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SUBJECT: GORE - MATAURA RIVER WIDENING  FINAL DESIGN REPORT
1. EXECUTIVE SUMMARY

Flood modelling indicates that the railway bridge currently presents a key hydraulic pinch point (or
constriction) during high -flow flooding events which contributes to overtopping of the floodbanks
and widespread inundation through the  Gore township.

This project marks the beginning of a wider programme to enhance flood resilience and mitigation

along the Mataura River, with init ial efforts focussed around the railway and State Highway bridge
reaches where the need for improved conveyance is most immediate . This project has developed a
detailed design for widening the Mataura River channel both at and downstream of the railway and

State Highway bridges to increase flood capacity and reduce flood risk. Historic aerial imagery shows

that the river channe | has progressively narrowed since the early 20th century; restoring additional

width therefore represents a return to more natural conditions and improved hydraulic efficiency.

Detailed modelling of multiple widening scenarios identified a preferred design which we consider
to be the most effective and balanced option. This design provides:

T ~270 m3/s increase in flood capacity (approximately 13% greater than existing conditions).

9 Significant reduction in water levels at the bridges and through Gore, with no adverse
downstream impacts.

9 Targeted widening combined with a retained low -flow channel and benched high -flow areas
to maintain sediment transport, protect aquatic habitat, and create transitional habitat zones
that enhance ecological resilience.

Implementation will require excavation of approximately 23,500 m3 + 20% (upper limit ~28,200 m3)
of material. Ongoing monitoring and maintenance will be required to manage gravel deposition,
vegetation growth, and potential local scour.
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Key Recommendations

1. Adopt Design 5c as the preferred option for final consenting and channel widening works
documentation, recognising its proven hydraulic performance and ecological sensitivity.

2. Develop a detailed maintenance and monitoring plan, including regular post -flood
inspections, sediment and vegetation management, and periodic review of channel stability
and habitat outcomes (including a pre  -works assessment to use for comparative purposes)

3. Undertake site -specific assessment of erosion protection requirements around the bridge
piers and banks in conjunction with the asset owners (NZTA/Kiwirail), where increased
velocities may elevate scour risk.

4. Continue engagement with iwi, local stakeholders, and affected landowners to incorporate
cultural values, local priorities, and opportunities for environmental enhancement into the
implementation process.

5. Maintain ongoing monitoring of the true -left erosion embayment and adjacent floodbank to
assess whether further intervention or rock protection is required in future.

In summary, the proposed channel widening design provides a practical, resilient, and ecologically
r NArdgadW%N reA?2adeA At An r?2kr AAANGAAAT &END2 ONrterrgheeaitNy r RAe e
and function of the Mataura River system.

2. INTRODUCTION

In June 2024, Land River Sea Consulting released detailed flood modelling results for the Mataura

River, focusing on the Gore and Mataura areas. A key finding was the significant flood risk to Gore

township caused by the limited capacity of the railway bri dge during a 1% AEP (historic climate)
event. The modelling shows that in such an event, floodwaters would reach the underside of the

railway bridge, forcing water to back up. This backup then pushes water against the road bridge,

which also becomes overto pped, causing further obstruction. As a result, the floodbanks are
overtopped, leading to extensive flooding on both sides of the river throughout Gore.

Subsequent modelling has clearly demonstrated that for the current river alignment and
floodbanks , the cons triction of the  railway bridge s the primary reason that floodwaters back up ,
causing severe flooding within Gore for a 1%AEP event. The location of the railway bridges is
presented in Figure 2-land a plot showing the peak water level with and without the railway bridge

in the model is presented in Figure 2-2.
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Figure 2-1 Topo map showing road and railway bridge
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Figure 2-2 VImpact of removing the railway bridge  on peak water levels
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In September 2024, Land River Sea provided preliminary results assessing the effectiveness of
riverbank widening on reducing the flood risk for Gore. This report showed that widening the
Mataura River both at the Railway Bridge and downstream of the bridge will enable higher flows to

pass the bridges without overtopping. Further, it was shown that widening the river in the

downstream section alone (i.e., without w idening the banks at the railway bridge ) would provide
significant flow capacity benefits witho ut needing complex works to be carried out at the bridges
themselves, allowing more time for detailed investigations to be carried out here. These

investigations have since been advanced as part of the detailed design phase described in Section
3.3.

