, order
and run customers.

In summary Option 1B would retain 16 parks, and lose 377. It is important to recognise that
this option for parking has only been subject to a brief high level assessment and it is possible
that other locations would have an equally justifiable need for short term on-street parking.

Option 2

No detailed assessment has been undertaken for the parking impact associated with Option 2.
However, given the total extent of the route is roughly half of the uni-directional facility, by
virtue of this being two-way facility, it is reasonable to assume half of the existing parking
supply would be removed. This therefore equates to a loss of around 195-200 spaces, with a
similar number retained.

Parking Summary

Option 1A is considered to be the preferred approach for dealing with parking given it retains
a reasonable amount of parking along the right-hand side of the highway, but removes
sufficient parking for the facility to operate in a safe manner. However, as providing for
parking results in a reduced width SCL, this option does have a consequential worsening of the
overall LoS for cyclists. Option 1B provides a more efficient and higher quality facility for
cycling because it retains a more consistent and wider SCL, and therefore offers an improved
LoS to cyclists. Ultimately, Options 1, 1A and 1B could all be feasible, and will require a policy,
rather than technical, based decision. Further clarification from DCC Working Group as to their
preference for the approach taken to parking is required.

It should also be noted that a small number of side road parking spaces are anticipated to
require removal, to allow for dual approach lanes and stacking capacity. From the assessment
undertaken to date, this is expected to be in the region of 20 spaces for Option TA (but will be
subject to further intersection modelling for confirmation).

Intersections

As with accessways, the treatment of intersections becomes vitally important as they remain
the only places where cyclist / vehicle conflict can occur.

The treatment at intersections for the SCL will be to continue the physical separation up to the
signal stop line on SH 1. Cyclists will then receive a separate signal phase running with the
parallel pedestrian stream. For ‘through’ cyclists (i.e. continuing along SH 1), the phase will
run with through traffic on SH1, but separate to the right turn vehicle phase, so there will be
no conflict with turning vehicles. For cyclists wishing to turn right, this will be done by filtering
through the crossing pedestrians, which is considered very low risk. For left turning cyclists,
they will need to wait in a new hook turn box (on the kerb radius) for the side road phase to
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commence, where cyclists can then continue ahead (i.e. completing the left turn in two stages
without any vehicle conflicts).

Ensuring cyclists comply with the traffic signals is important so as the conflicting movements
can be separated. Compliance will be more likely if delays to cyclists are minimised and a
good LoS provided. This is covered further in the MWH Traffic Signal Operation Report (2015).

The design of the intersections will be similar to the current arrangement, comprising two
through lanes and a left and right turn lane, though with the SCL replacing the current on-road
cycle lanes and switched to the other side. Further, there will be a requirement to undertake
various modifications to the intersections, including relocating signal poles / push button
units, providing push button units for cyclists, provision of red arrow signal aspects for
vehicles, setting back stop lines, providing hook turn boxes and cutting new loops (or
providing new detention equipment), relocating kerbs and kerb cut-downs (and tactile paving).

The modifications have been included in the cost estimate.

Project Extents

The treatment of the SCL at the northern and southern extent is essential to ensure there is a
suitable connection into the wider network for cyclists, this approach is described below:

Southern Extent (Queens Gardens): The extent of the investigation for the southern
termination of the SCL is Queens Gardens opposite Vogel Street. From a directness
perspective, the ideal solution would be to create a new high quality path through
Queens Garden, around the Cenotaph and connect to the existing intersection
pedestrian crossing facility over Queens Gardens onto SH 1. However, from
discussions with DCC Parks team, it is understood that a conservation order exists
preventing such works taking place.

The solution progressed therefore involves using the wide footpath on Queens
Gardens opposite Vogel Street, heading east around the perimeter of the Gardens. The
footpath here is wide enough to do so and avoids any widening (or tree removal). A
pinch point exists for a small length on the radius from SH 1 into Queens Gardens
effectively on the section that acts as an extension of Burlington Street. A right turn
lane is developed on this section of Queens Gardens. It can be reduced in length so
that it commences on the SH 1 section of Queens Gardens rather than around the
curve (reducing its length from around 110m to 65m. The turning volumes here do
not require such a long lane. This allows the kerb to be built out and the pinch point
removed. From here two-way cyclist continue along a widened path (where parking will
be removed), alongside the war memorial, before the splitting of the northbound and
southbound SCLs either side of the Leviathan Hotel.

Northern Extent (Pine Hill Road): Various options were considered but a key issue to
overcome was the crossing of cyclist at Pine Hill Road / Great King Street intersection.
No solutions for using this already complex high speed intersection with poor safety
performance were considered viable. Instead a 3m wide shared path is proposed on
the eastern side of Cumberland Street between Duke Street and Pine Hill Road for two-
way cycling. This path curves around into Great King Street without the need for a
crossing. Cyclist can then be crossed away from the intersection into the gardens (in a
two stage movement with a wide median island provided).

It is proposed to signalise the Cumberland Street / Duke Street intersection. At this
location a diagonal crossing would cross southbound cyclists over the road and into
the SCL.

Northbound cyclists using the Great King Street SCL would turn down Moat Street
(quiet street) into an eastbound SCL on Duke Street where they would connect into the
new traffic signals and diagonal crossing over to the shared path running alongside
the Botanic Gardens.

Pavement

The existing carriageway cross-section has a high crown and a very pronounced cross-fall
between the kerb, edge lines and lane lines, some exceeding 10%. There are steep shoulders
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with high build-ups of AC above the existing lip of channel from +10-100m in places along a
large proportion of the route. The recently surfaced sections have almost no AC build up
above the lip of channel level. The existing markings are predominantly on the high crowns
between the varying crossfall sections.

The design methodology is to correct the shape of the existing to match the proposed design.
This will also allow for markings to be placed on the new crowns and will remove the ghost
markings that generally occur on sites that require significant reconfiguration of lane space
has occurred. This will also reduce the chance of the new wheel paths being located on the
crown of a road which may affect driver behaviour and weaving along the route to stay on one
side of the crown.

Areas with no AC build up adjacent to the kerb can have the existing crossfall improved with
isolated milling (i.e. from kerb to edge line), however areas with extensive build ups will
require extensive milling to remove this and improve the grade.

Most section lengths have been sandblasted in 2012 due to the last cycle way reconfiguration
and any removal of markings needs to account for existing and dealing with the old markings.
We have reviewed the forward works programme and agree with most of the renewal dates
and have used this to help strategise when we would be best to implement a treatment,
however this brings risks that treatments may not occur as programmed. The Transport
Agency’s maintenance and operations team may have different drivers once this project goes
to construction and the current sites may be deferred. To counter this, the resurfacing of
these sites is included in the scheme estimate to meet the project objectives rather than the
asset management objectives.

From an asset management perspective reshaping the carriageway to remove crowns, ghost
markings and AC build-ups at the edge of channel may be hard to argue. As a fall-back, an
additional option has been investigated should this not be a preferable treatment option. This
alternative option would only undertake isolated milling / resurfacing, and relies upon the
forward works programme to undertake more comprehensive surfacing and shape correction.
This option may save hundreds of thousands of dollars which could be utilised elsewhere,
however it may potentially result in some safety issues and cause constructability issues for
achieving the intent of the project. Furthermore, it would leave behind a facility that would not
be fully completed until 2024/25.

Stormwater

No concept design for stormwater management has been undertaken for this DBC as the
impact on the stormwater system will be localised and minimal. It is however noted that, given
the need to relocate a number of kerb lines within the project, it is expected that some minor
localised changes to the stormwater system will be required. Because in locations where the
kerb line is relocated (with the footpath reducing in width from 3m to 2m), the existing sumps
will no longer be correctly situated to catch the surface water runoff at the kerb line.

Due to the existing pavement lips observed at the channel (where in places the asphalt is
around 100mm higher than the lip of channel, forming a pronounced step) at various places
throughout the one-way system, milling and reshaping of the surface is required. This should
be undertaken in conjunction with the kerb and sump relocations. Further assessment will be
required at detailed design to determine the exact extent of the milling and reshaping to
ensure suitable crossfalls are maintained and surface water continues to flow to the kerb.

Any relocated sumps, together with all of the existing sumps situated within the SCL need to
be fitted with high quality cycle friendly grates to avoid becoming a hazard to cyclists. Such a
grate is shown in Figure 5-5:

Page 55



5.2.11

5.212

Figure 5-5: Example of cycling friendly sump grate

Trees

The impact on trees has been assessed. The removal of any designated trees is unlikely to be
necessary through two trees may require periodic crowning (refer to Section 7.2.3).

In addition to the effect on designated trees, there are numerous other trees (within the road
corridor) that will be affected by the implementation of the SCL. A confirmed number of trees
lost will be dependent on the form of the detailed design and the final option selected for the
SCL (and parking); however, Option 1A has been assessed as it is considered to the worst case
scenario.

Table 5-3: Tree Impacts Option 1A

Northbound ‘ Southbound

Number removed Number removed

Location

Dowling Street to Leviathan Cnr - 1
Leviathan Cnr to Stuart Street - -
Stuart Street to St Andrew Street 3 3
St Andrew Street to Hanover Street 1 -
Hanover Street to Frederick Street 3 1*
Frederick Street to Albany Street - -
Albany Street to Union Street - 1
Union Street to St David Street - 1
St David Street to Dundas Street - -
Dundas Street to Howe Street 1 -
Howe Street to Duke Street - 5
Duke Street to Great King St North - -
Total 8 12

*A number of trees exist along this section of the route close to the existing kerb line. At this
stage of assessment it is expected they could be retained through regular trimming

There may be opportunities for a number of replacement street trees to be planted but this
will require further analysis during the next phase of design.

Signage and Road Markings

The drawings provided have included indicative road markings and these must be fully
considered at the detailed design stage. Nevertheless the drawings provide a reasonable level
of detail to demonstrate how the road markings would be used within the proposed layout.
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Signage has not been included at this stage of the investigation. Signage plays an important
safety role in providing road user information and will be an important aspect of detailed
design, particularly due to the changed road layouts and turning restrictions (though at DBC
stage signage design is not considered necessary). An indicative value has however been
included in the cost estimate.

Services

Investigation of utility services through the proposed designation was undertaken using the
“BeforeUdig” website. The following services were identified within the project extents;

There are numerous obsolete, live copper and fibre optic cables underground in the
area. There are also University of Otago ducts and cable;

Delta Network has numerous underground power cables passing through the proposed
designation. FXnetworks also has a fibre optic cable installed in the Delta Network
ducts;

Vodafone fibre optic cables;

Kordia fibre system;

Street lighting;

Stormwater, water and wastewater utilities.

The telecom fibre cables are located throughout the project extents. There are also obsolete
and live copper wire cables with above ground pedestals located at the back of the footpath.

Delta Networks has underground power cables running along Cumberland Street North from
Albany Street to the northern end of the project extents. There is also a Delta Network
underground cable that runs along Frederick Street between Cumberland Street and Castle
Street. Furthermore, FXnetworks has fibre optic cables at the Cumberland Street / Frederick
Street intersection which runs North and West of intersection. FXnetworks also has a fibre
optic cable that runs along Great King Street North from Albany Street to Union Street West, it
then heads East to Cumberland Street North.

The Vodafone fibre optic cable network extends south of Union Street West to the southern
end of the project extents.

Kordia fibre system has a fibre cable that runs along Castle Street from the southern extent of
the project up to Frederick Street.

The existing street lighting is located alongside both sides of the road with the majority of
lighting columns located on the back of the kerb line.

Stormwater, water and wastewater utilities run along Great King Street and Cumberland Street
for the entire length of the project extents.

Detailed discussions with utility service providers will be required in due course; they have not
been undertaken at present.

Bus Provision

Buses in Dunedin only stop to pick up or set down passengers on the left side of the road, as a
result of the passengers doors located on the left side of buses. This means that the conflict
with the SCL is removed from the project extents.

As a result, no specific bus provision is required, other than ensuring the SCL does not
interfere with the bus turning path movements (i.e. at intersections). This has been checked
and the turning paths are acceptable.

A bus / coach park is proposed in front of the Leviathan Hotel on Castle Street (southbound).
This replicates an existing coach park at this location, but the facility has been redesigned,
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and provides a more substantial and safer facility for coaches for the boarding or alighting of
passengers.

It is also noted that another coach park currently exists on Cumberland Street (northbound).
At present buses stop on the right side of the road with passengers disembarking (or
embarking) into the live traffic lanes. This is an extremely unsafe solution and this coach stop
will need to be removed. For northbound buses wising to access the Leviathan Hotel (or close
proximity), they will need to divert 400m using Stuart Street and Dunbar Street to use the
coach stop immediately outside the hotel on Castle Street. Alternative options were considered
for providing a northbound bus stop, however no options were considered suitable.

Property

The DBC concept design has been kept within the existing road corridor, avoiding the need for
any land / property acquisition. This approach therefore limits the need to consider property
impacts.

There is the potential to provide of a right turn bay from Cumberland Street into Duke Street
which may potentially require a very small acquisition of land to accommodate the extra lane -
however the necessity of the right turn bay and whether land acquisition is required will be
subject to further investigation and survey.

At this stage, there has been no input from property consultants and none is expected herein,
as the intention is to avoid any property acquisition.

It is possible that relocation of removed parking to alternative areas may ultimately require the
acquisition of land. However, this has not been considered at this stage of investigation.
Ultimately, this may not be required if parking demand can be accommodated in the spaces
remaining, or adjacent side streets.

