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Waihao River floodplain management strategy

Executive summary
Background
The Waihao River has a catchment of 550 km2 and a long history of flooding onto the 25 km2
floodplain (Wains Crossing Road to the sea).
The largest flood since 1868 occurred in March 1986 and caused approximately $1M (2004)
in flood damage/losses. Potential flood damages/losses include those to crops, stock,
fences, farm buildings, houses, roads, railway and other infrastructure. Additionally
substantial damage is likely to occur to the Lower Waihao River Control Scheme in major
flood events. In 1986 damage to scheme works was approximately $0.5 M (2004).
The Lower Waihao River Control Scheme has the objective of containing the 50 year return
period (2% Annual Exceedance Probability) flood event. However potential lateral erosion to
the stopbanks could reduce the scheme capacity. River engineering works cannot therefore
be relied upon to mitigate all flood damages. Other measures such as landuse planning,
flood warning and community preparedness also need to be utilised.

The Strategy
The purpose of the Floodplain Management Strategy is to not only identify cost effective
structural measures, but through integrated land use management, to minimise existing and
future exposure to flood damages on the Waihao River Floodplain.
A range of floodplain mitigation measures has been evaluated on the basis of physical,
economic, social, and environmental criteria. The floodplain management measures for the
Waihao River Floodplain are shown in the schedule on the following page.
The Strategy is a non - statutory document that links the physical measures in the river
control scheme with the landuse measures identified in the Waimate District and Regional
Plans, as well as other measures such as floodwarning, community preparedness, and civil
defence.
(Note: The strategy addresses flooding from the Waihao River only and does not include the
peripheral floodplains of Waimate Creek and the Wainono Lagoon. However consideration
could be given to extending the strategy to these areas in the future following the appropriate
data acquisition and analysis).
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Measures and Implementation Schedule
Measure

Lead Agency

Provide flood protection works to achieve scheme objectives
Maintain existing stopbanks and erosion
Environment Canterbury
control works

Mechanism
Community Plan

Ensure the maintenance of the design (50 year return period - 975 m3/s) channel capacity
Gravel extraction
Environment Canterbury
Regional Plans
Manage the planting (including consideration
of native plant species where appropriate)
and/or clearance of vegetation to ensure
protection of stopbanks and the maintenance
of channel capacity.

Environment Canterbury

Community Plan

Monitor the effectiveness of flood protection and channel maintenance works
Continue the 10 yearly bed level monitoring
Environment Canterbury
Community Plan
programme and undertake additional surveys
as warranted by local concerns and/or
related to flood events.
Monitor flood events to assess the
Environment Canterbury
Community Plan
performance of the river channel during high
flows and map flood extent.
Provide for subdivision and land use management
Control of subdivision and development

Waimate District Council

Floor level controls for new buildings

Waimate District Council

District Plan (RMA)
Building Act controls
District Plan

Building line restrictions for new buildings

Waimate District Council

District Plan

Improve the standard of information about flood hazard on the Waihao & peripheral floodplains
Education, information and advice
Environment Canterbury &
Community Plan
Consider extension of the strategy to include
Waimate District Council
the peripheral floodplains to the north.
Ensure effective emergency management
Continued development of flood forecasting
system for improved flood warning.
Provision of adequate warning to
infrastructure managers.
Provision of adequate Civil Defence
procedures and exercises.
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1

Introduction

1.1 Waihao River floodplain
Like the majority of coastal Canterbury rivers, the Waihao River discharges from the eastern
foothills of the Southern Alps, spilling floodwaters onto the adjacent developed floodplain
(Refer Figure 1.1).
Historically most of the flooding has occurred in the lower 12 km of the Waihao River
floodplain. It is this area, downstream to the sea, where the river gradient flattens, that is
covered by the floodplain management strategy. The relatively flat topography and fertile
river flats has led to the occupation and agricultural development of the 25 km2 floodplain.
Despite a significant investment in "structural" measures, such as stopbanking and erosion
control works, there is a significant residual risk when these works are overwhelmed by
"greater than design events" and in some cases in floods smaller than the "design" event.
On the low-lying land, behind the beach crest, adjacent to the lower river, high sea
conditions may result in additional flooding or compound the river flooding.
The purpose of a floodplain management strategy is to not only identify cost effective
structural measures, but through integrated land use management, to minimise existing and
future exposure to flood damages on the floodplain.
The Strategy is a non statutory document that links the physical measures in the river control
scheme with the landuse measures identified in the Waimate District Plan, as well as other
measures such as floodwarning, community preparedness, and civil defence.
(Note: The strategy addresses flooding from the Waihao River only and does not include the
peripheral floodplains of Waimate Creek and the Wainono Lagoon to the north, however
consideration could be given to extending the strategy into these areas in the future).

Photo 1.1

Waihao River floodplain – Pauls Road

5

&)"

Telemetered
raingauge
Telemetered
water level
recorder
Catchment
boundary

(
X

(
X

Legend

(
X

(
X
&-

¯

(
X
&-

&-

-&

(
X

Scale: 1:300,000
Figure 1.1

(
X
Figure 1.1

Catchment Plan

Figure 1.1

Waihao River floodplain management strategy

6
Waihao Catchment

Waihao River floodplain management strategy

1.2 Flood hazard management
Flood hazard is the damage to people and/or property by floodwater that escapes from a
river, usually during a period of high flow.
Over the last 15 - 20 years there has been an increasing realisation worldwide that full
reliance on structural measures, such as stopbanks, to prevent flood damages is unrealistic
and not cost effective. Inevitably structural protection measures are overwhelmed by not
only greater than design flood events but also smaller floods due to erosion. Additionally
complete reliance on structural protection provides a false sense of security and encourages
further development on the floodplain. This increases the potential for flood damage.
The current approach to flood mitigation is floodplain management planning which provides
a comprehensive long term strategy for managing the flood hazard. It aims to achieve
sustainable development in flood prone areas without imposing unacceptable limitations or
costs on future generations.
Floodplain management planning therefore emphasises a balance between keeping people
away from floodwaters and floodwaters away from people.
The risk of a flood hazard is assessed on the basis of the frequency that any given flow is
likely to be carried by a river. Larger flows are likely to occur less frequently. This is known
as the Return Period or Annual Exceedance Probability (AEP).
The management of the flood hazard by keeping water away from people involves the
construction of flood protection works such as stopbanks. The maximum flow considered
likely to be able to pass safely to the sea without breaking out of the river is known as the
design capacity of that river.
The management of the flood hazard by keeping people away from water involves the
introduction of land use controls to limit the construction of buildings and other developments
on land considered likely to be inundated by flood waters.
The cost of floods can be calculated in terms of tangible and intangible damages. Tangible
damage is that to property and can be calculated in terms of the monetary cost of repair or
replacement or loss of productivity. Intangible costs are more difficult to quantify because
they refer to the loss of irreplaceable possessions and the trauma of experiencing a flood
event on individuals and communities. These affects are often underestimated by people,
who have not experienced flooding.
Assessment of risk is also an important aspect of managing flood hazard. A table indicating
the probability (i.e. risk) of certain size events occurring over different time periods is shown
in Appendix 1.
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2

