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Summary 
 

Background 
The Canterbury Regional Policy Statement requires ‘high hazard’ areas, based on 500 year average 
recurrence interval (ARI) flood events, to be identified and inappropriate development in these areas 
avoided. Although the Canterbury Regional Council (Environment Canterbury) and the Ashburton 
District Council have some information on the extent and magnitude of historic flood events in the 
Ashburton area, there is very little information on more extreme flood events such as a 500 year ARI 
event. This flood modelling investigation has, therefore, been undertaken to identify any ‘high hazard’ 
areas in the Ashburton and Tinwald urban areas due to 500 year ARI flows on the North and South 
Branch Ashburton Rivers.  
  
What we did 
Computational modelling was used to identify any ‘high hazard’ areas in the Ashburton and Tinwald 
urban areas caused by upstream breach flows from the North and South Branch Ashburton Rivers. 
Previous estimates of design flood flows and flood modelling studies were reviewed, and recently 
developed computational model results examined, to determine floodplain water depths and velocities 
for a 500 year ARI flood event. 
 
What we found 
The hydrology review produced a new ‘best estimate’ of the 500 year ARI flow for the North Branch 
Ashburton River, while the 500 year ARI flow derived in 1996 is still considered valid for the South 
Branch Ashburton River. These flows were used to simulate 500 year ARI breach flows onto the 
floodplain.  
 
Computational modelling demonstrated that there are currently no significant ‘high hazard’ areas 
within the Ashburton and Tinwald urban areas caused by breach flows from the North Branch and 
South Branch Ashburton Rivers – with the exception of obvious gullies, river channels and 
depressions, and land immediately adjacent to any stopbank breach. However, this could potentially 
change in the future due to climate change and/or river channel aggradation.  
 
What does this mean? 
Despite there currently being no significant areas of land in the Ashburton and Tinwald urban area 
identified as ‘high hazard’ due to river breach flows, the North Branch Ashburton River hydraulic 
modelling of breach flows does identify a ‘preferred’ flow path through the Ashburton urban area, 
should a stopbank breach occur between Jessops Bend and Rawles Crossing Road. There is also 
documented evidence of this area being susceptible to flooding from local rainfall runoff flood events. 
 
Based on this information, it is recommended that the ‘high hazard’ information produced in this study 
is used to ensure development in the identified river channels/gullies and natural depressions is 
avoided – as well as ensuring appropriate stopbank setback distances are considered. As only a 50 
year ARI local rainfall event is modelled in this study, it is also recommended that 200 year and 500 
year ARI local rainfall events are modelled to identify any other minimum floor level and ‘high hazard’ 
area information for local surface water runoff. 
  
1Ashburton River (Hakatere) is the official title. Throughout this report the shortened form of ‘Ashburton River’ will be 
used. 
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An aerial view looking west towards the Ashburton urban area. The North and South Branch 
Ashburton Rivers converge to form the Main Stem Ashburton River at the top left corner of the image. 
[Photo: Andrew Cooper, http://commons.wikimedia.org/wiki/User:Andrew_Cooper] 
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1 Introduction 
The Ashburton River is located approximately 85 km south-west of Christchurch with a catchment area 
of approximately 1529 km2 above State Highway 1. The Ashburton River catchment extends from the 
Canterbury foothills in the west to the coast (Figure 1-1).  
 
The worst flooding in the Ashburton catchment will usually occur when there are either: 
 

• North-easterly, easterly, south-easterly or southerly weather conditions - bringing heavy 
rainfall to the entire area between the coastal plains and the foothills in the upper catchment. 

 
• North-westerly winds - bringing heavy rainfall to the headwaters of the South Branch 

Ashburton River and, to a much lesser degree, the North Branch Ashburton River.  
 

 
Figure 1-1: Ashburton River and catchment location map 

 
Since European settlement in the 1850s, the largest floods in the Ashburton catchment occurred in 
February 1868, February 1945, April 1951 and August 1986. Considerable development on the 
floodplain means that, although river schemes are currently in place to mitigate flood damage, the 
potential for significant damage in a ‘larger than scheme size’ flood event is high. 
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In flood events up to a 200 year Average Recurrence Interval (ARI), the Ashburton and Tinwald urban 
areas rely on the protection provided by recently constructed stopbanks located along the North 
Branch, South Branch and Main Stem Ashburton Rivers. In the 500 year ARI flood event, previous 
studies have estimated peak North and South Branch Ashburton River flows to be greater than the 
maximum capacity of the river flood protection. It would therefore be reasonable to assume that, in 
such an event, stopbank breaches due to lateral erosion and/or overtopping of flood protection works 
could occur. This would cause areas of farmland, and the urban areas of Ashburton and Tinwald, to 
potentially be inundated.  Farming operations would be restricted and residential and commercial 
properties flooded. 
 
The Canterbury Regional Policy Statement requires ‘high hazard’ areas, based on 500 year average 
recurrence interval (ARI) flood events, to be identified to avoid inappropriate development. Although 
the Canterbury Regional Council (Environment Canterbury) and the Ashburton District Council have 
some information on the extent and magnitude of historic flood events in the Ashburton area, there is 
very little information on more extreme flood events such as a 500 year ARI event. .  
 
This investigation has been undertaken to: 
 

1. Review and update the 500 year ARI design flows for the North Branch and South Branch 
Ashburton Rivers. 

 
2. Use the revised 500 year ARI flows, and a combination of previous modelling studies and 

newly acquired model output, to identify ‘high hazard areas’ in the Ashburton and Tinwald 
urban areas due to upstream breach flows from the North Branch and South Branch 
Ashburton Rivers.  

 
This report also includes a brief summary of other available information relating to the Ashburton River 
floodplain, including information on the river flood protection scheme, historic flooding, and the 
Ashburton River (Hakatere) Flood Hazard Management Strategy. 
 
 

 
Figure 1-2: Ashburton River – view north-east from the south end of the Ashburton River SH1 

bridge after it was scoured out in the 15 January 1930 flood 
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2 Background 
The Ashburton River is a relatively complex river system with several large tributaries. Since European 
settlement this river system has flooded on several occasions which has resulted in the construction of 
river protection works. Various aspects of the river system, and river protection works, are summarised 
below. 

2.1 Ashburton River catchment 
The upper Ashburton River catchment is bounded to the north by the Rakaia River system, and to the 
south by the Rangitata River system. Compared to the Ashburton River system, both of these river 
systems have larger mountainous upper catchments.  
 
The plains area of the Ashburton River catchment is predominantly rural with large areas of 
pastureland used for grazing, cropping and dairying. The Ashburton urban centre, located 85 km 
south-west of Christchurch, is the largest urban area in the catchment with a 2014 population of 
approximately 19,500 (Statistics New Zealand). Smaller townships in the catchment include Mt 
Somers, and the relatively new residential development and aquatic park at Lake Hood. The Lake 
Clearwater and Hakatere holiday hut settlements are also in the catchment.   
 
Compared to the mainly mountainous upper North Branch catchment, the upper South Branch 
Ashburton River catchment contains significant volumes of glacial outwash material. This outwash 
material tends to produce significantly less rainfall runoff compared to the North Branch Ashburton 
River (Connell, 1990). The South Branch Ashburton River also includes two separate hill areas which 
tend to be affected predominantly by either north-westerly or easterly rain (Connell, 1990). This further 
reduces the comparative magnitude of South Branch Ashburton River flood flows generated by storm 
events.  

2.1.1 North Branch Ashburton River 
The North Branch Ashburton River has a catchment area of 380 km2. The headwaters of the river 
drain parts of the Palmer, Black Hill, Taylor, Mount Hutt and Old Man Ranges where the mountain 
peaks rise to around 2100 to 2300 m. Before flowing onto the Canterbury Plains, the river also drains 
the Pudding Hill Range and part of the Alford Range, where mountain peaks rise to between 1100 and 
1600 m. This predominantly steep (greater than 30°) and mountainous upper catchment consists 
mainly of indurated greywacke and argillite (Cuff, 1977). 

2.1.2 South Branch Ashburton River 
The South Branch Ashburton River has a catchment area of 909 km2, with the headwaters originating 
at the Ashburton Glacier. Below the glacier, the Big Hill and Wild Mans Brother Ranges drain into the 
main river system as it flows downstream as far as the Boundary Creek confluence approximately 19.5 
km downstream. This area of the catchment is predominantly greywacke and argillite (Cuff, 1977).  
 
A further 2-3 km downstream, the river opens on to a gently rolling basin formed by outwash gravels 
and recent glacial deposits (Cuff, 1977). This 17 km2 basin contains several lakes and tarns including 
Lakes Clearwater, Camp and Emma. Downstream of this basin the South Branch Ashburton River 
flows into the Ashburton Gorge and downstream for ~36 km until it reaches the Taylors Stream 
confluence. 
 
Taylors Stream and Bowyers Stream join together 1.4 km upstream of their confluence with the South 
Branch Ashburton River. The Taylors Stream catchment drains part of the Old Man, Mt Somers, Alford 
and Winterslow Ranges, which have similar catchment characteristics to the North Branch Ashburton 
River. The Bowyers Stream catchment is located further west – still partially draining the Winterslow 
Range. Most of the upper Bowyers Stream catchment in this area is bush clad foothills, including 
Alford Forest.   

2.1.3 Main Stem Ashburton River 
The North and South Branches of the Ashburton River converge to form the Main Stem Ashburton 
River 3 km upstream of SH1, and the urban centres of Ashburton (true left bank) and Tinwald (true 
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right bank). These urban centres are susceptible to flooding from the Ashburton River, along with 
several local creeks (i.e. Mill, Carters and Laghmor Creeks) that flow through the area (Connell, 1990). 
The Ashburton River system is described in Section 2.3 and the smaller water courses that cause 
nuisance flooding to the Ashburton and Tinwald urban areas are described in Sections 2.3.4 and 
2.3.5. 
 
Further information on the catchment geology and soils can be found in other publications including 
Walsh and Scarf (1980). 

2.2 Historic flooding 
Since European settlement in the 1850s, the larger flood events in the Ashburton catchment have 
occurred in February 1868, February 1945, April 1951 and August 1986. 
 
The flood event on 3 February 1868 is the largest recorded flood in European history. The Ashburton 
Borough recorded … ‘water sweeping all over Ashburton and doing extensive damage to the young 
town’ (Connell, 1990, p 60). During this event it was reported that: 
 

• The North Branch Ashburton River broke through at Digby’s Bridge. A large stream of water 
came down through Allenton, extending across from the Ashburton Saleyards/Showgrounds 
to Princes Street. A dray left standing near the Showgrounds was carried downstream to a big 
hollow behind Tuarangi Home. 
 

• Ashburton township was flooded by flood waters that followed an old gully just behind 
Coniston (that flowed through the township to the Domain Lakes), or came into the township 
from a point at the high school gates. The water that flowed down the gully, which now forms 
the Domain Lakes, covered the ground around the Post Office. (Note: the high school has 
relocated since this time). 

 
• Water extended from the shepherds huts on the Winchmore Estate to the Westerfield 

woolshed. 
 

• Flood water overflowed from the river nearly reaching Kermode Street. On the east side water 
overflowed to Miller’s corner and down Moore Street. Flood waters were nearly to the top of 
the terrace behind the police station at Mona Square.  