Excluded from Scope
The following is excluded from the scope of the project:
Signage Design

The design of signage (and road markings) is generally considered outside of the scope of this
DBC because it is a matter of detail, to be resolved in the detailed design phase. Despite this,
some key areas have been considered in terms of signage and road markings because there is
a need to understand whether they can be suitably signed, otherwise they may need to be
redesigned. An example of this would be in close proximity to the Leviathan hotel where the
northbound and southbound SCLs cease and cyclists need to merge with pedestrians into a
shared zone. Ensuring this can work from a signage and markings perspective, and therefore
be easily understood is essential prior to proposing this layout as the preferred scheme stage
design for this location.

In addition, the provision of adequate signage and markings has been included within the DBC
cost estimate.

Lighting

No lighting improvements have been specifically designed as part of this DBC. However, it is
recognised that lighting currently exists throughout the extent of works and, where kerb lines
are being relocated, and footpaths widths reduced, street lighting columns will need to be
relocated onto the footpath. Generally kerb relocations have been minimised so the relocation
of columns is limited. Lighting relocation has been allowed for in the cost estimate.
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6 Consultation

NZTA and Dunedin City Council have worked together throughout the consultation process.
The consultation commenced in June 2013 with Dunedin People’s Panel Quickfire Cycle
Survey. A more intensive consultation process commenced on 8 November 2013 with a media
briefing and ran through till the 6 December 2013 and focussed on two proposed options.
The consultation process included direct consultation with the adjacent landowners, wider
public and key stakeholder engagement.

There is Local Government, non-government organisation and general public support to
improve the cyclist safety of the road section, as it is known for high number of collisions or
near misses involving cyclists and motorists. However those stakeholders directly affected by
the proposed separated cycle lane are concerned with reduced on-road parking and potential
high conflict zone at accessways (motorist and cyclist).

6.1 Consultation and Communication Approach

A thorough consultation process for the two proposal options was undertaken between
November 8 and December 6 2013 by NZTA together with the Dunedin City Council. The
process is presented in more detail in Section 6.1.2. The two proposed options are presented
in Sections 4 and 5. In addition, the Dunedin City Council undertook a cycle survey In June
2013.

Full details of the previous consultation processes are contained within the following reports:

Consultation Response Report (DCC / NZ Transport Agency December 201 3)
Consultation Output Summary Report (DCC / NZ Transport Agency December 2013)
The consultation objectives and consultation undertaken to date is detailed below.

6.1.1 Communication Objectives

Communication is an essential element of consultation. The objective of the communication
was to provide information on:

To raise stakeholder awareness and understanding of the project.
To understand stakeholder concerns so these can be passed on to the project team.

To engage early and effectively with all stakeholders on relevant matters that may
require stakeholder input.

To ensure stakeholders are advised on new developments, key milestones and planned
activities on the project.

To work with potentially affected property owners in a fair manner at all times.
To work with business owners in a helpful and fair manner at all times.
To maintain contact with stakeholders so as to keep on top of any potential issues.

Why a change from the present un-protected cycle lanes, to separated cycle lanes is
being considered.

The two options that are being looked at.

Whether there is a demand for separated cycle lanes?

Who are the potential users and what type of lane they would prefer?
6.1.2 Stages and Content of Consultation

The Consultation on the two proposals formally commenced with a media briefing on Friday 8
November 2013. To complement this,

1. A ‘project’ webpage was set-up containing:

a) A comprehensive brochure of the two options
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b) The Central City Cycling Options Report
c) A ‘Frequently Asked Questions’ information sheet
d) Cyclists traffic count data to date
e) Examples of separated cycle lanes from other international centres
f) Feedback links
2. Concurrently to the media briefing, some 200 letters were sent to owners / landlords
of properties with frontage to the one-way routes; together with a similar number of
follow-up drops to property tenants. In addition, 95 letters were sent to key
businesses and stakeholders and included a copy of the brochure on the two options.
3. Held information drop-in sessions at:
a) Wall St mall - 14 November 2013
b) Toitu - 19 November 2013
c¢) The Link (university) - 20 November 2013
4. Organised meetings with businesses including:
a) Mondelez (Cadbury’s)
b) Keogh McCormack
c) Otago Museum
d) Otago Daily Times
e) Otago Chamber of Commerce
f) Southern District Health Board
g) University of Otago
h) Police
i) Automobile Association
j)  Road Transport Association
k) Otago Regional Council

I) Spokes Dunedin

Written submissions

Over 2000 written submissions were received as either emails, letters, or received directly
through the drop-in sessions. Many were very detailed in description, some with drawings,
and overall presented a range of preferences, issues or suggestions.

Separated cycle lane option preference

Option 1: a separated cycle lane on both the south and north bound legs of the Dunedin on-
way highway system is either favoured or regarded as being the safer option.

The University of Otago, the Southern District Health Board, and the Otago Regional Council
also support Option 1.

The Automobile Association (AA) conditionally support Option 2; this is on the basis that this
forms part of an integrated solution (i.e. not as an isolated / disconnected treatment).
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Retailers / businesses who submitted wanted the status quo retained or preferred Option 2.

Reasons for support for a separated cycle lane (either option)

Supporting comments were largely generated from those with a cyclist perspective. Some 583
people submitted advising they already ride on the on-way routes; and a further 522 people
said they would only ride on the one-way routes if they were made safer. The other most
common supporting comments were:

Considered physical separation much safer

Concern about the safety of existing cycle lanes and sharing experiences of collisions
or near misses involving cyclists and motorists

Improvement in personal health
Encourage more cycling and
Less pollution

Parking

Although fewer in number, detailed submissions were received from retailers, businesses, and
individuals concerned about the potential loss of on-road parking.

Submissions of smaller retailers along Great King Street, Cumberland Street and Castle Street
were concerned with the loss of convenient short term on-road parking near their premises.
Another concern for these retailers was the ready access for delivery vehicles to their
businesses.

Submissions from larger business including tenants of ASB House, Cadbury’s and the Museum;
expresses similar concerns about the possible loss of on-road parking in their locality.

The Automobile Association (AA), in conditionally supporting Option 2, were cognisant of the
greater loss of on-road parking associated with Option 1.

Individual submissions relating to parking loss, centred around access to convenient parking
to the hospital and also the physio pool.

While Dunedin Public Hospital is one of the larger generators of demand for on-road parking,
the Southern District Health Board is supportive of Option 1 sighting reasons of improved road
safety and providing people with better choices around active forms of transport like walking
and cycling.

The University of Otago, which attracts large numbers of people wanting on-road parking, also
support Option 1. This is on the basis, that present reliance on on-road car parking is not
consistent with the long term sustainable travel targets identified in their ‘“Travel Plan’ (for
students and staff). They also see increased cycling through improved cycle infrastructure as
a credible alternative to vehicle use. The University also expressed concern at the limited
safety of the existing cycle lanes.

Details on the off highway parking opportunities assessment is separately presented in the
report, “SH 1 Cycle Lanes Parking Study, March 2014”

Access related concerns

Some businesses with relatively high-use accesses were concerned for the safety of cyclists
using the proposed SCL, as well as being concerned for their own operational health and
safety requirements. This was particularly in regard to Option 2, where cyclists could travel in
both directions as those accesses were also used by heavy vehicles.

The Otago Daily Times, ASB House and Cadbury’s all have primary accesses onto Cumberland
Street; and it was for this reason that between the two options, Cadbury’s preference was for
Option 1.
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Other safety concerns

Other safety concerns from written submissions were:

The perception of increased mid-block crossing by pedestrians (with use of parking
further afield)

Use of the cycle lane by skateboarders

The potential of separated cycle lanes to attract younger less skilled cyclists into a
busier inner city traffic environment

Cost

A few written submissions focused on cost / use of funds, in terms of:
Net cost
Cost to Council
Loss of parking revenue

Other views raised

Other views raised from written submissions were:
Cycling on state highways, or in the central city, should not be encouraged
Dunedin topography / climate isn’t suited to cycling
Too few cyclists to warrant change

Alternative ideas submitted

Alternative ideas submitted from written submissions were:
Re-routing of trucks off the one-way highway system
Reduce / ban vehicle use of George Street, and develop as a pedestrian / cycling route
Promotion and re-alignment of Leith Street route (through the University campus)
Move the existing cycle lanes to the right hand side of the highway
A cycle route further east of the University Campus (Forth Street / Harrow Street /
ﬁg;jc Avenue) and running more closely to the rail line through to Andersons Bay

Shared use of footpaths (i.e. cyclists and pedestrians)

Submissions from outside of Dunedin

There were 310 submissions from people living outside of Dunedin. While such persons are
less likely to directly either benefit or be affected by the proposals; some submissions
recounted their experience from when they did live in the city.

6.3 On-line survey results

A variety of measures were used to promote the web page and on-line survey including a
brochure, letters and drop-in sessions.

While there were 883 respondents, not everyone provided responses to all the survey
questions.

The survey questions are responses are summarised below:
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Questions 1: Extent of support for a separated cycleway

Total 849 responded
a) 735 voted either supporting or strongly supporting
b) 89 voted either opposing or strongly opposing

Question 2: Support for Option 1
Total 869 responded

a) 612 voted either supporting or strongly supporting Option 1
b) 151 voted either opposing or strongly opposing Option 1

Question 3: Support for Option 2
Total 872 responded

a) 645 voted either supporting or strongly supporting Option 2
b) 151 voted either opposing or strongly opposing Option 2

Question 4: Preference between options and in comparison with existing cycle lanes

Total 878 responded
a) 328 voted preferring Option 2
b) 299 voted preferring Option 1
c) 131voted they would be okay with either Option 1 or Option 2
d) 55 voted not liking either option
e) 29 voted they were okay with the existing cycle lanes

Question 5: Extent of support to remove parking

Total 876 responded
a) 674 voted either supporting or strongly supporting the removal of parking
b) 139 voted either opposing or strongly opposing the removal or parking

Question 6: How should parking loss be addressed?
Total 858 responded

a) 368 responses supported relocation of parking meters and time limited parking to
adjacent streets.

b) 574 responses supported promotion of public car parking areas that are
underutilised.

c) 535 responses supported provision of angle parking on adjacent blocks of Union
Street, St David Street, Howe Street and Duke Street.

d) 293 responses supported the establishment of more commercial parking

6.4 Other Polls

Two other organisations proposed their own polls:
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The Automobile Association (AA)

The AA suggested that they may undertake a separate poll of their members, however no
results have yet been made available to the Transport Agency.

The Otago Daily Times (ODT)

The ODT also conducted a poll, in which the following question was asked:
"Do you support the cycleway proposals for Dunedin’s one-way system?”

From the 1,415 respondents, 53% (815 respondents) voted ‘YES’; 39% (600 respondents) voted
‘NO’; with the balance un-decided (requiring more information).

Dunedin People’s Panel Quickfire Cycle Survey

While there were 504 respondents, not everyone provided responses to all the survey
questions.

The survey questions are responses are summarised below:

Question 1: What is your main mode of transport for your daily activities?

Total of 503 responses
a) 75% of responses travelled by car
b) 14% of responses walked
c) 5% of rode a bicycle
d) 4% of took the bus

Question 2: What would you like to be your main mode of transport for your daily
activities?

Total of 501 responses
a) 39% of responses indicated main mode of transport a car
b) 25% of responses indicated main mode of transport a bicycle
c) 22% of responses indicated main mode of transport to walk

Question 3: Do you have access to or own a bicycle?

Total of 488 responses
a) 63%responded YES
b) 37% responded NO

Question 4: If you do ride a bicycle, on average how often do you ride?

Total of 475 responses
a) 36% responded rarely
b) 31% responded I never ride a bicycle
c) 10%responded 3-6 times a week
d) 2% responded daily

Question 5: If you rarely or never ride a bicycle, why not?

Total of 438 responses
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a) 46% responded safety concerns

b) 42% responded area is too hilly

¢ 38%responded inadequate cycle infrastructure

d) 26% responded don’t own or have access to a bicycle

Question 6: More cycleways that are separated from traffic would be better for cyclists

Total of 504 responses
a) 93%responded agreed or strongly agreed
b) 3% responded disagreed or strongly disagreed

Question 7: More cycleways that are separated from traffic would be better for motorists

Total of 504 responses
a) 86% responded agreed or strongly agreed
b) 3% responded disagreed or strongly disagreed

Question 8: More cycleways that are separated from traffic would encourage me to cycle

Total of 504 responses
a) 59% responded agreed or strongly agreed
b) 20% responded disagreed or strongly disagreed

Question 9: The Dunedin City Council should spend money on constructing separated
cycleways

Total of 504 responses
a) 74%responded agreed or strongly agreed
b) 10% responded disagreed or strongly disagreed

Question 10; The removal of on-road car parking should be considered in some locations
to make way for separated cycleways

Total of 504 responses
a) 55% responded agreed or strongly agreed
b) 26% responded disagreed or strongly disagreed

Question 11: More Quiet Streets would be better for cyclists

Total of 504 responses
a) 69% responded agreed or strongly agreed
b) 10% responded disagreed or strongly disagreed

Question 12: The Dunedin City Council should spend money on developing Quiet Streets

Total of 504 responses
a) 51%responded agreed or strongly agreed

b) 21% responded disagreed or strongly disagreed
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6.6 Further Consultation

Further consultation is required to be undertaken. When the final form of the SCL has been
determined, particularly in relation to the loss of parking around property frontages, then

discussions will take place with directly affected parties. Consultation will also be required
where any amendments to accessways are proposed.

A further wholesale consultation process is not anticipated; instead consultation will take the
form of targeted face to face meetings with those property owners that are identified as being
most affected by the provision of the SCL.
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Recommended Option - Assessment

The required project outcomes are met by reducing the occurrence of fatal and serious
accidents to cyclists and pedestrians, combined with increasing the numbers of cyclists using
the State Highway one-way pairs (in the SCL).

