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EXECUTIVE SUMMARY

This report has been prepared in support of the Ashburton-Tinwald Connectivity (ATC) Detailed Business Case
(DBC). As part of this DBC a new bridge is proposed crossing the Ashburton River approximately 0.8km
downstream of the existing SH1 crossing. The proposed bridge crossing runs in line with Chalmers Ave
connecting Ashburton to Tinwald. The total crossing length from stop bank to stop bank is around 650m.

The proposed crossing will comprise:

¢ A primary bridge crossing the main river channel (360m long)
¢ A secondary bridge (60m long) providing drainage of the Tinwald flood plain
o Earth fill approaches at each stop bank and within the heavy vegetation on the left bank

The key factors influencing design are detailed in Section 2 of this report and include:

Service requirements

o Dual lane carriageway and cycle lanes
o Shared use (for walking and cycling) path on both sides of the roadway

Foundation conditions

o Well compacted sandy gravel from 4m below bed level to founding level
e Some liquefaction risk above 4m, otherwise the deeper foundations are not susceptible

Urban design

e General Urban Design (UD) guidance for bridges includes consideration of location, context, views,
underbridge/overbridge experience, form, proportion, light and shadow

o Specific UD guidance for the Ashburton River includes consideration of existing upstream bridges, fitting
within the local landscape, local ecology, and overall bridge form

e Low maintenance design

o Five key UD principles — connectivity, safety, choices, people, landscape/environment

Geometrics

o Longitudinal grade to suit stormwater containment and runoff to abutments for treatment before disposal

Hydrology

¢ Flood frequency estimation has been provided by ECAN and reviewed by Stantec

o We have adopted Importance Level 4 (SLS2 = 100yr APE, ULS = 2500yr APE)

e We have included allowance for climate change RCP6

o Stopbanks have been checked for a 200yr APE, plus climate change RCP8.5, plus a 0.5m freeboard

¢ Riverbed level monitoring started in 1937 and indicate a currently stable bed with some scope for change,
depending on future gravel extraction policy over the 100 year design life

Hydraulics (1D)

e Local hydraulics are heavily impacted by the TR bank tree block resulting in a strong hydraulic separation
between the main river channel and the Tinwald flood plains

* Typical bed roughness factors have been researched and adopted

o Surveyed FWLs from the 2021 event were used to calibrate the 1D model, these show reasonable
freeboard on the Ashburton side and marginal freeboard on the Tinwald side

o Assessment of the SLS2 flood event with the new bridges in place, indicate that upstream water levels will
rise by 156mm (for a shorter 330m long main bridge), extending approximately 200m upstream

o Assessment of the ECAN stop bank design criteria (Q200 + RCP8.5) with the new bridges in place, indicate
that the Ashburton side stopbank has compliant freeboard, but the Tinwald side stopbank does not

o Assessment of the ULS flood event with the new bridges in place, indicate that flood water levels are
marginally contained within the existing stopbanks, but are likely to be overtopping in other locations
upstream and downstream of the modelled reach

o Minimum soffit levels were determined for both the main and secondary bridge
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HECRAS Analysis (2D)

o In order to address the limitation of the 1D modelling, a more detailed 2D hydraulic model was undertaken
o Results of this modelling will be provided upon completion

Scour

o A general long-term scour of +/- 0.50m is proposed

o Constriction scour (through the bridge constriction) is estimated to be 0.35m
e Local scour (at the piers) is estimated to be up to 6.45m

o Total design scour is estimated to be 7.30m below current bed levels

The various design options considered are covered under section 3, and include:

Bridge Length

o Single 420m bridge option discarded due to blockage of the Tinwald flood plain
o Dual bridge options of 360+60m and 330+60m considered and to be refined in detailed design

Super-Structure

o All concrete construction proposed for low maintenance and long service life
o Typical options include double hollow-core beams, single hollow-core beams, super-T beams

Flood Protection

e The Ashburton side stopbank has been assessed as compliant

e The Tinwald side stopbank (terrace) has been assessed as non-compliant and may require adjustment,
relocation or a revised compliance level

o More detailed 2D hydraulic will provide a more reliable indication of flood water levels
o Further discussion will be required with ECAN to determine the best course of action

The preferred option is described and discussed under Section 4. It includes:

Bridge Length

e The dual bridge 360+60m has been adopted for this report as it provides a realistic upper limit of waterway
requirements and may be refined to a shorter length

o The individual bridge lengths will be optimised in detailed design, pending more detailed hydraulic analysis
and further discussions with ECAN

Super-Structure
o A 30m super-T option has been adopted for this report as it provides a conservative basis for costing and
allows for longer spans if required

o Discussions with local contractors indicate that long span hollow-core option are often preferred due to
simpler on-site works and reduced construction time

o Selection of the optimal super-structure will be determined in detailed design, pending refinement of
carriageway and a detailed cost comparison of hollow-core vs super-T

Flood Protection

o Further discussions with ECAN should include:
— Review of hydraulic modelling and agreement to new bridge lengths
— Acceptance of Ashburton stopbank height as compliant
— Consider options for Tinwald stopbank mitigation or modify compliance criteria

Alternative Design

o ltis highly likely that alternative bridge designs will be offered during tender

e The detailed design phase should clearly identify the minimum design criteria to be achieved by alternative
designs to ensure they are comparable with the conforming design
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ABBREVIATIONS
AADT Annual Average Daily Traffic
ADC Ashburton District Council
AMP Asset Management Plan
APE Annual Probability of Exceedance
ATC Ashburton-Tinwald Connectivity
BW Back Water (analysis)
CALS Collapse Avoidance Limit State
CBD Central Business District
DBC Detailed Business Case
DCLS Damage Control Limit State
ECAN Environment Canterbury
FWL Flood Water Level
HECRAS Hydrologic Engineering Center's River Analysis System
IL Importance Level
LIDAR Light Detection and Ranging
LOS Level of Service
MBL Mean Bed Level
NOR Notice of Requirement
NZBM NZTA Bridge Manual, Third edition, Amendment 4
RCP Representative Concentration Pathway
SHA1 State Highway 1
SLS Serviceability Limit State
SPT Standard Penetration Test
TCEV Two-component Extreme Value distribution
TR/TL True Right and True Left (of river)
ULDF Urban and Landscape Design Framework
ULS Ultimate Limit State
vpd Vehicle movements per day
vph Vehicle movements per hour
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1. INTRODUCTION
1.1  GENERAL

This report has been prepared in support of the Ashburton-Tinwald Connectivity (ATC) Detailed Business Case
(DBC). As part of this DBC a new bridge is proposed crossing the Ashburton River approximately 0.8km
downstream of the existing SH1 crossing.

The proposed new bridge will provide:

e Improved connectivity between Ashburton and Tinwald

¢ Improved active mode options (cycling, walking, running)

e Emergency bypass if the SH1 bridge is damaged by future flood events
¢ A construction bypass when the SH1 bridge is eventually replaced

This report provides a preliminary assessment of the structural options under consideration, with the report
content generally in alignment with that proposed by the Waka Kotahi Highway Structures Design Guide.

1.2  SITE DESCRIPTION

The proposed bridge crossing runs in line with Chalmers Avenue connecting Ashburton to Tinwald, as shown in
Figure 1-1. The total crossing length from stop bank to stop bank is around 650m.

The proposed crossing will comprise:

e A primary bridge crossing the main river channel
e A secondary bridge or culvert providing drainage of the true right flood plain

o Earth fill approaches at each stop bank and within the heavy vegetation on the right bank

Figure 1-1: Proposed bridge crossing location

) 6
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2. FACTORS INFLUENCING DESIGN
2.1  SERVICE REQUIREMENTS

The proposed crossing will provide the following level of service:

¢ District arterial connection as well as a temporary State Highway bypass/resilience option
¢ Dual traffic and cycle lanes with wide centreline treatment carriageway

e Shared use path on both sides

e Speed limit of 50 kph

¢ Traffic volume (AADT) of 4000+ vpd (estimated for year one after opening)

¢ Provision for current and future services (telecom, water, power, sewerage, etc)

The proposed bridge deck cross-section is shown below.

16.6m BRIDGE WIDTH

0.6m WIDE CL
2.5m SHARED USE PATH | 1.7m CYCLE LANE | 3.2m TRAFFIC LANE " 3.2m TRAFFIC LANE | 1.7m CYCLE LANE | 2.5m SHARED USE PATH

Figure 2-1: Proposed bridge cross section

2.2 FOUNDATION CONDITIONS

Geotechnical investigations were conducted to understand the site-specific conditions, to develop a ground
profile, and to derive the preliminary design geotechnical input parameters, using the published correlations and
our experiences from similar ground condition. The investigation consisted of:

¢ A borehole on each side of the main river channel to 20m below bed level

e Multiple test pits on the approach road alignment

e SPTs (standard penetration tests) at each borehole
Some of the key findings from this investigation are:

e The boreholes found well compacted sandy river gravels (N = 50+) from 4m below bed level down to founding

level (10-15m below bed level).

¢ The liquefaction assessment concludes that liquefaction triggering is not anticipated under SLS seismic load
conditions but is marginal under DCLS seismic load and anticipated under CALS seismic load condition. Soil
strata lower than 4.0 — 5.0 m below ground level are not susceptible to liquefaction during any design
earthquake events.

¢ For the flow failure condition (liquefied soil condition at the end of seismic event), the model predicted no
major ground failure (flow failure).

e The preliminary pier foundation size of 2 No 1.5 m diameter cylindrical piers down to 15 m below bed level, is
sufficient to support the proposed bridge vertically.

The results of this investigation are detailed in Appendix C - Geotechnical Report.

) 7
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2.3 URBAN DESIGN

Urban design considerations for this project are detailed in the Ashburton River / Hakatere Second Bridge Urban
and Landscape Design Framework (ULDF) report.

Five urban design principles are identified in the report:

URBAN DESIGN PRINCIPLES

-
Choices

» Design for multi modal transport from
the oufset.

* Potential fo encourage more people
1o walk, cycle or take public fransport.

Figure 2-2: Key urban design and landscape principles

2.3.1 Urban Design Guidance for Bridges

Bridging the Gap (Waka Kotahi New Zealand Transport Agency, 2013) provides guidance on urban design for
road bridges. The guidance acknowledges that bridges exist to connect transport networks. However, they can
also support linkages between communities, offer new opportunities for viewing and appreciating the landscape,
and are strong landscape features in their own right. Bridges can have a significant impact on the driving as well
as the viewing experience and good bridge design will enhance both. In the bridge design process, a key issue is
often the balance between cost and design quality. Design quality is more than aesthetics. It includes appropriate
form and scale for the specific location, amenity for road users and others who may travel over or under the
bridge, accessibility for pedestrians and cyclists, the integration of abutments in the landscape, personal safety
and resource efficiency. Cost should be considered over the life of the bridge and in relation to the environmental,
social and cultural benefits offered. A well-considered bridge will create a well-connected transport facility which
incorporates good landscape design and enhances views. It will make a positive contribution to surrounding
communities as well as to road users.