 
The highest flow in the last century was in April 1951, when flows in the Ashburton River at the SH1 
Bridge were estimated to be approximately 1100 m3/s. The bridge was closed to traffic as floodwaters 
cut off the bridge approaches and breached the stopbanks (causing some flooding in Tinwald). The 
North Branch Ashburton River flooded SH77, making it impassable, and Winchmore was flooded. 
Stopbanks were overtopped along the Blands Reach (i.e. area from near Oldfields Crossing 
downstream to Shearers Crossing, Figure 2-4), flooding farmland, and to the south, the golf course 
was flooded.   
 
A similar magnitude event occurred on 20-21 February 1945, when the stopbanks were breached, 
inundating surrounding farmland and blocking the main south road (SH1). During this event a total of 
249 mm of rain fell over two days at Winchmore (Walsh & Scarf, 1980). A 24-hour rainfall total of 
234 mm (354 mm over 2 days) was also recorded 10 km west of Hinds at Strathmore (Walsh & Scarf, 
1980).  
 
In 1965 a flow of 1135 m3/s was estimated at the SH1 Bridge (based on surface water velocities for 
water up to 7 feet deep), and on the North Branch Ashburton River a flow of 340 m3/s was recorded at 
Digby’s Bridge (Walsh & Scarf, 1980). This was considered the worst flood on the North Branch in 
around 20 years with the stopbank at Winchmore overtopped and 450 acres of land covered in flood 
water at Blands (Connell, 1991). The South Branch Ashburton River had an estimated peak flow of 
580 m3/s, breaking its banks at The Forks and Greenstreet, flooding crops.  
 
In 1978 flood waters overflowed at Blands, on the North Branch. On the South Branch floodwaters 
crossed Valetta Road around the flood peak (Connell, 1991).  
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For the South Branch Ashburton River, the August 1986 flood event was the largest since 1951. Scarf 
et al. (1987, p. 29) noted that the Ashburton River system ‘coped adequately’ during the 1986 flood 
event that had peak discharges approximately equivalent to average annual flows. It was also noted 
that Blands Reach, and downstream, would have been bank full if additional stopbanking along the 
North Branch Ashburton River had not been constructed in 1985. Without the existing flood protection 
works that were in place, significant flooding would have occurred. For this event, most damage to the 
in-stream bank protection works was caused by lateral erosion in areas that had less established bank 
protection (Scarf et al., 1987).  
 
A brief summary of significant historic flood events is given in Table 2-1, while a more comprehensive 
description of historic flooding is provided in Tonkin and Taylor (1998) and SCRCC (1957).  
 

Table 2-1: Summary of large flood events in the Ashburton River catchment [adapted from 
Tonkin and Taylor (1998) and Connell (1990)] 

Date Flow at SH1 Bridge 
(m3/s) 

Water level at SH1 
Bridge (m) 

24 hr rainfall at 
Ashburton (mm) 

2-4 February1868 ?   
6 July 1887 800   
7 August 1888 784   
6-8 May 1923 ? 93.12 115.8 
27 February 1924 723 94.44 29.2 
2-4 July 1925 500  26.2 
2 January 1927 431 94.03  
17-19 July 1929 650   
15-16 January 1930 550  35.6 
20-22 February 1936 490 93.88  
18-20 February 1945 995 94.39 143.2 
21 August 1950 482 93.87  
17-19 April 1951 1100   
18-24 July 1961 520 93.54  
13-16 July 1963 470 93.36  
30 Jan – 2 Feb 1965 850 

1135 (Walsh & Scarf, 1980) 
  

12-17 April 1978 540   
13 March 1986  
August 1986 

? 
? 

  

March 1994 ?   
13 March 2000 720   
26 May 2010 840   
18 April 2014 440   

 
Flooding within the Ashburton and Tinwald urban areas also occurs due to surface water runoff during 
local storm events (e.g. a flash flood in September 1978). During the 1978 event, significant flooding 
occurred in the Mill Creek area, as well as other areas which may be at risk of flooding by breach flows 
from the North Branch Ashburton River (Figure 2-1 to Figure 2-3).   
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Figure 2-1: Mill Creek upstream of Belt Road. View from rear of 81 Belt Road on 

16 September 1978 

 
Figure 2-2: Tuarangi Road looking north-west towards Bridge Street from outside 

14 Tuarangi Road on 16 September 1978 

 
Figure 2-3: View WNW to 26 Collins Street on 16 September 1978 
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2.3 Ashburton River system 
The Ashburton River system consists of a braided river with two main watercourses (North and South 
Branches) that join upstream of Ashburton and SH1. The Ashburton River system is confined to a 
relatively narrow floodplain, and is generally entrenched to a depth of 1 to 6 m between river banks 
(McPherson, 1997).  

2.3.1 North Branch Ashburton River 
Despite the South Branch Ashburton River having the considerably larger catchment area, flooding 
tends to occur more often on the North Branch Ashburton River. The upper North Branch Ashburton 
River also has a steeper gradient, compared to the upper South Branch Ashburton River, as far 
downstream as the Flemings Road area (Figure 2-4). This is largely due to the river system flowing 
more directly down the fan slope (McPherson, 1997). 
 
The main tributaries of the North Branch Ashburton River are Pudding Hill Stream and the Swift River. 
Within this upper North Branch Ashburton River reach there is also an abandoned river channel on the 
true right bank ~1 km upstream of the Rangitata Diversion Race (RDR) siphon (~6.5 km upstream of 
Flemings Road). This abandoned river channel is a potential avulsion path which has previously 
carried North Branch Ashburton River flows across Staveley Road and down to Annandale, where it 
has flowed into the South Branch Ashburton River (McPherson, 1997).      
 
Around Oldfields Crossing (~3 km downstream of Flemings Road) the river gradient decreases 
(McPherson, 1997). This more gentle river gradient, together with the narrow fairways along the 
Bland’s and Shearer’s reaches (i.e. from Oldfields Crossing to Aikens Road), have made this reach 
historically prone to aggradation and breakouts during flood events (Tonkin and Taylor, 1998). Flood 
protection works, which have reduced the fairway width by 45% between 1941 and 1994, are likely to 
have accelerated aggradation in this area (McPherson, 1997).  
 
Connell (1990) observed that any breach on the true left bank (TLB) at Blands Reach will be largely 
returned to the river system by terraces and the floodplain topography upstream of Jessops Bend. 
This is reinforced by McPherson (1997) who identifies a former riverbed running parallel to the north 
bank of the North Branch Ashburton River. Connell also noted (in a court evidence manuscript) that in 
1957 the river broke out and established a course to the north of the river for several kilometres. In 
March 1994 the North Ashburton River overflowed its banks, diverting flow into an old overflow 
channel in this area too (Tonkin and Taylor, 1998). Breaches in this area are therefore not likely to 
cause flooding at the Ashburton urban centre but may affect the Winchmore area. 
 
Breaches of the true right bank (TRB) of the North Branch Ashburton River can occur at various 
locations between Flemings Road/Springfield Road and the confluence with the South Branch 
Ashburton River (McPherson, 1997). The ground contours in this area tend to favour the flow of water 
over the terrace and into the South Branch Ashburton River, while some is returned to the North 
Branch Ashburton River (McPherson, 1997). In 1951 water flowed from the North Branch to the South 
Branch near Shearers Crossing (Connell, 2006).   
 
Downstream of Winchmore, the North Branch Ashburton River makes a relatively sharp turn and flows 
in a southerly direction. This reach of the river is referred to as Jessops Bend and is considered to be 
an area where a breach from the river is more likely. This is due to the relatively constricted fairway, 
height of stopbanks and presence of historic flow paths. Stopbanks approximately 2 m high were 
required in this area to provide a suitable level of protection for the Ashburton urban centre.  
 
Further downstream, Geomorphic Mapping (Figure 2-5) shows an area classified as ‘young flood 
imprints (weaker)’ beyond the true left bank of the North Branch Ashburton River in the vicinity of 
Rawles Crossing Road and Smythes Road. There is also a meandering ‘channel’ classified as ‘gullies 
and fans’.  
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Figure 2-4: Location map for North and South Branch Ashburton River 
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Figure 2-5: Geomorphic Map for the Ashburton River floodplain (McPherson, 1997) 
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This is likely to be the same historic overflow path described in an 1868 flood account as ‘an old gully 
which still exists just below Coniston and at the time continued through the township to the Domain 
Lakes’ (Connell, 1990, p 60). This flow path had been significantly modified by 1945 due to infilling 
‘from below on new Argyle Street’. Infilling to level the high school playing fields also blocked a flow 
path from a point at the high school gates through to the township (Connell, 1990).   

2.3.2 South Branch Ashburton River 
Upstream of Taylor Stream the South Branch Ashburton River floodplain is ~1 km wide and well-
contained along the northern or true left bank. The southern or true right bank is contained by 3 to 4 m 
high banks as far downstream as the Rangitata Diversion Race – after which the banks become less 
well-defined (McPherson, 1997). McPherson (1997, p20) noted ‘The only strong imprints of overbank 
flooding along the southwest bank extend from about Bentowen Farm (K36 853162) past Barrfield to 
the Valetta Road Bridge’ (Figure 2-4). 
 
Downstream of Taylors Stream, the South Branch Ashburton River has well-defined banks (which 
decrease in height from ~6 m to ~2 m), and an increasing floodplain width (increasing from 1 km to 
1.5 km wide), as the river approaches the Ashburton urban centre. The only other evidence of 
previous overbank outflows from the river was in the Westerfield terraces area (Boyle, 2012), shown in 
Figure 2-4. Minor breakouts are also identified in this area in recent computational modelling (van 
Kalken, 2008). 
 
Flooding on the South Ashburton River has historically been most frequent at Ashburton Forks and 
Valetta (Tonkin and Taylor, 1998), although flooding is also known to occur on various tributaries such 
as the Stour River and Bowyers and Taylors Streams (Tonkin and Taylor, 1998).  

2.3.3 Main Stem Ashburton River 
Bed levels along the Main Stem Ashburton River in the vicinity of the SH1 road and rail bridges 
degraded by approximately 1 m between the 1930s and 1980s, exacerbated by gravel extraction. 
Since this time bed levels have remained relatively stable in this area due to controls that have been 
adopted.  

2.3.4 Mill Creek 
Mill Creek (also shown as Wakanui Creek in the urban area on topographical maps) flows through the 
Ashburton urban area. To help prevent flooding from Mill Creek, a flood detention pond was installed 
in 1983/1984 to protect against a 20 year Average Recurrence Interval (ARI) flood event. Recent 
modelling work by Opus identified issues regarding the detention pond overflow level relative to 
upstream sump grate levels. 

2.3.5 Carters and Laghmor Creeks 
Carters and Laghmor Creeks flow through the Tinwald urban area, and are maintained by 
Environment Canterbury for flows up to a capacity of 1 m3/s.  
 