Environment Southland has now contracted Land River Sea Consulting to provide a detailed design
for an optimised  channel to increase flood capacity through the Gore bridges and, therefore, reduce
flood risk in Gore. This  report presents the detailed design and the design process adopted.

A previous report was published in  August 2025 which covered our proposed design for the reach
starting downstream of the bridges. This design has been peer reviewed by Professor lan Fuller from
Tonkin and Taylor, and recommended some tweaks to the design which we have now incorporated.

This report reproduces a significant portion of our original report , so that it can serve as a stand alone
design report and be interpreted by all affected parties.

2.1 Historic Channel Alignment

Historical aerial imagery has been downloaded from Retro Lens (Retrolens.co.nz) and georeferenced
to compare it with the historic river channel and the existing bed.

We have downloaded an image from each decade , with t he earliest imagery available from 193 8. A
selection of these from 1938 to 1984 is presented in Figure 2-3 below. Figure 2-4 presents polylines
of the active channel width from each of these images over the top of the latest aerial imagery

This imagery clearly shows that the river has progressively narrowed over time as exotic vegetation,
etc., has colonised the river channel.

The existing railbridge was constructed in 1925, indicating that at the time of construction, the river
had a significantly wider channel than the existing channel conditions.  Giving the river more space
would return it to its natural condition

The reduced capacity at the railbridge is likely caused by a progressive narrowing of the channel and
the raising of the  floodbank network following the 1978 and 1980 floods. This will have resulted in
floodwaters that have historically gone through the residential area now needing to pass under the
bridges.
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Figure 2-3 VComparison of historical aerial imagery in the vicinity of the Gore Bridges
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Figure 2-4 VHistoric Active Channel Widths overlain on current aerial imagery

Interestingly, downstream of this area, the river width appears to be relatively constant and
significantly narrower than that at the bridge, however has a relatively lower berm, indicating that
floodwaters can more easily spill out of the main channel and be distributed over the berms and
hence the lesser need for the river to maintain a wider channel. An illustration of the berm overflow

area is presented through a coloured hillshade visualisation of the LiDAR in Figure 2-5.
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Figure 2-5 VColoured Visualisation of the LIDAR showing lower berm with secondary overflow
channels on the true left side
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2.2

Scope

The scope of this project includes the following:

il

=A =4 =4 =4

To investigat e and design river widening works from upstream of the State Highway and
Railway bridge sin Gore ,to the confluence with the Waikaka Stream

To quantify the impacts of the widening  on both peak water level and velocity.

Generate design cross sections within the widening area.

Quantify volumes of material to be excavated

Provide commentary on the design

All modelling has been undertaken using the existing peer reviewed MIKE+ Mataura River model

1 .Gardner, M.Mataura RiveFloodModelling,October 2024.
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3. DESIGN PROCESS

The design process built upon the optioneering completed in August 2025, which focused on the
downstream reach of the Mataura River (Designs 2 V4).

Those earlier assessments established the hydraulic and geomorphic principles for the current

design and identified Design 4 as the most efficient and stable configuration. The present stage
extends that analysis through and upstream of the bridges, refini ng the alignment to improve
flood conveyance while preserving the low -flow channel and benched margins developed
previously, and incorporating feedback from the peer review described in Section 3.1.

A range of potential channel alignments w ere then modelled (Designs 2 to 4, with sub -options 4a V
4c). As the design was extended through the bridges, the final configuration was referred to as
Design 5.

Légen&h

Design 4
Design 3
Design 2

Figure 3-1VExample of base design alignments

The efficacy of each design alignment was assessed by comparing the water levels at the railway
bridge using the February 2020 calibration flow . Results showed that design 4 gave significantly
more capacity and was closer to the natural active channel width visible in the initial aerial imagery
from 1938. A comparison of peak w ater levels at the railway bridge is presented in Figure 3-2.
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Gore Railway Bridge - 2020 Flow - Peak Water Level Profile
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Figure 3-2 VComparison of peak water levels at the railway bridge for each design channel width

The preliminary  design process involved simply widening the main channel down to the existing
bed level in order to test the high -level sensitivity to channel width.