Location: Bridge design starts with its location. Bridges that span waterways can dramatically change the
landscape and bridges within or next to residential areas can appear out of scale and out of character. The role of
the bridge in the overall project must be established from the early stages of route selection as it can influence
the alignment.

Context: Bridges should complement their context. This means considering the topography, the rural or urban
setting, any existing structures, visibility of the bridge and the distance and height to be spanned. Where a series
of bridges will be seen in succession by road users, they should be consistent in form and recognizable as a
‘family’ of structures with individual variations reflecting the requirements of their specific settings. Feature
bridges are suitable for special places, where they can act as landmarks.

Views: Bridges are both viewed objects and viewing platforms. The bridge can frame a new and unexpected
vista contributing to appreciation of the surrounding landscape. Optimising views to, through and from the bridge
will also help with orientation on the journey. This can be achieved by making the bridge design as slender and
open as possible and minimising the height of solid barriers by using a top metal rail. Bridges that are highly
visible from roads and public spaces should be designed for these views.

Underbridge experience: Where pedestrians and cyclists are likely to travel under a bridge, the treatment of the
soffit, piers and abutments should provide a safe, convenient and attractive environment. In urban areas with
high levels of foot traffic, the underbridge experience will be particularly important and justify architectural
treatments and feature lighting.

Overbridge experience: Where a bridge provides an elevated viewpoint from which the wider landscape can be
appreciated or crosses an important landscape feature (river, gully, etc), the overbridge experience should be
carefully considered. This may involve using a metal top rail to minimise the height of solid bridge barriers and
maximize the view from the bridge for motorists. If pedestrians and cyclists are likely to travel over the bridge, it
may be desirable to provide space where they can safely stop and enjoy the view.

Form and proportion: The height of the bridge, number of supports, distribution of spans and size of the various
components should be carefully considered to create a simple, elegant whole and to minimise the bridge profile.
Structural integrity, where the forces at play in the bridge are clearly reflected in its design, generally results in
pleasing composition.

) 8
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Light and shadow: A play of light and shadow on a bridge can reduce the apparent mass and bulk of the
structure and balance its vertical and horizontal proportions. Sloping all or part of the outer face of the parapet
outwards to catch the sunlight, and recessing beams to create a shadow line, will reinforce the horizontal lines in
the bridge. Surface texture on barriers and retaining walls will create a finer level of detail.

Texture: Barriers should have minimum embellishments, with any surface patterns reinforcing the clean lines of
the bridge. Any textures on retaining walls and barriers should relate to the speed of travel. Abstract, repetitive
patterns are suitable to add interest, while not distracting drivers. Where abutments will be visible by slow moving
traffic, textures can be used on retaining walls to provide a finer level of detail and can reference the area’s
cultural or historical significance.

Colour: Colour offers opportunities to provide consistency to a family of bridges and to reinforce the landmark
quality of a standalone structure. When used to highlight particular elements it should form part of a coherent,
ordered composition. Colour must be used carefully as it draws the eye, especially in a rural setting.

Lighting and drainage: These bridge components must be considered early and integrated in the design of the
structure. The external surface of the bridge should be free of drainage pipes or services. Lighting at night, like
colour during the day, can be used to highlight all or parts of a feature bridge. Lighting design and selection
should incorporate protection against vandalism.

Maintenance: It is important to select durable materials and finishes that do not significantly degrade in
appearance over time. Where required, anti-graffiti coating should be applied as part of the bridge construction
phase to the full extent of piers and barriers to prevent patchy application and appearance at later stages.

Barriers: Barriers must be designed to respond to the bridge setting and to achieve a smooth transition between
the structure and its approach. Barriers should have continuous lines that are not obscured or interrupted by non-
structural elements. Their depth must be carefully proportioned in relation to the deck and superstructure.
Barriers should be extended past the abutments to anchor the bridge in the landscape. Sloping the top of the
barrier inwards towards the deck will minimise water staining on the outer face of the barrier.

Abutments: Open abutments should generally be used in rural areas to optimise views of the landscape.
Landscaped sloped abutments are less likely to attract graffiti than retaining walls. In urban settings or when the
corridor width is constrained, near vertical or vertical retaining walls are the most practical abutment options. The
design of these retaining walls must present a high quality appearance if visible to approaching traffic,
pedestrians and cyclists.

Headstock: These substructure elements should not be designed in isolation. Their design is integral to the
overall form of the bridge. Structural systems that eliminate the need for headstock can lead to simpler, more
elegant solutions.

This guidance is relevant in that good urban design starts at the structure itself, and that urban design on the
bridge isn’t just ‘dressing’, it is an integrated multidisciplinary approach.

2.3.2 Landscape & Urban Design for the Ashburton River / Hakatere Bridges
Elements of landscape & urban design that are relevant to the bridge crossing include:

e The bridge will be the third in a series of bridges over the Ashburton River / Hakatere, with the rail bridge
being the furthest west, the SH1 road bridge being in the middle, and the new bridge 800m east of the SH1
bridge. The bridges are to read as a series.

e That the bridge fits into the local landscape context — broadly the flat open Canterbury Plains.

e Landscape character influences the design of the bridge approaches, bridge itself and the under-bridge
experience.

e The ecological context is considered in landscape and bridge design, especially with regard to using
appropriate lighting and pier design to minimize effects on shorebird habitat, and to undertake restoration of
planting in the riparian zone and river terraces of the Ashburton River / Hakatere. New embankments are also
to be in native vegetation.

e The bridge form has a:
o Modern highway design
Piers only as necessary to avoid excessive excavation and disturbance to river habitat

o Abutments as natural ‘spill through’, potentially clad in local rock where planting isn’t possible due to
low light

o Steel parapet rail to reinforce a light bridge form
A TL4 concrete parapet to tie into the series of bridges, and consider parapet design finishing

e The bridges may be gifted names by Te Runanga of Arowhenua. The Ashburton River / Hakatere is seen as a
highway in itself, and the bridge is a Mokihi (canoe) to traverse the river.

) 9
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e Provision for pedestrians and cyclists to encourage transport choice.

¢ Adequate lighting for not only the vehicle lanes (alternating pattern), but at human scale to enhance the
customer experience for people cycling and walking.

e Option for art and graphic designs to be added on the concrete barriers (internal and /or external faces), as
well as treatment to the soffit, piers and abutments with patterns to be gifted and co-designed by Arowhenua
local artists.

e Trails are provided to embankment approaches on both sides of the bridge to connect to existing river trails
on the riverbanks.

¢ Focus areas / stopping places are to be provided at key points on the bridge approaches and under the
bridge, that include, as a minimum:

o access points to under bridge,

low planting and specimen trees,

wayfinding (recommend trail maps and trail markers),
resting places / seating,

cycle infrastructure, and

adequate lighting.

O O O O O

2.3.3 Low Maintenance Design

e The design is to be uncomplicated and coordinated, minimising the number of, and using local materials.
e Materials and finishes selected are robust and are sourced locally wherever possible.

e The design is to minimise opportunities for vandalism through CPTED measures. Graffiti deterrent will be
through the use of textured finishes on concrete structures. Early reporting and removal will reinforce
stewardship and low tolerance of graffiti. Where required by ADC Graffiti Guard can be added.

¢ Design and finishing for the bridge, culvert retaining walls and any other structures are precast concrete panel
units ensuring uniformity and availability. Any patterns should be cut into, or sand blasted onto materials for
permanence.

2.3.4 The Bridge & Urban Design Principles

In summary, how the following design interventions and features for the bridge achieve design principles:

. Connectivity

¢ In connecting Tinwald & Ashburton, via an alternative route, the bridge and link road are key for
ADC in achieving aims in the District Plan and District Strategies, particularly ‘Its our Place’,
Walking & Cycling Strategy, Ashburton Transport Activity Management Plan, Ashburton River /
Hakatere Shorebird Habitat Management Plan and the Ashburton District Sport & Recreation
Strategy.

e Ensure ease of access and use by; providing regular crossing points, integrating activities and
connecting people to networks though ‘Focus Areas’, providing a consistent unbroken path as a
linear network.

Safety

* Bridge design to the Highway Structures Design Guide (Waka Kotahi, 2016), the Bridge Manual
SP/M/022 (Waka Kotahi, 2013) and best practice structural design guidance.

o Landscape design responds to CPTED matters: integrating paths along the roads & bridge to avoid
grade separation, that will benefit from informal surveillance; generous off road paths; proposes
pedestrian level lighting on the road and bridge; long site lines using low planting & clear stem
trees; promote high usage; and use hard wearing robust materials.

Choices

e Provide a choice of route for people travelling between Ashburton and Tinwald,
¢ Design for a change in transport mode with footpaths / shared paths.
People

e The Bridge, Roundabouts and crossing places become a focus of the corridor - where people can
stop and interact with each other, with the natural environment and with amenities.

o Use materials, forms and plants that are of Mid Canterbury to enhance character and sense of
place.

) 10
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¢ Build in expression & Arowhenua narratives and names, gifted by Arowhenua into the bridge and
roundabout islands.

. Landscape / Environment

e Integrate bridge embankments and restore flood protection with native planting and rationalise
access to existing trail networks,

e The bridge is part of a series of three, a modern highway bridge,

e Protecting bird habitat on the Ashburton / Hakatere River with relevant construction methodology
and sensitive lighting.

24 GEOMETRICS

New bridge crossings require longitudinal drainage in order to carry rainfall run off to the abutments. The Waka
Kotahi Bridge Inspection and Maintenance Manual, section 7.2.1, provides the following recommendations for
deck drainage:

¢ Minimum longitudinal deck grade of 0.5%

¢ Minimum longitudinal gutter grade of 1%
A single vertical curve was adopted for the recently built Ashley Cones Bridge (Waimakariri District). Although the
minimum deck and gutter grade limits are not met at the central spans, the deck grade increases gradually
towards each abutment as the cumulative rainfall runoff increases. We have therefore adopted the following for
this phase of the project:

e The primary bridge has a straight horizontal alignment

e The primary bridge has a vertical curve through the central spans transitioning to a target longitudinal grade of
1% minimum at each abutment

e The secondary bridge (Tinwald flood plain) has a target longitudinal grade of 0.5% at each abutment which
could be either a single longitudinal grade or a peak at the central pier

e The formed approaches for both bridges have a combination of vertical and horizontal geometry to tie in with
the Ashburton and Tinwald approach road alignments

Actual runoff flows and hydraulics should be further assessed as part of detailed design.