During storm events both creeks drain the rural catchment to the north of Tinwald as well as collecting 
local urban stormwater runoff (Boyle, 2012). Although urban expansion and infill are exacerbating 
flooding, the creeks generally only cause nuisance flooding. In particular, a filled in drain on a tributary 
of Carters Creek exacerbates flooding of George Street (Connell, 1990). Fortunately no houses were 
flooded during the August 2000 flood event, although both creeks were under extreme pressure and 
several bridges and culverts were washed out between Tinwald and Lake Hood (Boyle, 2012). 
 
Carters Creek is intercepted by three cut-off channels to the South Branch Ashburton River (i.e. 
Shepherds Bush, Timaru Track and Prendergasts); Laghmors Creek is also intercepted by the 
Shepherds Bush and Timaru Track cut-off channels (Boyle, 2012). Boyle (2012) identified that it may 
be possible to construct a fourth cut-off channel closer to Tinwald (to reduce flows further), though 
recent surveys indicate that this is not possible, although there is the possibility of capturing some 
flows and diverting them to the river, particularly in the vicinity of Hollands Road. Boyle (2012) also 
recommended that culverts, located along the creeks, should be replaced with culverts capable of 
passing design flows when they are upgraded.   
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2.3.6 Wakanui Creek (an abandoned river channel) 
This 1 km wide abandoned river channel can be traced from the southern limit of the Ashburton urban 
area downstream to the coast (McPherson, 1997). From the northern limit of the Ashburton urban 
centre it is thought to extend upstream – potentially a channel originating in the North Branch 
Ashburton River c. 6,500 years BP (McPherson, 1997). The original channel is not defined for the 
urban area because of development obscuring the historic flood imprints. However, the modelling 
carried out for this study has confirmed that this is a preferred flow path for breach flows from the 
North Branch Ashburton River. 

2.4 Ashburton River Flood Hazard Management Strategy 
Floodplain management planning for the Ashburton floodplain requires an integrated approach 
combining structural measures (e.g. flood protection works) and non-structural measures (e.g. land-
use zoning, building and development controls, flood warning and evacuation planning). To guide the 
policy and operational decisions of the Ashburton District Council and Environment Canterbury , the 
Ashburton River (Hakatere) Flood Hazard Management Strategy was prepared in 2012 (Boyle, 2012). 
The statutory obligations, with regards to the Resource Management Act (1991), the Canterbury 
Regional Policy Statement (RPS), and Ashburton District Plan are also summarised in this Strategy. 
 
The Strategy was developed in conjunction with the Community Advisory Group (CAG) which included 
Council representatives and members of the local community, including manufacturers and business 
people, farmers and growers, environmental and recreational groups, etc. The CAG conducted 
various flood hazard management investigations and made recommendations to the Canterbury 
Regional and Ashburton District Councils’ regarding feasibility, type, acceptability and implementation 
of damage reduction measures.  
 
The Strategy document provides an overview of the measures that are presently being undertaken by 
Environment Canterbury and/or the Ashburton District Council to manage the flood risks from the 
Ashburton River system. The main objectives are to: 
 

1. Provide flood protection works (i.e. 200 year ARI protection for Ashburton Town, Tinwald and 
the Lake Hood development and 50 year ARI protection for the rural floodplain). 
 

2. Ensure maintenance of appropriate channel capacity (for the Main Stem and North and South 
Branch Ashburton Rivers). 
 

3. Monitor the effectiveness of flood protection and channel maintenance works. 
 

4. Provide effective management for key infrastructure (e.g. bridges). 
 

5. Provide for subdivision and land management (e.g. raised floor levels or other constraints on 
subdivision and development in areas likely to be flooded.) 
 

6. Improve the standard of information about flood hazard in the Ashburton District (e.g. more 
general public information about flood hazard, ensuring residents in flood prone areas are 
informed of the flood risk and encouraged to take appropriate actions, etc.). 
 

7. Ensure effective emergency management (consistent with the Civil Defence Emergency 
Management Act 2002). 
 

8. Ensure effective implementation of the Ashburton District Flood Hazard Management 
Strategy. 

 
This Ashburton/Tinwald flood hazard investigation has been undertaken to identify ‘high hazard’ areas 
within the Ashburton and Tinwald urban areas.  Improved information regarding ‘high hazard’ areas 
will contribute towards the achievement of the objectives – particularly objectives 5 to 7.   
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2.5 Ashburton Rivers Control Scheme 
The Ashburton Rivers Control Scheme consists of 76.1 km of stopbanks ($20.6 m, Asset Valuation 
May 2014), erosion control works including tree planting and rock work ($48.3 m), and 17 culverts and 
floodgates ($0.45 m). Works are also undertaken to control vegetation and control gravel movement, 
which would otherwise reduce the capacity of the river channel. The capital value of land and buildings 
on the floodplain is $3,489 m (June 2014), according to the most recent Asset Management Plan.  

2.5.1 History 
The first river control works on the Ashburton River were constructed after the 1878 flood (Connell, 
1990). Channel clearing, construction of stopbanks and erosion control planting in the Lower 
Ashburton River started in 1937 to address problems caused by vegetation (willow, gorse and broom) 
in the river bed, flooding, bank erosion and channel aggradation. In 1938/9 further flood control works 
were completed to provide the Ashburton urban centre with 100 year flood protection (Connell, 1990).  
 
Despite maintenance work continuing in the 1950s, the issues of aggradation in the North Branch and 
channel capacity in the Winchmore area remained. By 1971, works on the South Branch, upstream of 
the Lower Ashburton Scheme and upstream of the Taylors Stream confluence, had also been 
constructed on a piecemeal basis by individual property owners.  
 
In 1975, a 20-year programme was funded for a catchment control scheme including soil conservation 
works. Unfortunately, all central governmental funding for the Upper Ashburton ceased in the 1990/91 
financial year and the Upper Ashburton ratepayers could not afford the ongoing maintenance. When 
the Ashburton Rivers Special Rating District was formed in 1995 (from an amalgamation of the former 
Upper and Lower Ashburton river districts), work in the former Upper Ashburton Rating District area 
continued but it was limited to maintaining a cleared fairway - the fairway edge and berm plantings 
were no longer maintained upstream of the Rangitata Diversion Race (North Branch) or upstream of 
the Taylors Stream confluence (South Branch).  
 
In 2010 the proportion of money available to be spent on the Upper Ashburton Rating District area 
was significantly higher than the average maintenance costs for the previous 4 years. It was therefore 
agreed to not only continue fairway maintenance but to rejuvenate fairway edge vegetation. In 2012, 
the Upper Ashburton rating district area also increased rates so works could include fairway 
clearance, limited channel alignment, tree layering, pole planting, and possibly limited erosion control 
(e.g. anchored tree protection).    

2.5.2 Recent work 
The 2012 Ashburton River (Hakatere) Flood Hazard Management Strategy recommended flood 
protection works for the Main Stem Ashburton River and its North and South branches be upgraded to 
provide 200 year Average Recurrence Interval (ARI) protection for the Ashburton urban area, Tinwald 
and the Lake Hood Development, and 50 year ARI protection for the rural floodplain. This has been 
achieved through: 
 

• Maintaining existing works. 
 

• Providing new stopbanks around the Ashburton urban area, the Lake Hood development and 
7 km inland from the Thompsons Track Bridge over the South Branch Ashburton River at 
Valetta to protect Tinwald. 
 

• Gravel extraction from the North Branch Ashburton River to restore capacity. 
 
Work that has recently been undertaken to upgrade the flood protection works is summarised below.  
 
1)  Ashburton (and Tinwald) urban area stopbanking 
Stopbanks on the North Branch Ashburton River, downstream of Jessops Bend, have been upgraded 
to contain a flow of 790 m3/s. From the North Branch and South Branch confluence downstream to 
Trevors Road, the stopbanks have also been upgraded to contain a flow of 1950 m3/s. For equity 
reasons the Greenstreet stopbanks were upgraded to the same standard.  
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Construction of the Trevors Road stopbank commenced in 2004 and all work was completed in 2010 – 
including additional stopbanks constructed to reduce the risk of flooding in Tinwald (by cutting off an 
overland flow path in the Valetta area) and at Lake Hood.      
 
2)  North Branch Ashburton River gravel removal 
Between 1982 and 1997 a significant reach of the North Branch had aggraded by an average of 
0.5 m. From 1997 to 2008 over 1 million m3 of gravel was extracted, restoring the bed level to close to 
the 1982 level. Ongoing extraction of around 60,000 m3/year of gravel will be required to maintain the 
flood capacity in the aggradation zone.  
 
Despite these upgrades, some residual risk of flooding during smaller design storm events will remain, 
due to stormwater ponding or unpredicted stopbank failure. 

2.5.3 Objectives 
The current Ashburton Rivers Control Scheme Asset Management Plan objects are: 
 

1. To prevent flood overflows from the Ashburton Rivers. 
• From the North Branch downstream of the Rangitata Diversion Race in floods up to a 

discharge of 550 m3/s and 790 m3/s downstream of Jessops Bend. 
• From the South Branch downstream of the confluence with Taylors Stream in floods 

up to a discharge of 850 m3/s. 
• From the Main Stem of the Ashburton River downstream of the confluence of the 

North and South Branches to Trevors Road (through the urban area) in floods up to a 
discharge of 1950 m3/s.  

• Downstream of Trevors Road in floods up to a discharge of 1350 m3/s. 
  

2. To maintain the river beds (fairways) clear of vegetation and obstructions (trees and 
brushweeds) which would have the effect of impeding or diverting flows. 
 

3. Maintenance of fairway edge erosion control works and berm planting to protect the stopbank 
system or to control or reduce flood overflows onto the floodplain downstream of the Rangitata 
Diversion Race and the Mayfield Valletta Road. 

2.6 Hydrology 
The rainfall and water level/flow recorders for the Ashburton River and catchment are summarised 
below. 

2.6.1 Rainfall 
Mean annual rainfall in the Ashburton catchment varies from ~650 mm at the coast to ~2000 mm in 
the headwaters of the Arrowsmith Range (Walsh & Scarf, 1980). Rainfall tends to be evenly 
distributed throughout the year with slightly less rainfall during the winter months when precipitation 
often falls as snow.  
 
The location of rainfall recorders is shown in Figure 2-6, with information relating to the recorders 
summarised in Table 2-2.  

Table 2-2:  Summary of rainfall statistics for the Ashburton River catchment 

Site Site 
Number River basin Elevation 

(m) Time period Mean annual 
rainfall (mm) 

Cookies Hut 314411 North Ashburton 1000 2000-2012 910 

Turtons Saddle 314412 North Ashburton 1140 1995-2012 890 

Boundary Creek 315010 South Ashburton 1120 2000-2012 1040 

Mt Hutt 315510 Pudding Hill Stm 1110 1992-2012 1640 

Mt Somers 316310 South Ashburton 807 1990-2013 980 
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Figure 2-6: Location map for Ashburton River water level and rainfall recorders 
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2.6.2 River flows 
There are several water level/flow recorders along the Ashburton River system. The location of these 
recorders is shown in Figure 2-6 with information relating to the recorders summarised in Table 2-3. 
Figure 2-7 shows the Ashburton River at SH1 during the August 1986 flood event. This is the location 
of one of the water level recorders (Site 68801).  
 