The implementibility of the project is not expected to be restrictive, with only an outline plan
is required for the works and no anticipation of impacting sites of cultural or historic
significance. However, public and stakeholder acceptance and support will be essential; it is
known that many businesses directly affected are likely to be opposed to the loss of parking.

The constructability of the project is fairly straight forward, with works contained within the
existing road corridor. Given this is a busy, heavily trafficked central city environment, the
construction phase has the potential to create major disruptions to road users and businesses.

Changes in operation have been assessed and it is expected that the capacity or efficiency of
flow on for the State Highway through traffic will be unaffected by the implementation of the
SCL. More broadly, operational changes will take place for cyclists, pedestrians, side road
traffic, State Highway 1 right turning traffic, rubbish collection, parking and deliveries.

Outcomes

The Project Outcomes defined in Section 3.3 is to reduce the occurrence of fatal and serious
injury crashes to pedestrians and cyclists on the SH 1 one-way pair. This project improves the
safety of these vulnerable road users in a number of ways.

Firstly the SCL separates cyclists from the vehicle traffic with a physical separator and includes
a buffer strip where parked vehicles run adjacent to the SCL, so that car doors do not open in
the path of cyclists. This is a common vehicle vs cyclist crash scenario. The SCL will also
provide cyclists with a fully protected phase from right turning vehicles at signalised
intersections?®, which also increases the green time for pedestrians crossing the side roads
along SH 1.

Ultimately a successful outcome will be measured by the crash history record®® after the
proposed SCL has been opened to the public. A successful project would involve no fatal or
serious injury crashes occurring within the project length, over the following ten year period.
However, with numerous accessways to commercial activities along the corridor, there remains
the possibility that a fatal or serious injury crash occurs between a cyclist and vehicle at these
conflict points. To decrease the chance of this occurring the design has included raised
delineators to alert drivers’ they are about to cross the SCL and watch for cyclists in their rear
vision mirrors. Therefore it is realistic to assume that the sections of the proposed SCL with
the permanent mountable kerb separators, can achieve zero fatal and serious injury crashes
during the ten year period post construction. The SCL will strongly meet the Programme
Outcomes defined in Section 3.2 by providing a safe route choice for cyclists and improving
their safety on the SH 1 one-way pair. Also it will encourage cycling as a practical transport
mode choice because it will contribute to the integrated central city and wider city cycle
networks. The SCL will become a backbone of the cycle network that feeds the other cycle
linkages. The attraction of new cyclists to the SCL will be achieved through the application of a
safe and high quality facility, that provides good LoS for cyclists.

The other project outcomes of improved cyclist throughput, decreased cycling journey time
(and maintaining the status quo for vehicle journey time), improved customer perceptions and
health outcomes can all be achieved with the creation of a high quality and well-designed uni-
directional SCL facility on the one-way system.

29 Whilst full protection via phasing is currently proposed, it is noted that other options do exists and have not, at this
stage, been rejected (such as vehicle right turners filtering through users of the SCL).

30 Careful assessment of the balance between increasing cyclist numbers, and reducing fatal and serious
crashes will be required; if cyclists numbers increase, it follows that there is a higher risk exposure. Therefore,
assessment of the project against the objectives will need to consider crash rates, as opposed to absolute
crash numbers.
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Outcome
Sought

Existing

Post-

implemetation
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Comments

target
Safety Reducing Measured over a five year analysis period (DSi)
death and
serious injury
by cycling
mode 6 0
Safety Reducing Measured over a five year analysis period (DSi)
death and
serious injury;
pedestrians 9 <9
Network Measured against existing cyclist count data of
performance users of the one-way system
and
capability Increased Daily users, northbound, St Andrew Street /
throughput Hanover Street
(people) by
cycle 215 415 Measured 1 year from full implementation
Network Decrease Measured against the current (pre-
performance | journey time; implementation) journey time for a 15km/h
and travel time, by cyclist on the one-way system, northbound and
capability cycle — Nthbnd = southbound (AM peak)
considered as 785s Nthbnd = 865s Significant worsening considered to be greater
‘no significant Sthbnd = Sthbnd = than 10% increase in travel time
worsening’ 820s 900s
Network Pre- Post Level of satisfaction regarding ease of cycling
performance implement- implementation
and Ease of cycling | ation survey improvement in
capability - perceived required perceptions
Health Increase Measured against existing and future cycling
physical numbers
activity 215 215+

7.2 Implementability

There are not likely to be any consents required to construct the SCL facility, though an outline
plan will be required. The physical construction of the project does not require any structures
or complex works on SH 1, therefore it is not envisaged to be complex in terms of
constructability.

The general public and stakeholder feedback has been reasonably supportive for the provision
of the SCL. There is however a split in terms of support for the new facility; with many
businesses being opposed due to lack of parking contrasting with the high levels of support
received from prospective users.

The roading improvements are to be staged to keep traffic moving efficiently during the
construction period. Staging will include careful consideration of tie ins and necessary
temporary traffic management to minimise disruption in the busy central city area (to
residents, businesses and general road users). The treatment of cyclists during the
construction phases will be especially important. It is paramount that the general public are
notified prior to any construction works.

There is also the possibility of providing semi-permanent features in the first instance (such as
planter boxes or bollards / posts). The benefits of this would be to allow a period of
assessment and consideration to ensure the proposed measures provide the optimal solution
and do not create unacceptable impacts (such as physical turning restrictions) that had not
been anticipated. Once all of the proposed features had been assessed and accepted, a second
implementation stage would occur, with the permanent measures (such as concrete kerbing).
However, whether a two-phase implementation will work is uncertain given the need to move
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lane / line markings laterally and the considerable concern around existing marking removal /
ghost markings. A two-stage implementation has not been allowed for in the cost estimate.

7.2.1 Constructability

A key issue for the construction phase will be minimising disruption to road users and
businesses. A level of disruption will be inevitable as the works are constructed as temporary
traffic management and lane closures will be necessary to construct the physical measures to
provide for the SCL (noting that if a two phase implementation is progressed, using temporary
features such as planter boxes in the first instance, this initial disruption can be minimised).

The construction of the SCL is not complex civil construction and generally will require the
provision of new kerbing, resurfacing and signs and marking’s implementation - all common
construction elements for a competent contractor. Where existing kerb lines have to be set
back (i.e. the footpath width reduced) there is the potential for conflict with existing services,
both above and below ground. Modifying existing underground services should be avoided as
far as practicable. Where existing kerb lines are to be moved above ground services such as
lighting columns, parking meters etc. will need to be relocated. Early liaison with service
providers in the detailed design phase is highly recommended. This will ensure the service
relocation costs can be refined from the current rough order estimates. Pot-holing to
determine accurate service locations is also recommended.

Works around traffic signal intersections involve a large number of relatively minor changes
(kerb radii / cut-downs / tactile paving changes / signal head & push button amendments /
loop or detection changes etc.) though in combination have the potential to create significant
disruption to road users (both drivers, cyclists and pedestrians) and will need careful
management.

A further issue for consideration will be the treatment of cyclists during construction. This will
need to be carefully managed because the existing on-road cycle lanes will be removed and
the width reallocated (to the SCL) - however if the on-road lanes are unavailable and the
separated facility is not yet open for use, provision for cycling will need to be made on a
temporary basis.

7.2.2 Operability

Some change in operation will result as a consequence of the SCL provision. The main changes
are expected to be:

Cyclists: Obviously no on-road facilities will remain, with the SCL replacing the
existing provision. It is inevitable that at least some cyclists will continue to ride
outside of the SCL. This will be discouraged given the traffic lanes will be reduced in
width and because drivers will be less expectant regarding the presence of cyclists
(i.e. the opposite of the ‘safety in numbers’ principle). The SCL will also be situated on
the right side of the highway, rather than the left side facilities that are currently
provided.

State Highway 1 traffic: Because of the rephasing of traffic signals, right turners from
the State Highway to the local network will receive reduced green time as they will not
be able to turn at any point when the protected pedestrian / cyclist phase runs parallel
to the through movement. Previously this was not the case and right turners filtered
through pedestrians or received a late start (i.e. partial pedestrian protection). The
capacity and co-ordination for State Highway 1 through traffic will remain
unchanged?'. It is recognised that the narrower lane widths for through traffic could
have a detrimental effect on capacity; however given these are through lanes with no
turning, and the fact that the signal co-ordination currently sets progression speed to
42 km/h - 45 km/h, the throughput is not anticipated to be negatively affected by the
reduced lane widths.

Side road vehicles: currently the one-way network operates with extra (and
unnecessary) capacity for the side road traffic. The spare capacity currently provided
to the side roads will be reallocated to the State Highway to provide additional

31 This is considered extensively within the MWH Traffic Signals Operation Report (2014)
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capacity in the newly added third signal phase that provides for the protected cyclist
and pedestrian phase. This should however result in only a small (if any) reduction in
LoS for side road traffic (given the spare capacity here at present). Further detail is
provided in the MWH Traffic Signal Operation Report (2015).

Pedestrian provision at traffic signals: similar to the above, due to the change in
phasing, pedestrians on the right hand side of the road will now receive full protection
when crossing parallel to the State Highway. For the left hand side, protection will be
either partial or full. For the movements across the one-way, for the upstream side of
the crossing, this will be fully protected, whereas for the downstream side (where
there is conflict with left and right turners from the side road), partial protection is
expected, with a lead red arrow displayed to turning vehicles.

Pedestrian provision mid-block: generally this should remain as per the current
situation, however, in those locations where the footpath width is being reduced,
there will obviously be a small change in operation for pedestrians, dealing with a
narrower footpath.

Refuge collection: the current operation is somewhat unclear - it is understood that
the existing method of collection is using collection trucks with side arms that extend
to the left of the vehicle (only) up to a distance of around 1.5m from the truck. Given
the system is currently one-way operation then how collection takes place to the right
hand side of the vehicle (i.e. where the SCL will be located) requires clarification.
Regardless of this, the SCL has been designed with the need to provide suitable width
in the separator strip for a bin to be located (and manoeuvred). Where the separator is
1.6m wide (i.e. mid-block with no parking) this is more than sufficient. Where parking
is retained, the separator width is 0.8m - which is enough to place a bin (generally a
large standard wheelie bin has a wheel base of 0.55m, with a slightly larger lid) but
does not provide much clearance or manoeuvre space. At this stage however this is
considered a reasonable compromise. Where the separator drops to 0.5m close to
intersections, this would not be sufficient for situating a bin for collection proposes -
adjacent properties would need to be informed to take the bin further away from the
intersection to where the strip was wider, or alternatively around the corner onto the
side street, away from the state highway.

Parking & Goods Deliveries: the removal of some parking will cause the parking
demand to shift to other locations. In addition, the new SCL may affect the current
loading practices that some businesses perform from the State Highway, within car
parking places (no loading zones are being removed).

Given the provision of SCLs is relatively novel and untested in New Zealand, it is not clear
whether increased maintenance will result. In simplistic terms, one of the existing traffic lanes,
currently used for parking, will no longer be trafficked by motorised vehicles, and used instead
by cyclists (plus separator strip). The structural loading on this section should therefore be
reduced. However, the surfacing component may become more important to ensure ride
quality (e.g. following utility works, to ensure a smooth high quality riding surface). Asset
management implications are covered further in section 7.2.5 below.

7.2.3 Statutory Requirements (Option 1)

An outline plan approval is required for the works within the SH designation. The outline plan
must show:

(a) the height, shape, and bulk of the public work, project, or work,; and

(b) the location on the site of the public work, project, or work; and

(c) the likely finished contour of the site; and

(d) the vehicular access, circulation, and the provision for parking; and

(e) the landscaping proposed; and

(f) any other matters to avoid, remedy, or mitigate any adverse effects on the
environment.
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Within 20 working days after receiving the outline plan, the territorial authority may request
the requiring authority to make changes to the outline plan. An outline plan is processed on a
‘non-notified’ basis.

Under the NES soil contamination cycleway construction is not anticipated to exceed the
permitted activity thresholds.

Resource consents from the Otago Regional Council are not anticipated as no works are being
carried out in a waterbody or stream bed, no new / additional discharges of stormwater and
discharges to air from road construction are a permitted activity.

The impact on the designated significant trees along the proposed SCL have been assessed.
There is not anticipated to be any issues with the trees with works expected to be sufficiently
far away from the trees to be inconsequential. It is however noted that some crowning may be
required on T295 and T294 where there is significant overhang into the highway corridor (and
location of the SCL).

Property Impacts

Positively, the provision of the SCL does not require any property acquisition given the
facilities are fully contained within these existing road corridor.

This is beneficial because it means that there is no requirement for land acquisition from
private property ownership. This should have the effect of reducing both time delays and costs
for implementing the facility. Land acquisition is generally a high risk item that has the
potential to delay implementation.

For property frontages that are located directly along the new SCL, there will obviously be
implications of the new facility. Firstly, in many locations parking spaces directly outside
properties along the SCL will be removed, with only some parking retained directly alongside
the SCL. Secondly, for those properties that have accessways directly onto the one-way pair,
there will be a need to cross the SCL and new separator strip when entering or existing the
accessway. Where parking has been removed to accommodate sight lines to accessways, this
should provide an improvement for drivers to exit from these accessways (i.e. staff or
residents), as the parked vehicles that would obstruct the visibility envelope have been
removed.

It is also understood that DCC are considering options to provide additional parking on
adjacent side streets to offset some of the parking loss on the one-way pair resultant form the
SCL. Any relocated parking to side streets will have an impact on properties located there (but
this has yet to be determined).

As discussed in Section 5.2.15, there is the potential to provide of a right turn bay from
Cumberland Street into Duke Street may potentially require a very small acquisition of land to
accommodate the extra lane - however the necessity of the right turn bay and whether land
acquisition is required will be subject to further investigation and survey.