25 HYDROLOGY

2.5.1 Flood Estimation

This work uses material sourced from the Environment Canterbury Surface Water Archive, which is licensed
under a Creative Commons Attributions 4.0 International license by Environment Canterbury (ECAN).

The Ashburton River catchment experienced a significant flood event on 30 May 2021. Following this event
ECAN updated their flood estimation and provided the following data table to Stantec.

Table 2-1: ECAN 2021 flood frequency estimate for Ashburton River at SH1

Flow estimate (m?/s)

Distribution Mg,);:f)w Mean annual 100 | 200 | 500 | 1000
flood 5 year |10 yean20 yean 50 yea year year year year

TCEV‘;\‘;‘gmgm”c (;gg‘:) 349 426 | 558 | 706 | 970 | 1275 | 1656 | 2190 | 2596
Rounded estimate 350 430 | 560 | 710 | 970 | 1280 | 1660 | 2190 | 2600

In addition to the above, ECAN also provided an extrapolated estimate of the 1500 year and 2500 year events
derived from the graph below.

) 11
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Site 68801 Ashburton River at SH1
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Figure 2-3: ECAN extrapolated flood event estimate
From this extrapolation ECAN estimated the following flood events:

e 1:1500 year — 2800 m%/s
e 1:2500 year — 3100 m®/s

As recommended by ECAN, Stantec carried out a review of the ECAN flood estimation which is attached in
Appendix A. This review provided the following conclusions:

e The TCEV distribution results provided by ECAN are considered appropriate, and it is recommended that the
1:1500 and 1:2500 APE values of 2,800 m3/s and 3100 m3/s be adopted.

¢ Uncertainty associated with estimating extreme flood peaks is large and so an appropriate range of design
flows should be considered during the design process.

2.5.2 Design Events

The NZTA Bridge Manual V3.4 (NZBM) Table 2.1 provides the annual probability of exceedance (APE) for
various design events according to the Importance Level (IL) adopted. We have adopted IL4, based on:
e The bridge cost estimate is currently > $18M
e This structure will be of high importance to post-disaster recovery
For a permanent structure this requires consideration of the following design return periods for flood events:
e SLS1 (service limit state) flood water action of 1:25 year APE. For this design event the structure and
approaches shall be designed to sustain no significant damage.

e SLS2 (service limit state) flood water action of 1:100 year APE. For this design event the structure shall pass
the flood flow while complying with the minimum freeboard (1.2m for large waterways that may carry trees).

¢ ULS (ultimate limit state) flood water action of 1:2500 year APE. For this design event collapse of the
structure shall be avoided and overtopping of the stop banks (secondary flow paths) need to be considered.

We have also spoken to ECAN regarding their stopbank design criteria. They have indicated that a reasonable
design check to adopt would be:

e 1:200 year APE
¢ Plus 30% for climate change (RCP 8.5)
e Plus 0.5m freeboard
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2.5.3 Climate Change

The effects of climate change are determined and based on the Ministry for the Environment Climate change
projections for New Zealand. The NZBM advises that an RCP (representative concentration pathway) value of
6.0 is adopted with sensitivity testing to RCP 8.5.

We have therefore adopted the following values from the climate change projections:

e From Table 14, the land-average temperature increase in the years 2101-2120, relative to 1986-2120, is 2.32
degrees for RCP 6.0 and 3.13 degrees for RCP 8.5.

¢ From Table 13, the percentage increase in rainfall depth for a 100 year APE and a 12 hour storm duration
(estimated time of concentration for this catchment) is 10.1%

o The following table summarises the various flood events.
Table 2-2: ECAN 2021 flood frequency estimate for Ashburton at SH1

Design Event APE Design flood Including climate change | Including climate change
(md/s) adjustment RCP 6.0 adjustment RCP 8.5
(m%/s) (m%/s)
SLS1 (25yr) 750 927 1014
SLS2 (100yr) 1275 1576 1723
ECAN (200yr) 1656 n/a 2238
ULS (2500yr) 3100 3831 4189

It should be noted that the May 2021 flood event had a peak flow of 1794 m3/s, very close to the SLS2 design
events with climate change included. ECAN carried out a post flood survey and picked up the indicative flood
water level (based on flattened grass and deposited debris) which has been very useful for checking the results
of the hydraulic analysis.

2.5.4 Riverbed Morphology

The Ashburton River has been the focus of several reports and studies produced by both ECAN and WKNZTA
over the last 50 years. These two parties have commonly worked in opposing direction, specifically:
e ECAN have pursued gravel extraction as a means of lowering bed levels and increasing flood capacity
o WKNZTA have pursued cessation of some extraction in order to limit the risk of further degradation and
undermining of the SH1 bridge foundation (shallow piled)
Further information can be found in the following documents:

¢ WSP, SH1S Ashburton River Bridge, Damage and Emergency Response Report, 2021

¢ OPUS, SH1S Ashburton River Bridge, Bridge Scour and Sediment Management Summary Report, 2013

¢ ECAN, Gravel Management Framework, 2012

e OPUS, Ashburton River Gravel Extraction — Impact on SH1 and South Island Main Trunk Rail Bridges, 2009

e OPUS, SH1: Ashburton River Bridge, Review of Scour Risk, 1994
The graph below shows historic variation in MBL (mean bed level). Between 1937 and 1981 the bed levels
dropped in the order of 1-2m due to intensive gravel extraction. In 1979 rock protection was installed around the
SH1 bridge piers to reduce the risk of undermining. From the 80’s until present day the majority of gravel

extraction consents have been focus on Blands Reach (approximately 17km upstream of SH1), and as a result,
bed levels around SH1 have stabilised.
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Figure 2-4: ECAN mean bed levels

To allow for future variations in bed level at the location of the proposed bridge we have adopted the following
values for long term general scour:
¢ 0.5m of aggradation, allowing for a 50% return to 1937 bed levels

« 0.5m of degradation, allowing for intensive gravel extraction to restart after the SH1 bridge is eventually
replaced

2.6 HYDRAULICS

2.6.1 Sections

Hydraulic sections have been produced at 100m intervals for 1km upstream and downstream. These sections are
based on a combination of:
e Lidar ground levels (for the majority of the section data)

o ECAN survey levels (checking of LIDAR sections 800m upstream and 100m downstream of the new
proposed bridge alignment)

e ECAN post flood survey levels (providing level data for the Tinwald stopbank)

e Stantec survey levels (checking of LIDAR section on the proposed bridge alignment)
The lidar data was heavily affected by tall tree blocks on both banks. Stantec staff carried out a site walk over to
check the general ground alignment below the tree canopy level and determined the following guidelines for
adjusting the sections:

e The TR main channel bank is typically 0.5m above the main channel maximum bed level

e The TL main channel bank is typically the same as the main channel maximum bed level

¢ Ground slope from the main channel to the Tinwald flood plain is typically flat or slightly graded, falling from
the flood plain toward the TR main channel bank

The ECAN and Stantec surveyed cross sections allowed for direct comparison of the lidar (which does not pick
up levels below water level) with actual bed levels. Comparison of these two data types indicated that actual
surveyed MBL (mean bed level) in the main channel was typically 0.25m below that determined from lidar. A
uniform 0.2m level reduction has therefore been applied to all lidar derived main channel bed levels in order to
reflect the correct waterway area for hydraulic modelling.
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Due to a short fall in the lidar data set, a significant proportion of the Tinwald flood plain was excluded from our
hydraulic sections. We therefore adopted the ECAN post flood stopbank survey levels to manually extend each of
the sections.

For modelling we have adopted the following Manning n roughness coefficients:

¢ Main river channel, n=0.03, from Hicks and Mason (Clarence River) rounded from 0.028
¢ Tinwald flood plain, n=0.035, from Eng Toolbox and Researchgate online
e Tinwald tree block, n=0.165, from US Geological Paper 2339
o nb =0.03 based value for firm soil
n1 = 0.015 degree of irregularity, badly sloughed and scalloped
n2 = 0.00 variation in channel, gradual
n3 = 0.02 obstructions, appreciable 15-50% of the cross section
n4 = 0.10 vegetation, very large trees intergrown with weeds and bush

O O O O

The figure below shows the riverbed section at the proposed bridge location in blue. The stepped water level is
shown in pink.

Mannings Flow Calculation - Cross Section
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Figure 2-5: Typical hydraulic cross section at proposed bridge

2.6.2 Surveyed FWLs

Following the 2021 flood, ECAN surveyed the stopbanks and indicative flood water levels (FWLs). The results
from this survey are shown in the figure below. From this graph the following observations were made:

e The Tinwald stopbank levels are generally around 1-1.5m lower than the Ashburton stopbank levels at the
same chainage

e The Tinwald FWLs are generally around 0.6-2.0m lower than the Ashburton FWLs at the same chainage

¢ The flood freeboard on the Ashburton side varied from 0.6-2.0m

¢ The flood freeboard on the Tinwald side was 0.3-2.5m

e Two of the FWLs on the Tinwald side are higher than upstream FWLs, indicating that one or other is likely to
be in error, in particular the point at CH-80m immediately upstream of the proposed bridge with only 0.3m
freeboard (red circle)

Stantec visited the property at CH-80 and spoke with the owner (Cameron Ross) about flood water levels
observed on the day of the flood. Cameron provided a photo indicating a minimum freeboard of 0.6m and
highlighting errors in the surveyed FWLs.

) 15
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Stantec also visited the property at CH+80 and spoke with the owner (Stuart Cross). Stuart provided photos and
videos indicating a peak FWL of 88.9, in reasonable agreement with the graph below (orange circle).

Ashburton River - FWL Survey (June 2021)
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Figure 2-6: ECAN 2021 flood water level survey

One of the key observations from this survey data is that the Tinwald flood plain has FWLs that are significantly
lower than those in the main channel of the river. The obvious conclusion from this is that the heavily vegetated
block of trees on the south side of the river is acting as a hydraulic separation between the main channel and the
flood plain. The flood plain is in effect providing a drainage path to remove any flow pushing through the tree
block. The flood plain will therefore require adequate flow capacity through the new approach formation in order
to avoid damming the flood plain.

2.6.3 Backwater Analysis (1D)

The sections derived above were used in a 1D backwater (BW) analysis. This analysis models the design flood
events (Table 2-2) from 1km upstream to 1km downstream of the proposed new bridge alignment. To allow for
the variation in flood water level between the main channel and the flood plain, the water level is stepped down
up to 0.6m in the tree block and up to 1.2m in the Tinwald flood plain.

