GEOG309
Research for Resilient Environments and Communities

Impacts, Assessments and Recommendations for Stormwater
Drainage Management in Okains Bay

Thomas Costello, Harrison Cullen, Florence McKenzie,
Maya Thordarson & Abbey Webb

Supervisor: Sam Hampton

GEOG309
University of Canterbury
18" October 2024



Impacts, Assessments and Recommendations for Stormwater Drainage Management in Okains Bay

Contents

EXECULIVE SUMIMIAIY ...ttt e e e e e e et e e e et e e ea e e eaneeeanneas 3

ACKNOWIEAGMENTS ... e e e e e et e e e e e e e e e ean e eennns 4

o To [T o] o 1 P 5
STUAY BIreA ...evvieiiiiiieeieeeeeeeee ettt Error! Bookmark not defined.

(00 01 ()4 Error! Bookmark not defined.






Impacts, Assessments and Recommendations for Stormwater Drainage Management in Okains Bay



Impacts, Assessments and Recommendations for Stormwater Drainage Management in Okains Bay

waterways and the associated legislative requirements, regulations”. These
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Introduction

Okains Bay is a low-lying coastal valley located on New Zealand’s Banks Peninsula (Figure
1). Okains Bay consists of a complex estuarine environment and experiences flooding
associated with high levels of rainfall, which is exacerbated by an inadequate stormwater
drainage system. Significant inundation is expected following long periods of rainfall or
storm events, posing risks to the local community, infrastructure, and agricultural
production.

The community's residents have raised numerous concerns for years about the frequency
of flooding, causing inundation of properties and roads following prolonged periods of
rainfall, and the accumulation of sediment. Impacts have increased over the last few
decades, with local residents indicating maintenance of the valley floor drainage system
has not occurred for over 40 years. Prior to this, it was said that the local Drainage Board
was responsible for clearing sediment from the system.

Figure 1. Okains Bay (highlighted in red) location in relation to Christchurch and Banks Peninsula.
(Google Earth Pro, 2024).
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Drainage Background

White et al. (2017) suggest that stormwater networks in New Zealand are typically
designed to drain off low-intensity, frequent rainfall events, emphasi
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Site Characteristics

The landscape of Banks Peninsula is predominantly the eroded extinct shield volcanoes
from the Miocene-Pliocene period (Sewell et al., 1988). Individual lava flows have resulted
in the many steep-sided cliffs and spurs alongside deep valleys. The bays formed as
flooding occurred within the area alongside the influence of the rise in sea level. Okains
Bay valley floor consists of fine marine sands and is positioned between steep side walls of
basaltic composition (Stephenson & Shulmeister, 1999). A low dune environment extends
up the valley inland from the beach, with the Opara Stream entering from the northern end.
Over time, this has created a small estuary environment.

Okains Bay is a low-lying environment with limited infrastructure. There are houses, a
school, and a museum in the area. Okains Bay has a very limited drainage system, does
not have access to potable water, and has minimal utilities.
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GIS Analysis

Catchment Areas and Paleo Drainage Systems
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1999). 48 of these are beach berm and foredune complexes, while the remaining 10 are
transverse dune ridges. Dunes are high zones on the valley floor.

The valley floor at Okains Bay consists of a soil type classified as loam over sandy loam,
whereas the southern hillsides are primarily composed of silty loam identified (Figure 3).
This distinction in soil types has significant implications for drainage and water retention.
The loam over sandy loam on the valley floor is poorly drained, which leads to prolonged
water retention and an increased likelihood of flooding during heavy rainfall events. In
contrast, the silty loam on the southern hillside is lighter and of medium density, allowing
for more efficient drainage. As a result, runoff from the hillside is more rapid and directed
towards the valley floor, where drainage issues can become exacerbated.

Rainfall data collected from a NIWA station at Akaroa over the past year reveals several
significant rainfall events. 138.42 TmO g0 G[(.)] TJE TJE TJE TJE TJE TJE TJE TJE TJE TJE TJE TJE TJE TJE TJE TIE
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Figure 3. Soil type Map of Okains Bay from (Canterbury Maps. 2018) Environment Canterbury Soil Types. Landcare
Research NZ.

11



Impacts, Assessments and Recommendations for Stormwater Drainage Management in Okains Bay

Figure 4. Rainfall data from a NIWA monitoring station at nearby Akaroa (Environment Canterbury (ECAN. 2024).
Rainfall for Akaroa EWS (NIWA)).
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Figure 6. GIS analysis of current conditions of roadside and cross-valley drainage (<30 is good condition, >80 is poor
condition).
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unknown, but it is evident that a blockage is occurring, likely due to the overgrowth. This
part of the system is an excellent example of areas experiencing issues that likely could be
resolved with regular maintenance and upkeep.

Figure 7. Big Hill Road Pinch Point.
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Discussion

The underlying natural geology of the Okains Bay Valley floor was key in the original
drainage layout. This crucial to the alignment and maintenance of existing and new
drainage pathways. The system's current state is unmaintained, outdated, and ineffective
in removing water from the system. There is significant blockage and sediment infill
throughout the system. With some blockages causing considerable disruption throughout
the system (i.e., Closing off of Big Hill Rd culvert). Regarding rising sea levels, alterations in
the system are the key to addressing changing base levels and ensuring the drainage
system’s long-term effectiveness.