Current aerial imagery shows a significant erosion embayment on the true left bank of the river as

shown in Figure 3-3. It is considered possible that this embayment may continue to develop
downstream and therefore design alignment 4, considered remov ing a section of the land
downstream from this area (Figure 3-3, Figure 3-4). Following discussions with Professor lan Fuller

(T&T) however , it has been agreed to leave this area untouched due to the following reasons;

1 The erosion embayment has been relatively stable since around 2007

1  Widening the river on the true right is likely to reduce the pressure on this area

1 Removing this land will remove some natural protection from the existing floodbank and
therefore increase the risk to the asset

Whilst some work may be required in the future, it is not guaranteed. We therefore recommend
continued monitoring of this area , and only acting if necessary.
S
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s'%" Legend

Design 4 Channel Width

Land to be removed

Figure 3-3 VErosion embayment on true left bank Figure 3-4 VDesign 4 alignment with land to
(highlighted in red) be removed
3.1 Maintaining a low -flow channel / natural character

One potential risk identified in widening the channel is that the river may use the additional space
to deposit gravels. This could create a maintenance burden or reduce the intended benefits of

widening.

The proposed design for the Mataura River , therefore, adopts Design 4 as a starting point while
ensuring that key hydraulic and ecological functions are preserved. A defined low -flow channel has
been incorporated within the widened section to maintain sediment transport capacity and preserve

aquatic habitat during periods of reduced discharge. This feature is considered essential to sustain
sediment dynamics, channel stability, and ecological connectivity. Several iterations of low -flow

channel widening hav e been modelled, with Option 4c producing the most favourable hydraulic

results , however i n order to mitigate any potential adverse impact on the natural character of the
channel , and following the peer review completed by Tonkin and Taylor, the final design retains the
low -flow channel configuration consistent with the earlier Design 4 b (representing the existing
alignment at normal water levels), while widening the high -flow benches to improve flood
conveyance. This minimises the impact of the transport  capa city of the existing system within the
low -flow chan nel, which will have the highest general velocities during a typical event.

The widened channel has been benched approximately 300 mm above the typical water level to

support flood conveyance while avoiding permanent inundation of marginal areas . This benching
increases flood capacity during high flows while creating transitional habitat zones that enhance

ecological diversity. By setting the bench above normal water levels, the design reduces the risk of

excessive vegetation encroachment within the low -flow channel, ensuring its ongoing function in
sediment transport.

The proposed design maintains the existing low -flow channel, however incorporates a wider
benched high -flow channel to increase the flood capacity for out of channel flood events.

Overall, the design balances hydraulic efficiency with ecological considerations, creating a resilient
channel form that accommodates variable flow conditions while maintaining essential riverine
processes. An example of the proposed benching is shown in Figure 3-5.
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Figure 3-5 VExample cross -section comparing proposed benching ( Design 5c) with existing bed level
profile
3.2 Final Design Alignment
The final design extends up through the bridges and has been referred to as 5c (essentially our
third iteration of the design).
A coloured hillshade visualisation of the final preferred design channel is presented in and Figure
3-6 and Figure 3-7, with the white dashed lines highlighting the areas that are to be extracted.
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Figure 3-6 - Existing model DEM Figure 3-7 - Model DEM Design5 ¢

A comparison of the design active channel alignment with the 1938 imagery is presented in Figure
3-8 and Figure 3-9. It shows that the river on the true left has historically eroded much closer to the

existing infrastructure and is likely to continue to do so in the future. Giving the river more room on

the true right is likely to relieve pressure on this area and may reduce the likelihood for rock lining

to be required in the future.
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Legend

Final design alignment
(5¢)

Figure 3-8 VDesign alignment compared with Figure 3-9 VDesign alignment compared with
the 1938 imagery the 2022 imagery

Figure 3-8 and Figure 3-9 clearly show that historically the river was even wider, especially on the

true right, but also at the bridges itself, indicating there could be further potential for more widening

in the future. The imagery also indicates that the channel had migrated s ignificantly more on the
true left adjacent to the current erosion embayment, and may wish to take this land back in the

future, potentially threatening the existing floodbank. This will require close monitoring over time