Statutory obligations

Environment Canterbury and the Waimate District Council have statutory responsibilities to
manage the flood hazard on the Waihao River Floodplain. Environment Canterbury’s role is
to control the use of land to reduce flood damages, while the Waimate District Council’s role
includes controlling the effects of land use to reduce flood damages.
Legislation most relevant to floodplain management includes:
-

Resource Management Act 1991
Building Act 1991
Civil Defence Emergency Management Act 2002
Soil Conservation and Rivers Control Act 1941
Local Government Act 2002

2.1 Resource Management Act 1991
The Resource Management Act 1991, in particular, sets out the responsibilities for district
and regional councils in hazard management.
A regional council's function is to control the use of land to avoid or mitigate flooding (section
30), whereas a territorial authority is to control the effects of land use, development and
protection to avoid or mitigate flooding (section 31).
In implementing these functions Waimate District Council and Environment Canterbury have
a responsibility to promote the sustainable management of natural and physical resources.
The meaning of sustainable management includes, in section 5 of the Act, "managing the
use, development, and protection of natural and physical resources in a way, or at a rate,
which enables people and communities to provide for their health and safety ". Under
section 65 of the RMA the Councils can prepare plans dealing with the mitigation of natural
flooding and erosion hazard. Although this is not a statutory plan under the Resource
Management Act this strategy sets out to achieve a purpose consistent with the Act and
implemented through it.
The Canterbury Regional Policy Statement, Proposed Natural Resources Regional Plan,
and the Waimate District Plan (under the RMA) contain objectives, policies and rules with
respect to natural hazards. These are shown in Appendix 4.
The Waimate District Plan contains policies and objectives promoting the avoidance of
development in flood prone areas. Relevant sections are summarised in Appendix 4.
Where development does occur on floodplains the District Plan contains rules requiring new
dwellings to be constructed to a minimum floor level, based on the 500 year return period
(0.2 % AEP) flood event.

2.2 Building Act 1991
When exercising specific powers under the Building Act, territorial authorities must have
"due regard" to natural hazards, including the issuing of Project Information Memorandums
(PIMs) and the granting of building consents. Sections 34, 36, & 47 in particular provide
some opportunity to reduce the impact of flooding on buildings. Section 36 outlines the
conditions under which Building Consent can be granted or refused in areas subject to
erosion, avulsion, and inundation.
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2.3 Civil Defence Emergency Management Act 2002
This new Act promotes sustainable management of natural hazards and encourages and
enables communities to achieve acceptable levels of risk.

2.4 Soil Conservation and Rivers Control Act 1941
This Act sets out the operational responsibilities of a regional council including catchment
control functions and river control works. A number of factors should be considered when
making decisions on flood control works, including the degree of risk, the costs to be
incurred for the benefits gained, and the funds available.

2.5 Local Government Act 2002
The Local Government Act provides local authorities the "power" to construct flood mitigation
works and to provide for sustainable development.

Photo 2.1

Lower Waihao River and floodplain – March 1994 (note stopbank
overtopping)
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3