Table 2-3:  Summary of flow/rainfall statistics for the Ashburton River and tributaries 

Site Site 
Number 

Catchment 
area (km2) 

Record 
length 

Mean 
flow 

(m3/s) 

Maximum 
flow 

(m3/s) 

Mean 
annual 
rainfall 
(mm) 

Ashburton @ SH1 Bridge 68801 1529 1999-2013 20 840 - 

Sth Ashburton @ Mt Somers 68806 539 1968-2013 11 288 640 

Nth Ashburton @ Old Weir 68810 276 1982-2013 8.4 302 960 

Woolshed Ck @ Mt Somers 68817 29.8 1994-1997 0.7 51 670 

Taylors Stream @ SH72 68819 42.9 2005-2013 2.4 116 1920 

Pudding Hill Stm @ SH72 68820 38.9 2005-2010 1 # 1610 

Bowyers Stream @ SH72 68822 38.3 2005-2013 1.7 121 1640 

# Closed site. Reliability of data unknown. 
 
 
 

 
Figure 2-7: Ashburton River at SH1 bridge – looking downstream on 11 August 1986 around 

the peak of the flood 
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2.7    Climate change 
The impacts of future climate change on the Ashburton River catchment and floodplain are complex 
and, at present, not fully known. Some of the likely changes that are relevant to this flood modelling 
study include: 
 
Air temperature 
 
It is widely accepted that in the 100 years from 1990 (1980-1999) to 2090 (2080-2099) the mean 
annual air temperature in Canterbury is likely to increase by ~2ºC (Mullan et al., 2008).  
 
Rainfall 
 
In general, rainfall varies more significantly spatially and temporally than temperature. For the 
Canterbury region average annual rainfall is expected to increase in the west (i.e. in the alpine areas), 
by up to 10% between 1990 and 2090, while in the east and north it is expected to decrease by over 
5% in places during the same time period (Renwick et al., 2010). In the Ashburton River and floodplain 
areas the change in average annual rainfall is likely to be relatively small. 
 
However, rising air temperatures are also likely to produce an increase in the intensity of extreme 
rainfalls since warmer air contains ~ 8% more moisture for each 1ºC increase in temperature (Mullan 
et al., 2008). Mullan et al. (2008, Table 1, p 9) states with ‘moderate confidence’ that the magnitude of 
change in extreme rainfall in New Zealand is likely to be within the range of ‘no change through to 
halving of heavy rainfall return period by 2040; no change through to fourfold reduction in return period 
by 2090’ – with areas where average annual rainfall is predicted to increase being more susceptible to 
increases in rainfall intensity ((Mullan et al., 2008). For the Ashburton River catchment an increase in 
extreme rainfall intensity of 16% (in 100 years, 1990-2090) would be consistent with approximately 
doubling the frequency of the rainfall event. This means that by 2090 a 100 year flood event may 
become a 50 year flood event (or go from a 1% chance of occurring in any given year to a 2% 
chance).   
 
Sea level 
 
The Ashburton River is a relatively steep river and, as such, a 0.5 to 1 m increase in sea level is only 
likely to affect the river at the coastal margin. No impact on flood water levels in the Ashburton and 
Tinwald urban areas, nor in the North or South Branch Ashburton River, is anticipated as a result of 
sea level rise.  
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3 Methodology 
As outlined in Section 2, stopbanks protecting the Ashburton and Tinwald urban areas have been 
designed and built to contain floods up to and including a 200 year ARI flow. Additional flood 
protection works, in the form of vegetated berms and rock protection, have also been incorporated into 
the flood protection scheme to reduce the potential for lateral erosion of the stopbanks.  
 
However, more extreme flood events may overtop stopbanks and/or cause lateral erosion, releasing 
breach flows onto the floodplain. Given the highly dynamic and unpredictable nature of the braided 
Ashburton River system, there is also some residual risk of lateral erosion and stopbank failure for 
river flows less than the design capacity - as has occurred for other rivers in the region. 
 
To enable ‘high hazard’ areas in the Ashburton and Tinwald urban areas to be identified, the 500 year 
ARI design flows for the North and South Branch Ashburton Rivers were reviewed. The revised 500 
year ARI flows, previous modelling studies and existing models were then used to determine 
floodplain water depths and velocities in the Ashburton and Tinwald urban areas due to any upstream 
breach flows from the North and South Branch Ashburton Rivers. Water depths and velocities were 
then used to identify any ‘high hazard’ areas. The definition of ‘high hazard’ areas for this investigation 
is given in the Glossary.  

3.1 Potential ‘high hazard’ areas for the Ashburton urban area 
A stopbank breach along the true left bank of the North Branch Ashburton River, between Jessops 
Bend and the South Branch confluence, has the potential to cause increased levels of inundation in 
the Ashburton urban area. Within this reach, both the Jessops Bend and the Rawles Crossing Road 
areas have been identified in Section 2.3.1 as areas that are at higher risk of a breach of the flood 
protection works.  
 
To determine the likelihood of breach flows producing ‘high hazard’ areas, the 500 year ARI design 
flows for the North Branch Ashburton River have been revised (Section 3.1.1). An existing hydraulic 
model has been extended to generate breach flows (Section 3.1.2), which are modelled in Section 
3.1.3. Potential ‘high hazard’ areas are discussed in Section 3.1.4. 

3.1.1 North Branch Ashburton River flows 
As shown on Figure 2-6, the closest water level/flow recorder to the potential breach site at Jessops 
Bend is located on the North Branch Ashburton River at Old Weir (Site 68810). This site has a 
catchment area of 276 km2, but excludes Pudding Hill Stream (39 km2) and other local inflows which 
flow into the North Branch upstream of the potential breach locations.  
 
As the flow at the North Branch Ashburton River at Old Weir record does not include the Pudding Hill 
Stream flows, it is not possible to generate design flows for extreme and infrequent flood events, such 
as a 500 year ARI flood event, using only the existing water level/flow recorder information. Pearson et 
al. (2008) also note that, for the North Branch Ashburton River, the regional flood frequency estimates 
generated are inappropriate. This is because flood behaviour for the North Branch Ashburton River is 
partly influenced by north-westerly conditions in the Southern Alps, and the data derived in the report 
uses a group of catchments that are ‘essentially front country catchments’ (Pearson et al., 2008, p 12). 
As a result, Pearson et al. (2008) recommends using design peak flows derived by fitting an EV1 
distribution by the method of L-moments to the North Branch Ashburton River at Old Weir annual flood 
peak series. These design flows are summarised in Table 3-1. 

Table 3-1: Results of fitting the EV1 distribution by the method of L-moments to the North 
Branch Ashburton River at Old Weir (Site 68810) annual maximum flood peak 
[Source: Pearson et al. (2008)]  

Site Record length 
(years) 

 QT (m3/s) 
T (years) 50 100 200 500 
AEP 0.02 0.01 0.005 0.002 

68810 26  375 ± 46 422 ± 54 469 ± 62 531 ± 73 
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A comparison between the design flows in Table 3-1, and the earlier results from Pearson (1996), 
shows that the 2008 design flows are lower. For example Pearson (1996) has a 200 year ARI flow of 
556 ± 95 m3/s, while Pearson et al. (2008) has a 200 year ARI flow of 469 ± 62 m3/s.  
 
This can be partly explained by Figure 3-1 which shows that the current Old Weir annual flood series, 
using the latest ratings, produces significantly lower maximum annual flow data for 1993 and 1994 
compared to Pearson (1996). This is due to adjustments made to the ratings when the data were 
audited in 1996/97.  
 
The climate in New Zealand also varies naturally on a decadal time scale, with the 2001 to 2007 time 
period being particularly dry for many of the east coast of the South Island catchments (McKerchar et 
al., 2010). Figure 3-1 shows that between 1982 and 1997 all annual flood peaks are greater than 100 
m3/s, while the 1998 to 2014 time period has 11 years where annual floods are smaller than 100 m3/s. 
This shows that the earlier part of the flow record coincides with the 1978 to 1998 positive (wetter) 
phase of the Interdecadal Pacific Oscillation (IPO), while the more recent lower flows have occurred 
during a negative (drier) phase of the IPO. This drier period, with predominantly lower maximum 
annual peak flows, also contributes towards the reduction in design flow magnitudes. It is therefore 
likely that, since Pearson (1996) only used data collected during a positive (wetter) IPO phase, the 
Pearson (1996) design flows would be higher than Pearson et al. (2008) design flows, and long term 
average design flows.  
 

 
Figure 3-1: Comparison of North Ashburton at Old Weir (Site 68810) annual flood series used 

in Pearson (1996), Pearson et al. (2008) and the current record  

 
To extrapolate the Old Weir design flows downstream to the confluence with Pudding Hill Stream, 
Pearson et al. (2008) scaled the Old Weir design flows by the ratio of the estimated mean annual flood 
for both locations (i.e. QPudding Hill confluence/QOld Weir = 159/150). This gave 200 and 500 year ARI design 
flood flows of 497 m3/s and 563 m3/s, respectively, for the North Branch Ashburton River at the 
Pudding Hill stream confluence. 
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To determine the 500 year ARI flood peak for the Pudding Hill Stream catchment the regional flood 
frequency estimates (i.e. QT/Q values) were able to be applied since flood behaviour in this catchment 
is not dominated so much by north-westerly conditions in the southern Alps (i.e. it does not have the 
same catchment conditions as a portion of the North Branch Ashburton River does). The Pearson 
(1996) regional flood frequency estimates of QT/Q were used to generate the design flows for Pudding 
Hill Stream. These Pearson (1996) values of QT/Q were used, rather than the more recent Pearson et 
al. (2008) values, since the earlier 1996 values seem to be more consistent with the Griffiths et al. 
(2011) dimensionless flood frequency growth curves. It is likely that higher QT/Q ratios from Pearson 
et al. (2008) are due to the inclusion of the Waihi and Te Moana River data in the group analysis. The 
rationale behind using the earlier Pearson (1996) QT/Q values is described in more detail in Section 
3.2.1, where the South Ashburton River design flows are derived.  
 
The Pearson (1996) design flows for Pudding Hill Stream were updated using the more recent mean 
annual flood flow of 49 m3/s (Pearson et al., 2008). The design flows for Pudding Hill Stream are 
summarised in Table 3-2. This gives a 500 year ARI peak flood flow of 245 m3/s for Pudding Hill 
Stream. 
 

Table 3-2: Mean annual flood (Q) and regional flood frequency estimates (QT) for Pudding 
Hill Stream 

Mean annual flood, Q 
(m3/s) 

  
T (years) 50 100 200 500 
AEP 0.02 0.01 0.005 0.002 
QT/Q 2.68 3.26 3.93 5.00 

49  131 160 193 245 
 
To produce the 500 year ARI design peak flow at Jessops Bend, the Pudding Hill Stream and North 
Branch Ashburton River (upstream of the confluence) peak flows were added together at their 
confluence. This was based on the Pearson et al. (2008) assumption that flow peaks coincide.  
 
An additional mean annual flood flow of 20 m3/s was added to represent inflows from the sub-
catchment between the Pudding Hill confluence and Jessops Bend, and a mean annual flood flow of 
25 m3/s was subtracted to account for flood peak attenuation during routing along this reach to 
Jessops Bend (i.e. overall, there is a 5 m3/s  reduction in the mean annual flood flow along the river 
reach between the Pudding Hill stream confluence and Jessops Bend, Table 3-3) For the 500 year 
ARI flood event the peak flow over this reach is therefore reduced by 25 m3/s (Table 3-3).  
 