3.3 Ongoing Maintenance Requirement

Although the proposed channel design has been developed to balance hydraulic efficiency with

ecological function, ongoing maintenance will be essential to ensure its long -term performance.
The widened channel and associated benching are expected to influen ce sediment transport and
deposition patterns, which may require periodic management to prevent excessive gravel

accumulation or localised aggradation that could compromise conveyance. Similarly, vegetation
establishment on the benches and within the low -flow channel will need to be monitored and,
where necessary, controlled to avoid encroachment that could restrict flows or reduce habitat

quality. Regular inspections following flood events are recommended to assess channel stability,
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sediment dynamics, and ecological condition, allowing for adaptive management interventions
where needed. This proactive approach to maintenance will help preserve both the hydraulic
capacity and ecological benefits of the design.

It is anticipated that ongoing gravel and vegetation management will occur under an adaptive
management framework, potentially secured through consent conditions. This could include
defined thresholds for maintenance actions and review triggers following s ignificant flood events.

3.4 Impact of bridges

As the modelling has shown that the maximum benefit occurs from widening downstream of the

bridges, only minimal works are proposed at the bridges themselves. A significant  volume is to be
removed immediately downstream from the railway bridge, however no material is to be removed

at the bridge cross section itself. No excavation is proposed at the railway bridge cross -section;
excavation is confined to the immediate downstream reach.

Only minor works at the State Highway bridge are also proposed. The extent of works at each of the
bridges is presented in Figure 3-10and Figure 3-11
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Figure 3-11- Design profile at the railway bridge  showing no works to occur at the bridge itself
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4. MODEL RESULTS

Figure 4-1compares the peak water level at the bridge site between the existing condition, the
original concept design, and the final design (5c). Results show a significant reduction in water level
at the bridge, with even greater reductions compared to the concept design from September 2024
as a result of the detailed design process

Gore Railway Bridge - 2020 Flow - Peak water level profile

Existing Original design Design 5c

73.00

Water surface elevation (m) [NZVD 2016]

72.95

72.90
0 20 40 60 80 100 120 140 160 180 200

Chainage (m)

Figure 4-1VPeak water level profile across the river at the bridge site (True left to true right)

Figure 4-2 and Figure 4-3 present depth and speed difference maps respectively using the flow from
the February 2020 flood event . The depth difference results show a significant reduction in flood
depth in the vicinity of the bridges with no adverse effects downstream.

Speed difference results show a slight increase in velocity within the main channel and a slight
reduction in the berms . Increases in speed may be sufficient to cause increased scour during a flood
event . Results also show a slight decrease in velocities in the location of the existing erosion
embayment indicating that erosive pressures may be reduced in the long term.
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Figure 4-3 - Design 5c speed difference (Feb 2020 flow)
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Figure 4-4 compares velocities and water levels for a 1% AEP event, within the main channel between
the existing and final design conditions at cross section XS3, located immediately upstream of the

railway bridge. Figure 4-5 presents a similar comparison further downstream along the design
alignment at cross -section 10 . Results downstream of the bridge indicate no significant change in
peak velocities during the 1% AEP event; however, there is a redistribution of flow across the wider
channel. Peak water levels also show a uniform decrease across the full channel width.

Results in the vicinity of the bridges show an increase in peak velocities within the main channel,
indicating a potential for additional bed scour. Peak velocities increase from 3.9 m/s to 4.3 m/s

increase of approximately 10%. While this may lead to g reater scour compared to existing conditions,
it could also have a beneficial effect by promoting sediment transport downstream of the bridges

<t

an

and helping to maintain a clearer navigation fairway.

A complete set of corresponding plots for the 50%, 10%, and 1% AEP events is provided in the
Appendices to enable a detailed assessment of the impacts.
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Cross Section 10
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4.1 Increased flow capacity

Analysis of the potential increase in flow capacity shows that as a result of the channel modifications
at the bridge , an additional 270 m®/s can be accommodated within the channel for the same flow.
Thisequatestoa 13% increase in flow capacity as a result of both bridge and lower channel widening.

This improvement provides a substantial reduction in flood risk within the Gore township and
demonstrates the effectiveness of the proposed widening strategy.