Background

3.1 Waihao Catchment
The Waihao River has a catchment area of 550 km2. Approximately 60% of the catchment
lies in steep tussock hill country (comprised mainly of greywacke and schist rock). The
headwaters of the main tributary (North Branch) rise to 1500 m on the Hunter Hills. Most of
the upper tributaries are gravel bearing. Gravel enters the lower river from the upstream
river bed and through bank erosion. The lower area of the catchment consists primarily of
limestone and sandstone on the downlands. Mean annual rainfall in the catchment is
approximately 1000 mm.
In the upper reaches above the gorge the river is well confined and the catchment is in good
condition. From the gorge to the SH1 bridge the river adopts the typical Canterbury braided
river characteristics. As the Waihao River nears the coast its gradient flattens significantly
and the channel regime changes to a deep, meandering silt bed river. Downstream of SH1
to the sea the river is generally bounded by low terraces, which can be overtopped in a
number of places where flood overflows continue to the coast.
The main floodplain, subject to flooding from the Waihao River, and the subject of this
strategy, is located between Wains Crossing Road and the sea (Refer Figure 3.1). Note: The
floodplain extent in this figure is based on the estimated 500 year return period (0.2% AEP)
event. The floodplain extent (representing surface inundation) has been derived from two
dimensional computer modelling using very detailed topographic data and calibrated from
very detailed surveys of historical flood events (1994 and 1986 in particular). However the
exact extent and depth of flooding is variable (particularly around the margins of the
floodplain) due to numerous factors including the location of the river overtopping,
obstructions on fences, shelter belts, irrigation works, roading, culvert blockages, and the
height of pasture and crops at the time of the flooding.
The northern extent of the floodplain merges with that of Waimate Creek and Wainono
Lagoon floodplains,however detailed topographic and flood level information is not available
in these areas at this stage. Consideration could be given to extending the strategy into
these areas in the future following detailed data acquisition and analysis.
The soils of the floodplain are suitable for intensive farming and are predominantly
Willowbridge silt loams and sandy loams. Land use on the floodplain includes approximately
50% in arable crops with the remainder being sheep, beef, and dairy farming.
There are approximately 40 farms and 150 inhabitants on the floodplain.
The Lower Waihao River and the Wainono Lagoon have been an important source of
mahinga kai (e.g eels) for Tangata Whenua. The marae of the Waihao runaka is located on
the southern edge of the lower floodplain. Additionally there is a "Fenton Reserve",
(approximately 2 km upstream of the sea) providing access to the adjacent river for food
gathering.
Infrastructure on the floodplain includes SH 1, the South Island Main Trunk Railway, and
associated bridges, and the Waimate airport.
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3.2 Flooding history
The most severe flooding results from long duration storms generally from a north easterly or
south easterly direction.
The first major flood since European settlement occurred in February 1868. An extract from
William Vance's book "Land of Promise - Waikakahi" describes a family's plight:
" Soon after coming (to New Zealand) they moved to the boundary-keeper's cottage on the
banks of the Waihao River, near the main road bridge. The big flood of 1868 brought 3 ft. of
water into the house. By means of a trapdoor, the family took refuge on the roof, and,
although then only three years old, Mr Finn remembered peering down from the attic at the
flood waters below."
Since then major floods have occurred in 1902, 1908, 1924, 1929, 1938, 1940, 1945, 1946,
1950, 1951, 1952, 1953, 1957, 1961, 1963, 1980, 1986, and 1994. Various reports from
those floods are quoted below:
1908 - from William Vance: "the flood came in time to damage many wheat crops.
Threshing mills were bogged down in the paddocks where they were working, and in some
cases the men were marooned.
Threshing mill workers on Alex Brown's farm at Morven had to be rescued by horse and
dray, and in places the water in the flooded paddocks lapped the floor of the dray."
1945 (February)-estimated flow 850 - 1000m3/s. from Murray Bruce: "At Maori Road and
Bryne's Road there was no access out. An airforce DC3 had to drop food to isolated
families. The approach to the SH 1 Bridge was washed out and the road was diverted. This
flood covered an area larger than those experienced in 1961 and 1986 due to the flood
breach at the coast further south towards the end of Ryan's Road. "
1961 (July) - estimated flow 700 - 800 m3/s; approximately 2000 acres (800 ha) inundated
including 40 farms; two railway bridges were damaged in addition to most other road bridges
in the catchment. McCulloughs Bridge was washed away. At least half a dozen families
were evacuated. A report from the South Canterbury Catchment Board (31/7/61) quoted:
"Heavy rainfall of 8 inches (200 mm) over the Upper Catchment. Spillovers between State
Highway and Railway bridge. These floodwaters crossed the road and flowed across Mr W.
Penno's paddocks to be ponded by railway and road and to flow into Sinclair's Creek. Down
to the railway line 4 houses and sheds had water under or around them. Below the railway
line vicious flows scoured across 4 small market garden units and flowed under and around
4 more houses doing serious damage to Messrs. A Woods, L & J Keen and R Tangey's land
where fast deep flows swept away fences and silted pastures. At Messrs R & D Lundy's
property these floodwaters were squeezed in and spread on to a low terrace then spread out
over a wide area extending on to the Maori Road. County roads over several miles were
impassable and many homesteads were cut off for several days. At fence lines where these
floodwaters channelised at gaps in gorse fences, some severe scouring of topsoil took
place. At Lundy's crossing, the river scoured deep holes in the river flats of E Bruce, G
Cruickshanks, G Woods and W Fletcher. Here a breached stopbank helped to spread deep
fast moving waters over some 100 acres (40 ha) of flat lands west of Bradshaw's Bridge. A
summary of flood damages and losses included: 2000 acres farmland flooded, 100 acres of
wheat, 135 sheep drowned, 30 acres potatoes, 5 acres carrots, 1 acre bulbs, 51 acres
topsoil eroded, 2000 bales hay lost, 8 houses flooded & numerous farm buildings, and 640
chains (13 km) of fences damaged or lost.
1986 (March)- estimated flow 1250 m3/s - the largest since 1868. Catchment rainfall was
approximately 200 mm over 10 hours. Peak overflow onto the southern floodplain was
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approximately 550 m3/s and the total area inundated was approximately 20 km2 (including
river bed). McCulloughs and Quamby bridges were swept away, 4 houses were flooded as
well as numerous farm buildings, 16 families were evacuated from the lower Waihao area,
Waimate airport was inundated, and numerous roads were closed. Damages and losses to
farms, including fencing, crops, and stock, were estimated at approximately $1M ($2004).
Approximately 70% of these damages occurred on the south side of the river.

Photo 3.1

Residents being evacuated from Horsnells Road – March 1986

1994 (March) - estimated flow 900 m3/s (approximately 50 year return period) resulting from
150 mm rainfall over 12 hours. Overtopping of banks occurred in several locations resulting
in inundation of approximately 14 km2 (including river bed). No houses were flooded, but
several farm buildings were inundated, and roads were closed.

Photo 3.2

Waihao River and floodplain – March 1994
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3.3 Lower Waihao River Control Scheme
Following the damaging floods of the 1940's, 1950's and particularly the 1961 event, fears
were held that if nothing was done the river would inevitably seek a new course to the sea
across the floodplain, and in so doing, devastate high producing land and endanger human
life.
Prior to the 1960's some piecemeal river protection works had been built. However these
lacked continuity and were often sited without regard to the river regime, with the
consequence that the river had been expected to follow practically impossible alignments.
Additionally by 1961 the river channel capacity had been substantially reduced due to
willows, broom, and shingle aggradation.
In 1968 the Lower Waihao River Control Scheme, comprising channel clearance, training
works and stopbanking, to contain the estimated 50 year return period (2% AEP) flood
event, was adopted with a 3:1 Government subsidy. The extent of the scheme is from SH1
to the sea where the flood threat was considered to be the greatest. Upstream of SH 1 the
channel capacity was greater and the flood threat to the floodplain lower.
Subsequent floods caused additional damage and original methods were modified.
The March 1986 flood event resulted in considerable overtopping and breaching of the
stopbanks. Of the total estimated 1250 m3/s flow it was estimated that only approximately
530 m3/s flowed within the banks at Bradshaws Road. Damage to training works was a
result of undermining due to the changed channel alignment. Total damage to stopbanks
and training works was approximately $0.5M ($2004). Repair works also included raising
the stopbanks at low points on bends in particular.
The improvements to the scheme following the 1986 flood reduced damages and overflows
in the 1994 flood event. While there was still stopbank overtopping and some breaching the
channel generally contained over 800 m3/s.