Table 3-3: Mean annual flood (Q) and regional flood frequency estimates (QT) to account for 
additional sub-catchment flow and flow attenuation between the Pudding Hill 
Stream confluence and Jessops Bend 

Mean annual flood, Q 
(m3/s) 

  
T (years) 50 100 200 500 
AEP 0.02 0.01 0.005 0.002 
QT/Q 2.68 3.26 3.93 5.00 

-5  -13 -16 -20 -25 
 
The 500 year ARI peak flood flow at Jessops Bend is, therefore, ~780 ± 150 m3/s (i.e. 563 m3/s + 
245 m3/s – 25 m3/s). This is approximately equivalent to the 790 m3/s design capacity of the Jessops 
Bend and Rawles Crossing Road stopbanks, which have been designed for what was previously 
determined to be a 200 year ARI flood. 
 
Despite the revised 500 year ARI flood peak being approximately equivalent to the design flow 
capacity of the Jessops Bend and Rawles Crossing Road stopbanks, it has been assumed that a 
breach is still likely to occur at Jessops Bend or Rawles Crossing Road during a 500 year ARI flood 
event – rather than the full flow being contained. This is because: 
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• There is considerable uncertainty associated with our best estimate of the 500 year ARI flow 
of ~780 ± 150 m3/s (i.e. the flood peak could be potentially as low as 630 m3/s but could also 
be as high as 930 m3/s). 
 

• The peak flow does not take into consideration future climate change impacts which are likely 
to include increases in rainfall intensity. For example, in the next 100 years extreme rainfall 
intensity could increase by ~16%. A 16% increase in rainfall could potentially increase peak 
river flows by a similar amount (i.e. a peak flow of 780 m3/s may increase to ~905 m3/s). 

 
It is also widely accepted that stopbank breaches are unpredictable and can occur at flows less than 
the design capacity of the river protection works. 
 
The Jessops Bend and Rawles Crossing Road breach flows (i.e. flows onto the floodplain) have 
therefore been produced using two North Branch Ashburton River peak flows in the model. A peak 
flow of 780 m3/s has been assumed, for identifying existing ‘high hazard’ areas, and a peak flow of 930 
m3/s has been modelled as a sensitivity test, to determine the impact of climate change (and/or other 
uncertainties).   
 
Given that the North Branch Ashburton River peak flows are similar to, or greater than, the design 
capacity of the river protection works, it is assumed that stopbank breaches could occur due to either 
overtopping or lateral erosion. The derivation of the breach flow time series is outlined in Section 
3.1.2. 

3.1.2 Derivation of breach flows from the North Branch Ashburton River 
Breach flows (also known as stopbank breaches or breakouts) are difficult to predict due to the 
complex interaction between hydraulic (water), geotechnical (soil) and structural processes (Morris et 
al., 2009). As a result, the prediction of breach flows and hydrographs are challenging, and include 
considerable uncertainty due to the choice of assumptions made to define the various breach growth 
parameters and conditions (Morris et al., 2009).  
 
In Canterbury most river stopbank failures are likely to be due to either overtopping, high lateral flow 
velocities or large water level differences across the stopbank. Channel bends are particularly 
vulnerable to increased lateral flow velocities (and scour) adjacent to the outer banks. This is due to 
modified flow distributions which induce secondary flows normal to the main direction of flow along the 
centreline of the channel. Allsop et al. (2007) suggests channel bends may need to be considered 
when R/W < 26. Where R is the radius of the bend at the centreline and W is the channel width. There 
are several other possible causes of failure including seismic events, animal burrows (i.e. piping 
failure), and surcharge loading due to trees and shrubs (Allsop et al., 2007). 
 
Breach flows will vary according to the magnitude of the flood on the river and the nature of the failure 
of the protection works (Griffiths et al., 1991). When a breach does occur, the downstream flood extent 
is determined by the rate at which the breach flow is released, the total volume of the breach flow, and 
the topography (Morris, 2009); compared to a dam breach, outflow is restricted to the rate at which the 
river channel can deliver water to the breach site. Morris (2009) also noted that it is unusual to 
observe multiple stopbank breaches in close proximity to each other. This is because the breach 
initiation points will either merge together, or a breach that has developed elsewhere will cause water 
levels at other potential breach locations to recede, preventing further established breaches.  
 
Griffiths et al. (1991) also notes that when breaches occur for relatively small floods, they can occur on 
either the rising or falling limb. However, breaches during larger flood events are more likely to occur 
on the rising limb. Potential 500 year ARI breach flows from the North Branch are discussed below. 
 
North Branch Ashburton River breach assumptions 
 
As previously discussed in Section 2.3.1, the Jessops Bend and Rawles Crossing Road areas appear 
to be the most likely locations that breach flows would occur. 
 
To enable breach flows to be determined, an existing 1-dimensional Mike11 hydraulic model has been 
connected to a 2-dimensional Mike21 model of the adjacent floodplain using MikeFlood software. The 
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‘levee breach’ module is used to generate time-varying stopbank breach profiles. The MikeFlood 
model can then be run, simulating the stopbank breach forming and water flowing out of the river onto 
the floodplain. Once the model run is complete, the breach flow time series at the breach location can 
be extracted. 
 
Several assumptions are made in deriving these breach flows. They include:    
 

1. Downstream and upstream of the breach location the existing flood protection works provide 
adequate protection (i.e. only one breach flow occurs). This assumption is made because a 
significant proportion of the flood flow leaves the river system (i.e. flow remaining in the river 
system downstream of the breach location is likely to have a magnitude less than the design 
capacity of the North Branch Ashburton River along this river reach). 

 
2. The stopbank breach occurs as the peak flood flow in the North Branch Ashburton River 

passes the breach location. 
 

3. The main river channel (thalweg) is assumed to be flowing against the stopbank creating high 
velocities and lateral erosion. When the breach occurs up to 1 m of scour below existing 
ground level is assumed at the breach location. 

 
4. For the Jessops Bend stopbank breach it is assumed that a 100 m wide breach forms over 

5 minutes, while downstream of Rawles Crossing Road a 40 m wide breach forms over the 
same time period. 

 
5. Cross sections within the North Branch Ashburton River remain similar to those used in the 

previous model, with the exception of about 0.5 m of aggradation at one section (i.e. there has 
been no significant aggradation since 1997)   

 
One-dimensional Mike11 model of the North Branch Ashburton River 
 
An existing Environment Canterbury Mike11 model of the North Branch Ashburton River was used as 
the starting point for this study. The Mike11 cross sections used to define the North Branch Ashburton 
River are summarised in Table 3-4, with the cross section locations shown on Figure 3-2. Additional 
cross sections were extracted from Rural Grid PGRM2392 for the Jessops Bend and Rawles Crossing 
Road breach sites (located between model distances 1971 m and 2081 m, and 4060 m and 4100 m, 
respectively). Although newer 2007 surveyed cross sections were available for the North Branch 
Ashburton River, they were not used to update the existing Mike11 model since changes in channel 
profiles between the two surveys did not appear to be significant enough to change conveyance in the 
channel and breach outflows. 
 
The North Branch Ashburton River flow hydrographs used in the model are shown in Figure 3-3. The 
500 year ARI design flood (used to identify ‘high hazard’ areas) has a peak flow of 780 m3/s, while a 
hydrograph with a peak flow of 930 m3/s (i.e. 780 + 150 m3/s) has been used as a sensitivity test to 
determine the impact of potentially higher future river flows on breach flows, floodplain inundation and 
the ‘high hazard’ categories. 
 
The Digby’s Road Bridge is represented by energy losses of 0.7 (contraction coefficient) and 0.6 
(expansion coefficient). At the downstream boundary of the model, the water level on the Main Stem 
Ashburton River at the Railway Bridge was set at a constant level of 98.04 m above mean sea level.  
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Figure 3-2: MikeFlood model cross sections, grid and breach locations 
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Table 3-4: Summary of Mike 11 cross section information 

Mike 11 
chainage 

Cross 
section Survey Date Location/Description 

-810 CS9 8 Jan 1997 North Branch Ashburton River (NBAR)                               
Upstream model limit 

0 CS8 8 Jan 1997 NBAR 
880 CS7 8 Jan 1997 NBAR 
1720 CS6 8 Jan 1997 NBAR 
1971 - Rural 5m grid NBAR, Jessops Bend – upstream limit of breach 
2081 - Rural 5m grid NBAR, Jessops Bend – downstream limit of breach 
2530 CS5 8 Jan 1997 NBAR 
2540 CS4A 8 Jan 1997 NBAR, Digby’s Road Bridge 
2560 CS4A 8 Jan 1997 NBAR, Digby’s Road Bridge 
2565 CS5 8 Jan 1997 NBAR 
2770 - ? NBAR 
3420 CS4 7 Jan 1997 NBAR 
3620 CS3A  NBAR 
4060 - Interpolated NBAR, Rawles Crossing Rd – upstream limit of breach 
4100 - Interpolated NBAR, Rawles Crossing Rd – downstream limit of breach  
4320 CS3 9 Jan 1997 NBAR 
5140 CS2 7 Jan 1997 NBAR 
6000 CS1 7 Jan 1997 NBAR 
7095 CS27 16 Mar 1998 Main Stem Ashburton River (MSAR) 
7890 CS26 27 Feb 1998 MSAR 
8580 CS25 27 Feb 1998 MSAR 
9390 CS24A 20 Jan 2003 MSAR , Railway Bridge - downstream model limit 

 
 

 
Figure 3-3: North Branch Ashburton River 500 year ARI design flow hydrographs 
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Two-dimensional Mike21 model of the North Branch Ashburton River 
 
Where stopbank breaches occur, the MikeFlood model allows the 1-dimensional Mike11 model (i.e. 
North Branch Ashburton River) flows to pass out of the river onto the floodplain, which is modelled as 
a 5 m regular grid in Mike21.  
 
Figure 3-2 shows the Jessops Bend and Rawles Crossing Road breach locations and the 5 m model 
grid. This model grid was produced using an Ashburton rural grid derived from aerial imagery flown in 
2012 (Aerial Imagery CAI Rural 2013 PGRM2392). The boundary for the grid is the true left bank of 
the North Ashburton River (i.e. the area shown in brown is outside the model grid area). This grid data 
has not had the vegetation removed so must be used with caution. However, for our purposes this is 
not important as we are only attaching the grid to generate the breach flow time series at the location 
of the outflow – rather than looking at the detailed flow paths on the floodplain which are discussed in 
Section 3.1.3. 
 
As the stopbank breach scenarios include an allowance for 1 m of scour at the breach location, grid 
cells on the floodplain (in the immediate vicinity of the stopbank breach) have had their ground level 
lowered to allow for this (i.e. it has been assumed that the land will be eroded by the stopbank breach 
flows).   
 