Asset Management

The main implication for future highway maintenance is the clearing of storm debris from
sumps and kerb alongside the cycleway separator. With the limited width between the kerb
and cycleway separator use of a cycleway sweeper will be required increasing the maintenance
costs.

Resurfacing of carriageway and cycleway is more complicated from a construction perspective.
The installation of the cycleway separator will provide an obstruction and require time
consuming maintenance work and therefore increasing the long term maintenance costs.
Furthermore, the carriageway and commercial accesses with the higher heavy traffic volumes
will need more frequent cyclic maintenance than the cycleway.

The other implications for future highway maintenance are the increase in signage, road
marking and green cycleway surfacing. Furthermore, the traffic signals will have a cyclist
phase installed for the hook right turn.
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The section of SH 1 for the SCL will require a much higher intensity of maintenance compared
to neighbouring existing sections of SH 1. This is due to the installation of the cycleway
separator and related surface markings.

Conversely, with the considerable upfront costs for resealing along the SH 1 corridor (for
shaping and to provide a clean surface for road marking), there will be a positive impact on
the future maintenance budgets particularly over the next 10 years where surface maintenance
throughout the project extent should be minimal.

7.3 Wider Project Impacts

7.3.1

7.3.2

7.3.3

Environmental Impact

Provision of cycle ways as alternative to car transport will have wider environmental benefits in
terms of reduced reliance on cars and a more sustainable transport network.

Social Impact

The fatal and serious injuries of cyclists have a high social impact and the provision of
separated cycle lanes will reduce this risk. Health and wider economic benefits are also
expected.

Joint Working

The SCL project is already well established as a joint venture between NZTA and DCC.
Therefore any other cycling initiatives proposed by DCC will be well integrated with this
project.

It has not been discussed at this stage whether there are efficiencies or value for money to be
gained with other stakeholders or approved organisations. There is little scope for joint
working with service providers, as any service relocations are intended to be kept a minimum.
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8 Recommended Option - Economic Analysis

The recommended option of uni-directional separated cycle lanes along the SH1S one-way pair
was evaluated against the Do-Minimum of retaining the existing on-road cycle lanes and
continued maintenance, in accordance with the Economic Evaluation Manual (EEM, July 201 3).

The benefit cost ratio was evaluated as 3.1 for the recommend project option.

Sensitivity testing undertaken shows that the BCR ranges from 1.9 to 3.8; the BCR was found
to be the most sensitive to increases in construction cost, the number of new cyclists
estimated to use the facility, the cyclist growth rate and the crash analysis method adopted.

The assessment profile is assessed as HHM; high strategic fit, high effectiveness and medium
economic efficiency.

8.1 Economic Summary of Recommended Project Option

An economic evaluation has been carried out in accordance with the Economic Evaluation
Manual (EEM, July 2013) simplified walking and cycling procedures (SP11), augmented with full
procedures crash analysis.

The recommended option of uni-directional separated cycle lanes (Option 1) was analysed
against the Do-Minimum option of retaining the existing on-road cycle lanes. The
recommended option and the Do Minimum option are in outlined in Section 5 and Section
4.2.7respectively.

The outputs of the economic evaluation are summarised in Table 8-1 below, with key
assumptions and inputs outlined in the following sections.

The worksheets used for the economic evaluation of both the recommended option and option
2 (bi-directional facility on Cumberland St) is included in Appendix A - Economic Worksheets.

Page 73



highways and network operations

Table 8-1: Economic Summary Table

Earliest Implementation Start Date September 2016
Expected Duration of Implementation 12 months
Analysis Period and Discount Rate 40 years and 6% |
Time Zero July 2016

Base date for Costs and Benefits July 2014
Present Value of Total Project Cost of Do Minimum $5.5m

Present Value net Total Project Cost of Recommended Option $12.1m

Present Value net Benefit of Recommended Option (exc. WEBS) $20.2m

Present Value net Benefit of WEBs of Recommended Option N/A

BCR (exc. WEBs) 3.1

BCR (inc. WEBSs) 3.1

Present Value
Do Min Recommended Do Min Recommended
Option Option
Design $0m $0.4m $0m $0.4m
Statutory Applications $0m $0m $0m $0m
Property $0m $0m $0m $0m
Construction/Implementation $0m $7.5m $0m $7.0m
External Impact Mitigation $0m $0m $0m $0m
Other Capital (e.g. insurances) $0m $0m $0m $0m
Capital Risk Management $0m $0m $0m $0m
TOTAL IMPLEMENTATION COST $0m $8.0 $0m $7.5m
Maintenance $2.9m $3.7m $1.1m $1.3m
Renewal (Periodic Maintenance) $13.1m $10.2m $4.3m $3.2m
Operating $0m $0m $0m $0m
Other Ongoing Costs $0m $0m $0m $0m
(e.g. Toll Collection)
Post Project Evaluation $0m $0m $0m $0m
ONGOING COST $16.0m $13.9m $5.5m $4.6m
Project Contingency Included in above figures.
TOTAL P50 PROJECT COSTS $16.0m | $21.9m | $5.5m | $12.1m

Net Present Value (Benefits)
Recommended Option

Travel Time Cost Savings $2.3m
Vehicle Operating Cost Savings N/A
Crash Cost Savings $8.5m
Vehicle emissions Cost Savings N/A
Driver frustration Cost Savings N/A
Walking & Cycling Cost Savings $9.4m
Travel Behaviour Cost Savings N/A

Option NPV benefits $20.2m

Page 74



8.2
8.2.1

Traffic Data

Traffic Volumes

highways and network operations

/ ] NZTRANSPORT

The latest traffic count data for SH1S, sourced from the Transport Agency ’s Traffic Monitoring

System (TMS), along the project extent is out

lined in Table 8-2 below.

_Table 8-2: Summary of Traffic Volumes

Description Direction

Location

AADT % Heavies Count Type

SH1S Cumberland
St near Willowbank
(ID: 01S10704)

Southbound | RP 704/0.09

9,450 (2013) 6% Continuous

SH1S Great King St

near Willowbank Northbound

RP 704/0.11

9,200 (2013) 7% Continuous

SH1S Castle St -
Btwn St Andrews &
Stuart St

Southbound | RP 704/2.12

13,900 (2013) 4% Non-continuous

SH1S Castle St -
Btwn St Andrews &
Stuart St

Northbound | RP 704/2.12

15,000 (2013) 4% Non-continuous

Table 8-2 above shows that the traffic volume along SH1S in both directions increases from
9,000 vpd in the northern project extent to approximately 15,000 vpd on SH1S in the vicinity
of the Octagon. The traffic volume data also shows a very even directional split in volume at

both count locations.

Hourly flow profiles, for a sample week in July 2013 and August 2013, for both count locations
is provided in Figure 8-1 and Figure 8-2 below.

Hourly Count for Week Report for 01510704 on 14-jul-2013 Site: 01510704
(Cumberland St near Willowbank) SH 1S RS 704 RP 0.090

Hourly Count for Week Report for 01520704 on 14-jul-2013 Site: 01520704
(Great King St near Willowbank Loop Site - Dec Lanes) SH 1S RS 704 RP 0.110
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Figure 8-1: Hourly Flow Profile for SH1S Cumberla
Willowbank

nd St near Willowbank and Great King St near

Hourly Count for Week Report for 01510705 on 04-aug-2013 Site: 01510705
(Castle St - Btwn St Andrews & Stuart St - Inc Lanes ) SH 1S RS 704 RP 2.120

Hourly Count for Week Report for 01520705 on 04-aug-2013 Site: 01520705
(Castle St - Btwn St Andrews & Stuart St - Dec Lanes ) SH 1S RS 704 RP 2.210
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Figure 8-2: Hourly Flow Profile for SH1S Castle St (Between St Andrews and Stuart St) in both

directions

Figure 8-1 and Figure 8-2 above show the
highlighting the morning and afternoon peak
note is the high inter-peak flows for both

variation in traffic flows throughout the day,
periods for each direction of each count site. Of
count sites, at approximately 700 vph for the

northern count site (70% of the northbound PM peak) to 1,000 vph for the southern count site

(80% of the northbound PM peak).
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Traffic Growth

The historic five-year traffic growth rate was calculated at between -1.1% and -2.4% per annum
for the continuous dual loop count site at SH1 Cumberland St near Willowbank and Great King
St near Willowbank respectively.

The non-continuous Castle Street count site, located in southern project extent, showed traffic
growth rates of between +1.3% (southbound) and -0.5% (northbound); although as this count
site is non-continuous®* the data is considered less reliable than the count sites near
Willowbank.

For the purposes of this economic analysis, a traffic growth rate of 0% per annum has been
adopted.

It is noted that the Transport Agency is investigating traffic growth rate trends on state
highways within NZ, with the results expected soon. The investigation was initiated in
response to traffic increases detected in the last year or two, linked to economic recovery, and
hence this could see traffic growth predictions change.

Refer Appendix A - Economic Worksheets for further traffic information.
Cyclist Volumes

As outlined in Section 2.2.1, recent cyclist counts were undertaken along four sections of the
SH1 one-way pair. Table 8-3 below shows the calculated daily average cycle use volumes for
each block surveyed during the period 2013 - 20143, This suggests that daily flows are fairly
consistent in each direction.

The recorded counts have been adjusted by a scale factor which recognises that the surveys
were undertaken during the summer university semester break, when many persons who
might otherwise travel by cycle, were absent. The scale factor of 1.13 was taken from the
Cycle Network and Route Planning Guide (LTSA 2004).

Table 8-3: Annual Average Daily Cycle Traffic Estimation
DAILY CYCLE VOLUME | Leviathon Hotel | St Andrew St Frederick St Dundas St

-Stuart St -Hanover St -Albany St -Howe St
Northbound 141 190 198 187
Holiday adjusted value 159 215 224 211
Southbound 127 193 208 196
Holiday adjusted value 143 218 235 221
Combined adjusted 302 433 459 432
volume (north & south)

The overall length weighted average for cyclists along the project extent was calculated at 210
AADT northbound and 216 AADT southbound, a total of 426 AADT for both directions.

By comparison, in February 2014 DCC undertook 24 hour cycle counts on both North Road
(North East Valley) and Portsmouth Drive, where the average number of weekday cyclists
recorded (combined for each direction of flow) was 322 and 380 respectively. Whilst these
sites are not in close proximity to the study area, they do serve as a validation for the figures
extrapolated in Table 8-3 above.

Cyclist Growth

There is limited available data for accurate measurement of cyclist growth rates. However,
comparing the 2012 overall count of 303 cyclists per day in both directions to the 2014 count
of 426 cyclists per day indicates a large growth rate, in the order of 20% per annum. This likely

32 Note: this count site is non-continuous and recorded only 36 accepted days in 2013.

33 NZTA, Dunedin One Way System (SH1) Cycle Survey Report, 2014.
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reflects a step-change in cyclists numbers as improvements to cyclist networks, routes and
connectivity have been made in Dunedin.

Census data also shows that there have been considerable fluctuations in the travel to work by
bicycle census data as displayed in Table 8-4:

Table 8-4: Census Travel to Work by Bicycle** Data

2001 2006 | 2013

Travel to work mode 1173 858 1224

It is not entirely clear why there was such a drop in 2006 from the relatively stable levels of
2001 to 2013. In terms of a share of the total work commute, this was 2.7% in 2001, 1.8% in
2006 and 2.6% in 2013.

The census data also indicates a high cyclist growth rate of approximately 6% per annum
between 2006 and 2013; however, as outlined above this is only a small increase over historic
2001 values.

For the purposes of this evaluation, a cyclist growth rate of 4% has been adopted to reflect the
on-going cyclist route connectivity improvements and likely new users rather than as a result
of the limited background population growth.

8.3 Walking and Cycling Benefits

8.3.1

Latent Demand

Latent demand has been calculated using NZ Transport Agency's Economic Evaluation Manual
(EEM) procedures.

The 2013 meshblocks from Statistics New Zealand were used and buffers zones were marked
on at pre-specified distances from the one-way pair. The three buffer zones used were
<0.4km, 0.4<0.8km and 0.8<1.6km.The population of each meshblocks included within the
buffers was then prorated against the percentage of the meshblock involved.

It is important to note that commuters make up a large percentage of traffic along the one-
way pair during peak hours. This includes cyclists who are more willing to travel further than
the 1.6km buffer used in the evaluation to determine latent demand. Similarly there are areas
within the 1.6km buffer that are unlikely to attract new cyclists due to Dunedin's topography
e.g. Maori Hill.

It is more likely that the majority of the latent demand will be generated by the flatter areas of
Dunedin and where cycling infrastructure connects into the proposed improvements.
Examples include South Dunedin, North Dunedin and St Leonards, Maia and Ravensbourne
areas.

The population base within the first buffer is lower than an area with a high residential
proportion as a number of commercial and retail pockets exist along each side of the corridor.
To ensure that the latent demand calculations were appropriate a number of gross checks on
the assumptions have been made.

These are:

30% of the population of Dunedin live below the town belt (approximately 36,000
people).

The total population included in the three buffer zones was 22,045 with 8,887 in the
800-1600m buffer.

Population of South Dunedin, St Kilda East, St Kilda Central and St Kilda West area
units is 9,612 (similar to the 800-1600m buffer).

34 Main means of travel to work for employed people from census data
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These gross checks show that calculations completed are suitable for use as a conservative
estimate of latent demand.

The final latent demand figure of 240 new cyclists per day has been calculated by using the
2014 AADT counts and applying the same ratio aspect as that shown in SP11 Worksheet 7,
Rows 10 and 11.

Expected Facility Usage

For the purposes of evaluation a number of assumptions have been made regarding the
portion of cyclists who will use the separated facility, these are:

The cyclist AADT is split evenly between both of the one-ways; and
95% of the cyclists surveyed using the one-way system will use the SCL.