Calibration Check

The graph below shows initial 1D modelling and calibration check of the 2021 flood event peak flow (1794
cumecs), compared to the surveyed FWL indicators from ECAN. The new bridge is at chainage 0, denoted by the
vertical red line. This shows reasonable agreement between the model and observations. The high surveyed
FWL at CH-230 could be an error, given the very flat hydraulic grade back to CH-340.
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Ashburton River - Back Water Analysis
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Figure 2-7: 1D modelling and calibration of the 2021 flood peak

SLS1 - Q25 + RCP6 (+ 360 bridge + 60 bridge)

The 1D model of the SLS1 design flow, including climate change RCP6 (927 cumecs), shows the following:
o Average water velocities of 2.1m/s under and the new bridge
o Peak water velocities of 2.6m/s in the deeper river channels

Under these conditions we would expect some gravel movement in the general bed width plus moderate
localised scour at hard points, like piers and abutments. This is unlikely to pose any risk of significant damage
and can be addressed in the detailed design with the foundation depth and rock protection works.

SLS2 - Q100 + RCP6 (+ 360 bridge + 60 bridge)

The graph below shows 1D modelling of the SLS2 design flow, including climate change RCP6 (1576 cumecs),
showing FWLs with no bridge compared to FWLs with the new bridge in place. For this analysis we have adopted
the following bridge lengths:

¢ Main channel bridge length of 360m (20m longer than the existing SH1 bridge upstream)

¢ Flood plain bridge length of 60m (assuming 10-15% of the total flow will drain to the flood plain)

This analysis shows that the new bridge creates a backwater effect, lifting the water level by 115mm at 100m
upstream, reducing to near zero (3mm) at 200m upstream.
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Figure 2-8: 1D modelling of backwater effect due to the Q100 plus new bridge
Further sensitivity testing was carried out as follows:

¢ Reducing the main channel bridge length to 330m creates an increased backwater effect, lifting the water
level by 156mm at 100m upstream, reducing to 12mm at 200m upstream

e For the Q100 + RCP8.5 (1723 cumecs) with the 360m + 60m bridges, FWLs increase by around 90mm
compared to RCP6. Back water effects from the 360m and 330m bridge options are similar to those for RCP6.

ECAN Stopbanks — Q200 + RCP8.5

The graph below shows 1D modelling of the ECAN stopbank design flow, including climate change RCP 8.5
(2238 cumecs), without the proposed bridge. This indicates a 400mm lift in water levels when compared to the
Q100 + RCP6. ECAN have indicated they require a minimum freeboard of 0.5m for the Q200 + RCP8.5 and the
model shows available freeboard on the Ashburton side of 0.7-2.0m over the 1200m length of surveyed
stopbank, with the lowest freeboard being downstream of the proposed new bridge crossing (see orange circle).

With the shortest 330m bridge option in place over the main channel, this creates a backwater effect, lifting the
water level by 282mm at 100m upstream. However, the model still shows available freeboard of 0.7-2.0m with
this shorter 330m bridge in place. This indicates that the current Ashburton stopbanks are adequate for even the
shortest bridge option and may not need to be adjusted to address the back water effect of the new bridge.

If we adopt a rough order 1m FWL difference between the main channel and the Tinwald flood plain, this
indicates that freeboard to the Tinwald stopbank will be in the order of 0.0-0.4m. This falls below the 0.5m
minimum freeboard and will require further discussion with ECAN and a more detailed hydraulic analysis to
define the Tinwald flood water levels with improved accuracy.
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Ashburton River - Back Water Analysis
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Figure 2-9: 1D modelling of Q200 + climate change RCP8.5 (no bridge)
ULS - Q2500 + RCP6 (+ 360 bridge + 60 bridge)

The graph below shows 1D modelling of the ULS design flow, including climate change RCP6 (3831 cumecs),
showing FWLs with no bridge compared to FWLs with the new bridge in place. For this analysis we have adopted
the following bridge lengths:

¢ Main channel bridge length of 360m (20m longer than the SH1 bridge upstream)

e Flood plain bridge length of 60m (assuming 10-15% of the total flow will drain to the flood plain)
This analysis shows that:

e The ULS design flow with no bridge is just contained within the existing Ashburton stop bank height

¢ The new bridge creates a backwater effect, lifting the water level by 409mm at 100m upstream, reducing to
near zero (9mm) at 500m upstream

e The ULS design flow with the new bridge in place, and resulting backwater effect, is marginally contained
within the existing stop bank height

Ashburton River - Back Water Analysis
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Figure 2-10: 1D modelling of backwater effect due to the Q2500 plus new bridge
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Given this is our extreme ULS design case and the stop banks are on the limit of overtopping (and are likely to be
overtopping in other locations upstream and downstream), we have not included any further sensitivity testing.

2.6.4 Summary
To summarise the above sub-sections, the 1D modelling indicates:

e reasonable calibration agreement with FWLs surveyed from the 2021 flood event
o that the SLS1 design flood event is unlikely to cause significant damage

o that the SLS2 design flood event will result in only minor backwater effects from constriction caused by the
proposed new bridge

¢ that the ECAN stopbank design flood event has compliant freeboard on the Ashburton side (greater than 0.5m
minimum), including allowance for any backwater effects from the new bridges

¢ that the ECAN stopbank design flood event does not have compliant freeboard on the Tinwald side (less than
0.5m minimum), including allowance for any backwater effects from the new bridges

o that the ULS design flood event is likely to result in only minor overtopping of the Ashburton stopbank
For determining primary bridge soffit freeboard we have adopted the following:
¢ Q100 RCP6 flood water level of RL90.25 from 1D model with no bridge (slightly higher than the surveyed
FWL of RL89.82)
e Freeboard from table 2.5 of the NZBM
o 1.2m minimum over the main channel (220m wide)
o 0.6m minimum over the tree block and vegetation either side of the main channel
¢ Allowance for aggradation, 0.5m allowing for a 50% return to 1937 bed levels
e Adopted minimum soffit levels
o RL91.95 minimum over the main channel (220m wide)
o RL91.35 minimum over the tree block and vegetation either side of the main channel

2.6.5 HECRAS Analysis (2D)
PLACEHOLDER 2D analysis still being completed

2.7 SCOUR
2.7.1 Generdl

Scour is typically made up of the following
e General scour, long term aggradation or degradation of the bed level, typically due to variations in gravel
transport and extraction

e Constriction scour, due to narrowing of the waterway where the approaches of a bridge sit within the stop
banks of a river

e Bend scour, due to directional changes in the river geometry, assumed to be zero for this project given the
proposed bridge is on a straight section of riverbed

e Local scour, due to piers and debris rafts placed within the flowing channel
Total scour is a summation of all the above components.

We have carried out a preliminary scour assessment using the methodology given in the Austroads Waterway
Design Guide and the NZBM. A more detailed assessment will be required as part of detailed design using the
document ‘Scour’ (by Melville and Coleman).

2.7.2 General Scour

As discussed in section 2.5.4 above, since monitoring began in 1937, the riverbed level has dropped by around
1m at the location of the proposed bridge. However, the bed level has been maintained at a relatively constant
level since 1981 due to careful limitation of gravel extraction consents downstream of Blands Reach.

For the purposes of this report, we have proposed adoption of general scour of 0.5m. This allows for gravel
extraction to restart after the SH1 bridge is eventually replaced (to improve flood capacity) but assumes that
extraction limits with still be actively monitored and controlled.
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2.7.3 Constriction Scour

Constriction scour is caused by a localised narrowing of the waterway where the approaches of a bridge cut off a
portion of the waterway width. This requires the wide-spread flood flow to accelerate through the narrower
waterway leading to scour of the bed within the constriction under the bridge.

Following the simplified approach given in section 6.4.3 of the Austroads Waterway Design guidelines, this
equates to:

Constriction scour, Ysc = 0.35m

2.7.4 Local Scour

Local scour is caused by flood water hitting a hard immovable object in the waterway. This creates turbulence
and accelerated flow around the object resulting in a localised increase in scour.

Following the simplified approach given in section 6.4.4 of the Austroads Waterway Design guidelines, this
equates to:

Local scour, Ysl = 3.84m

Local scour can also develop around a debris raft that attaches to one of the piers. This makes the effect pier
width wider resulting in an increase in scour.

Following the equations given in section 2.3.5 of the NZBM, and adopting a rectangular raft, this equates to:
Equivalent pier width of 3.33m (cf 1.5m for the actual caisson diameter)

Local raft scour, Ysir = 6.45m

2.7.5 Summary

Based on summation of the above scour components, the piers on the proposed bridge will be subject to an
estimated total scour made up as follows:

e General scour 0.50 m
¢ Constriction scour 0.35m
e Local raft scour 6.45m
e Total scour 7.30 m below current bed level
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3. DESIGN OPTIONS
3.1 BRIDGE LENGTH

As part of our hydraulic modelling, we have considered a range of bridge length options, as detailed in the table
below.

Table 3-1: Bridge length options considered

Option Description/Comment

1. Single o Adopted from the previous consultant’s design report
Zggge - e The bridge is positioned over the main river channel and also includes around 50% of the
m tree block on the true right bank
e Provides a waterway width 24% greater than that of the SH1 bridge
o Potentially blocks or limits drainage of the Tinwald flood plain
2. Double o A primary bridge (360m long) is positioned over the main river channel and also includes
bridge — around 25% of the tree block
360m + 60m e A secondary bridge (60m long) is positioned over the deeper natural channels in the
Tinwald flood plain
* Provides a total waterway width 24% greater than that of the SH1 bridge
* Provides a main channel waterway width 6% greater than that of the SH1 bridge
* Provides significant drainage and flow capacity for the Tinwald flood plain
3. Double o A primary bridge (330m long) is positioned over the main river channel and also includes
bridge — 330 around 15% of the tree block
+60m e A secondary bridge (60m long) is positioned over the deeper natural channels in the
Tinwald flood plain
e Provides a total waterway width 15% greater than that of the SH1 bridge
¢ Provides a main channel waterway width 3% less than that of the SH1 bridge
* Provides significant drainage and flow capacity for the Tinwald flood plain

Both option 2 and 3 provide realistic crossing alternatives, however, we have adopted option 2 for the purposes
of this report as it provides a more conservative waterway with scope to adjust the split between the primary and
secondary bridge. Further work is recommended to optimise the proposed bridge lengths, specifically:

¢ A more detailed hydraulic assessment of the waterway to better understand the flow split between the main
channel and the Tinwald flood plain
¢ Discussions with ECAN over other flood mitigation measures

¢ Discussions with ECAN and ADC regarding the risks of tree removal from the waterway

3.2 SUPER-STRUCTURE

Current bridge design tends to favour full concrete construction (over steel or timber) due to its long service life
and low maintenance requirements. For bridges in ‘easy’ foundation conditions, such as in the Ashburton River,
spans of 20-30m provide a reasonable optimisation between the cost of super-structure vs sub-structure.