Generation of stopbank breach profiles 
 
Stopbank breach profiles for Jessops Bend and Rawles Crossing Road were generated using the 
MikeFlood ‘Levee breach generation’ module. A 100 m breach width was assumed for the Jessops 
Bend breach, which is located on the outside of a bend where there are relatively high stopbanks. A 
40 m breach was assumed for Rawles Crossing Road, where stopbanks are lower and the river 
follows a straighter course. The stopbank profiles assume that the breaches occurred over a 5 minute 
time period that coincided with the time at which the North Branch Ashburton River flow peak was 
passing. The derived stopbank profiles for Jessops Bend and Rawles Crossing Road are shown in 
Figure 3-4 and Figure 3-5, respectively. 
 
As the modelled North Branch Ashburton River peak flow is around the same magnitude as the 
maximum design capacity of the river protection works, it has been assumed that the breach could be 
caused be either overtopping, lateral erosion or (for Jessops Bend) bank failure due to the high water 
depths along the stopbank.  This is because, during a 500 year ARI flood event, the flow in the river 
and movement of sediment and debris is relatively unpredictable.   
 
Combined 1-d and 2-d MikeFlood model of the North Branch Ashburton River 
 
A summary of the model files and run parameters for the MikeFlood modelling of the stopbank breach 
flows are located in Appendix A. The breach flow time series were extracted by calculating the total 
flow passing over the following grid cells: 
 

Jessops Bend = (341,1383) → (341,1364) → (339,1359) 
Rawles Crossing = (18,80) → (18,77) → (16,72) 

 
These breach flow time series for Jessops Bend and Rawles Crossing Road are shown in Figure 3-6 
and Figure 3-7, respectively.  
 
The black lines show the breach flow hydrographs for a peak North Branch Ashburton River 500 year 
ARI design flow of 780 m3/s, and the blue lines show the breach flows for the larger North Branch 
Ashburton River flow of 930 m3/s that has been used as a sensitivity test (i.e. taking into consideration 
uncertainty and/or climate change).  
 
For the North Branch Ashburton River 500 year ARI flood event (peak flow of 780 m3/s), the peak 
breach flow at Jessops Bend is ~130 m3/s for a 100 m stopbank breach. This compares favourably 
with the Connell (1990 and 1998) flood modelling investigations where the 790 m3/s North Branch 
Ashburton River 200 year ARI flood event had a 125 m3/s peak breach flow at Jessops Bend.  
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Figure 3-4: Jessops Bend stopbank breach profile 

 

 
Figure 3-5: Rawles Crossing Road stopbank breach profile 
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Figure 3-6: Jessops Bend flow hydrograph for a 100 m stopbank breach 

 

 
Figure 3-7: Rawles Crossing Road flow hydrograph for a 40 m stopbank breach 

 

3.1.3 Hydraulic modelling of ‘high hazard’ areas 
Floodplain flows are often difficult to predict due to the multi-directional nature of the flows, the 
interaction between main river channel flows passing out of and then returning to the river, and also 
the difficulty in identifying flow paths where ground levels vary more gradually. During large flood 
events it is also difficult to predict potential locations and sizes of stopbank breaches. 
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One of the most effective ways to identify flood flow paths, including maximum water depths and 
velocities, is to use computational hydraulic models. For this flood investigation potential ‘high hazard’ 
areas have been modelled by Opus International Consultants Limited (Opus), by extending an existing 
InfoWorks Integrated Catchment Management (ICM) model they developed for the Ashburton District 
Council (ADC). The InfoWorks ICM modelling package used by Opus combines hydrology, pipe 
hydraulics, open channel hydraulics and 2-dimensional surface flow routing. The model was 
constructed using surveyed manholes and catch-pits, and manhole inspection data (for pipe size, 
depth and connectivity). Light Detecting and Ranging (LiDAR) data were used to produce a 
2-dimensional surface flow model that was used in combination with road layout and reticulation layout 
data to generate sub-catchments for the system. The existing Ashburton Urban Stormwater Strategy 
(AUSS) hydraulic model is described in more detail in Opus (2012). 
 
Extending the existing model 
 
The existing AUSS hydraulic model was developed to simulate stormwater runoff but had not 
previously incorporated potential breach flows from the North Branch Ashburton River. The model also 
did not extend beyond the Ashburton urban area as far as the North Branch Ashburton River 
stopbanks – where the breaches could occur. Additional topographical data were therefore added to 
the model bathymetry, and roughness values were assigned to the newly extended model. Both 
topographical data and roughness are described below. 
 
The Tinwald area of the model was removed to reduce simulation run times, as this area was not 
affected by the breach scenarios considered. Other features of the extended model are described 
below. 
 
Topographical data 
 
Model bathymetry was extended beyond the limits of the 2010 LiDAR data (and existing stormwater 
model) using an Ashburton rural grid derived from aerial imagery flown in 2012 (Aerial Imagery CAI 
Rural 2013 PGRM2392). The extended model extents are shown on Figure 3-8. The AUSS model, 
prior to being extended, previously covered only the urban area of Ashburton where 1D pipework and 
open channels are shown in Figure 3-8. 
 
The models flexible mesh was extended to capture the greater extent of the breach flow path with 
triangle sizes ranging from 50 to 200 m2. A vertical wall was added along the Ashburton River to 
represent the stop banks.  
 
Roughness 
 
A Manning ‘n’ roughness value of 0.05 was used for the extended area of the model. This value was 
chosen as most of the area was rural farmland. For the sensitivity tests the Manning ‘n’ roughness 
value was increased to 0.07.    
 
Rainfall on model grid 
 
To make the breach flows and resulting flooding as realistic as possible, the breach flows occur at the 
same time as a 50 year ARI 48 hour rainfall event (i.e. the model initiates the breach flows at a similar 
time to the peak of the 50 year ARI 48 hour rainfall event). This means that the model results will 
include some areas of flood inundation due to local rainfall runoff rather than stopbank breaches, 
which is to be expected. The breach events were timed to initiate 15 hours into the 48 hour duration 
rainfall event, which coincides with the peak of the rainfall profile applied to the model. 
 
Model calibration 
 
The model was not able to be properly calibrated for the breach flow scenarios since there have not 
been any breach flows from the recently upgraded stopbank system. However, the peak breach flows 
at Jessops Bend do compare favourably with earlier modelling results from Connell (1998). Connell 
(1998) derived a Jessops Bend 200 year ARI (790 m3/s) peak breach flow of 125 m3/s which 
compares favourably with the newly derived 500 year ARI (780 m3/s) peak breach flow of ~130 m3/s.  
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Figure 3-8: AUSS model extent (including extension to include breach locations)   
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Modelling 500 year ARI breach flows 
 
As the newly derived North Branch Ashburton River peak flow for a 500 year ARI flood event is 
estimated to be 780 ± 150 m3/s, and the design capacity of the stopbanks between Jessops Bend and 
the South Branch Ashburton River confluence is 790 m3/s, it is uncertain whether the 500 year ARI 
flood event will be contained by the stopbanks, or whether stopbank failure will occur due to lateral 
erosion or overtopping. 
 
The best scenario would be for the flow to pass along the river system with no stopbank breaches, 
while a potential worst scenario would be for a breach to form in the flood protection works while there 
are flows of 780 m3/s to 930 m3/s in the North Branch Ashburton River, with the most likely breach 
locations being in the vicinity of Jessops Bend or Rawles Crossing Road.  
 
As the 500 year ARI (or 0.2% Annual Exceedance Probability, AEP) flood event is being modelled for 
land use planning and flood mitigation purposes, breach flows at Jessops Bend and Rawles Crossing 
Road have been modelled assuming a North Branch Ashburton River peak flow of 780 m3/s (i.e. 
stopbanks fail around the maximum design capacity of the scheme). A North Branch Ashburton River 
peak flow of 930 m3/s, which increases maximum breach flows by ~25%, has also been modelled as a 
sensitivity test later in this section. This scenario illustrates the effect of uncertainty in flow magnitude 
(i.e. if flows are higher than predicted) or the likely impact of climate change in the next 100 years.   
  
The North Branch Ashburton River 500 year ARI breach flow scenarios were simulated over a 2 day 
period. The model had a 5 second time step, to ensure stability, and results were saved every 
10 minutes over the full storm event. Computer run times for each simulation were ~21 hours. 
 
Model results 
 
As described earlier, all breach flows occur during a 50 year ARI 48 hour rainfall event. For a 50 year 
ARI 48 hour rainfall event (due to local runoff only), 9.4 km2 of the model grid area is inundated with an 
average maximum water depth of 230 mm and a 95th percentile maximum water depth of 510 mm (i.e 
95% of the area inundated has water depths less than 510 mm).  
 
Note that these values, and all successive values ignore surface flow / ponding depths below 50 mm. 
Due to the ‘rain on grid’ rainfall applied to the surface, every triangle of the 2D surface will have a 
depth value of some kind, and many of these will be very small. Hence a filter has been applied to 
remove values below 50 mm depth. The same filter has also been applied to reported depths, to avoid 
reporting on very shallow surface flow due to direct rainfall. 
 
When the Jessops Bend 500 year ARI breach occurs simultaneously with the 50 year ARI 48 hour 
rainfall event, the maximum water depths and velocities are shown in Figure 3-9 and Figure 3-10, 
respectively. The area of inundation increases to 14.8 km2, with an average maximum water depth of 
300 mm and a 95th percentile maximum water depth of 730 mm.  
 
The extent and maximum depths of inundation in Figure 3-9 compare well with the results of the 
earlier Connell study (Figure 3-12) as well as the description given in Section 2.2 of the North Branch 
Ashburton River flows that broke out at Digby’s Bridge in 1868 (i.e. ‘A large stream of water came 
down through Allenton, extending across from the Ashburton Saleyards/Showgrounds to Princes 
Street. A dray left standing near the Showgrounds was carried downstream to a big hollow behind 
Tuarangi Home’). The main difference being that flow depths appear to be slightly deeper in the earlier 
Connell study, for similar breach flows. The differences in maximum depth could be due to several 
reasons including: 
 

• The stormwater network, that is included in this latest model, may be intercepting some flood 
water and diverting it back into the Ashburton River. 
 

• Mill Creek and Taurangi Drain are better defined by a finer grid in this latest model, potentially 
allowing better conveyance of flood water.    
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• Mill Creek detention basin may be attenuating the peak (a relatively small amount) in the latest 
model. 
 

• Breach flow hydrographs vary in magnitude and shape for the different models. 
 
The 500 year ARI ‘unitflow’ record (i.e. velocity x depth) for the Jessops Bend model has a maximum 
value of 0.8 m2/s, indicating that the only high hazard areas are those where depths are greater than 
1 m – the other condition defining high hazard areas (see Glossary). Figure 3-11 shows the ‘high 
hazard’ areas for the Ashburton urban area for a 500 year ARI (0.2% AEP) flood event for a 100 m 
breach at Jessops Bend. 
 
Maximum water depths and speed, for a Rawles Crossing Road breach during a 500 year ARI flood, 
are shown in Figure 3-13 and Figure 3-14, respectively. The total area of inundation is 14.0 km2 with 
an average maximum water depth of 260 mm and a 95th percentile water depth of 650 mm. The 
absolute maximum flood depth is 4.3 m, however this is likely to be due to ponding within a depression 
in the LiDAR or Photogrammetry surface (i.e. a borrow pit or artificial depression) and does not 
represent a flow depth. 
  