Health and Environmental Benefits

The facility benefits were based on the health and environmental benefits from improvements
at hazardous sites by the provision of a SCL to separate motorists from cyclists as well as the
intersection design and phasing improvements.

The present value of health and environmental benefits for the preferred option was calculated
as $9.4m.

Travel Time Benefits

Travel time cost savings for cyclists along the SH1 one-way pair were based on the length of
the route, the average speed of the cyclists, a commuter travel time cost of $7.80 and the
relative attractiveness of the facility.

The Do-Minimum cyclist speed on the existing on-road cycle lanes has been assumed as
15km/h to reflect both the safety risk of travelling alongside motorised traffic and delays
imparted from intersections.

The option cyclist speed has been assumed to be 22 km/h, reflecting both the higher speeds
cyclists will likely travel given separation from motorised traffic and the phasing improvements
for cyclists at signalised intersections.

In addition, it has been assumed that the relative attractiveness of a SCL is similar to that of a
shared path. However, as a there is an existing cycle lane facility, a reduced relative
attractiveness ratio of 1.05 has been applied. If a relative attractiveness of 2.0 was applied,
the overall BCR would improve from 3.1 to 3.4.

Travel time savings for pedestrians has not been considered as part of this evaluation, as
accurate count information is not available.

The present value of cyclist travel time savings for the preferred option was calculated as
$2.3m. If a relative attractiveness of 2.0 was applied, the present value would increase to
$4.3m.

8.4 Crash Benefits

As outlined in Section 2.2.7 and Appendix C - Crash History Information, all crashes
involving cyclists and pedestrians were extracted from the Transport Agency’s Crash Analysis
System (CAS) for the period between January 2009 and December 2013.

Full procedures, crash by crash analysis was undertaken for the relevant crash movement
groups to ascertain the overall safety benefits of the SCL. As there is limited guidance in the
EEM for the crash reduction potential of separated cycle lanes, a number of assumptions were
made based on the actual crashes and the likely benefit from the recommended option design,
taking into account international SCL experience. These reduction factors were then reviewed
by an internationally recognised traffic safety expert.
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The following table details the number of actual crashes and the predicted crash reduction, by
severity, for each movement.

Table 8-5: Estimated Crash Reductions

Movement

CAS Mvmt
Code

Fata

Seriou

Mino

Crashes (09-
Cyclist E 13) ! ! 2 0
Hit Object % Reduction | 90 90 90 90
Crashes (09-
Cyclist KM 13) ! ! 2 !
Crossing - turning % Reduction 30 30 30 | -30
Crashes (09-
Cyclist H 13) 0 2 0 0
Crossing - direct % Reduction | 30 30 30 | -30
Crashes (09-
. 0 0 1 0
|
Reafglrlcdl?tslow FA,GA-GC,GO =
% Reduction 0 0 0 0
Cyclist Cras?‘;ﬁ ©09- 1 0 1 0
Loss of control - off AD,CB,CC,CO,D
road % Reduction 0 0 0 0
Crashes (09-
Pedestrian 13) 0 4 8 0
Crossing Rd- Right turn ND, NF
% Reduction 50 50 50 50
Crashes (09-
. 1 4 5 4
Cro;?gethgl-a(r)lther NA-NC, NE, NG =
9 % Reduction 30 30 30 30
Crashes (09-
Pedestrian 13) 0 0 ! !
Other P
% Reduction 10 10 10 10

Table 8-5 above shows the following crash reductions as a result of the proposed option:

A 90% reduction in cyclist hit object crashes, as the SCL will remove the high severity
cyclist vs car door crashes

A 30% reduction in high-severity cyclist crossing/turning crashes as a result of the
improved phasing and intersection treatments. However, a conservative increase in
minor and non-injury crashes has been assumed as a result of a possible increase in
driveway related crashes due to the SCL attracting less experienced cyclists.

A 50% reduction in pedestrian right turning crashes at signalised intersections due to
full protection being provided as part of the recommended option.

A 30% reduction in other pedestrian crossing crashes as a result of the intersection
improvements and new midblock pedestrian kerb extension crossings.

A 10% reduction in the remaining pedestrian crashes as a result of greater separation
between cyclists, pedestrians and vehicles.

The present value of crash cost savings for the preferred option was calculated as $8.5m.

Refer Appendix C - Crash History Information.

Page 79



8.5 Maintenance Costs

highways and network operations

The Do-Minimum future maintenance costs were based on the forward works programme
(FWP), noting that there are no significant pavement rehabilitation works planned along the
project extent in the near future (i.e. only AC reseals in the 10 year FWP).

As outlined in Table 8-1 above, the recommended option results in a net maintenance present
value decrease of $0.9m due to the combined effect of the following:

The recommended option includes a full overlay as part of construction; this initial
capital cost outlay has been assumed to change the FWP (i.e. periodic maintenance will
occur several years following completion of works, in contrast to the Do-Minimum
where reseals will occur as per the FWP).

This offsets the likely increase to the annual maintenance costs due to the additional
upkeep a separated cycle lane demands (kerb maintenance, vegetation, minor repairs
etc.). This increase has been assumed as an additional 25% over the existing annual

maintenance of approximately $75,000 per annum.

8.6 Wider Economics Benefits

Wider economic benefits of agglomeration, imperfect completion and increased labour supply
were not considered to be significant enough to warrant investigation as part of this project.

8.7 Comparison with Earlier Stages

The outputs of the current economic evaluation were compared to the high level Project
Feasibility Stage (2013) and the results are outlined in Table 8-6 below along with discussion

on key differences.

Table 8-6: Economic History Summary Table

Previous Estimate Current Estimate
Earliest Implementation Start Date July 2014 Sept 2016
Expected Duration of Implementation 12 months 12 months

Previous Previous Current
Estimate Estimate Estimate
Updated®
Base date for Costs and Benefits 1 July 2013 1 July 2014
Total Implementation Cost $4.5m $4.6m $8.0m
Total Ongoing Cost N/A N/A $13.9m
Total Project Cost $4.5m $4.6m $21.9m

Previous Previous Est. Current
Estimate Updated Estimate
Present Value of Costs of Do Minimum $0m $5.5m
Present Value net Cost of Recommended Option $4.2m $12.1m
Present Value net Benefit of Recommended | $8.6m $14.9m
Option (Exc. WEBS)
Present Value net Benefit of WEBS of | $8.6m $20.2m
Recommended Option
BCR (Exc. WEBS) 2.0 3.1
BCR (Inc. WEBS) 2.0 3.1

> Note the EEM 2014 update factor for construction and maintenance costs for 2013 is 1.02.
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Key differences which relate to the increase in the BCR include:

Increase in PV net benefits: The increase in the present value of benefits can be
attributed to the following:

o More recent (2014) and location specific (SH1S one-way pair) cyclist survey
information showed that there are now closer to 400 cyclists per day rather
than the 240 cyclist per day used in the 2013 evaluation. This results in
increased health and environmental benefits as well as cyclist travel time
benefits.

o Greater confidence in the cyclist growth rate to be more than 0%, based on
both the growth between 2012 and 2014 cyclist counts and census growth
between 2006 and 2013.

o New update factors released by NZTA for July 2014.

Total Implementation Cost: The total implementation cost increased by
approximately 80%. This is due to greater detail into the investigation and design
aspects whereas the previous estimate was a high-level rough order cost without
contingencies. Nevertheless, the increase in cost is offset by the increase in benefits
outlined above.

Maintenance Costs: Maintenance costs were not considered in the previous stage of
evaluation.

8.8 Other Considerations

8.8.1

The scope of the economic evaluation was agreed with the client to consider only simplified
walking and cycling costs and benefits of the recommended option.

Although vehicle delays were not considered in the economic analysis, the project team has
taken a number of practicable steps to minimise or reduce any impact on the motorist level of
service as a result of the pedestrian and cyclist improvements. The primary dis-benefits for the
recommended option relate to the intersection changes, which result in some vehicle delays,
these are outlined in the section below.

Signalised Intersections

As outlined in Section 5 and the MWH Traffic Signal Operation Report (2015), the
recommended option includes intersection modifications and changes to the phasing of the
existing traffic signals.

These changes are summarised below:

Two through traffic lanes will be provided at all mid-block locations along the one-
way system. Leading up to a signalised intersection, an additional lane will be gained
either side of the two central through lanes to cater for left and right turning vehicles
off the one-way system, thereby creating four separate lanes at the 4-arm signal
intersections (replicating the existing layout). Immediately downstream of a
signalised intersection, the turn lanes would reduce down to two through lanes again
with the outside turning lanes being removed after the intersection.

This method of operation has been modelled and accords with the projects overall
objective of no reduction in LoS for the SH 1 through traffic.

For the SCL, a new phase will be added to the intersection signal operation, so that
cyclists can cross the side roads of the one-way system with full protection from
turning vehicles. The new phase will also provide additional green time for
pedestrians walking adjacent to the one-way system.

The change in signal phasing disadvantages vehicles turning right off the SH 1 one-
ways into side roads, as wait times will become longer and to a lesser extent, the
same applies to side road traffic turning onto the one-way system.
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Overall the proposed signal operation has been tested and was demonstrated to
work satisfactorily for the whole of traffic flow efficiency.

Cumberland St/Duke St intersection

The existing Cumberland St/Duke Street priority intersection will become signalised as part of

the recommended option to improve cyclist and pedestrian safety and provide to
connectivity/continuity of the cyclist route.

This intersection has not been modelled as part of this stage of investigation; however, it is
likely to result in dis-benefits to SH1S Cumberland St traffic. It is expected any delays can be
minimised through signal coordination.

The MWH Traffic Signal Operation Report (2015) contains further modelling information.

8.9 Sensitivity Analysis

8.9.1

Cost/Benefit Variability

A number of sensitivity tests were undertaken to provide a likely BCR range, the results of the
analysis are summarised in Table 8-7 below.

~Table 8-7: Sensitivity Analysis

Variable Base Case Lower Bound Upper Bound
Value | Note Value | Note | BCR Value | Note | BCR
Cost Variability
Construction / Expected 95t %tile .
Implementation $8.0m Estimate $10.4m Estimate 2.3 $7.0 m |Base Estimate| 3.6
Benefit
Variability
(R:Zfém Growth 4% Estimate 0% Low Estimate, 2.4 6% Census 06-13| 3.4
Estimated new As per
cyclists 240 | SP11-7 | 150 |Low Estimate 2.5 365 AsPerSP11-7 5 o
. buffer calc.
ratio
Overall Crash Base
Reduction: Hit 90% Esti 50% Low Estimate| 2.9 100% Estimate 3.1
X stimate
object
High Sev. Crash
Reduqtlon: 30% B.ase 0% Low Estimate| 3.0 50% High estimate| 3.1
Crossing/ Estimate
Turning
Crash Cost Full cimplified
Savings $3.4m q $0.8m D eh 1.9
Methodology procedures crast
benefits
. Cyclists .
Pedes.trlan Included | and Ped | excluded CyFI'St 2.3
Benefits ) benefits only
benefits
. EEM July Lower long Higher long
0, 0, 0,
Discount Rate 6% ‘13 8% term benefits 2.6 4% term benefits 3.8

The results of the sensitivity testing show the BCR ranges from 1.9, when using default
simplified procedures crash analysis, to 3.8 when a high end estimate of new cyclists is used.

Cyclist growth rate was also a key sensitivity test, shown to have a high a significant impact on
the BCR, with a cyclist growth rate of 0% dropping the BCR down to 2.4.

The sensitivity testing also confirms that the BCR is robust through a range of scenarios,

remaining in the 2.0 to 4.0 range. The base BCR of 3.1 is in the ‘Medium’ economic efficiency
band according to the Transport Agency’s Planning and Investment Knowledge Base (PIKB) for
the 2015-18 National Land Transport Plan (NLTP). Although it is noted that any large increase

in the project costs will drop the BCR to below 3.0, changing the economic efficiency to ‘Low’.
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The project was assessed using the latest NZTA Investment and Revenue Strategy profiles. An
assessment profile of HHM has been determined for the project using the Transport Agency’s
funding allocation process as detailed below:

Strategic fit of the problem, issue or opportunity that is being addressed:

H

The strategic fit factor is a measure of how an identified problem, issue or opportunity that is

addressed by a proposed activity or combination of activities, aligns with the Transport

Agency’s strategic investment direction.

This project achieves a HIGH rating for the following reasons;

The SH1S one-way pair corridor, with two fatal and four serious cyclist crashes in
addition to one fatal and eight serious pedestrian crashes, meets the requirements for
a high walking and cycling crash risk:

Defined by the Transport Agency’s PIKB*® as greater than 3 cyclist and/or

pedestrian crashes over a 5-year period.

The project is also on a primary corridor (SH1S) through central Dunedin providing
improved utility cycling (i.e. for commuting to work) for a high volume of existing

cyclists as well as being well positioned to attract a high number of new users.

The project also forms key part of a wider strategic walking and cycling network.

Effectiveness of the proposed solution:

The effectiveness factor considers the contribution that the proposed solution makes to
achieving the potential identified in the strategic fit assessment and to the purpose of the
Land Transport Management Act 2003 (LTMA).

Six key criteria need to be considered when determining the effectiveness of any programme
or activity according to the Transport Agency’s PIKB*, these are summarised in the table

below.

Table 8-8: Effectiveness of the Solution

Component

QOutcomes
focused

Explanation

tangible change in addressing the problem, issue or opportunity
identified in the Strategic Fit assessment
0 Reduction in cyclist and pedestrian high severity crashes
consistency with levels of service in an appropriate classification
system
0 Increase in pedestrian and cyclist LoS due to improved
phasing with minimal or no impact of vehicle LoS on SH 1.