4.2 Earthworks Volume

Raw v olume calculations based on the 2022 LIDAR DEM,  showthat the design requires extraction of

23,530 m® of material . Please note that these volumes are the in -situ volume and no bulking factor

has been allowed fo r. Due to the fact that the latest survey data available is from 2022, we
recommend allowing for an additional 20% to these volumes in case conditions in the river have
changed since then . This brings the total to 28,220 m 3. Due to the dynamic nature of river systems,

it will not be possible to provide an exact volume until the day of extraction, due to the fact the river

bed changes every time there is a fresh, with some floods depositing material, and others removing
material from the area.

Volume estimates based on the 2022 DEM are  presented below in Figure 4-6 for each gravel island
and splitinto left and right bank in

Table 4-1 The dimensions for the extraction areas are summarised in Table 4-2 with a diagram
showing how the dimensions have been measured presented in Figure 4-7.
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Area 2

16,350 m?®

Figure 4-6: Extraction volume estimates for

Area 5
3,750 m 3

proposed design (5c)

Table 4-1- Extraction volume estimates for proposed design (5¢)

Location

True left bank (east side)
True right bank (West side)

Total

23

Extraction volume

(m 3 including 20%
margin of error)

8,220
20,000
28,220
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Table 4-2 VApproximate dimensions for ext raction areas

Max. Width (m) Notes / Comments

Approx.
Length
(m)

1 True Right 95

2 True Right 480

3 True Left 90

4 True Left 140

5 True left 275

Totals O nRnw

(TL)

9 Minor bench adjustment near SH bridge
53 Main widening reach below bridge section
10 Minor bench adjustment near SH bridge
30 Secondary bench widening downstream
24 Downstream taper to existing channel

O nn~J B L Overall widened channel extent

Figure 4-7 VExample ofd imension measurements for extraction areas
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4.3 Impact on design  floods

The preferred design channel has been run for a full range of design flows (50%, 20%, 10%, 5%, 1% and
1%RCP6 AEP) in order to fully understand the impact of the proposed channel widening on both

small and large flood events. The full set of results are presented in the form of depth difference as

well as speed difference maps in the Appendi ces with the 10%and 1% AEP results presented on the
following pagesin Figure 4-8to Figure 4-11

The 10% AEP results (Figure 4-8) indicate a significant decrease in peak water levels, accompanied

by localised changes in velocity . Flood velocities  (Figure 4-9) are generally decreased on the berms.
Results do show a decrease in peak velocity in excess of 0.5 m/s on the outside of the bend where

the current erosion embayment has formed. This is likely a result of removing the kink in the bank
alignment and may result in less erosion occurring in this location. Conversely, decreasing velocity
in smaller events may encourage more gravel to deposit in this area , requiring ongoing monitoring

and management.

The 1% AEP results (Figure 4-10to Figure 4-12 show a notable reduction in flood depths on the
floodplain, with flood levels reduced by more than 0.3 m in residential areas. This reduction is
expected to materially lower potential flood damages for affected properties.

It can be seenin the side by side peak depth comparison (Figure 4-12) that significant areas which
had flood depths greater than 0.5m are reduced to less than 0.5m as a result of the widening,
indicating that  this widening may be sufficient to prevent water from entering floor levels for some
properties, depending on the floor level.

Speed difference results ( Figure 4-1) show an increase in speed within the main channel in the order
of 0.5m/s and a slight increase at the bridges itself . Berm velocities are generally reduced.
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a) Existing channel b) Channel widening option 5¢c
Figure 4-12V1%AEP historic climate  depth map comparison with and without widening
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Additional Option

In addition to the  channel widening works proposed , we have also examined the effects of lowering
the true left berm near the railway bridge by approximately 0.5 m. Model results indicate that this

change is only about 1/3 as effect ive inreducing the peak  levels at the bridge ~ when compared to our
channel widening  design . The most significant reduction in water levels in this design occurs only

on the true left of the channel. Hydraulically, this is because most of the flow remains concentrated

within the  main channel, where velocities are highest. By widening the main channel, a greater
proportion of the flow can be conveyed at higher velocity, thereby increasing the overall conveyance

capacity.

The area that we trialled lowering by 0.5m is presented in Figure 4-13with a typical profile shown in
Figure 4-14.