The extent and maximum depths of inundation in Figure 3-13 do not compare so well with the 1868 
flood description given in Section 2.2 for floodwaters that followed an old gully just behind Coniston in 
the Rawles Crossing Road area (i.e. water flowed down the gully through the township to the Domain 
Lakes). This is due to flow routes now being blocked due to ‘infilling from below on new Argyle Road’, 
and ‘infilling to level the playing fields adjacent to the hospital’ (Connell, 1990, p 60). Instead, 
upstream of Farm Road most of the breach flow is diverted towards Mill Creek (Wakanui Creek) in the 
east where it continues downstream towards the Netherby area, with a smaller portion of the flow 
travelling south towards SH77 and Grigg Street.   
 
The 500 year ARI ‘unitflow’ record (i.e. velocity x depth) for the Rawles Crossing model has a 
maximum value of 0.7 m2/s, indicating that the only ‘high hazard’ areas are those where depths are 
greater than 1m – the other condition defining high hazard areas. Figure 3-15 shows the high hazard 
areas for the Ashburton urban area for a 500 year ARI (0.2% AEP) flood event for a 40 m breach in 
the vicinity of Rawles Crossing Road.  
 
Modelling also confirmed that breach flows passing over or through the North Branch Ashburton River 
true left stopbank, at both Jessops Bend and Rawles Crossing Road, flow into the same ‘gully’ (i.e. by 
Allens Road both overland breach flows tend to predominantly flow along  the gully in which Mill Creek 
is located). A breach between the two modelled breach locations will therefore also be diverted along 
this same flow path, with maximum water depths downstream of Allens Road tending to occur for a 
larger breach width and peak flow at Jessops Bend, compared to a smaller breach width and peak 
flow further downstream at or near Rawles Crossing Road. 
 
Model sensitivity analysis for 500 year ARI design flood event 
 
Increased breach flow magnitude has been modelled, to simulate higher flows in the river that may 
occur due to climate change and/or the uncertainty in the derived North Branch Ashburton River 
design flows, and increased floodplain roughness has been modelled to simulate increased 
vegetation, hedges, etc. These model simulations are described below. 
 
Increase in breach flow magnitude 
 
The North Branch Ashburton River 500 year ARI peak flow is estimated to be 780 ± 150 m3/s. A 
potential worst case 500 year ARI breach scenario was therefore run using the Jessops Bend and 
Rawles Crossing Road breach flow hydrographs produced for a peak North Branch Ashburton River 
flow of 930 m3/s. Figure 3-6 and Figure 3-7 show that for this higher North Branch Ashburton River 
peak flow, the breach peak flows at Jessops Bend and Rawles Crossing Road increase by ~30 m3/s 
and ~15 m3/s, respectively.  
 
The modelling shows that a breach flow increased by ~30 m3/s at Jessops Bend, increases the 
average depths of inundation from 300 to 310 mm, and the extent of inundation from 14.8 to 15.2 km2. 
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The 95th percentile maximum flood depth is increased from 730 to 770 mm. Similarly, a breach flow 
increased by ~15 m3/s at Rawles Crossing Road, increased the average maximum depth of inundation 
from 260 to 270 mm and the extent of inundation from 14.0 to 14.5 km2. The 95th percentile maximum 
flood depth is increased from 650 to 680 mm.  
 
An increase in breach flows therefore has a relatively minor effect on maximum water depths and a 
modest effect on the extent of inundation.  
 
Increase in floodplain roughness 
 
For the 780 m3/s peak North Branch Ashburton River flow, Manning ‘n’ roughness was increased from 
0.05 to 0.07 to assess the impact of roughness on both the Jessops Bend and Rawles Crossing Road 
breach scenarios.  
 
The modelling showed that, for increased floodplain roughness, the Jessops Bend breach flow 
average maximum water depth increased from 300 to 310 mm and the extent of inundation increased 
from 14.8 to 15.3 km2. The 95th percentile maximum water depth also increased from 730 to 780 mm. 
Similarly, increased floodplain roughness for the Rawles Crossing Road breach flow increased 
average maximum water depths from 260 to 270 mm, and the extent of inundation from 14.0 to 
14.5 km2. The 95th percentile maximum water depth also increased from 650 to 680 mm. 
 
An increase in floodplain roughness therefore has a relatively minor effect on maximum water depths 
and a modest effect on the extent of inundation.    

3.1.4 ‘High hazard’ areas in Ashburton urban area 
As the derived North Branch Ashburton River 500 year ARI peak flow is approximately the same 
magnitude as the design capacity of the Jessops Bend to South Branch Ashburton River confluence 
flood protection works, it is not known for certain whether the existing stopbanks along this river reach 
will contain all of the flood flow, or whether a stopbank breach will occur. Based on the fact that the 
500 year ARI flows have considerable uncertainty, and don’t incorporate future climate change, it has 
therefore been assumed that such an event will cause a breach.  
 
Should a stopbank breach occur, the most likely locations for the breach are expected to be either 
Jessops Bend or in the area around Rawles Crossing Road. However, it should be emphasised that 
breaches are unpredictable and may occur at other locations, or at flows less than the design 
capacity.  
 
The worst scenario is likely to be a larger breach at Jessops Bend compared to a smaller breach at 
Rawles Crossing Road – although both breaches, or any breach of the true left bank between these 
two locations, will tend to divert flow into the Mill Creek water course and surrounding ‘gully’ before the 
breach flow has travelled as far as the Allens Road area. 
 
Under current ‘high hazard’ guidelines (i.e. velocity x depth >1 m2/s and/or depth > 1 m) it would 
appear that, should a breach occur during a 500 year ARI flood event on the North Branch Ashburton 
River, there are only small areas considered ‘high hazard’. These areas tend to be located in old river 
channels or gullies, relatively small depressions, or immediately adjacent to stopbanks in the event of 
a breach.  
 
Should the North Branch Ashburton River 500 year ARI peak flows increase by ~20% (either due to an 
increase in calculated design flows, or due to climate change), there is a relatively minor effect on 
maximum water depths and a modest effect on the extent of inundation. ‘High hazard’ areas would 
therefore not be expected to change significantly. 
 
This modelling investigation has, however, also identified a preferred flow path where significant 
depths of water would occur during a breach of the true left bank of the North Branch Ashburton River 
between Jessops Bend and Rawles Crossing Road. While this area is not considered to be ‘high 
hazard’ (i.e. risk to life is limited), there is the potential for substantial property damage – particularly 
along this preferred flow path.  
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Figure 3-9: Maximum water depths (m) for a 500 year ARI (0.2% AEP) flow of 780 m3/s on the 

North Branch Ashburton River with a 100 m breach at Jessops Bend (including 50 
year ARI local surface runoff event) 
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Figure 3-10: Maximum water velocities (m/s) for a 500 year ARI (0.2% AEP) flow of 780 m3/s on 

the North Branch Ashburton River with a 100 m breach at Jessops Bend 
(including 50 year ARI local surface runoff event) 
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Figure 3-11: ‘High hazard’ areas for a 500 year ARI (0.2% AEP) flow of 780 m3/s on the North 

Branch Ashburton River with a 100 m breach at Jessops Bend (including 50 year 
ARI local surface runoff event) 
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Figure 3-12: Maximum water depths (m) for a 200 year ARI (0.5% AEP) flow of 790 m3/s on the 

North Branch Ashburton River with a 125 m3/s breach at Jessops Bend [Connell 
(1998)] 

Flood depths 0 to 0.5m 
Flood depths 0.5 to 1.0 m 
Flood depths > 1.0 m 
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Figure 3-13: Maximum water depths (m) for a 500 year ARI (0.2% AEP) flow of 780 m3/s on the 

North Branch Ashburton River with a 40 m breach at Rawles Crossing Road 
(including 50 year ARI local surface runoff event) 
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Figure 3-14: Maximum water velocities (m/s) for a 500 year ARI (0.2% AEP) flow of 780 m3/s on 

the North Branch Ashburton River with a 40 m breach at Rawles Crossing Road 
(including 50 year ARI local surface runoff event) 
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Figure 3-15: ‘High hazard’ areas for a 500 year ARI (0.2% AEP) flow of 780 m3/s on the North 

Branch Ashburton River with a 40 m breach at Rawles Crossing Road (including 
50 year ARI local surface runoff event) 
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3.2 Potential ‘high hazard’ areas for the Tinwald urban area 
Tinwald is most susceptible to breach flows from the true right bank of the South Branch Ashburton 
River, upstream of Valetta Bridge or in the vicinity of Westerfield terraces (Section 2.3.2), during 
extreme flood events.  
 
To determine the likelihood of breach flows producing ‘high hazard’ areas, the 500 year ARI design 
flows for the South Branch Ashburton River have been revised (Section 3.2.1). An existing hydraulic 
model is reviewed in Section 3.2.2, and ‘high hazard’ areas discussed in Section 3.2.3. 

3.2.1 Derivation of South Branch Ashburton River 500 year ARI flows 
Figure 2-6 shows that the closest water level/flow recorder to the breach site is located on the South 
Branch Ashburton River at Mt Somers (Site 68806). This site has a catchment area of 539 km2, but 
excludes the Woolshed Creek inflows which enter the South Branch upstream of the potential breach 
location.  
 
As the flow at the South Branch Ashburton River Mt Somers site does not include Woolshed Creek 
flows, it is not possible to generate estimate design flows for extreme and infrequent flood events, 
such as a 500 year ARI flood event, using only the existing water level/flow recorder information. 
Instead Pearson (1996) and Pearson et al. (2008) used an at-site analysis to examine the flow record 
at South Branch Ashburton River (Site 68806). A regional analysis was then undertaken to estimate 
the flood frequencies at other locations where no flow records exist. The at-site analyses and regional 
analyses are described below. 
 
At-site analysis 
 
Connell (2006) improved earlier flood frequency analyses for the Mt Somers recorder by including 
historic flood flows from 1868, 1945 and 1951, since historic observations suggest these three events 
were the largest to occur since ~1839. For these events Connell (2006) derived Mt Somers peak flood 
flows of 450 m3/s (1868), 336 m3/s (1945), and 384 m3/s (1951) based on Ashburton River at SH1 
water levels, rainfall isohyetal maps, measured rainfall, and anecdotal evidence. These peak flows are 
still larger than all other flows recorded since 1967. 
 
Connell (2006) combined these three large historic flood events with the 1967 to 2005 annual flood 
series for South Ashburton at Mt Somers (using the most recent rating curves available c. 2005/2006). 
A two-component extreme value analysis allowed the data to then be extrapolated to provide design 
200 year and 500 year ARI peak flows for the South Ashburton at Mt Somers. The Connell (2006) 
best-fit line is shown on Figure 3-16 together with the historic flood events (assuming they are the 3 
largest events of a 174 year time series) and the South Ashburton at Mt Somers (Site 68806) annual 
flood series (1967-2013). This Mt Somers annual flood series uses the latest ratings and produces 
some significantly different maximum annual flow data prior to 1980 due to adjustments made when 
the data were audited in 2011 (Figure 3-17). 
 