Integrated

consistency with the current network and future transport plans

consistency with other current and future activities

consistency with current and future land use planning

accommodates different needs across modes

support as an agreed activity across partners

0 The separated cycle lane forms an essential part of the

wider current and future Dunedin cycling network, with
option selection and refinement considering all modes.

Correctly
scoped

the degree of fit as part of an agreed strategy or business case
has followed the intervention hierarchy to consider alternatives
and options including low cost alternatives and options

is of an appropriate scale in relation to the issue/opportunity

36 NZTA, Planning and Investment Knowledge Base (PIKBY), https://www.pikb.co.nz/assessment-framework/strategic-fit-
3/strategic-fit-for-walking-and-cycling-2/

37 NZTA, Planning and Investment Knowledge Base (PIKB), https://www.pikb.co.nz/assessment-framework/effectiveness-

2/
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Rating
Component Explanation (GVA VAN

covers and/or manages the spatial impact (upstream and
downstream, network impacts)
mitigates any adverse impacts on other results

0 The scope of the works in this Detailed Business Case
phase has been determined through earlier strategic
work and then followed by a robust option selection.

0 The separated cycle lane forms part of the wider Dunedin
Cycling network and is being developed in partnership
with Dunedin City Council, to ensure integration with the
wider network

o Ultimately the selection of the separated cycle lane as the
options to pursue followed previous investigation work, as
well as various on-road facilities (and improvements to
existing facilities) which has not delivered the safety and
level of service requirements; in this regard the PIKB
intervention hierarchy has been applied

is affordable through the lifecycle for all parties
has understood and traded off the best whole of life cost

approach
AFF has understood the benefits and costs between transport users
ordable . T . H
and other parties and sought contributions as possible
the opportunity to leverage Urban Cycleway Package funding at a
project and programme level has been taken, if applicable (NZTA
to confirm)
delivers enduring benefits over the timeframe identified in the
justified strategy or business case
provides the benefits in a timely manner
Timely the programme/project will be delivered within the timing H
envelope of the Urban Cycleway Package, if applicable
o0 The proposed SCL will provide immediate benefits once
constructed and consideration has been given to the
timing of other works (e.g FWP).
manages current and future risk for results/outcomes
manages current and future risk for costs
Confi 0 Scenario testing has been undertaken to ensure that the
onfidence . ; . H
project outcomes will be delivered over a range of
scenarios.
Overall - Assessment based on lowest rating of all components H
Economic efficiency of the proposed solution: M

The economic efficiency assessment considers how well the proposed solution maximises the
value of what is produced from the resources used. This is primarily undertaken by the
Benefit Cost Ratio.

The option investigated has a BCR of 3.1; this falls within the 2015-18 NLTP ‘Medium’
economic efficiency band of a BCR greater than 3.0 but less than 5.0%.

Sensitivity testing shows the BCR has a range of 1.9-3.8; showing that any large increase in
the project costs will drop the BCR to below 3.0, changing the economic efficiency to ‘Low’
and the assessment profile to HHL.

38 Note: the economic efficiency criteria thresholds for projects in the 2015-18 NLTP was updated in late 2014. This
changes the minimum BCR for a ‘Medium’ efficiency from 2 to 3. The new efficiency bands are Low (1 to 3), Medium (3 to
5) and High (5+). Refer https://www.pikb.co.nz/assessment-framework/benefit-and-cost-appraisal/.
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9.4

9.5

highways and network operations

Financial Case

The project is intended to be funded from the NLTP and has an expected construction
estimate of $8.0M. There are no land costs anticipated and unlikely to be opportunities to
seek third party contributions.

Project Delivery Costs

Project delivery costs at this Detailed Business Case stage are based on analysis undertaken to
date and certain assumptions, as follows:

Construction to commence July 2016 with duration of 12 months.

Property purchase areas based on aerial photos and without input of a specialist
property consultant (expected estimate $0.0M).

Design and project documentation costs including consultancy fees and NZTA-
managed costs (expected estimate $0.44M, 95th percentile estimate $0.49M)

Construction costs (expected estimate $7.95M, 95th percentile estimate $10.35M,
inclusive of MSQA costs of expected estimate $0.44M, 95th percentile estimate
$0.49M)

Statutory application costs (expected estimate $10,000)
Funding risk cost assessed and analysed ($2.4M)

The DBC project proposal cost estimation is found in Appendix B - Capital Cost Estimates .

Ongoing Maintenance and Operations Costs

Maintenance costs, including the do-minimum option, are detailed in Section 8.5 above.

Project Revenues

There are no third party contributions or revenue gathering prospects for this project. It
however be feasible to seek a contribution from DCC, particularly for measures that directly
connect into the DCC Cycling Network.

Funding Options

Funding for the project is intended to be sourced from the National Land Transport
Programme.

Financial Risk

Project funding is understood to be entirely Government share, therefore no funding risk is
associated with the project.

Also refer to Appendix D - Project Risk Analysis.
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spl1_SH1_SCL_DR_optl_24.03.15.xIsx

SP11-1

SP11 Walking and cycling facilities

Worksheet 1 - Evaluation summary

Spreadsheet v 3 (27-March-14)

Worksheet 1 provides a summary of the general data used for the evaluation as well as the results of the analysis. The information required is a subset
of the information required for assessment in terms of the NZTA'’s Planning and Investment Knowledge Base .

1 Evaluator(s)

Reviewer(s)

2 Activity details
Approved organisation name
Activity name
Your reference
Activity description

Describe the issues to be addressed

3 Location

Brief description of location

4 Alternatives and options
Describe the do-minimum
Summarise the options assessed

5 Timing
Time zero (assumed construction start date)
Expected duration of construction (months)

Period of analysis

6 Economic efficiency
Date economic evaluation completed (mm/yyyy)
Base date for costs and benefits

Land designation required

7 Data (only fill the applicable data)
Existing pedestrian/cycling volumes
Estimated new pedestrian/cyclist volume
Estimated motor vehicle volumes
Estimated motor vehicle speed
Pedestrian/cyclist growth rate
Width available for walking/cycling before
Width available for walking/cycling after
Length walked/cycled after works
Length walked/cycled before works

Expected reduction in private vehicle travel
8 PV cost of do-minimum
9 PV cost of the preferred option

10 Benefit values from worksheet 4, 5, 6
1,636,752
8,231,692

6,866,003

PV travel time cost savings $
PV facility benefits $

PV crash cost savings $

PV net benefits

11 BCRy = =

Kelly Blackie (MWH) & Dhimantha Ranatunga (MWH)

Prasad Tala (MWH)

NZTA

Dunedin One Way Separated Cycle Lanes (SCL)

80507429

Option 1: Construction of a uni-directional SCL

Improve the safety of commuter and recreational cyclists

SH1 Dunedin, one-way pair, 01S RP 704/0.0 to RP 706/0.44

Retain existing on-road cycle lanes

(from WS SP11-7)

C x Update factor ''¢

D x Update factor "°

E x Update factor ¢

X+Y+Z

Option 1: Uni-directional SCL, Option 2: Bi-directional SCL

1 July 2016
12

40

Feb-15
1 July 2014

no

405 AADT in year 2014
240
9,200-15,050 per direction

45.00

AADT
AADT
km/h
4.0 %
2.40 m
2.60 m
2.70 km
2.70 km

km per year
$ 5,487,538 A

$ 12,063,314 B

1.42 =%
B 1.14 =3
1.24 =%

2,324,188 X
9,384,129
8,513,844 z

20,222,161

PV economic costs

B-A

3.1
6,575,777

NZ Transport Agency’s Economic evaluation manual
Effective from Jul 2013



spl1-walking-and-cycling_SH1_SCL_DR_optl_Draft

SP11-2

SP11 Walking and cycling facilities
Worksheet 2 - Cost of do-minimum

Worksheet 2 is used for calculating the PV cost of the do-minimum. The do-minimum is the minimum level of
expenditure necessary to keep a facility open and generally consists of maintenance work.

1 Historic maintenance cost data (indicate whether assessed or actual)

Maintenance costs for the site over last three years

Year 1 2013
Year 2 2014
Year 3 2015
Maintenance costs for the site this year 2016

Future annual maintenance costs

2 PV of annual maintenance and inspection costs following the work

Annual cost = $ 1,000

3 PV of periodic maintenance costs (including any capital work)

Time zero

Periodic maintenance will be required in the following years:

10

15

23

31

39

THSRA (14/15) 39,360
AC (15/16) 72,416
UTA/AC/THSRA (16/17) 634,144
UTA/AC (17/18) 361,472
AC (18/19) 87,392
AC (19/20) 133,984
AC (21/22/23) 205,312
AC(23/24/25) 753,440
THSRA (25/26) 52,160
AC Reseal 2,560,000
Rehab 3,200,000
AC Reseal 2,560,000
AC Reseal 2,560,000

Actual
Actual
Actual

Assessed

R - - S -

Assessed

X 15.49= $

1st July in the year

0.94
0.89
0.84
0.79
0.70
0.63
0.56
0.42
0.26
0.16

0.10

Sum of PV of periodic maintenance $

4 PV of annual operating costs

Annual cost = $ 73,321

5 PV cost of the do-minimum

X 15.49= $

(a) + (b) + (C) =%

Spreadsheet v 3 (27-March-14)

29,314

61,803

128,846

73,321
0

15,490 (a)

2016

598,249
321,709
73,376
106,128
144,737
472,718
29,126
1,068,199
837,751
420,492
263,822

4,336,306 (b)

1,135,741 (<)

5,487,538 A

Transfer the PV cost of do minimum A, to A on worksheet 1

NZ Transport Agency’s Economic evaluation manual

Effective from Jul 2013



spl1-walking-and-cycling_SH1_SCL_DR_optl_Draft SP11-3 (1)

SP11 Walking and cycling facilities Spreadsheet v 3 (27-March-14)
Worksheet 3 - Cost of the option(s)
Worksheet 3 is used for calculating the PV cost of the walking or cycling facility.

1 PV of estimated cost of proposed work (as per attached estimate sheet)

$ 7,952,001 X 094 = % 7,474,881 (a)
2 PV of maintenance in year 1 $ 1,000 (b)
3 PV of annual maintenance costs following the work

(years 2 to 40 inclusive) $ 1,000 X 1452 = % 14,520 (c)

4 PV of periodic maintenance costs
Time zero 1st July in the year 2016

Periodic maintenance will be required in the following years:

Reseal 2,560,000 1,429,491
18 Reseal 2,560,000 0.35 896,880
26 Reseal 2,560,000 0.22 562,714
34 Reseal 2,560,000 0.14 353,054
42 Rehab 0.09 0
Sum of PV of periodic maintenance costs = $ 3,242,138 (d)

5 PV cost of additional annual maintenance
$ 91,651 X 1452 = $ 1,330,775 (e)
6 PV of total cost of option
PV total costs (a) + (b) + (c) + (d) + (e) = $ 12,063,314 B

Transfer the PV total cost for the preferred option B, to B on worksheet 1

NZ Transport Agency’s Economic evaluation manual
Effective from Jul 2013



spl1-walking-and-cycling_SH1_SCL_DR_optl_Draft SP11-3 (2)

SP11 Walking and cycling facilities Spreadsheet v 3 (27-March-14)
Worksheet 3 - Cost of the option(s)
Worksheet 3 is used for calculating the PV cost of the walking or cycling facility.

1 PV of estimated cost of proposed work (as per attached estimate sheet)

$ 6,960,341 X 094 = % 6,542,721 (a)
2 PV of maintenance in year 1 $ 1,000 (b)
3 PV of annual maintenance costs following the work

(years 2 to 40 inclusive) $ 1,000 X 1452 = % 14,520 (c)

4 PV of periodic maintenance costs
Time zero 1st July in the year 2016

Periodic maintenance will be required in the following years:

Reseal 2,560,000 1,429,491
18 Reseal 2,560,000 0.35 896,880
26 Reseal 2,560,000 0.22 562,714
34 Reseal 2,560,000 0.14 353,054
42 Rehab 0.09 0
Sum of PV of periodic maintenance costs = $ 3,242,138 (d)

5 PV cost of additional annual maintenance
$ 91,651 X 1452 = $ 1,330,775 (e)
6 PV of total cost of option
PV total costs (a) + (b) + (c) + (d) + (e) = $ 11,131,153 B

Transfer the PV total cost for the preferred option B, to B on worksheet 1

NZ Transport Agency’s Economic evaluation manual
Effective from Jul 2013



spl1-walking-and-cycling_SH1_SCL_DR_optl_Draft SP11-3 (3)

SP11 Walking and cycling facilities Spreadsheet v 3 (27-March-14)
Worksheet 3 - Cost of the option(s)
Worksheet 3 is used for calculating the PV cost of the walking or cycling facility.

1 PV of estimated cost of proposed work (as per attached estimate sheet)

$ 10,354,491 X 094 = % 9,733,222 (a)
2 PV of maintenance in year 1 $ 1,000 (b)
3 PV of annual maintenance costs following the work

(years 2 to 40 inclusive) $ 1,000 X 1452 = % 14,520 (c)

4 PV of periodic maintenance costs
Time zero 1st July in the year 2016

Periodic maintenance will be required in the following years:

Reseal 2,560,000 1,429,491
18 Reseal 2,560,000 0.35 896,880
26 Reseal 2,560,000 0.22 562,714
34 Reseal 2,560,000 0.14 353,054
42 Rehab 0.09 0
Sum of PV of periodic maintenance costs = $ 3,242,138 (d)

5 PV cost of additional annual maintenance
$ 91,651 X 1452 = $ 1,330,775 (e)
6 PV of total cost of option
PV total costs (a) + (b) + (c) + (d) + (e) = $ 14,321,654 B

Transfer the PV total cost for the preferred option B, to B on worksheet 1

NZ Transport Agency’s Economic evaluation manual
Effective from Jul 2013
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SP11-4

SP11 Walking and cycling facilities

Worksheet 4 - Travel time cost savings

Worksheet 4 is used for calculating pedestrian and cyclist travel time cost savings.