Figure 4-13VLocation of trialled berm lowering
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Figure 4-14VExample of berm lowering through the bridges
Whilst the greatest benefit is obtained from channel widening, ¢ onsideration could be given in the

future to also lowering this section of berm should further improvements in capacity be desired.

5. CONCLUSIONS AND RECOMMENDATIONS

The detailed design assessment confirms that the primary driver of flood risk in Gore remains the
hydraulic constriction at the railway bridge, which creates significant backwater effects during a 1%

AEP event. Historical analysis shows that the Mataura Ri ver channel has progressively narrowed
since the early 20th century, resulting in substantially reduced conveyance compared with its

natural alignment. Restoring additional channel width therefore provides both hydraulic and
geomorphic benefits by more clo sely replicating historic conditions.

Hydraulic modelling of a range of widening scenarios confirms that the final Design 5¢ configuration

provides the most favourable balance between flood capacity, channel stability, and ecological
performance. The design incorporates targeted widening both at and downstream of the bridges,
maintaining the existing low -flow channel while introducing benched high -flow areas to enhance
flood conveyance. Compared to existing conditions, the design achieves an estimated 270 m3/s

increase in flow capacity, equival ent to approximately 13%, substantially lowering flood levels
through the Gore township. Modelling results show a uniform reduction in peak water levels,
particularly downstream of the bridges, with no adverse hydraulic impacts further downstream.
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Peak velocities increase locally within the main channel V from approximately 3.9 m/s to 4.3 m/s v

which may marginally elevate scour potential near the bridges. However, these higher velocities are

also expected to improve sediment transport efficiency, helpi ng to reduce downstream deposition

AADZ BAGQAANAQA A OANAacNaE RAJaERArs 9§t N DANflapfchaprel emstdesNAA e A
continuity of sediment processes, aquatic habitat, and ecological connectivity, while the benched

margins provide transitiona | habitat zones that support biodiversity and resilience.

The proposed works will require excavation of approximately 23,500 m3 + 20% (28,220 upper limit)  of
material. Due to the dynamic nature of the river system, actual extraction volumes should be

confirmed immediately prior to construction. Con tinued monitoring and adaptive maintenance will

be essential to manage gravel deposition, vegetation encroachment, and local scour in the years

following implementation.

Recommendations

6. Adopt Design 5c as the preferred option for final consenting and channel widening works
documentation, recognising its proven hydraulic performance and ecological sensitivity.

7. Develop a detailed maintenance and monitoring plan, including regular post -flood
inspections, sediment and vegetation management, and periodic review of channel stability
and habitat outcomes (including a pre works assessment to use for comparative purposes)

8. Undertake site -specific assessment of erosion protection requirements around the bridge
piers and banks in conjunction with the asset owners (NZTA/Kiwirail) where increased
velocities may elevate scour risk.

9. Continue engagement with iwi, local stakeholders, and affected landowners to incorporate
cultural values, local priorities, and opportunities for environmental enhancement into the
implementation process.

10. Maintain ongoing monitoring of the true -left erosion embayment and adjacent floodbank to
assess whether further intervention or rock protection is required in future.

In conclusion, the final channel widening design represents a robust and sustainable solution that

meaningfully reduces flood risk for Gore while enhancing the ecological integrity of the Mataura

River. With appropriate maintenance, monitoring, and stakeho Ider collaboration, the works will
deliver enduring flood protection, improved sediment dynamics, and measurable environmental co -
benefits for the river corridor.

Kind regards,

1/ /)

yay 'f]*"l‘}/“(;/'

Matthew Gardner (CMEngNZ, CPENQ)

Director, Land River Sea Consulting Ltd
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Design Cross -Section Plans
Design Cross -Section Plots
Depth Difference Maps
Speed Difference Maps

Peak water level / speed plots (1%, 10%, 2%)
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DESIGN CROSS-SECTION PLANS

Design cross section plot locations
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Design Alignment 5c
Depth Difference{m)
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PEAK WATER LEVEL /SPEED PLOTS V 1%AEP HISTORIC CLIMATE (100YR ARI)

Cross Section 1

Existing Profile Design Profile Design Peak WL (1%AEP)
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