3.3.1

The scheme today

The scheme today includes 16 km of stopbanks and 16.5 km of tree planting for erosion
protection. The original scheme proposed to reach a stabilised width of 120 metres
following an initial cleared width of 85 metres. Currently the 120 metre width has been
achieved from the railway to Bradshaws Road. Once this width has been obtained
throughout the scheme the theoretical capacity will be up to the estimated 50 year return
period (2% AEP) event of approximately 975 m3/s. In reality, however, breaching of banks is
likely to occur during smaller floods because of lateral erosion.
The capital works of the scheme are now complete and have a present day value of
approximately $3 Million.
The current objective of the scheme is to contain a flood flow of approximately 975 m3/s and
to minimise erosion, flooding, and channel aggradation.
The average expenditure on maintenance since 1990 has been approximately $25,000 per
annum. A major part of annual maintenance is the control of vegetation within the channel,
which left unchecked would increase the risk of lateral erosion of the banks and flooding.
Channel widening to the design width of 120 metres is also part of the annual maintenance
program. Erosion control works to date have mainly comprised of willow planting, as these
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have been shown to be the most robust species particularly when subject to high flow
velocities.
Native plant species however are being trialled by Environment Canterbury in other rivers
and future consideration could be given to using these in appropriate locations in the Waihao
River in the future.
While the scheme is being maintained to try and achieve the objectives above, the level of
annual expenditure (0.8% of asset value) is relatively low in relation to the asset value of the
scheme works.However annual reports to the Rating District Liaison Committee on the
condition of the Waihao scheme do not identify any deferred maintenance and indicate the
scheme is generally in good condition. In a major flood, damages to scheme works, mainly
stopbanks and planting, are estimated to be in the range of $0.5 - $1 Million. The scheme
has very little in flood damage reserves to contribute towards future repair works and would
need to rely on borrowing and increased rating to repay the cost of flood damage repairs.
Potentially shingle aggradation could be a problem, but regular shingle extraction by
contractors, particularly in the lower reaches between SH1 and Lundy's Ford, has kept this
in check. Environment Canterbury records indicate approximately 7,000 m3 of shingle per
annum have been extracted on average since 1990. A comparison of the cross section
survey of the riverbed (Railway bridge - Bradshaws bridge) between 1987 and 2001
indicates little change in mean bed level and volumes over that period.
The yearly maintenance program is established by the Lower Waihao River Rating Liaison
Group (ECan and community representatives) and is funded from the rating district plus
some general rate contribution.

Photo 3.3

Willow anchoring for bank erosion control

In addition to the Lower Waihao River Control Scheme the floodplain encroaches onto
several smaller scheme areas and rating districts.
Sinclairs Creek Scheme on the southern floodplain adjacent to Maori Road comprises a
grassed channel and stopbanks, designed to contain 8.5 m3/s below Crowes Road.

15

Waihao River floodplain management strategy

Floodwaters from the Waihao River during major flood events may, however completely
overwhelm Sinclairs Creek.
Immediately to the north of the Waihao Floodplain area is Lower Waimate Creek. The Lower
Waimate Creek Scheme which discharges to Dead Arm consists of an open grassed
channel and stopbanks, and is designed to contain the estimated 10 year return period flow
of 42 m3/s.
Both the Waihao River and Waimate Creek discharge into Dead Arm and through the
Waihao Box to the sea. The Waihao Box is also the outlet for Wainono Lagoon via Dead
Arm. The maintenance of the Waihao Box and Dead Arm is carried out under the Wainono
Lagoon Drainage District. Repairs to the Waihao Box in, particular, are frequently required
following large coastal storms.
As for the Waihao River, maintenance of these small schemes is funded through the
benefitting rating district plus a general rate contribution. Similarly, the yearly maintenance
program is established by the Rating Liaison Group for each scheme.
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4

Waihao River floodplain issues

Floodplain damages are a result of the occupation and development of the floodplain.
The historical flood events, and in particular, the March 1986 event, have highlighted the
flood hazard risk to people and property on the Waihao River Floodplain.
The flooding results from large rainfall events, intensified by the orographic influence of the
ranges on the catchment boundary.
Storms from the north easterly or south easterly direction create the greatest orographic
effect and hence cause the most flooding.
High seas can also result in overtopping of the beach crest, flooding low-lying land behind.
Climate change is also predicted to result in increased rainfall intensity and sea level rise.
Specific issues relate to:

4.1 River control scheme
The main issues associated with the river control scheme are:
•

the difficulty in maintaining, (with the current funding) the desired channel capacity due
to willow debris and vegetation growth in the channel fairway;

•

the vulnerability of erosion control works to floods less than design capacity;

•

exposure to substantial damage ($0.5 M - $1 M) to stopbanks and erosion control works
in extreme flood events.

Photo 4.1

Stopbank overtopping – upstream Bradshaws Bridge – March 1994
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4.2 Floodplain damages
The capital value of assets on the Waihao River Floodplain is in the order of $20 Million.
Flooding on the floodplain results in potential damages/losses to crops, stock, fences, farm
buildings, houses, and infrastructure. Flooding can also occur around the Waihao Marae.
In addition there will be damage to the scheme works as discussed above.
The March 1986 event, the largest since 1868, which inundated approximately 20 km2 of
floodplain is indicative of the potential flood damage in an extreme event. Figure 4.2 shows
the estimated observed extent of flooding in this event and is derived from local
observations, photographs, and a very detailed flood survey. The current value of flood
damages for the 1986 event is equivalent to approximately $1 Million. Although the channel
capacity has been improved and some of the stopbanks have been raised since that event,
this figure still provides a good indication of likely damages in an extreme event. In addition
to these tangible costs are intangible damages such as social disruption and stress.
In larger flood events, breakouts upstream of SH 1, on the north side of the river, are likely to
follow former historic flood paths.