1 Road category (Select)

2 Travel time data

Walkers and/or cyclists average annual daily traffic current (AADT) (or volumes affected by the

improvement)

Walking or Cycling growth rate (per annum)

Travel time cost (TTC) (Table 4.1b)

Spreadsheet v 3 (27-March-14)

Urban arterial

405

4.0%

7.80

Length of route (km) e
Mean speed vsam
Relative attractiveness (Table SP11.1)

3 Annual TTC for the do-minimum

2.70 LoPt

15.00 S

AADT x 365 x L™ x TTC

4 Annual TTC for the option

5 Value of annual TTC savings

6 PV of travel time cost savings

=$
Vsdm
AADT x 365 x L x TTC
=$
VSt x RA
(@)-(b) =%
DF 22.39 (c) xDF = §

Transfer the PV of travel time cost savings for the preferred option C, to C on worksheet 1

NZ Transport Agency’s Economic evaluation manual
Effective from Jul 2013

2.70
22.00
1.05
207,503 (a)
134,405 (b)
73,098 ()
1,636,752 C



spl1-walking-and-cycling_SH1_SCL_DR_opt1_Draft SP11-5

SP11 Walking and cycling facilities Spreadsheet v 3 (27-March-:
Worksheet 5 - Benefits for walking and cycling facilities

Worksheet 5 is used to calculate the walking and cycling facility benefits for the various options. Only one category for
walking and one category for cycling may be used in an evaluation of a proposal. If an activity contains more categories,
they must be submitted as separate evaluations.

Activities that combine walking and cycling may claim benefits for both modes but safety issues arising from
pedestrian/cycle conflicts must be addressed, and if there are additional crash costs these must be accounted for in
worksheet 6. Make sure the estimates of the new number of pedestrians and/or cyclists generated by the facility are
realistic.

Required information:

L Length of new facility in kilometres

NPD Number of additional pedestrians per day

NTD Number of additional cycle trips per day

NSD Number of additional and existing cycle trips per day

DF  Discount factor. The discount factor may differ by mode depending on the growth rate

Health and environment benefits for walking facility
Pedestrian growth rate (per annum) 0.04%
1 Health and environment benefits for footpaths and other pedestrian facilities

Benefit = number of additional pedestrians/day x length of new facility in km x 365 x $2.70

L 2.70 x NPD X 365 x $2.70 x DF 14.61 =3 0 (a)
Health and environment benefits from improvements at hazardous sites
(provision of overbridges, underpasses, bridge widening or intersection improvements for pedestrians)
Benefit = number of additional pedestrians/day x 365 x $2.70
NPD X 365 x $2.70 x DF 14.61 =$ 0 (b)

Transfer total (a) or (b) to D on worksheet 1.
Health and environment benefits for cycling facility
Cyclist growth rate (per annum) 4.0%
3 Health and environment benefits for cycle lanes, cycleways or increased road shoulder widths

Benefit = number of additional cycle trips/day x length of new facility in km x 365 x $1.40

L 2.70 x NTD 240  x 365 x $1.40 x DF 22.39 =$ 7,408,523 (c)
Health and environment benefits from improvements at hazardous sites
(provision of overbridges, underpasses, bridge widening or intersection improvements for cyclists)
Benefit = number of additional cycle trips/day x 365 x $4.20
NTD 240  x 365 x $4.20 x DF 22.39 =$ 8,231,692 (d)
Transfer total (c) or (d) to D on worksheet 1.
Safety benefits for cycling facility
5 Safety benefit for cycle lanes, cycleways or increased road shoulder widths in the absence of a specific crash
analysis
Benefit = number of new and existing cycle trips/day x length of new facility in km x 365 x $0.05
L 2.70 x NSD 405 x 365 x $0.05 x DF 22.39 =$ 446,756 (e)
6 Safety benefit from improvements at hazardous sites in the absence of a specific crash analysis (provision of

overbridges, underpasses, bridge widening or intersection improvements for cyclists)
Benefit = number of new and existing cycle trips/day x 365 x $0.15

NSD 645 x 365 x $0.15 x DF 22.39 =$ 790,385 (f)

Transfer total (e) or (f) to E on worksheet 1.

NZ Transport Agency’s Economic evaluation manual
Effective from Jul 2013



EEM A6 - model 6

Midblock cyclist prediction Model

Existing Predicted

At 0.628 0.699 11% increase assuming no reduction in midblock crashes
Qveh AADT 12,025 12,025
Conflict- urban C cyc AADT 405 645
midblock pedestrian 270 270
pecestrian oo 0 0%
and cyclist facilities
Actual Cyclist Midblock Crashes (5y) 7
Predicted midblock crashes 3.1
% difference 223%
Total Cyclist Crashes 13
0 0
Movement CAS Mvmt Code ata erio 0 0 0
Hit Object E Crashes (09-13) 1 1 2 0 SCL will remove the majority of 'hit car door'
. crashes. All 4 crashes involved car doors or
7 e = & ‘ & ‘ & hitting a parked vehicle. -
Crossing - turning J,K,LM Crashes (09-13) 1 1 2 1 Reduction in crossing/turning crashes from
drivers not having to worry/look at cyclists
travelling (and turning) in both directions.
% Reduction 30 30 30 30 Assume NEUTRAL or minor INCREASE in minor
injury/non-injury crashes due to a higher number
of novice cyclists using the facility/driveway risk.
Crossing - direct H Crashes (09-13) 0 2 0 0
Assume a reduction in high severity
crossing/turning crashes and an increase in
% Reduction 30 30 -30 -30 minor/non-injury crashes
Rear end - slow FA,GA-GC,GO Crashes (09-13) 0 0 1 0 Assume neutral
% Reduction 0 [ 0 [ 0 [ 0
Loss of control - off road AD,CB,CC,CO,D Crashes (09-13) 0 0 1 0 Assume neutral
% Reduction 0 [ 0 [ 0 [ 0
Ped Crossing Rd- Right turn ND, NF Crashes (09-13) 0 4 8 0 Reduction based on full pedestrian protection 500{" - add excluswg pedestrian signal p'r:ase
(up from partial protection only) (http://www.engtoolkit.com.au/default.asp?p=tre
% Reduction 50 [ 50 [ 50 [ 50 ! atment&i=51)
Ped Crossing Rd- Other NA-NC, NE, NG Crashes (09-13) 1 4 5 4 Reduction based on additional crossing points
% Reduction 30 [ 80 [ 80 [ _s0___|ithkerbbuidouts 15-35% - EEM table A6.18(c)
Pedestrians Other P Crashes (09-13) 0 0 1 1 Reduction in non-crossing crashes based on
% Reduction 10 | 10 | 10 | 10 separation between pedestrians and cyclists as
Optio D
Movement CAS Mvmt Code ata erio 0
Hit Object E Crashes (09-13) 1 1 2 0 SCL will remove the majority of 'hit car door'
% Reduction crashes. Lower reduction due to bi-directional
o neductio 70 70 70 70 cycle lane
Crossing - turning JKLM Crashes (09-13) 1 1 2 1 Bi-directional path unlikely to resultin
significance decrease in crossing/turning
% Reduction 0 [ 0 [ -30 [ -30 crashes. Assume Neutral and slightly increased
Crossing - direct H Crashes (09-13) 0 2 0 0 crash rate for minor injury/non-injury intersection
% Reduction 0 [ 0 [ -30 [ -30 crashes
Rear end - slow FA,GA-GC,GO Crashes (09-13) 0 0 1 0 SCL assumed reduction - reduced due to bi-
% Reduction 0 [ 0 [ 0 [ 0 directional path
Loss of control - off road AD,CB,CC,CO,D Crashes (09-13) 0 0 1 0 SCL assumed reduction - reduced due to bi-
% Reduction 0 [ 0 [ 0 [ 0 directional path
. R . Cumberland St changes - will they be reflected
Ped Crossing Rd- Right turn ND, NF Crashes (09-13) 0 4 8 0 for the peds on Great King/Castle - Jamie? i.e.
% Reduction 25 [ 25 [ 25 [ 25 same signal changes?
Ped Crossing Rd- Other NA-NC, NE, NG Crashes (09-13) 1 5 4 . .
as above - same midblock crossing opp?
% Reduction 15 [ 15 [ 15 [ 15
Pedestrians Other P Crashes (09-13) 0 0 1 1 as above
% Reduction 5 | 5 | 5 | 5




spll-walking-and-cycling_SH1_SCL_DR_opt1_Draft SP11-6_CYC_hit obj

SP11 Walking and cycling facilities Spreadsheet v 3 (27-March-14)

Worksheet 6 - Crash cost savings
These simplified procedures are suitable only for crash-by-crash analysis (method A in appendix A6). There must be
5 years or more crash data for the site and the number and types of crashes must meet the specifications set out in
appendix A6.1 and A6.2. If not, either the crash rate analysis or weighted crash procedure described in appendix A6.2
should be used. The annual crash cost savings determined from such an evaluation are multiplied by the appropriate
discount factor and entered in worksheet 1 as total E. Evidence to support alternative analysis must be attached.

Movement category Hit object Vehicle involvement Push cycle
1 Do-minimum mean speed 45 Road category Urban arterial
Posted speed limit 50 Traffic growth rate 0.00%
2 Option mean speed 45

5

3 Number of years of typical crash rate records

4 Number of reported crashes over period 1 1 2 0

5 Fatal/serious severity ratio (tables A6.19(a) to (c)) 0.04 0.96 1

6 Number of reported crashes adjusted by severity (4) x (5) 0.08 1.92 2

7 Crashes per year = (6)/(3) 0.02 0.38 0.40 0.00

8 Adjustment factor for crash trend (table A6.1(a)) 0.83

9 Adjusted crashes per year = (7) x (8) 0.013 0.319 0.332 0.000
10 Under-reporting factors (tables A6.20(a) to (b)) 1 1.5 2.75 7

11 Total estimated crashes per year = (9) x (10) 0.013 0.478 0.913 0.000
12 Crash cost, 100km/h limit (tables A6.21(e) to (h)) 3,100,000 330,000 18,000 1,200
13 Crash cost, 50km/h limit (tables A6.21(a) to (d)) 3,100,000 320,000 16,000 1,000
14 Mean speed adjustment = ((1) - 50)/50 -0.1

15 Cost per crash = (13) + (14) x [(12) - (13)] 3,100,000 319,000 15,800 980
16 Crash cost per year = (11) x (15) 41,168 152,508 14,425 -
17 Total cost of crashes per year (sum of columns in row (16) fatal $208,101

+ serious + minor + non-injury)

18 Percentage crash reduction 90 90 90 90

19 Percentage of crashes 'remaining' [100 - (18)] 10 10 10 10

20 Predicted crashes per year (11) x (19) 0.00 0.05 0.09 0.00
21 Crash cost, 100km/h limit (tables A6.21(e) to (h)) 3,100,000 330,000 18,000 1,200
22 Crash cost, 50km/h limit (tables A6.21(a) to (d)) 3,100,000 320,000 16,000 1,000
23 Mean speed adjustment = ((2) - 50)/50 -0.1

24 Cost per crash = (22) + (23) x [(21) - (22)] 3,100,000 319,000 15,800 980
25 Crash cost per year = (20) x (24) 4,117 15,251 1,443 -
26 '-I'I_o;:lriicl)]sst 2fr::1riisor;ej Ez;_yi(:;:rglsum of columns in row (25) fatal $20,810

27 Annual crash cost savings = (17) - (26) $187,291

28 PV crash cost savings = (27) x DF $1,603,533

Transfer PV of crash cost savings, E for the preferred option to E on worksheet 1

NZ Transport Agency’s Economic evaluation manual
Effective from Jul 2013
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SP11 Walking and cycling facilities Spreadsheet v 3 (27-March-14)

Worksheet 6 - Crash cost savings
These simplified procedures are suitable only for crash—-by-crash analysis (method A in appendix A6). There must be
5 years or more crash data for the site and the number and types of crashes must meet the specifications set out in
appendix A6.1 and A6.2. If not, either the crash rate analysis or weighted crash procedure described in appendix A6.2
should be used. The annual crash cost savings determined from such an evaluation are multiplied by the appropriate
discount factor and entered in worksheet 1 as total E. Evidence to support alternative analysis must be attached.