There are 3 commonly adopted options using standardly available precast units, shown in the figure below.
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Figure 3-1: Super-structure options

3.3 FLOOD PROTECTION

The flood event from May 2021 provided a good test of the flood containment measures on this part of the
Ashburton River. The 2021 flood event peaked at 1794 cumecs, while the ECAN design flood for stopbanks is
estimated to be 2238 cumecs (approximately 25% greater).

Our 1D hydraulic analysis indicated:

o that the ECAN stopbank design flood event has compliant freeboard on the Ashburton side (greater than 0.5m
minimum), including allowance for any backwater effects from the new bridge

¢ that the ECAN stopbank design flood event does not have compliant freeboard on the Tinwald side (less than
0.5m minimum) in the current arrangement without the new bridges, and any backwater effects from the new
bridge will further reduce the available freeboard

The Tinwald ‘stopbank’ is formed by a natural flood terrace that generally runs through private property. There is
no simple means of adjusting the terrace height without removing boundary fences/hedges and moving a few
storage sheds. Alternatively, a new stopbank alignment could be adopted, with construction of a formal stopbank
closer to the main river channel, extending form the new proposed crossing location up to the State Highway
bridge, where it can be more easily inspected and maintained.
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4. PREFERRED OPTION
4.1 BRIDGE LENGTH

Both option 2 and 3 (Table 3-1: Bridge length options considered) provide realistic crossing alternatives,
however, we have adopted option 2 for the purposes of this report as it provides a more conservative waterway
(360m + 60m = 420m total) with scope to adjust the spit between the primary and secondary bridge.

Further work is recommended as part of detailed design to optimise the proposed bridge lengths, specifically:

¢ Refinement of the hydraulic assessment of the waterway to better understand the flow split between the
main channel and the Tinwald flood plain

e Discussions with ECAN over other flood mitigation measures

e Discussions with ECAN and ADC regarding the risks of tree removal from the waterway

4.2 SUPER-STRUCTURE

All three options proposed (Figure 3-1: Super-structure options) provide viable structural options for a relatively
straight forward crossing of this type.

Discussions with local contractors indicate that the full precast options (single and double HC units) are often
preferred as they significantly reduce the need for insitu concrete on site, resulting in reduced construction time
and less working at height issues. Hollow core units are also very efficient at sharing load to outer units, thereby
reducing the peak structural demand with a single wheel track sitting on a single unit.

A recent example from the Christchurch Northern Corridor used 900 deep single hollow core beams with a span
of 30m (usually limited to a 25m span). This was achieved by limiting the kerb-to-kerb carriageway to less than
9.7m, which only required the design to cater for 2 lanes of traffic, and then maximising load sharing to the outer
units under the footpath. Our current proposed carriageway is 10.4m so this would require a reduction of just over
0.7m which may not be suitable to meet other design requirements.

The super-T beams are a deeper more efficient unit, more common in long span designs, but have the added
complication of requiring construction of an insitu concrete deck over the precast units once they are in place. As
the deepest of the 3 concrete options, they also require the approach road formation to be higher in order to
achieve the same flood water level clearance from the beam soffit.

For the purposes of this report, we have adopted super-T construction, as this requires a more conservative
(higher) road approach level and provides scope to move to a longer span option if desired. A 30m span was
adopted as this sits in the usable range of both the super-T and the single hollow core options.

Further work is recommended as part of detailed design phase to optimize the proposed super-structure
selection, specifically:

e Determine if the kerb-to-kerb carriageway can be reduced to 9.69m

e Determine if a single hollow core option is viable and if so to what maximum span

o Compare and optimise the foundation requirements between super-T and single hollow core (ie does the
reduced weight of either option allow for a lighter less expensive sub-structure)

4.3 FLOOD PROTECTION

The current flood containment measures are assessed to be adequate on the Ashburton side but non-compliant
on the Tinwald side. Further discussions are required with ECAN to review the results from our modelling and
also determine what mitigation measures can be applied on the Tinwald side.

Further discussions with ECAN should include:

¢ Review of our hydraulic modelling and agreement to the acceptable length for both bridges (and total
waterway provided) and determine what is an acceptable backwater effect for both the Ashburton and Tinwald
stopbanks

e Acceptance/agreement that the existing Ashburton stopbank will be compliant with the proposed bridges in
place and requires no adjustment

o Acceptance/agreement that the Tinwald terrace is currently non-compliant and will become further non-
compliant with the proposed bridges in place

¢ Determine what mitigation measures can be applied to the Tinwald stopbank/terrace
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44 ALTERNATIVE DESIGNS

The proposed bridge options are all relatively simple and modular in their construction. Other aspects of
construction (e.g., site access, river diversion, foundation installation) should also be relatively straight forward.
For bridges of this type, a small cost saving per span can multiply through to a significant cost reduction over the
entre bridge length. It is therefore likely that some tenderers will offer alternative designs that achieve the same
performance and service levels but at a more competitive rate.

To assist tenderers, and avoid unnecessary rework, the final design needs to be very clear in stating the design
criteria and service limits that need to be met so that any alternative design is equivalent to the conforming
design. This may include the following:

e Minimum waterway width

¢ Minimum waterway clearance (main channel)

e Foundation bearing limits and strength reduction factors

e Minimum foundation depth

e Minimum bed levels for seismic design checks

¢ Minimum bed levels for scour/raft design checks

e Minimum/maximum deck grades

4.5 COST ESTIMATE

As a basis for costing we have used the following:
SH74 Railway Overbridge

This is a multi-span dual-lane bridge constructed in 2005. The detailed rates from 2005 were adjusted by the
NZTA Bridge Index but fell well short of current bridge prices (which appear to have been heavily affected by
Covid and supply chain issues). A further 80% increase was needed in order to match current market rates.

Kuku East Overbridge

This is a single-span bridge constructed with 36m super-T beams and costed in May of 2022. The total cost was
adjusted as follows:

¢ Significant ground improvements excluded

e Contractor’s margin included 11%

¢ On-site/off-site overheads included 13%

¢ Preliminary and general included 26%

Adjusted for typical single span to multi-span savings 33%
e Indicative rate for Ashburton River Bridge is $4.31k/m?
Cones Road Ashley River Bridge

This is a multi-span bridge constructed in the Waimakariri District in 2014. The bridge comprises 10 No spans of
30m, with a single hollow-core deck (12.7m wide) and twin caisson foundations at each pier — a very similar
configuration to the bridge proposed for this project.

We contacted the contractor for this bridge (Concrete Structures, James Kelly) and requested an update of the
Cones Road costs to meet the current market costs. They provided a bridge only estimate of $4.87 k/mZ.

For this bridge costing we have therefore adopted unit rate equivalent to $4.4-4.8 k/m?2. The detailed cost
estimate is included with the DBC report.
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5. DRAWINGS & DOCUMENTS
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DWG No.

DRAWINGS INDEX

DRAWING TITLE

DWG No.

DRAWINGS INDEX

DRAWING TITLE

310205125-01-001-C001
310205125-01-001-C004
310205125-01-001-C201
310205125-01-001-C202
310205125-01-001-C203
310205125-01-001-C204
310205125-01-001-C205
310205125-01-001-C206
310205125-01-001-C207
310205125-01-001-C208
310205125-01-001-C209
310205125-01-001-C301
310205125-01-001-C302
310205125-01-001-C303
310205125-01-001-C304
310205125-01-001-C305
310205125-01-001-C451
310205125-01-001-C452
310205125-01-001-C453
310205125-01-001-C454
310205125-01-001-C455
310205125-01-001-C456
310205125-01-001-C751
310205125-01-001-C752
310205125-01-001-C753
310205125-01-001-C754

COVER, LOCALITY PLAN AND DRAWING INDEX
SHEET LAYOUT PLAN

PLAN AND LONGITUDINAL SECTION {MC00) SHEET 1
PLAN AND LONGITUDINAL SECTION (MC00) SHEET 2
PLAN AND LONGITUDINAL SECTION (MC00) SHEET 3
PLAN AND LONGITUDINAL SECTION (MC00) SHEET 4
PLAN AND LONGITUDINAL SECTION (MCD0) SHEET 5
PLAN AND LONGITUDINAL SECTION (MCD0) SHEET 6
PLAN AND LONGITUDINAL SECTION {MC00) SHEET 7
PLAN AND LONGITUDINAL SECTION (MC00) SHEET 8
PLAN AND LONGITUDINAL SECTION (MC00) SHEET 9
SIGNS AND PAVEMENT MARKING PLAN SHEET 1
SIGNS AND PAVEMENT MARKING PLAN SHEET 2
SIGNS AND PAVEMENT MARKING PLAN SHEET 3
SIGNS AND PAVEMENT MARKING PLAN SHEET 4
SIGNS AND PAVEMENT MARKING PLAN SHEET 5
DRAINAGE LAYOUT PLAN SHEET 1

DRAINAGE LAYOUT PLAN SHEET 2

DRAINAGE LAYOUT PLAN SHEET 3

DRAINAGE LAYOUT PLAN SHEET 4

DRAINAGE LAYOUT PLAN SHEET 5

INFILTRATICN BASIN DETAIL

TYPICAL CROSS SECTIONS SHEET 1

TYPICAL CROSS SECTIONS SHEET 2

TYPICAL CROSS SECTIONS SHEET 3

TYPICAL CROSS SECTIONS SHEET 4

5.2 DOCUMENTS

This report should be read in conjunction with the DBC. All other associated relevant documents are appended to

this report.