In each option considered in the following section, several implications need to be
considered:

x Cost

X Regional / National regulations

x  Community compliance/engagement

This study has not considered these due to complexity and scope limitations. Therefore,
these are potential solutions that can be considered at the discretion of the local
community and consultation with Koukourarata Rtinanga, CCC and ECan.

Sediment runoff

The Okains Bay area experiences levels of sediment runoff, which fills up existing drainage
systems and covers the existing environment, reducing the limited drainage infrastructure
in place. The steep terrain of Okains Bay influences higher erosion rates due to the
following variables: exposed soils to raindrops, vegetation removal, climate, size of
disturbance, slopes and soils (Draft Erosion and Sediment Control Field Guide for
Contractors, 2010). Due to Okains Bay frequently experiencing precipitation events
enables, concentrated high-energy flows of water to generate erosion, landslides and
washouts. Sediment buildup in the natural and engineered drainage systems contributes
to surface flooding.

Management of sediment sources is critical in reducing the sediment load introduced to
the drainage system. Table 1 provides a summary of potential measures to reduce
sediment runoff. Further assessment and tools to minimise sediment impacts are found at
https://esccanterbury.co.nz/start/.



https://esccanterbury.co.nz/start/
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Table 1. Suggested options to reduce sediment runoff in the Okains Bay area (Frantz, 2021
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Category Length (m) approx.
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Inflow
3m width .
R‘W R o
Figure 10. Traditional ditch design. Ditches allow for Figure 11. Swale design. Swales have a shallow,
fast and effective water diversion from the area curved shape, allowing for a wider width to be
through the simple design. Deep and steep, allowing covered at the top. Improving water infiltration into
water to flow directly through without interruptions. the soil and controlling water quality and sediment
However, it does not provide erosion control, runoff.

sediment reduction or pollution reduction.
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Option B: Adaption of cross valley drainage system

Adaption of the cross-valley drainage system introduces hard engineering options that enhance the existing maintained
drainage network (Table 7). Note, proposed engineering designs need to align with ECAN and CCC regulations for each

engineering solution.

' Options Purpose Description Specific locations Engineering
Designs
Sediment Implementing sediment traps  Sediment traps are small inline ponding basins that treat
traps on the upstream side of stormwater and runoff by allowing sediment particles to

culverts, allowing for efficient  settle out. Removing the sediment from the system
and free water flow and
sediment drop out.

Table 7. Proposals considered in Option B.
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Figure 12. Design for possible sediment trap solution. Cross section and
plan view.
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Figure 13. Detention pond design.
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Option C: The naturalization of the drainage system

Naturalisation looks to restore or reflect the natural systems within the connected estuary
waterway networks. This naturalisation is focussed where the current drainage systems
are limited constrained by the existing topography of the valley floor. The following are
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The proposal for this waterway (Figure 17) would be to retire the surrounding land either
side, with fence lines set from the waterway at a minimum distance (5 metres) from the
channel bank edge. GIS analysis identified that the 1.
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Harris Stream is the proposed name for the naturalisation of the valley drainage network
(Figure 17). It is named to recognise the significance of the Harris family in Okains Bay’s
history and acknowledge their property as being critical to this proposal. Within this study,
it has been recognised that this is an old waterway channel bypassed by the development
of the cross-valley drainage system. This proposal is to establish this as a natural
waterway that benefits the community, restores the mauri (life) to this system, reduces
sediment input into the estuary, creates indigenous habitat, and provides an adaption of
the storm water system for future events and climate change impacts.



Impacts, Assessments and Recommendations for Stormwater Drainage Management in Okains Bay

'y 10/Q/2n~4

W

Figure 17. Naturalization of the Harris Stream through planting, fencing and allowing ditch to
move into a stream.

34






Impacts, Assessments and Recommendations for Stormwater Drainage Management in Okains Bay

Figure 18. Opara Estuary Huanui Pathway with suggested basalt rip rap, culvert, gabion basket, reclamation, boardwalk,
pathway, raised existing and reclaimed road.
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Additional Local Usage of Excavated Sediment

When covered by geotextile excavated “loessic” sediment can provide an effective
compactable material to form engineered features. In addition to the engineered solutions
outlined in Tables 6, 7, 8, inundation bunds (also termed berms and stop-banks) could also
be constructed in areas at risk of inundation.

Localised inundation bunds are embankments constructed with excavated sediment from
the maintained drainage system. Using these locally sourced materials reduces costs as
dumping is not required. Compacted bunds can be covered with a geotextile and planted
to protect and minimise erosion.

Itis proposed that inundation bunds be used to protect assets or productive land from sea
level rise and flooding events. Two examples of inundation bunds placement to protect
low lying properties are indicated in Figure 20. Bund placement in these examples extend
the 1.5m contour height towards the estuary edge. Inundation bunds need to be located to
connect with surrounding topographic highs and account for incised drainage so to not
result in surface water collecting behind the embankment or resulting in the diversion of
surface water runoff.
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