Photo 4.2
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Figure 4.2

March 1986 flood event
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4.2.1 Coastal flooding
Overtopping of the beach crest, flooding low-lying behind, occurs on average once every 3
to 5 years. The overtopping is due to a combination of very large swells and elevated sea
level (storm surge) associated with high tides.
Recent coastal flooding events occurred in April 2002 and July 2001, which, inundated
approximately 180 ha of crop and pasture, to the south of the Waihao River. This area is
within the Waihao River Floodplain as shown in Figure 3.1.
Coastal flooding results in significant damage to crop and pasture, and can effect soil
structure. Damage and loss of production is made worse by ponded water, impounded by
the beach and stopbanks, taking up to two weeks to drain away.
Tsunami will also result in overtopping of the barrier beach crest, inundating the low-lying
land behind. If the tsunami is the result of an earthquake in North or South America then
warning time will be 12 - 16 hours. Warning time from a near shore tsunami, however, as a
result of slumping on the edge of the continental shelf, will only be about 1 hour.
Photo 4.3

Overtopping beach barrier at Waihao River outlet – July 1999

4.2.2 Infrastructure damage
The main trunk railway and SH 1 cross the Waihao River and floodplain. Both are
susceptible to being closed and damaged, including the possibility of bridges being
damaged.
Numerous other roads on the floodplain are also likely to be damaged and closed for a day
or more. As a result of flooding and road closures, any evacuation of residents could be
more difficult, as well as being a hazard to those travelling on them.
Waimate Airport, upstream of SH 1, would also be inundated (0.5 - 1.0 m) during major
floods.
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Photo 4.4

Bradshaws Bridge – note logs demolishing rails – March 1986

Photo 4.5

Main Trunk Railway – March 1994

4.2.3 Future development
The existing rural zones within the floodplain provide potential for further subdivision and
development on the floodplain. Without adequate mitigation measures there is potential for
increased flood damages.
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5

Strategy measures

5.1 Purpose
The purpose of this strategy is to minimise flood damages through sustainable management
on the Waihao River Floodplain.

5.2 Principles
Guiding principles in selecting appropriate mitigation measures include:
•

development and redevelopment should minimise flood damages;

•

over time the number of existing buildings and assets subject to flood damage should be
reduced;

•

choices between floodplain management measures should favour those which are
physically, environmentally, socially, and economically acceptable;

•

acceptance of residual risk.

5.3 Evaluation of floodplain management measures
Flood mitigation measures can be broadly classified into three categories:
•

modifying the flood through, for example, structural measures such as detention dams,
stopbanks, and channel improvements;

•

modifying the flood damage / loss susceptibility through, for example, land use
measures such as zoning, floodproofing, minimum floor levels, flood warning, and
community preparedness;

•

modifying the flood damage / loss burden through, for example, insurance and disaster
relief.

Using the principles in 5.2 above, a range of mitigation measures has been evaluated under
the criteria of physical, economic, social, and environmental effects.
The evaluation of potential measures is set out in Appendix 2.

5.4 Floodplain management measures
The measures are summarised in Appendix 3 and discussed below:

5.4.1

Provide flood protection works by:

Maintenance of existing stopbanks and erosion control works to achieve scheme
objectives
This work in the Waihao River is aimed at containing the estimated 50 year return period
(2% AEP) flood event.
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5.4.2

Ensure the maintenance of appropriate channel capacity by:

Gravel extraction
To help maintain channel capacity, extraction by contractors has and should continue to be
encouraged in areas where there is some aggradation.
Managing the planting (including the consideration of native plant species where
appropriate) and/or clearance of vegetation
Ensures the channel fairway is kept clear and erosion control planting maintained.

5.4.3

Monitor the effectiveness of flood protection and channel maintenance
works by:

Continuing the bed level monitoring programme
The current 10 yearly riverbed cross section surveys are regarded as adequate, however, if
particular concerns regarding shingle aggradation occur then additional surveys can be
undertaken;
Monitoring flood events to assess the performance of the river channel during high
flows and mapping flood extent
Following the monitoring and analysis, corrective maintenance can be made to ensure the
scheme standard is maintained. Monitoring and mapping of flooding will help to provide
further information on the floodplain extent.

5.4.4

Provide for subdivision and land use management by:

Controlling subdivision and development
Includes controlling subdivision and new buildings in areas assessed as being "high flood
hazard risk", ie areas where a combination of potential depths and velocities is likely to
cause damage to structures and/or risk to life. The Waimate District Plan contains policies,
objectives, and rules relating to development in flood prone areas.
The Building Act also contains methods to identify and mitigate the flood hazard.
Floor level controls for new buildings
This ensures new buildings in lower risk areas are built to an appropriate level to minimise
flood damages. The Waimate District Plan contains floor level rules based on the 500 year
return period (0.2% AEP) flood event.
Building line restrictions for new buildings
Stopbank overtopping/failure can result in very high velocities and depths of floodwaters
near the bank. To avoid potentially high flood damages and threat to life an appropriate
building setback from the stopbank is required for new buildings. The Waimate District Plan
has development controls within 100 m of the stopbanks for new dwellings and new
buildings housing more than 6 animals on a permanent or seasonal basis. Consideration
can be given to build within the 100 m setback through the Resource Consent process,
which will include a specific site analysis of likely floodwater velocities and depths. This will
determine whether the proposal can proceed and in what form.

5.4.5

Improve the standard of information about the flood hazard on the
Waihao and peripheral floodplains by:

Education, information and advice
The Waihao River Control Scheme (downstream of SH 1) provides a reasonable level of
flood mitigation to floodplain residents, however there is still the threat of breakouts in floods
below the design event. Similarly upstream of SH 1 breakouts are likely to occur in extreme
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events. Consequently there is still a residual risk of flood damages on the floodplain.
Education is therefore very important in raising residents' awareness and for landowners to
be able to develop their property in recognition of the flood hazard risk.
Additionally education will enable residents to be adequately prepared for a flood event.
The above will be achieved through public meetings, regular information pamphlets, flood
hazard maps, adequate flood hazard information in PIMS and LIMS, and customer inquiries.
Consideration should also be given to extending the strategy to include the peripheral
floodplains (Waimate Creek & Wainono Lagoon) to the north following appropriate data
acquisition and analysis.