310205125-01-001-C301
310205125-01-001-C302
310205125-01-001-C303
310205125-01-001-C304
310205125-01-001-C305
310205125-01-001-C306
310205125-01-001-C307
310205125-01-001-C308
310205125-01-001-C909
310205125-01-001-C910
310205125-01-001-C911
310205125-01-001-C912
310205125-01-001-C913
310205125-01-001-C914
310205125-01-001-C915
310205125-01-001-C916
310205125-01-001-C917
310205125-01-001-C918
310205125-01-001-C91%
310205125-01-001-C920
310205125-01-001-C921
310205125-01-001-C922
310205125-01-001-C923
310205125-01-001-C924
310205125-01-001-C925
310205125-01-001-C926
310205125-01-001-C927
310205125-01-001-C928
310205125-01-001-C92%

CROSS SECTIONS {MC0O0) SHEET 1
CROSS SECTIONS (MCO00) SHEET 2
CROSS SECTIONS {MCO0) SHEET 3
CROSS SECTIONS (MCO00) SHEET 4
CROSS SECTIONS {MCOO0) SHEET 5
CROSS SECTIONS (MCOO0) SHEET 6
CROSS SECTIONS (MCOO0) SHEET 7
CROSS SECTIONS (MC00) SHEET 8
CROSS SECTIONS (MCDO0) SHEET &
CROSS SECTIONS (MC00) SHEET 10
CROSS SECTIONS (MCO0) SHEET 11
CROSS SECTIONS (MCO0) SHEET 12
CROSS SECTIONS (MCDO0) SHEET 13
CROSS SECTIONS (MCO0) SHEET 14
CROSS SECTIONS (MCO0) SHEET 15
CROSS SECTIONS (MCO0) SHEET 16
CROSS SECTIONS (MCO0) SHEET 17
CROSS SECTIONS {(MCO0) SHEET 18
CROSS SECTIONS (MCO0) SHEET 19
CROSS SECTIONS {MCO0) SHEET 20
CROSS SECTIONS (MCO00) SHEET 21
CROSS SECTIONS (MCOO0) SHEET 22
CROSS SECTIONS (MC00) SHEET 23
CROSS SECTIONS (MCOO0) SHEET 24
CROSS SECTIONS (MC00) SHEET 25
CROSS SECTIONS (MCOO0) SHEET 26
CROSS SECTIONS (MC00) SHEET 27
CROSS SECTIONS (MCOO0) SHEET 28
CROSS SECTIONS (MCOO0) SHEET 29

26



Appendices




ASHBURTON-TINWALD CONNECTIVITY
PRELIMINARY STRUCTURE OPTIONS REPORT

Appendix A Ashburton River Hydrology
Review Memo

A1



memao

To:
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Date:

Re:

Ref:

Bryan Peters
Tom Kerr

Ali Siddiqui
16/05/2022

Ashburton-Tinwald Connectivity DBS — Ashburton at SH1 Hydrology Review
310205125.100.0105

High Level Review of ECAN Design Flood Estimates

1:1500 and 1:2500 AEP floods

Recorded data at the Ashburton at SH1 flow gauge are from 1985 to present with a 7.8 year gap
between September 1988 to June 1996. Historic floods from 1887 to 1978 are also available. The
flow hydrograph is shown in Figure 1.
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Figure 1: Ashburton at SH1 flow hydrograph

ECAN provided estimated design flood peaks for the Ashburton River at SH1 based on frequency
analysis of recorded and historical data.



Preliminary ECAN results are shown in Table 1. It is understood the final version of the analysis
will be reported by ECAN once a peer review of the work is completed.

Table 1: 2021 flood frequency estimate for Ashburton River at SH1

Flow estimate (m?/s)

Distribution Max flow (year) 5 0 20 50 00 200 00 000
lyear Elear year year Elear year Eear Elear

TCEV (with 1794 (2021)

o 426 558 706 970 1,275 | 1,656 | 2,190 | 2,596
historic events)

Rounded estimate 430 560 710 970 1,280 | 1,660 | 2,190 | 2,600

ECAN also provided estimates of 1:1500 and 1:2500 AEP flood peaks from extrapolation of the
adopted TCEV flood frequency distribution and are listed in Table 2. Given the extent of
extrapolation involved in estimating these extreme floods, ECAN advise caution in their use.

Table 2: 2021 flood frequency estimate for Ashburton River at SH1

Flow estimate (m?/s)
Distribution Max flow (year)
1500 year 2500year
TCEV (with historic events) [1794 (2021) 2,800 3,100

The flood frequency analysis includes the May 2021 flood. The addition of this flood to the annual
flood series increased estimated design flood peaks by 22% for the 1:100 AEP flood and 44% for
the 1:1000 AEP event over previous estimates reported in 2017, (Tonkin and Taylor, 2017).

The Ashburton at SH1 flow record was provided by ECAN and Gumbel and GEV distributions
fitted to the data. Neither distribution fit the annual flood series as well as the Two Component
Extreme Value distribution provided by ECAN.

A marked tendency toward a two component distribution for south Canterbury East Coast rivers
and a lesser tendency for North Canterbury East Coast rivers (including the Ashburton River) was
reported in the paper Two-component extreme value distribution applied to Canterbury annual
maxima peaks, (Connell & Pearson, 2001).

The TCEV was the preferred distribution for Ashburton at SH1 reported in Flood frequency of
Canterbury Rivers (Tonkin and Taylor, 2017).

The use of the TCEYV distribution for the Ashburton at SH1 annual series is therefore considered
appropriate.

Ashburton at SH1 Flow Data Quality

The largest gaugings on record were measured during the May 2021 flood (1740 m3/s and 1630
m3/s). NIWA carried out surface velocity measurements with a handheld radar taken at over 30
locations across the length of the bridge. Estimated uncertainty is +- 200 m3/s, (NIWA Client
Report for ECAN, 2021). A slope area calculation was also undertaken following the flood which
gave results consistent with the surface velocity measurement. These gaugings provide greater
certainty related to the upper part of the stage - flow rating and the estimate of large floods at the
site.

About 756 other gauging have been carried out at the Ashburton at SH 1 site with next highest
measurement recorded as 516 m?/s.



The reach at the flow gauge is a gravel bed channel and there are numerous rating changes as
shown in Figure 2.
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Figure 2: Ashburton at SH1 Ratings

Although the channel bed elevation at the gauge is not stable, there has been considerable effort
put into maintaining stage—flow ratings. Uncertainty associated with flows recorded during the
period of record is therefore likely to be relatively low.

The accuracy of historic flood peaks used in the frequency analysis is less certain. It isn’t clear to
what extent the flood peak at the SH1 bridge is affected by the development of upstream
stopbanks over time. Nevertheless, the various distributions tested, including the TCEV
distribution, fit historic flood peaks well. Results presented in (Tonkin and Taylor, 2017) include
analysis with and without historic data. The difference between the two datasets is not great.

Comparison with Other Methods for Estimation of 1:1500 &
1:2500 AEP Floods

An alternative method of estimating extreme flood peaks is to interpolate between 1:50 and 1:100
AEP floods and the PMF.

The recommended approach to estimate the PMF is to apply the PMP to a calibrated rainfall
runoff model of the catchment.

In the absence of a rainfall runoff model an estimate of the PMF for Ashburton at SH1 was
transposed from a PMF estimate for Waimakariri at OHB reported in the Journal of Hydrology NZ,
(Griffiths, Pearson, & Horell, 1989). The Waimakariri PMF of 8,000 m3/s was scaled according to
the difference in area as shown below.

1579

0.8
Ashburton at SH1 Q = Waimakariri at OHB Q x (ﬁ)

The calculation gives a PMF for Ashburton at SH1 of 4,535 m3/s. The estimate is considered
conservative as the headwaters of the Waimakariri catchment are at higher elevations than the
Ashburton catchment. Based on HIRDS data, the Waimakariri receives 16% more rainfall than
the Ashburton catchment during a 12 hour 1:100 AEP storm. See Figure 3 for map of catchment
boundaries and a comparison of rainfall.
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Figure 3: Ashburton and Waimakariri catchment boundaries and HIRDS rainfall

Nathan and Weinmann in Australian Rainfall and Runoff (ARR), (Ball, et al., 2019.) considered
the AEP of the PMP to be solely a function of catchment area with small areas having larger
AEP’s. Chapter 3, Figure 8.3.2 gives an AEP for the 1579 km? Ashburton at SH1 catchment of
1:1,000,000 plus or minus two orders of magnitude.

Toward prediction of extreme rainfalls in NZ (Griffiths, McKerchar, & Pearson, 2014) estimates
the AEP for a Christchurch PMP to be 1:10,000.

Figure 1 shows 1:50 AEP, 1:100 AEP flood values and the estimated PMF for Ashburton at SH1
with 1:104, 1:105and 1:10% AEP’s plotted. Also shown are TCEV values from Tables 1 and 2.
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Figure 4: Interpolation Between 1:50 and 1:100 AEP and the PMF

The TCEV distribution values lie between the interpolated lines for 1:10,000 and 1:100,000 AEP
PMF’s which is considered at the more conservative end of the range.

ARR (Pilgrim, 1998) provide methods to interpolate between the 1:50 and 1:100 AEP event and
the PMP and methods to estimate the AEP of the PMP. Flood estimates from Table 1 for the 1:50
and 1:100 AEP floods were used with a PMF of of 4535 m3/s. This gave 1:1500 AEP and 1:2500
design flood estimates of 2800 m3/s and 3000 m3/s respectively based on a recommended AEP
of the PMF of 108. Results are shown in Figure 5 and compare closely with TCEV distribution
results.

The method assumes that interpolation of flood flows will be similar to that for rainfall.

Conclusion

The TCEV distribution results are considered appropriate and it is recommended that the 1:1500
and 1:2500 AEP values of 2,800 m3/s and 3100 m3/s be adopted.

As mentioned above, uncertainty associated with estimating extreme flood peaks is large and so
an appropriate range of design flows should be considered during the design process.
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Figure 5: Interpolation between 1:50 and 1:100 AEP floods and the PMF
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@ Stantec

Ashburton-Tinwald Connectivity - Ashburton
2nd Bridge: Geotechnical Report

This document was prepared by Stantec New Zealand (“Stantec”) for the account of Ashburton District Council (the
“Client”). The conclusions in the Report titled Geotechnical Report are Stantec’s professional opinion, as of the time of
the Report, and concerning the scope described in the Report. The opinions in the document are based on conditions
and information existing at the time the document was published and do not consider any subsequent changes. The
Report relates solely to the specific project for which Stantec was retained and the stated purpose for which the Report
was prepared. The Report is not to be used or relied on for any variation or extension of the project, or for any other
project or purpose, and any unauthorized use or reliance is at the recipient’s own risk.

Stantec has assumed all information received from the Client and third parties in the preparation of the Report to be
correct. While Stantec has exercised a customary level of judgment or due diligence in the use of such information,
Stantec assumes no responsibility for the consequences of any error or omission contained therein.

This Report is intended solely for use by the Client in accordance with Stantec’s contract with the Client. While the
Report may be provided to applicable authorities having jurisdiction and others for whom the Client is responsible,
Stantec does not warrant the services to any third party. The report may not be relied upon by any other party without
the express written consent of Stantec, which may be withheld at Stantec’s discretion.
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Rev. no Date Description Prepared by Checked by Reviewed by Approved by
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1 Scope of Work

This technical memo sets out the following geotechnical assessments for the proposed second Ashburton River crossing
which consists of new road sections, both at grade and on fill embankments, a long section of bridge crossing the main
river channel and a short section of bridge crossing a secondary flow channel. In particular it provides:

e  Preliminary Liquefaction Assessment

e  Preliminary Bridge Foundation Assessment

e  Preliminary Embankment Stability Assessment
e Preliminary Road Design

2 Site Description

The proposed road and bridge alignment are located approximately 700 m to the south-east of the existing State Highway
1 river crossing. The south-west section extends approximately 1400 m through flat lifestyle block type properties from
Grahams Road to Carters Terrace. The main river channel is approximately 200 m wide and marked by meandering flow
banks, sediment banks and an extensive flood plain on the Tinwald side. On the eastern side of the river, the proposed
road alignment will cross Maniaroto Park and connect into Chalmers Avenue approximately 250 m from the bank.