Movement category Crossing, turning Vehicle involvement Push cycle
1 Do-minimum mean speed 45 Road category Urban arterial
Posted speed limit 50 Traffic growth rate 0.00%
2 Option mean speed 45

5

3 Number of years of typical crash rate records

4 Number of reported crashes over period 1 1 2 1

5 Fatal/serious severity ratio (tables A6.19(a) to (c)) 0.03 0.97 1 1

6 Number of reported crashes adjusted by severity (4) x (5) 0.06 1.94 2

7 Crashes per year = (6)/(3) 0.01 0.39 0.40 0.20

8 Adjustment factor for crash trend (table A6.1(a)) 0.83

9 Adjusted crashes per year = (7) x (8) 0.010 0.322 0.332 0.166
10 Under-reporting factors (tables A6.20(a) to (b)) 1 1.5 2.75 7

11 Total estimated crashes per year = (9) x (10) 0.010 0.483 0.913 1.162
12 Crash cost, 100km/h limit (tables A6.21(e) to (h)) 3,100,000 330,000 18,000 1,200
13 Crash cost, 50km/h limit (tables A6.21(a) to (d)) 3,100,000 320,000 16,000 1,000
14 Mean speed adjustment = ((1) - 50)/50 -0.1

15 Cost per crash = (13) + (14) x [(12) - (13)] 3,100,000 319,000 15,800 980
16 Crash cost per year = (11) x (15) 30,876 154,096 14,425 1,139
17 Total cost of crashes per year (sum of columns in row (16) fatal $200,536

+ serious + minor + non-injury)

18 Percentage crash reduction 30 30 -30 -30

19 Percentage of crashes 'remaining' [100 - (18)] 70 70 130 130

20 Predicted crashes per year (11) x (19) 0.01 0.34 1.19 1.51

21 Crash cost, 100km/h limit (tables A6.21(e) to (h)) 3,100,000 330,000 18,000 1,200
22 Crash cost, 50km/h limit (tables A6.21(a) to (d)) 3,100,000 320,000 16,000 1,000
23 Mean speed adjustment = ((2) - 50)/50 -0.1

24 Cost per crash = (22) + (23) x [(21) - (22)] 3,100,000 319,000 15,800 980
25 Crash cost per year = (20) x (24) 21,613 107,867 18,753 1,480
26 '-I'I_o;:lriicl)]sst 2fr::1riisor;ej Ez;_yi(:;:rglsum of columns in row (25) fatal $149,714

27 Annual crash cost savings = (17) - (26) $50,822

28 PV crash cost savings = (27) x DF $435,127

Transfer PV of crash cost savings, E for the preferred option to E on worksheet 1

NZ Transport Agency’s Economic evaluation manual
Effective from Jul 2013



spll-walking-and-cycling_SH1_SCL_DR_opt1_Draft SP11-6_CYC_Crossing-Direct

SP11 Walking and cycling facilities Spreadsheet v 3 (27-March-14)

Worksheet 6 - Crash cost savings
These simplified procedures are suitable only for crash—-by-crash analysis (method A in appendix A6). There must be
5 years or more crash data for the site and the number and types of crashes must meet the specifications set out in
appendix A6.1 and A6.2. If not, either the crash rate analysis or weighted crash procedure described in appendix A6.2
should be used. The annual crash cost savings determined from such an evaluation are multiplied by the appropriate
discount factor and entered in worksheet 1 as total E. Evidence to support alternative analysis must be attached.

Movement category Crossing, direct Vehicle involvement Push cycle
1 Do-minimum mean speed 45 Road category Urban arterial
Posted speed limit 50 Traffic growth rate 0.00%
2 Option mean speed 45

5

3 Number of years of typical crash rate records

4 Number of reported crashes over period 0 2 0 0

5 Fatal/serious severity ratio (tables A6.19(a) to (c)) 0.07 0.93 1

6 Number of reported crashes adjusted by severity (4) x (5) 0.14 1.86 0

7 Crashes per year = (6)/(3) 0.03 0.37 0.00 0.00

8 Adjustment factor for crash trend (table A6.1(a)) 0.83

9 Adjusted crashes per year = (7) x (8) 0.023 0.309 0.000 0.000
10 Under-reporting factors (tables A6.20(a) to (b)) 1 1.5 2.75 7

11 Total estimated crashes per year = (9) x (10) 0.023 0.463 0.000 0.000
12 Crash cost, 100km/h limit (tables A6.21(e) to (h)) 3,100,000 330,000 18,000 1,200
13 Crash cost, 50km/h limit (tables A6.21(a) to (d)) 3,100,000 320,000 16,000 1,000
14 Mean speed adjustment = ((1) - 50)/50 -0.1

15 Cost per crash = (13) + (14) x [(12) - (13)] 3,100,000 319,000 15,800 980
16 Crash cost per year = (11) x (15) 72,044 147,742 - -
17 Total cost of crashes per year (sum of columns in row (16) fatal $219,786

+ serious + minor + non-injury)

18 Percentage crash reduction 30 30 -30 -30

19 Percentage of crashes 'remaining' [100 - (18)] 70 70 130 130

20 Predicted crashes per year (11) x (19) 0.02 0.32 0.00 0.00
21 Crash cost, 100km/h limit (tables A6.21(e) to (h)) 3,100,000 330,000 18,000 1,200
22 Crash cost, 50km/h limit (tables A6.21(a) to (d)) 3,100,000 320,000 16,000 1,000
23 Mean speed adjustment = ((2) - 50)/50 -0.1

24 Cost per crash = (22) + (23) x [(21) - (22)] 3,100,000 319,000 15,800 980
25 Crash cost per year = (20) x (24) 50,431 103,419 - -
26 '-I'I_o;:lriicl)]sst 2fr::1riisor;ej Ez;_yi(:;:rglsum of columns in row (25) fatal $153,850

27 Annual crash cost savings = (17) - (26) $65,936

28 PV crash cost savings = (27) x DF $564,523

Transfer PV of crash cost savings, E for the preferred option to E on worksheet 1

NZ Transport Agency’s Economic evaluation manual
Effective from Jul 2013



spl1-walking-and-cycling_SH1_SCL_DR_opt1_Draft SP11-6_CYC_Rear end-slow

SP11 Walking and cycling facilities Spreadsheet v 3 (27-March-14)

Worksheet 6 - Crash cost savings
These simplified procedures are suitable only for crash—-by-crash analysis (method A in appendix A6). There must be
5 years or more crash data for the site and the number and types of crashes must meet the specifications set out in
appendix A6.1 and A6.2. If not, either the crash rate analysis or weighted crash procedure described in appendix A6.2
should be used. The annual crash cost savings determined from such an evaluation are multiplied by the appropriate
discount factor and entered in worksheet 1 as total E. Evidence to support alternative analysis must be attached.

Movement category Rear end, slow vehicle Vehicle involvement Push cycle
1 Do-minimum mean speed 45 Road category Urban arterial
Posted speed limit 50 Traffic growth rate 0.00%
2 Option mean speed 45

5

3 Number of years of typical crash rate records

4 Number of reported crashes over period 0 0 1 0

5 Fatal/serious severity ratio (tables A6.19(a) to (c)) 0.06 0.94 1

6 Number of reported crashes adjusted by severity (4) x (5) 0 0

7 Crashes per year = (6)/(3) 0.00 0.00 0.20 0.00

8 Adjustment factor for crash trend (table A6.1(a)) 0.83

9 Adjusted crashes per year = (7) x (8) 0.000 0.000 0.166 0.000
10 Under-reporting factors (tables A6.20(a) to (b)) 1 1.5 2.75 7

11 Total estimated crashes per year = (9) x (10) 0.000 0.000 0.457 0.000
12 Crash cost, 100km/h limit (tables A6.21(e) to (h)) 3,100,000 330,000 18,000 1,200
13 Crash cost, 50km/h limit (tables A6.21(a) to (d)) 3,100,000 320,000 16,000 1,000
14 Mean speed adjustment = ((1) - 50)/50 -0.1

15 Cost per crash = (13) + (14) x [(12) - (13)] 3,100,000 319,000 15,800 980
16 Crash cost per year = (11) x (15) - - 7,213 -
17 Total cost of crashes per year (sum of columns in row (16) fatal $7,213

+ serious + minor + non-injury)

18 Percentage crash reduction 0 0 0 0
19 Percentage of crashes 'remaining' [100 - (18)] 100 100 100 100
20 Predicted crashes per year (11) x (19) 0.00 0.00 0.46 0.00
21 Crash cost, 100km/h limit (tables A6.21(e) to (h)) 3,100,000 330,000 18,000 1,200
22 Crash cost, 50km/h limit (tables A6.21(a) to (d)) 3,100,000 320,000 16,000 1,000
23 Mean speed adjustment = ((2) - 50)/50 -0.1
24 Cost per crash = (22) + (23) x [(21) - (22)] 3,100,000 319,000 15,800 980
25 Crash cost per year = (20) x (24) - - 7,213 -
26 Total _cost of cr_ashes per y_egr (sum of columns in row (25) fatal $7.213

+ serious + minor + non-injury
27 Annual crash cost savings = (17) - (26) $0
28 PV crash cost savings = (27) x DF $0

Transfer PV of crash cost savings, E for the preferred option to E on worksheet 1

NZ Transport Agency’s Economic evaluation manual
Effective from Jul 2013



spll-walking-and-cycling_SH1_SCL_DR_opt1_Draft SP11-6_CYC_LOC-off road

SP11 Walking and cycling facilities Spreadsheet v 3 (27-March-14)

Worksheet 6 - Crash cost savings
These simplified procedures are suitable only for crash—-by-crash analysis (method A in appendix A6). There must be
5 years or more crash data for the site and the number and types of crashes must meet the specifications set out in
appendix A6.1 and A6.2. If not, either the crash rate analysis or weighted crash procedure described in appendix A6.2
should be used. The annual crash cost savings determined from such an evaluation are multiplied by the appropriate
discount factor and entered in worksheet 1 as total E. Evidence to support alternative analysis must be attached.

Movement category Lost control off road Vehicle involvement Push cycle
1 Do-minimum mean speed 45 Road category Urban arterial
Posted speed limit 50 Traffic growth rate 0.00%
2 Option mean speed 45

5

3 Number of years of typical crash rate records

4 Number of reported crashes over period 0 0 1 0

5 Fatal/serious severity ratio (tables A6.19(a) to (c)) 0.11 0.89 1

6 Number of reported crashes adjusted by severity (4) x (5) 0 0

7 Crashes per year = (6)/(3) 0.00 0.00 0.20 0.00

8 Adjustment factor for crash trend (table A6.1(a)) 0.83

9 Adjusted crashes per year = (7) x (8) 0.000 0.000 0.166 0.000
10 Under-reporting factors (tables A6.20(a) to (b)) 1 1.5 2.75 7

11 Total estimated crashes per year = (9) x (10) 0.000 0.000 0.457 0.000
12 Crash cost, 100km/h limit (tables A6.21(e) to (h)) 3,100,000 330,000 18,000 1,200
13 Crash cost, 50km/h limit (tables A6.21(a) to (d)) 3,100,000 320,000 16,000 1,000
14 Mean speed adjustment = ((1) - 50)/50 -0.1

15 Cost per crash = (13) + (14) x [(12) - (13)] 3,100,000 319,000 15,800 980
16 Crash cost per year = (11) x (15) - - 7,213 -
17 Total cost of crashes per year (sum of columns in row (16) fatal $7,213

+ serious + minor + non-injury)

18 Percentage crash reduction 0 0 0 0
19 Percentage of crashes 'remaining' [100 - (18)] 100 100 100 100
20 Predicted crashes per year (11) x (19) 0.00 0.00 0.46 0.00
21 Crash cost, 100km/h limit (tables A6.21(e) to (h)) 3,100,000 330,000 18,000 1,200
22 Crash cost, 50km/h limit (tables A6.21(a) to (d)) 3,100,000 320,000 16,000 1,000
23 Mean speed adjustment = ((2) - 50)/50 -0.1
24 Cost per crash = (22) + (23) x [(21) - (22)] 3,100,000 319,000 15,800 980
25 Crash cost per year = (20) x (24) - - 7,213 -
26 Total _cost of cr_ashes per y_egr (sum of columns in row (25) fatal $7.213

+ serious + minor + non-injury
27 Annual crash cost savings = (17) - (26) $0
28 PV crash cost savings = (27) x DF $0

Transfer PV of crash cost savings, E for the preferred option to E on worksheet 1

NZ Transport Agency’s Economic evaluation manual
Effective from Jul 2013



spll-walking-and-cycling_SH1_SCL_DR_opt1_Draft SP11-6_PED_Right turn_ND & NF

SP11 Walking and cycling facilities Spreadsheet v 3 (27-March-14)

Worksheet 6 - Crash cost savings
These simplified procedures are suitable only for crash—-by-crash analysis (method A in appendix A6). There must be
5 years or more crash data for the site and the number and types of crashes must meet the specifications set out in
appendix A6.1 and A6.2. If not, either the crash rate analysis or weighted crash procedure described in appendix A6.2
should be used. The annual crash cost savings determined from such an evaluation are multiplied by the appropriate
discount factor and entered in worksheet 1 as total E. Evidence to support alternative analysis must be attached.

Movement category Pedestrian Vehicle involvement All vehicles
1 Do-minimum mean speed 45 Road category Urban arterial
Posted speed limit 50 Traffic growth rate 0.00%
2 Option mean speed 45

5

3 Number of years of typical crash rate records

4 Number of reported crashes over period 0 4 8 0

5 Fatal/serious severity ratio (tables A6.19(a) to (c)) 0.1 0.9

6 Number of reported crashes adjusted by severity (4) x (5) 0.4 3.6

7 Crashes per year = (6)/(3) 0.08 0.72 1.60 0.00

8 Adjustment factor for crash trend (table A6.1(a)) 0.83

9 Adjusted crashes per year = (7) x (8) 0.066 0.598 1.328 0.000
10 Under-reporting factors (tables A6.20(a) to (b)) 1 1.5 4.5 7

11 Total estimated crashes per year = (9) x (10) 0.066 0.896 5.976 0.000
12 Crash cost, 100km/h limit (tables A6.21(e) to (h)) 3,100,000 330,000 18,000 1,200
13 Crash cost, 50km/h limit (tables A6.21(a) to (d)) 3,100,000 320,000 16,000 1,000
14 Mean speed adjustment = ((1) - 50)/50 -0.1

15 Cost per crash = (13) + (14) x [(12) - (13)] 3,100,000 319,000 15,800 980
16 Crash cost per year = (11) x (15) 205,840 285,952 94,421 -
17 Total cost of crashes per year (sum of columns in row (16) fatal $586,212

+ serious + minor + non-injury)

18 Percentage crash reduction 50 50 50 50

19 Percentage of crashes 'remaining' [100 - (18)] 50 50 50 50

2