
Design
Using the information gleaned from site investigations and modelling, the levee align-
ment was designed in 12D Model, with a geotechnical design developed for the levee 
embankment. Given space constraints (particularly around the rugby field), TDC were 
willing to accept a relaxed material specification and locally steepened batters up to 
1V:2H (approximately 26 degrees).

A GeoStudio SEEP/W transient drawdown analysis was conducted and this indicated
that the proposed design would remain stable provided fill met the specification.

Civil engineering design elements included a 1350 mm diameter throttling culvert which
was countersunk to provide  enhanced fish passage. Drainage from the land side of the 
levee was provided with new culverts fitted with flap gates to prevent flood water from 
reaching the land side of the levee. The design was accelerated at TDC’s request and is-
sued to the market for tender in late 2019.

Construction
Based on price/quality selection (with a 50/50 weighting) the Contract was awarded
to Rosco Contractors Ltd, a Reefton based contractor with mining and earthworks
experience. Commencement of works were delayed due to consenting issues, as well
as the 2020 COVID-19 lockdown. Initially, the Contractor demonstrated they could
meet the specification for the levee fill (image 1) but issues with screening of oversized
cobbles meant they resorted to using a crusher (image 2). This departure from the speci-
fication required further analysis by T+T, with additional SEEP/W modelling indicating 
that the alternative material was at increased risk of seepage and stability failure. 
Triaxial strength tests were recommended, but not carried out due to the high cost and 
limited availability of these in the required large cell size. Modeling showed that the fac-
tor of safety was reduced with this material, but could be maintained at an acceptable 
level of at least 1.3 in the critical case by implementing one the following remedial op-
tions:

• Installing a core trench of low permeability material
• Installing a fill buttress on the land side of the levee
• Installing additional low permeability material on the creek side of the levee
• Flattening downstream (land side) slopes to 1V to 3H

This final option was carried out, and TDC accepted the residual risk of a lower factor of
safety given the likely cost of the other remedial options.
The permeability of the constructed fill material was measured with barrel permeability
testing (image 4) and was shown to be at the upper limit of what could be expected for
the material based on theory, which is likely due to the large compactive effort that the
Contractor applied in constructing the levee (image 3).
Further delayed works were pushed into the winter season, and they weren’t finally
completed till January 2021. Major flooding in July 2021 resulted in the highest river
flows ever recorded in New Zealand in the Buller River, of which Neds Creek is a
tributary. Extensive flooding occurred across the Tasman District and the West
Coast. The completed works performed well at attenuating flood flows, and this was
acknowledged by the Murchison community.

Project lessons learned
This project demonstrated the full cycle of flood protection works from flood modelling
to investigations, design, construction and operation. During the project the following
learnings were noted of interest for the wider dam/levee design community.
• I nclude cost/benefit analysis in initial options assessment
• C onduct extensive investigations where site won material is proposed for levee fill

and provide all information to tenders
• F acilitate Contractor’s verification of design constructibility by including provisional

scheduled items for sampling and testing to verify materials and construction
methodology

• I n the event of significant deviation of fill materials from the specification, suspend
works till the performance of the alternative can be understood

• C ouncil may have different appetite to risk than the Consultant who has design
liability - Improved risk communication and shared understanding required

Protecting the Murchison community from flooding
Context
Neds Creek in Murchison (Tasman District) has insufficient capacity to convey flood flows,
and this results in flooding of the adjacent area even in relatively frequent (low average
recurrence interval (ARI) events. This flooding affects:

• Shops and restaurants
• Industrial businesses
• 14 private properties
• The Murchison recreation centre – ironically the small community's emergency

evacuation centre

Recognising the need to reduce regular flooding, Tasman District Council (TDC) allocated
$800k funding from their stormwater improvement fund to investigate, design and construct
a solution. Tonkin + Taylor (T+T) were engaged to better understand the flood hazard and
develop a solution.

Flood modelling
Building on a 1D-2D flexi-mesh hydraulic model historically developed by Stantec in
MIKEFlood software, T+T updated this model to look at a range of flood protection
options. A topographical site survey was used to capture channel cross sections for the 1D
channel model, with the latest LiDAR survey used to ensure the floodplain was accurately
represented. With a baseline model established, 5 separate options were considered
including combinations of the following:
• Earth fill levees
• Timber flood walls
• Increased channel capacity
• Additional channels
• Culvert upgrades
• Removal of flow restrictions (bridges and culverts)
• Large (6m3/s) pump station

It was decided to proceed with an option which combined a levee, flood wall, culvert
modifications, spillway and channel widening to reduce flood exposure for Hampden Street
properties.
On estimating the cost of this option it became clear that the allocated budget was
insufficient to cover the full scope of work. Options were then revisited in a collaborative
workshop with TDC and T+T, which yielded an alternative concept involving throttling
the flows of Neds Creek and making use of a large attenuation area to buffer these. Cost
estimates indicated this concept would be achievable within the available budget, so it was
carried forward to investigation stage.

Geotechnical investigations
To inform the geotechnical design of the 780m long levee with heights of up to 1.8m, a
number of site investigations were required. Eight test pits and 15 scala penetrometer tests
were undertaken to determine in-situ soil strength and to obtain samples of the in-situ
material for laboratory testing.
A key consideration for earthfill levee structures is a source of fill, which must have properties
suitable for withstanding the water pressures and seepage flows under flood conditions.
An extensive material search ensued to find a material with suitable properties for the
6,300m³ of fill required. This search involved discussions with local material suppliers, as
well as those from further afield. A suitable local source couldn’t be identified, with the ideal
material likely to incur significant transport costs due to a long haul distance of 100 km.
Further analysis and investigation of the material in the proposed attenuation area revealed
a layer of silt material of varying thickness which when blended with site gravels could meet
the required specification. Making use of this material would require careful excavation and
consistent blending with the screened gravel dominant layer below. Five further shallow test
pits were undertaken to better define the thickness of the silt rich soils in the borrow area
and confirm the silt material was available in sufficient quantity.
Foundation investigations revealed considerable variability along the length of the levee, with
differing permeability predicted, and an elevated risk of ground or surface water flow through
high permeability areas.

Image 1
Trial levee construction + testing

Image 2
Crusher

Image 3
Compaction of alternative material

Image 4
Levee fill permeability testing
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'The TDC recently finished flood protection 
work behind the rec centre and this was 
a big improvement with no flooding in the 
upper part of Hampden Street'.
-  Simon Blackmore, Murchison Community Council 
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