3 Geotechnical Investigations

The following geotechnical investigations have been undertaken at the immediate locations of the proposed infrastructure
(bridge and road alignment) and are considered relevant for the design of the proposed infrastructure.

e Two (2) Machine boreholes (BHO1 and 04) with Standard Penetration Testing (SPT) at 1.5 m vertical increments
down to approximately 20.0 m below ground level (bgl)

e Seven (7) testpits on either side of riverbank along the proposed road alignment to the south-west.
e Two (2) transient falling head test at Test Pit (TP) 01 and TP 04

Figure 3-1 presents the investigation locations in relation to the proposed infrastructure. The Geotechnical factual report
(Stantec , 2022) is prepared and attached in Appendix A.
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Figure 3-1 Geotechnical investigation locations
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4 Ground Model

All geotechnical investigations presented in Section 3 indicate good agreement in ground conditions at various locations
across the site. A generalised profile has been adopted for the design of the bridges (based on the boreholes only) and is

presented in Table 4-1.

Table 4-1 Typical ground model

Geological
Unit

Description Depth to base of layer (m)

SILT with some clay, trace sand and
gravel; brown. Firm, moist, low
plasticity; sand, fine to coarse; gravel,
fine, sub-angular to sub-rounded.
Sandy fine to coarse GRAVEL with
trace silt; grey, brown. Medium dense
2-A to dense, wet to saturated, well graded; 2.8 (BHO1) — 4.5 (BH04)
gravel, sub-angular to sub-rounded;
sand, fine to coarse.
Silty fine to medium SAND with trace
gravel; grey, brown. Dense, wet to 3.5 (additional layer found in
saturated, poorly graded; gravel, fine, BHO1 only)
sub-angular to subrounded.
Sandy fine to coarse GRAVEL with
some silt and trace cobbles; brown.
3 Dense to very dense, saturated, well 3.5/4.5 — targeted depth (20)
graded; gravel, subrounded; sand, fine
to coarse; cobbles, up to 150mm.

0.9 (BHO1) — 1.4 (BHO4)

5 Groundwater

Uncorrected
SPT blow
count, N

14 to 26

11

50+

BHO1
and 04

BHO1
and 04

BHO1
only

BHO1
and 04

Groundwater was encountered typically at approximately 2.0 m depth and is inferred to be hydraulically connected to the
adjacentriver. Anecdotally springs have been identified by local landowners along the alignment of the bridge approaches
and new road sections, which is inferred to be due to hydraulic connection through permeable lenses in the gravel unit to

the river further up gradient.

To be able to estimate soil permeability, two transient falling head tests were undertaken at the locations of TP01 and

TPO04. The recorded data was plotted and is shown in Figure 5-1.
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Figure 5-1 Hydraulic conductivity (falling head test results)

Using a published correlation (Stibinger, 2014), hydraulic conductivity of each test pit was calculated and shown in Table
5-1.

Table 5-1 Estimated hydraulic conductivity for each test pit

Test Pit Hydraulic Conductivity (m/s) Soil log field description |

TPO1 2.3E-6 | Silty fine to coarse GRAVEL
| TP0O4 | 3.2E4 | Sandy fine to coarse GRAVEL |
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6 Material Properties

Preliminary material properties for the soil strata described in Section 4 are presented in Table 6-1. Material properties
have been selected from various published correlations between shear wave velocity and SPT blow counts, (WairB,
DedongJ, ShantzT, 2012), (Hatanka & Uchida, 1996), (Idriss & Boulanger, 2008), and (Olson & Stark, 2002), and our
experience with similar soils and conditions.

Table 6-1 Summary of characteristic geotechnical material properties

Bulk Unit Weight, y Angle of Internal Effective Cohesion, Liquefied strength
(kN/m?3) Friction, ¢’ (degrees) (H [ GE)) ratio, suwia)/o'vo
2 -
0 0.39-0.45
2-B 18 32 0 0.16 - 0.22
3 20 35 0 =

Ashburton District Council // Ashburton-Tinwald Connectivity - Ashburton 2nd Bridge 6



/  Seismic Ground Motion Parameters

The proposed infrastructure has been assigned Importance Level (IL) 4. The site subsoil class has been assessed by the
definitions set out in NZS 1170.5 Structural Design Actions, Earthquake Actions as Class D — deep or soft soil.

The NZTA Bridge Manual (Waka Kotahi, 2018) requires the consideration of the following seismic load cases for an IL 4
bridge.

e Damage Control Limit State (DCLS): 1/2500-year earthquake
e  Serviceability Limit State (SLS): Return period factor of DCLS/4:
e Collapse Avoidance Limit State (CALS): Return period factor of 1.5 x DCLS

Based on the methodology in Section 6.2.2 of the Bridge Manual, the design acceleration and magnitudes for earthquake
loads are summarised in Table 7-1.

Table 7-1 Peak Ground Acceleration (PGA) derivation

State SLS DCLS CALS
Importance Level 4

Annual Probability of Exceedance (APE) - 1/2500 -
Site Subsoil Class Class D — deep or soft soil

Site Subsoil Class Factor, f© 1.0

Return Period Factor (Ry) 4 0.45 1.8 2.7
1000-year Return Period PGA Coefficient, C o,7000 © 0.29 (Ashburton)

Effective Magnitude (M ef) © 6.1 (500 — 2500 yr)

Unweighted Peak Horizontal Ground Acceleration (g) 0.1 0.4 0.6

™ Bridge Manual Table 2.1 DCLS Earthquake Action.

@ NZS 1170.5:2004.

©® Bridge Manual Section 6.2.2

®) NZS 1170.5:2004 Table 3.5 and Bridge Manual Table 5.1 (DCLS / 4 and 1.5- DCLS for SLS and CALS, respectively)
® Bridge Manual Section 6.2.2 Figure 6.1 (a).

® Bridge Manual Commentary Table C6.1 Ashburton.

(™ Bridge Manual Section 6.2.
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8 Preliminary Liguefaction Assessment

A simplified liquefaction assessment has been undertaken using SPT data from both borehole investigations and the
method set out by (Boulanger & Idriss, 2014), and (Zhang, Robertson, & Brachman, 2002). Ground water level has been
set at 2.0 m for the assessment, and outputs from the assessment are included in Appendix B.

The assessment concludes that liquefaction triggering is not anticipated under SLS seismic load conditions (SLS not
shown in graph for clarity), is marginal under the DCLS loading and is anticipated under CALS seismic load condition, as
shown in Figure 8-1 in isolated shallow strata. Soil strata lower than 4.0 m below ground level are not susceptible to
liquefaction during any design earthquake events.

Liquefaction Factor of Safety

Factor of Safety
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[=]

BH 01 Liquefaction
Factor of 3afety at CALS

BH 04 Liguefaction
Factor of Safety at CALS

BH 01 Liquefaction
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BH 04 Liguefaction
Factor of Safety at DCLS

Depth (m)
-
1=

12 - - =F0512

14
16
18

20
Figure 8-1 Liquefaction factor of safety for CALS and DCLS load combination cases

We note that:

e  Due to uncertainty/discrepancy of data below 15.0 m bgl, liquefaction assessments typically limit the reporting to
15.0 m bgl. It is considered rare for liquefaction to occur below 15.0 m bgl due to general inhomogeneous soil
profile.

e The simplified methods used here exclude any ground deformation induced by liquefaction manifestation (soil ejecta
and ground distortion on surface).

e This assessment is a free-field assessment, implying that no loads from the proposed infrastructure are considered
during assessment.

The Bridge Manual Section 6.3.3 stipulates that conducting shear wave velocity tests may be able to refine the liquefaction
assessment further in the detailed design. To be able to estimate liquefaction triggering assessment within the river where
access for drilling is difficult, we suggest conducting the shear wave velocity tests to build a ground profile along the
proposed bridge alignment and to refine the liquefaction assessment prior to the commencement of the detailed design.
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? Preliminary Embankment Design
9.1 Geometry and Earthworks Considerations

The proposed design of the pavement indicated that a fill embankment is required to construct the bridge approach and
abutment. A preliminary longitudinal section is shown in Figure 9.1-1 for the northern abutment of the main bridge. In final
design the abutment is likely to be moved closer to the stopbank and may in fact sit inside the stopbank to make best use
of the water way.

RL:92.444

Stoonbank

Fill Slope CH: 1816665
RL: 80,353
—— - __ .
Abutment location
DATUM RL 87,0 | ‘ |
DESIGN LEVEL g g g £ g g g g § 8 8 8 g 8
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Figure 9.1-1 Preliminary longitudinal section showing at northern abutment (Ashburton)

We propose of applying a slope ratio of 3 Horizontal (H) : 1 Vertical (V) to form a bridge approach. Generally, 3H:1V slope
achieves a stable slope in a long-term static condition and is acceptable for maintenance. We note that this is a generic
slope and can be refined at the detailed design stage. Often the river side slope of spill through abutments can be as steep
as 1:5H:1V.

For the simplicity of the assessment, we considered a set of stability checks along the bridge longitudinal orientation as
this is typically the worst case. Stability assessments of the bridge transverse orientation can be checked at the detailed
design stage and are considered unlikely to be critical. Only the northern approach to the main bridge has been
considered, with similar conclusions expected at the other approaches and connecting embankments.

The embankment will be constructed across two broad ground conditions, namely:
. Across existing farmland.
. Across forested sections of the Ashburton River bed.

The first condition has been investigated by a series of test pits along the alignment, which identified typically 300mm
topsoil overlying a silt layer up to approximately 2m thick. In these ground conditions preparation for filling is envisaged
to consist of stripping topsoil to expose the underlying silt. Some settlement in the silt can be expected under embankment
fill loads, however, given the silt is non saturated such settlement is expected to occur soon after construction such that it
can be accommodated within the construction timeframe of the project.

The second condition occurs between the two bridge spans. Due to access constraints no investigations have been
undertaken in this area, however, previous experience in similar river environments indicates that up to approximately 1m
of sandy silt (deposited during river floods) can be expected overlying sandy gravel. Much of the overlying silt will be
disturbed when trees and their roots are removed to facilitate construction and in effect this layer will need to be removed
prior to embankment construction. Based on previous experience an average stripping depth of 750mm would be a
reasonable allowance for preliminary design.