5.4.6

Ensure effective emergency management by:

Continued development of flood forecasting systems for improved flood warning
Currently flood forecasting is based on telemetered rainfall data in and adjacent to the
catchment, as well as telemetered river level at McCulloughs Bridge, 5 km upsteam of the
floodplain. This network of gauges is considered to adequately represent the Waihao
catchment for flood warning. It may, however, be possible to improve the accuracy of flood
warning by use of computer models for flood forecasting. Sufficient advanced warning
(several hours) can reduce risk to life, property, and stock. The local community can obtain
information regarding the flooding potential from Environment Canterbury's River and Flood
Infoline, the internet, and local radio stations. The current flood forecasting and flood
warning system, including protocols and communications, however, should be reviewed.
The review should include:
•
•
•

use of computer models for flood forecasting
communication with farmers
monitoring river and protection measures during flood events

Note: The Meteorological Service provides warnings of high seas, and landowners in the
low-lying areas behind the beach bank are advised accordingly.
Provision of adequate warning to infrastructure managers
Waimate District Council, Transit New Zealand, Tranzrail, and the Waimate Airport will be
advised of a potential flood emergency so contingency measures to deal with damage and
closures can be made.
Provision of adequate Civil Defence procedures and exercises
• community consultation
• identifying potential areas for evacuation and safe areas for evacuees
• developing procedures for post disaster recovery
• holding regular exercises of a simulated flood hazard emergency, including evacuation
and communication.
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6

Strategy implementation

The strategy measures identified in Section 5 are or will be implemented through
Environment Canterbury (eg Lower Waihao River Control Scheme, flood warning) and the
Waimate District Council (eg land use management).
The implementation schedule is shown in Appendix 3.

Photo 6.1

Telemetered raingauge for floodwarning
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7

Monitoring and review

The effectiveness of the Waihao River Floodplain Strategy will be reported via:
•
•
•

District Plan effectiveness monitoring
Flood damage reports and mapping of flood extent following significant events
Review of the Strategy 10 years from adoption

Photo 7.1
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8

Glossary

Afflux: Increase in flood depth on the upstream side of a structure, eg house or bridge due
to velocity of flow.
Aggradation: Deposition of shingle in river, raising the river bed level.
Annual exceedance probability (AEP): The chance of a flood of a given or larger size
occurring in any one year, usually expressed as a percentage. For example if a peak flood
discharge of 500m3/s has an AEP of 5%, it means there is a 5% chance (i.e. a chance of
one-in-twenty) of a peak flood discharge of 500m3/s or larger occurring in any one year. AEP
is the inverse of return period, expressed as a percentage.
Average annual damage (AAD): Depending on its size or severity, each flood will cause a
different amount of flood damage to a flood prone area. AAD is the average damage per
year that would occur from flooding over a very long period of time. In many years there
may be no flood damage, in some there may be minor damage, and in a few years, there will
be major flood damage (caused by large, rare events). Average annual damage provides a
basis for comparing the economic effectiveness of different management measures against
floods of all sizes, ie their ability to reduce the AAD.
Benefit Cost Ratio (BCR): The ratio of the benefits (eg saved flood damages in present
day $ value) and the cost of the work (eg stopbank). If the ratio exceeds 1 then the project is
economic. When it comes to choosing between several projects the one with the greatest
BCR is the most economic.
Catchment: The land area draining through the main stream and tributaries to a particular
site.
Discharge: The rate of flow of water measured in terms of volume per unit time, e.g cubic
metres per second.
Flood damage: The tangible and intangible costs of flooding. Tangible costs can be
quantified in monetary terms, eg damage to buildings, bridges, roads, river protection works,
& pasture, stock losses, loss of income, etc. Intangible damages represent the increased
levels of physical, emotional and psychological stress in flood affected people. This is not as
easy to quantify in monetary terms.
Floodplain: The area of relatively flat land which is inundated by floodwaters from the
upper catchment up to the probable maximum flood event.
Floor level: The top surface of the ground floor of a building (prior to the installation of any
covering) set at a level of at least 150 mm above the building platform, based on a 500 year
return period (0.2% AEP) flood event.
High flood risk: Areas where the product of the water depth (metres) and the velocity
(metres per second) equals or exceeds one, represent a high risk of damage. In such areas
there is also potential danger to life and/or significant structural damage to properties.
Low flood risk: Areas where the product of water depth (metres) times velocity (metres per
second) is less than 1.
Orographic rain: Rain resulting when moist air is forced to rise by hills/ranges.
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Probable maximum flood (PMF): The largest flood that could conceivably occur at a
particular location. Generally, it is not physically or economically possible to provide general
protection against this event. The PMF defines the extent of flood prone land, ie the
floodplain
Residual risk: The hazard a community is exposed to after floodplain management
measures have been put in place. For example, for stopbanked areas the residual risk is
the continuing flood hazard of stopbanks being overtopped and the associated
consequences.
Return Period: The average time period between floods, equivalent to or exceeding a
given magnitude. For example, a 100 year return period flood has a magnitude expected to
be equalled or exceeded on average of once every one hundred years. Such a flood has a
1% chance of being equalled or exceeded in any given year, ie 1% AEP. Often used
interchangeably with "recurrence interval" or "flood frequency".
Telemetered: The transmission of rainfall and river water levels by radio telephone to a
base office where they can be read and used for floodwarning, for example.
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Appendix 1 Flood risk probability
Flood Event

Estimated
flow at
McCullough’
sBridge
monitoring
site (m3/s)

Probability
of
flooding in any
one year

Probability
of
flooding in any
10 year period

Probability
of
flooding in any
30 year period

10 year (10%)

550

1 chance in 10

1 chance in 1.5

1 chance in 1

20 year (5%)

780

1 chance in 20

1 chance in 2.5

1 chance in 1.3

1 chance in 1

50 year (2%)

975

1 chance in 50

1 chance in 5

1 chance in 2

1 chance in 1.3

100 year (1%)

1150

1 chance in 100

1 chance in 10

1 chance in 4

1 chance in 2

200
(0.5%)

year

1300

1 chance in 200

1 chance in 20

1 chance in 7

1 chance in 3

1700

1 chance in 500

I chance in 50

1 chance in 17

1 chance in 8

500
(0.2%)

year

Probability
Return Period
(% AEP)

Probability
of
flooding in any
70 year period

For example, a resident living on a floodplain for 30 years has a 1 in 2 chance of
experiencing a 50 year return period flood (2% AEP) event during that time.
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Appendix 2: Evaluation of floodplain
management measures
Evaluative Categories
Measure

Physical

Economic

Include
Social

Environmental

In strategy

Neutral

Yes

Provide flood protection works to achieve scheme objectives (5.4.1)
Maintenance of existing
stopbanks and erosion
control works.