None of the stripped material from either section is anticipated to be suitable for use as embankment fill, although stripped
topsoil could be re-used on external embankment faces assuming there are no contamination issues. It is envisaged that
embankment fill would be sandy gravel sourced from nearby quarries that would also supply pavement layers.

Anecdotal evidence and observations indicate that springs could be encountered along the alignment. This is inferred to
be due to permeable lenses in the gravel layer being hydraulically connected to the river up gradient. In practical terms
addressing such springs will consists of localised excavation and replacement in any areas that the stripped surface is
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noticeably wet (and therefore soft) and the provision of subsoil drainage in the pavement layers discharging to the roadside
drainage system.

9.2  Embankment Stability

Stability of the proposed embankment profiles have been assessed for four design cases:

e  Static Case: Long-term static condition

e Seismic Case 1: Static soil conditions with DCLS and CALS events, representative of conditions early in an
earthquake (pseudo static assessment)

e  Seismic Case 2: Liquefied soil condition (shown in Table 6-1) with zero ground motions, representative of conditions
at the end of an earthquake (flow failure)

e Seismic Case 3: Liquefied condition with horizontal earthquake load to obtain a yield acceleration, representative of
conditions at starting of failure. These values were used to estimate lateral movement.

Stantec conducted stability modelling utilizing the commercially available SLOPE/W software package and a Morgenstern-
Price/specified block type analyses. Table 9.2-1 presents geotechnical factors of safety and embankment deformation
assessed for the design cases. Graphical outputs from the analysis package, showing the critical failure plane, are included
in Appendix C.

Table 9.2-1 Embankment stability for each design case

Static Case 2.2 -
o DCLS 0.9 0.40
Seismic Case 1 CALS o6 0l60
Seismic Case 2 — liquefied soil condition 22 -
Seismic Case 3 — yield acceleration 1.0 0.21

Seismic case 1 — pseudo-static condition

For seismic case 1 (both DCLS and CALS events), the model predicted factor of safety less than 1 and therefore based
on the requirements of the Bridge Manual (Waka Kotahi, 2018) further assessment of the potential for lateral spreading is
required. Based on the value of yield acceleration and anticipated movement it is unlikely that the Bridge Manual Criteria
would be met without some mitigation. From the bridge abutment toward land (where piled foundation is proposed),
replacement of the compacted gravel fill to the bottom of liquefied layer (typically 5.0 m below ground level) was modelled
and shown in Figure 9.2-1, with distances of 10 and 20m ftrialled.

|
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Figure 9.2-1 Mitigation models geometry

Seismic Case 2 — liquefied soil condition

For seismic case 2, this assessment represents the conditions at the end of an earthquake event, meaning no ground
acceleration applied under liquefied soil condition. This assessment utilizes a reduction in the strength properties of the
soil, typically SAND/Silty SAND/sandy SILT, due to liquefaction and has been quantified based on the methodology of
Olson and Stark (Olson & Stark, 2002), which are introduced in Section 6. The model predicted the proposed embankment
is stable (i.e, FOS>1) at the end of design seismic event (zero acceleration with reduced shear strength applied). This
preliminary model is not able to capture the degree of deformation, however based on the seismic case 2 assessment, no
major failure is anticipated at the end of the design seismic events.

Seismic Case 3 - yield acceleration

For seismic case 3, this assessment is to identify a triggering acceleration (yield) while shear strength is reduced by
liquefaction. This assessment enables predicting lateral ground movement using the published correlations.

To be able to increase the resilience of the proposed embankment, replacing the liquefiable layer with the compacted
gravel fill is implemented and the prediction is shown in Table 9.2-2.

Table 9.2-2 Embankment stability and yield acceleration (g) with mitigation options

Seismic Case 1 — 10 m DCLS 0.9

f 0.30
gravel fill replacement CALS 0.6
Seismic Case 1 —20 m DCLS 0.9 0.33
gravel fill replacement CALS 0.6 .

Table 9.2-2 shows that the treatments increase the yield acceleration and therefore reduce the estimated lateral
displacement. With respect to this model, we note:

e Adopting a ground model with continuous and homogeneous liquefiable soil layers is very conservative and is
unlikely in reality. Planned shear wave testing during detailed design will provide better information on the
continuity of potentially liquefiable soils.

e The assumption of a continuous liquefiable layer will result in predictions of seismic ground oscillation that,
based on further testing discussed above, are unlikely to be realistic.

e The resulting deformation assessment assumes that the soil is at residual liquefied strength throughout the
earthquake event, which is a very conservative assumption.

The ground deformation limit for soil structure supporting or containing bridge abutments under the DCLS load combination
is 256 mm (hazard factor, z < 0.3) per The Bridge Manual Table 6.1 (Waka Kotahi, 2018). Using Newmark’s Sliding Block
Analysis Methods 50" percentile displacement (Figure 9.2-2) shows the effect of applying the compacted gravel fill
responses to the seismic induced lateral ground deformation.
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Estimated Lateral Displacement at DCLS event
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Figure 9.2-2 Prediction of lateral ground movement under DCLS
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Less than 25 mm of lateral ground movement is expected with 10 m or 20 m compacted gravel fill replacement shown in
red circle in Figure 9.2-2, meeting the design requirement. As a conservative basis for the Preliminary Design a

treatment zone of 20m has been applied to each of the four bridge abutments. This may require rebuilding of a short

section of the existing stopbank.
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10 Preliminary Pile Foundation Capacity

The preliminary bridge design intends to transmit the induced load from the bridge to lower levels in the soil mass via a
piled or caisson style foundation structure. This piled foundation is considered a separated system to support the
abutments independently. For the piers a preliminary caisson we have adopted a 1.5 m diameter cylinder (comprising
reinforced concrete and steel liner), driven to 15 m below ground level. Two piles are intended per pier. A precast concrete
plug will be driven at the end of each pile to effectively create a driven pile (with higher capacity). Pile capacity will be
verified by construction stage drilling at each pier and based on energy formulae (such as the Hiley formula) and the
observed plug set during driving.

Based on the piled foundation geometry and interpretation of borehole information, a preliminary pile vertical capacity
assessment was conducted per the Bridge Manual Table 3.2 the load combinations and factors (Waka Kotahi, 2018) and
Acceptable Solutions and Verification Methods (B1/VM4) (Ministry of Business, Innovation & Employment, 2019). A
geotechnical strength reduction factor using the risk-based methodology for piled foundation was calculated per
AS2159:2009 Section 4.3 (Australian Standard, 2009). The calculation is attached in Appendix D and it can be seen that
the strength factor reduced pile capacity exceeds the load factor increased load per pile.

Table 10-1 Preliminary pile foundation assessment result

Factored vertical capacity per pile (kN)
Factored base resistance Factored shaft resistance

11600 10100 1600

* Demand load combination 1A (Waka Kotahi, 2018) : 1.35 x Dead Load + 2.25 x Traffic Load
* Strength reduction factor (Australian Standard, 2009) : 0.52

We note that the clearance between the abutment and the end of the end span main girders in the longitudinal orientation
shall be sufficient to accommodate (Waka Kotahi, 2018):

e 200% of the DCLS lateral ground movement estimation (section 9.2 in this report)
e 200% of the DCLS seismic movement of the superstructure (structure team to confirm in detailed design)
e 33% of the thermal movement (structure team to confirm in detailed design)

Where the bridge is supported by piles at the abutment, the piles shall be also protected from the displacement of the
embankment by providing an adequate space to accommodate either:

e The CALS seismic lateral displacement and 200% of the DCLS lateral ground movement estimation

e or bridge shall be designed to withstand the forced induced by a CALS event and by two sequential DCLS design
events.

The allowable displacement at the abutment and piled/caisson foundations will be further refined in the detailed design,
considering bullet points listed above and separation achieved using a casing of larger diameter than the piles within the
abutments.

Detailed assessment of lateral pile displacements has not been undertaken at this design stage as they are considered
unlikely to be critical given the available depth of embedment. The critical case for lateral pile capacity is likely to be
following river scour rather than seismic liquefaction, however, both cases can be checked during detailed design using
the general methodology set out in NZTA Research Report 553.
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11 Preliminary Road Design

The roads that connect the elevated embankment and bridge sections to the existing road network will be constructed
across existing farmland. The ground conditions have been investigated by a series of test pits along the alignment, which
identified typically 300mm topsoil overlying a silt layer up to approximately 2.0 m thick. The road formation is approximately
at existing grade and in these ground conditions preparation for pavement is envisaged to consist of minimum stripping
topsoil to expose the underlying silt. A subgrade CBR of 5 is an appropriate allowance for preliminary design of the
pavement.

None of the stripped material from is anticipated to be suitable for use as embankment fill, although the stripped topsoil
could be re-used on external embankment faces subject to any contamination issues.

Anecdotal evidence and observations indicate that springs could be encountered along the alignment. This is inferred to
be due to permeable lenses in the gravel layer being hydraulically connected to the river up gradient. In practical terms
addressing such springs will consists of localised excavation and replacement in any areas that the stripped surface is
noticeably wet (and therefore soft) and the provision of subsoil drainage in the pavement layers discharging to the roadside
drainage system to maintain control of moisture within the pavement.
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12 Geotechnical Risks and Construction
Considerations

This section presents the identification of construction and geotechnical risks considered relevant for the proposed works.

Table 12-1 Risks identified and their potential mitigations

Risk Identified Proposed Potential Mitigation

The required excavations for gravel replacement may
extend up to 4.0 to 5.0 m bgl. We expect that excavation
into this material is likely to result in unstable open
trenches at depths greater than 1 m bgl.

The groundwater information discussed in this report
indicates the static groundwater level is likely to be at 1.5
to 2.5 m bgl, i.e., the excavation will encounter
groundwater. Shallow groundwater levels combined with
the expected sandy-gravelly granular ground materials
can result in significant groundwater flows into trenches,
through the trench walls and/or base of pits.

No direct ground information on the in-river sections of the
proposed bridge alignment.

Underground utility lines may be presented and may clash
with the proposed design and/or construction.

Contaminated ground may be encountered impacting on
the potential re-use of excavated ground.

Groundwater encountered in localised springs along the
scheme alignment.

A form of shoring or battered slope will be required to
support the excavations. Alternatively, sheet piles or
trench boxes may also be suitable options. The Contractor
will be required to manage and provide the stability of the
trench during construction.

Higher pumping rates are likely to be required to establish
a long-term drawdown modelled in this estimate.

Installation of groundwater cut-off such as sheet piles may
be required. The design of the groundwater cut-off will be
provided by the Contractor, if required.

Dewatering of excavations and discharge of dewatering
will need managing by the Contractor.

We consider that the collated information is sufficient to
inform the ground conditions to a sufficient level for
preliminary design.

To be able to estimate liquefaction triggering assessment
within the river, we suggest conducting the shear wave