High
performance
High
maintenance
level

Low cost

Residual risk

High benefit/cost
ratio (BCR)

Immediate effect

Ensure the maintenance of the design (50 year return period – 975 m3/s) channel capacity (5.4.2)
Gravel extraction

High
performance

Low cost

Can damage
riverine habitat

Yes

High visual
amenity

Yes

High BCR
Requires careful
management
Essential for
river stability
(channel location
and channel
stability).

Manage the planting
(including consideration
of native plant species
where appropriate)
and/or clearance of
vegetation

High
performance

Moderate cost
High BCR

Increases
recreation
opportunities

Moderate
maintenance
level

Provides habitat
within planted
berm.

Monitor the effectiveness of flood protection and channel maintenance works (5.4.3)
Continue the bed level
monitoring programmes
including additional
surveys as warranted
by local concerns
and/or related flood
events, and for bridges
Monitor flood events to
assess the scheme
performance and and
map flood extent..

High
performance

Moderate cost
High BCR

Neutral

Neutral

Yes

High
performance

Moderate cost
High BCR

Neutral

Neutral

Yes

Neutral

Yes.

Neutral

Yes

Provide for subdivision and land use management (5.4.4)
Control of subdivision
and development.

High
performance

Opportunity cost to
landowners
Very effective in
reducing flood
damages.

Floor level controls for

30

Moderate

Moderate cost to

Potential
disadvantage to
existing
landowners.
Increases flood
hazard awareness.
Possible
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Evaluative Categories

Include

Measure

Physical

Economic

Social

new buildings.

performance

landowners
Moderate - high
BCR.

Raise/relocate existing
high risk dwellings.

Protection
limited to
specific flood
range
Moderate
performance

inconvenience to
occupiers.
Increases flood
hazard awareness.

High cost

Building line restrictions
for new buildings
i.e. setback from
stopbanks.

In strategy

Neutral

No - the cost of
raising or
relocating of at
least $30,000 40,000
per building is
not
economic.

Possible visual
intrusion for
individual property
owners
Prevents potential
loss of river
margins.

No

Low BCR.
Difficult for
houses on
concrete slab

Floodproof existing at
risk buildings

Inconvenience to
occupiers.

Environmental

Protection
limited to
specific flood
range.
Moderate
performance

Significant
inconvenience in
re-establishing
new property.

Moderate cost

Inconvenience to
property owners

Low BCR
High-moderate
performance

Opportunity cost to
landowners

Residual risk.
Residual
risk.

Yes

Improve the standard of information about flood hazard on the Waihao Floodplain (5.4.5)
Education, information
and advice.

Moderate
Performance
Moderate
maintenance
level

Moderate-low cost
High potential
BCR

Enables informed
decisions to be
made.

Neutral

Yes

Neutral

Yes

Neutral

Yes

Neutral

Yes

Increases
awareness and
preparedness.
Reduces social
impact of flooding

Ensure effective emergency management (5.4.6)
Continued development
of flood forecasting
system
for improved flood
warning for both river
and coastal flooding.

Provision of adequate
warning to
infrastructure managers

Provision of adequate
Civil Defence
evacuation procedures
and exercises.

Very high
performance

High-moderate
cost

High
maintenance
level

Very high BCR

Very high
performance

Low cost

Informs community

Moderate BCR

Reduces social
disruption

Reduces social
disruption
Provides time for
effective response

Low
maintenance
level
Very high
performance

Informs community

Low cost
Moderate BCR

Provides time for
effective response
Increases
awareness &
preparedness

Moderate
maintenance
level
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Appendix 3: Measures and
implementation
schedule
Measure

Lead Agency

Provide flood protection works to achieve scheme objectives (5.4.1)
Maintain existing stopbanks and erosion
Environment Canterbury
control works

Mechanism
Community Plan

Ensure the maintenance of the design (50 year return period – 975 m3/s) channel capacity (5.4.2)
Gravel extraction
Environment Canterbury
Regional Plans
Manage the planting (including consideration
of native plant species where appropriate)
and/or clearance of vegetation to ensure
protection of stopbanks and the maintenance
of channel capacity.

Environment Canterbury

Community Plan

Monitor the effectiveness of flood protection and channel maintenance works (5.4.3)
Continue the 10 yearly bed level monitoring
Environment Canterbury
Community Plan
programme and undertake additional surveys
as warranted by local concerns and/or
related to flood events.
Monitor flood events to assess the
Environment Canterbury
Community Plan
performance of the river channel during high
flows And map flood extent.
Provide for subdivision and land use management (5.4.4)
Control of subdivision and development

Waimate District Council

Floor level controls for new buildings

Waimate District Council

District Plan (RMA)
Building Act controls
District Plan

Building line restrictions for new buildings

Waimate District Council

District Plan

Improve the standard of information about flood hazard on the Waihao and peripheral floodplains
(5.4.5)
Education, information and advice
Environment Canterbury &
Community Plan
Consider extension of the strategy to include
Waimate District Council
the peripheral floodplains to the north
Ensure effective emergency management (5.4.6)
Continued development of flood forecasting
Environment Canterbury
system for improved flood warning.
Provision of adequate warning to
Environment Canterbury
infrastructure managers.
Provision of adequate Civil Defence
Waimate District Council
procedures and exercises.
Environment Canterbury
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Appendix 4 Statutory framework
1

The Canterbury Regional Policy Statement

The Canterbury Regional Policy Statement (RPS) prepared by Environment Canterbury, and
made operative in 1998:
•
•

provides an over view of the resource management issues of the region, and
sets out how natural and physical resources are to be managed in an integrated way
to promote sustainable management.

With respect to natural hazards the RPS focuses on the issues that arise from natural
occurrences, and the human occupation and the activities being undertaken in a locality. It
concludes (RPS p244):
‘If the two interact then the outcome, if any, may range from a nuisance to a
catastrophe.’
This outcome is identified as a cost to the community concerned, both in monetary and nonmonetary terms.
Canterbury Regional Policy Statement, Chapter 16, Objective 1 states (RPS p245):
‘Avoid or mitigate the actual or potential costs of loss or damage to life, property, or
other parts of the environment from natural hazards.’
Canterbury Regional Policy Statement, Chapter 16, Policy 1 states (RPS p245):
‘In managing natural hazards, highest priority should be given to the combination of
measures which delivers the greatest net benefit.’
The Explanation to this Policy states (RPS p245):
‘Priority treatment of natural hazards is a policy of dealing first with those that offer
the highest return on available investment. This is expressed in terms of protection
gained and cost incurred, a notion embodied in the term used above – greatest net
benefit. In the calculation of benefit, and of costs, both monetary and non-monetary
values are included. Non-monetary factors include effects on people, cultural
values, ecosystems, landscape and amenity. These values are taken into account
by comparing alternative options. Although it is not possible to place a precise dollar
value on any improvement in non-monetary benefit, methods are available for
gauging whether or not the additional non-monetary benefit exceeds any additional
monetary cost.’
The RPS specifies the methods used or to be used to manage natural hazards as (RPS
p246):
1.

(b)
(d)
(f)

Regional plans
Information provision
Advocacy, promotion and co-operation

2.

District/city councils in the preparation, variation, change, or review of
district plans, through the exercise of their functions should, where their
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responsibilities for natural hazards are stated in this Regional Policy
Statement, consider including provisions that:
(a)

give highest priority to managing those natural hazards where the greatest
net benefit can be delivered.

Other policies in the RPS with respect to the management of natural hazards include:
•
•
•
•

•

2

Individual consents based on the principle of avoidance (Chapter 16 Policy 3)
Employment of a precautionary approach and an appropriate mix of measures
(Chapter 16 Policy 4)
Beneficiary to pay in proportion to benefit (Chapter 16 Policy 5)
Promotion of disaster preparedness (Chapter 16 Policy 6)
Safeguarding the environment from adverse effects of natural hazard protection
measures (Chapter 16 Policy 7)

Proposed Natural Resources Regional Plan

Chapter 5: Water Quantity
Rules WQN 36 & 37
These rules relate to diversion of floodwaters on floodplain and the potential adverse effect.

Chapter 6: Beds & Margins of Lakes & Rivers
Policy BLR1 Activities within the margins should not increase
the potential for flood damage
Policy BLR1 is specific to the margins of beds of lakes and rivers and takes a non-regulatory
approach. Where there is a need for rules controlling land use to help with flood
management, this will be pursued with the appropriate district councils, unless for legal
reasons there is a need to include a rule in a regional plan or a district council does not
progress the rules required. Careful management of activities within the flood-prone margins
of lakes and rivers will assist in the avoidance or mitigation of the effects of flooding or
erosion on adjacent land.
Methods
The methods used or to be used to implement Policy BLR1 are:
Method BLR1(h) Floodplain Strategies
Environment Canterbury will advocate to and work with territorial local authorities and the
community for the development of flood plain management strategies. These strategies may
identify and/or comment on such aspects as gravel accumulation within the bed, or the
appropriateness of subdivision or land development within the margins of lakes or rivers that
are identified as at risk of significant flooding. Appropriate management may include design
requirements for buildings, zoning of at risk areas such as public reserves, and/or controlling
development.

3

Waimate District Plan

The main policies, objectives, and rules in relation to flood hazards are summarised below:
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“Section 3 : Definitions
Floor Height: means the top surface of the ground floor of a building (prior to installation of
any covering) set at a level of at least 150mm above flood waters with a 0.2% probability in
any year.
High Flood Risk: means areas where the product of the water depth (metres) times
velocity (metres per second) equals or exceeds 1 in areas subject to inundation during an
event of 0.2% Annual Exceedence Probability.
Section 4 : Rural Zone
Objective 7 – Natural Hazards
Avoid loss of life, and avoid or mitigate damage to assets and infrastructure, or disruption to
the community of the District, from natural hazards.
Reasons
• The Act requires the Council to have objectives and policies and controls on the actual or
potential effects of the use, development, or protection of land for the purpose of
mitigation of natural hazards.
• Avoidance of loss and damage to life and property is generally preferable to restoration
and compensation for loss where this is possible.
Policy 7A – Proximity to Waterways
To control the proximity of buildings to waterways and stopbanks and to control the location
and floor heights of habitable buildings and some animal housing which could be subject to
probable maximum flood, to limit potential loss of life and damage to property.
Explanation and Reasons
• As for Objective 7
• The adverse effects of flooding are most effectively mitigated by directing buildings away
from hazard areas or by requiring elevation of buildings.
Policy 7C – Natural Hazard Information
To maintain a high level of community awareness of the risk of natural hazards through the
provision of advise and information.
Section 4 : Rural Zone Rules
Flooding
i
Residential, Commercial, Recreational, Community and Visitor Accommodation
Buildings and Buildings for the housing of 6 or more animals on a permanent or
seasonal basis within Areas of Flooding Risk identified on the Flood Risk Maps that
are assessed to have a Low Flood Risk shall be a Controlled Activity in respect of:
a.
b.
ii

siting and potential for inundation, riverbank erosion, or coastal erosion,
floor heights.

There shall be no Residential, Commercial, Recreational, Community and Visitor
Accommodation Buildings and Buildings for the housing of 6 or more animals on a
permanent or seasonal basis within Areas of Flooding Risk identified on the Flood
Risk Maps that are assessed to have a High Flood Risk.
Note: - A person proposing a building as specified above in a flood risk area shall
obtain a flood risk assessment to establish whether the site is within an area with a
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Low Flood Risk or a High Flood Risk. This assessment shall be undertaken by a
suitably qualified person or body, i.e. Canterbury Regional Council.
Rural Zone Standards
Setback from Waterways, Stopbanks
All residential, commercial, recreational and visitor accommodation, community and
industrial buildings and buildings for the housing of 6 or more animals on a permanent or
seasonal basis shall (because of the high velocity of flood waters in these areas) be setback
a minimum of 100 metres from stopbanks on the following rivers identified on the Flood Risk
Plans.
-

Waihao River
Waimate Creek
Lower Waihao River
Dog Kennel Stream
Morven Drain
Ikawai beside SH82
Penticotico Stream at SH 82
Hakataramea River at SH 82
Waitaki River at SH 82

Section 10 – Subdivision and Development
Objective 6 – Avoidance of Natural Hazards
The avoidance of subdivision in localities where there are significant natural hazards, unless
these can be mitigated without significant adverse effects on the environment.
4

Discretionary Activities - Subdivision
b
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Any subdivision, which occurs within 100m of the line of permanent
vegetation along the coast, or within any area shown on the Planning Maps
as “Flood Area”, shall be a Discretionary Activity.”