The plotting positions and flows are based on the flow records up to 2013, and the most recent rating 
curves (i.e. current record). Estimates of 200 and 500 year ARI flood peaks are also shown from 
Pearson (1996) and Pearson et al. (2008). Despite the recent changes to the rating, the Connell 
(2006) two-component EV distribution still provides a reasonable fit to the annual flood series when 
the historic flood events are also considered (Figure 3-16). 
 
Regional analysis 
 
To estimate design flows at other locations, the ‘index flood’ regional flood frequency analysis 
approach has been used. This methodology is described in more detail in Pearson (1996) and 
Pearson et al. (2008). The method has two components: 
 

• Estimate mean annual flood peak (Q, ‘index flood’). 
• Estimate dimensionless regional flood frequency distribution. 
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Figure 3-16: Annual exceedance probability (AEP) data for the South Branch Ashburton River  

 

 
Figure 3-17: Comparison of South Ashburton at Mt Somers (Site 68806) annual flood series 

used in Pearson (1996), Pearson et al. (2008) and the current record  

 
This methodology enabled design flood peaks upstream of Valetta Bridge on the South Branch 
Ashburton River (i.e. at the potential breach location) to be derived.  
 
Firstly, the mean annual flood peak was derived using information from within the catchment, together 
with rainfall and topographic factors (see Pearson (1996) and Pearson et al. (2008) for details). 
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Secondly, dimensionless flood frequency growth curves (QT/Q) were produced for the region by: 
 

1. Establishing a group of homogeneous catchments to define the region. 
 

2. Combining the dimensionless annual flood series for each catchment to produce an 
appropriate regional growth curve for the Ashburton River.  

 
There have been three regional analyses undertaken using three different combinations of sites. 
These are summarised in Table 3-5. 
 

Table 3-5: Summary of regional analyses applicable to the Ashburton Rivers 

Source Group used in analysis 
 QT/Q 
T (years) 50 100 200 500 
AEP 0.02 0.01 0.005 0.002 

Pearson (1996) Ashley, Selwyn, Ashburton 
(Nth & Sth) & Waimakariri 
Rivers 

 2.68 3.26 3.93 5.00 

Pearson et al. (2008) Ashley, Selwyn, Ashburton 
(Nth & Sth), Waihi & Te Moana 
Rivers 

 3.48 4.36 5.41 - 

Griffiths et al. (2011) 54 sites in Canterbury  See Figure 3-18  and Table 3-6 

 
South Branch Ashburton River (Site 68806) is one of the 54 sites used by Griffiths et al. (2011) to 
generate the curves in Figure 3-18. This site has a q100 of 2.9, with the South Branch Ashburton River 
catchment generally having a q100 (Q100/Q) varying from ~3 to 4 (Figure 3-18).  
 

 
Figure 3-18: Map of q100 = Q100/Q [Source: Figure 4.1 in Griffiths et al. (2011)]  
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This compares more favourably with the Q100/Q ratio of 3.26, from Pearson (1996), compared to the 
4.36 from Pearson et al. (2008). For a q100 (Q100/Q) of 3 to 4, Table 3-6 from Griffiths et al. (2011) 
gives a Q500/Q ratio of between 3.8 and 5.2 which is also within the range specified by Pearson (1996).  
 

Table 3-6: Evaluation of QT/Q and standard error SE (Q)/Q for specified q100 and T [Source: 
Table 5.1 in Griffiths et al. (2011)] 

 
 
The most likely reason for the higher Q100/Q ratio from Pearson et al. (2008) is the inclusion of the 
Waihi and Te Moana River data in the group analysis. Despite Pearson et al. (2008) concluding that 
the group of catchments used in that analysis were more similar climatologically and topographically, 
the Q100/Q ratios appear to be quite different in Griffiths (2011). Figure 3-18 shows that the Waihi and 
Te Moana River sites have higher Q100/Q ratios compared to the Ashburton River catchments. The 
Selwyn River also has a higher Q100/Q ratio in the upper catchment but this site is included in both the 
Pearson (1996) and Pearson et al. (2008) analyses.  
 
It is therefore proposed that, for this study, the Pearson (1996) design flows are used for the South 
Branch Ashburton River upstream of the Valetta Bridge (Table 3-7). This gives an estimated 500 year 
flood flow upstream of Valetta Bridge of ~800 m3/s. This is slightly less than the current level of flood 
protection for this reach which is estimated to prevent overflows from the river system up to a 
maximum flow of 850 m3/s.   

 

Table 3-7: Mean annual flood (Q) and regional flood frequency estimates (QT) for the South 
Branch Ashburton River upstream of Valetta Bridge [Source: Table 3.10 in 
Pearson (1996)] 

Mean annual flood, Q 
(m3/s) 

  
T (years) 50 100 200 500 
AEP 0.02 0.01 0.005 0.002 
QT/Q 2.68 3.26 3.93 5.00 

160  429 522 629 800 
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3.2.2 Review of previous breach modelling for the South Branch Ashburton River 
Previous modelling studies (MacMurray, 2003; Oliver, 2005a) have identified that overflows or breach 
flows along the true right bank of the South Branch, in the area upstream of Valetta Bridge, will most 
likely produce the greatest water depths and velocities on the floodplain in the vicinity of the Tinwald 
urban area.  
 
One-dimensional computational modelling of a 200 year ARI flood event on the South Ashburton River 
(MacMurray, 2003; Oliver, 2005a) identified the potential for breaches from the river in the area up to 
~6 km upstream of the Thompsons Track/Valetta Bridge. This 1-dimensional model was dynamically 
linked to a 2-dimensional floodplain model, using Mike Flood, to determine the extent of stopbanking 
required to provide a 200 year ARI standard of flood protection, and to assist in a land-use resource 
consent decision (van Kalken, 2006).     
 
The Mike Flood model upstream flow boundary, on the South Branch Ashburton River, had a peak 
200 year ARI flow of 630 m3/s, with a further 30 m3/s included to account for Rangitata Diversion Race 
(RDR) spills (van Kalken, 2006). The van Kalken (2006) modelling results showed that: 
 

• When there are no stopbanks (i.e. prior to the construction of the existing stopbank), flows of 
~250 to 350 m3/s (of the total of 660 m3/s) will flow along the length of the floodplain upstream 
of the bridge (van Kalken, 2006). Van Kalken (2008) also notes that, without the stopbanks, 
this flow of ~250 m3/s will travel down the floodplain toward Tinwald. Approximately 140 m3/s 
of this floodplain flow would naturally return to the river downstream of the bridge, while it is 
likely that ~90 m3/s would continue to flow down the floodplain towards Tinwald. Additional 
peak flow would be likely to be attenuated due to storage within the floodplain.  

 
• When the Valetta stopbanks are in place, minor breakouts occur in the Westerfield terraces 

area where the natural terrace returns the floodplain flows of ~210 m3/s to the river. A flow of 
~40 m3/s is estimated to spill onto the floodplain as shallow overland flow which is potentially 
intercepted by cut-off channels upstream of Tinwald.  

 
Van Kalken (2008) also provided information on three sensitivity tests where the upstream South 
Branch Ashburton River flow was increased to 790 m3/s, the Manning ‘n’ number was increased by 
25%, and the eddy viscosity was increased by a factor of 10. In each case the increase in water levels 
on the floodplain were relatively insignificant, with the greatest increases in water depths (of up to 
0.15 m) occurring for the increased flow of 790 m3/s.  
 
This modelling of overflows in the Valetta area was later revised and updated to include additional 
floodplain downstream of Tinwald in the Lake Hood area (Gasc et al., 2011). The updated modelling 
did not significantly alter the water depths and velocities in the Tinwald urban area. Figure 3-19 shows 
that maximum water depths for the 200 year ARI floodplain flows, prior to stopbank construction, were 
mainly less than 0.25 m deep. Flow velocities were also less than 0.5 m/s in the Tinwald urban area.  

3.2.3 ‘High hazard’ areas in Tinwald urban area 
During an extreme flood event, such as a 500 year ARI flood, the behaviour of braided gravel-bed 
rivers is difficult to determine due to the unpredictable nature of aggradation and scouring within the 
river system. Taking into consideration climate change, and the various sources of uncertainty 
associated with the estimated design flows and model parameters, it is feasible that during a 500 year 
ARI flood event stopbanks in the Valetta area may either be overtopped or fail due to lateral erosion. 
 
Should a breach occur upstream of Valetta Bridge, the stopbank heights are considered to be 
relatively low. This means any breach flows onto the floodplain for a 500 year ARI flood event should 
be relatively low, and not be greater than the floodplain flows modelled for the 200 year ARI 
overtopping of ‘pre-stopbank’ natural ground levels (i.e. modelling described in Section 3.2.2).  
 
As any breach flows will spread out over a significant width of floodplain (e.g. several kilometres) 
before reaching Tinwald, the flows are likely to be relatively shallow and slow-moving by the time they 
reach Tinwald. Although Figure 3-19 indicates that, within the Tinwald urban area, there are no 
maximum water depths greater than 1 m, the modelling is based on a relatively coarse 20 m grid. This 
means some of the smaller streams and depressions will not be well defined.  
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Figure 3-19: Tinwald and floodplain 200 year ARI water depths (m) prior to stopbank 

construction [from Gasc (2011) study] 
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However, outside of any smaller streams, depressions and gullies, water velocities and depths in the 
Tinwald urban area are not likely to be categorised as ‘high hazard’ (i.e. maximum velocity multiplied 
by maximum depth is likely to be less than 1 m2/s, and maximum water depths will also be less than 1 
m). Further modelling has not been considered necessary at this time.  

4 Discussion 
It is important to acknowledge that the results from this study contain several sources of uncertainty 
due to the nature of hydraulic modelling and the quality of the available model input data - with both 
tending to be simplified compared to what is actually occurring in the ‘real world’. Despite these 
uncertainties and assumptions, hydraulic modelling is still a powerful tool for simulating floodplain 
inundation and flood flow paths, and is especially useful for comparing various scenarios that may 
occur during a flood event. A summary of the uncertainties and assumptions made in this study are 
given below.  

4.1.1 Sources of uncertainty 
Hydraulic modelling has numerous sources of uncertainty that need to be taken into consideration 
when interpreting flood inundation maps derived from the model results. Bales and Wagner (2009) 
outline some of the uncertainties associated with 1-d hydraulic modelling using LiDAR data. These 
uncertainties are also relevant for this modelling study where uncertainties include model inputs (e.g. 
flow hydrographs, roughness values and energy loss parameters), topographic data (e.g. LiDAR data, 
cross section data) and hydraulic model assumptions (e.g. simplification of equations by depth-
averaging, as well as averaging topography and flow behaviour over a specific rectangular cell size or 
irregular triangular network for computational efficiency). 
 
For this modelling study there is also considerable uncertainty associated with the likelihood, location 
and magnitude of design breach flows. Figure 4-1 shows an example of a recent 47 m long stopbank 
breach that occurred on the Waihao River in June 2013. This flood event had a peak flow in the 
Waihao River of 970 m3/s, with the breach inundating 200 hectares of land. 
 
When interpreting modelled water levels,  localised increases in water level due to sediment, debris or 
structures (e.g. Figure 4-2) and the unpredictable nature of high-energy braided gravel-bed rivers and 
floodplain flow (e.g. Figure 4-3 to Figure 4-5) also need to be taken into consideration; at high flows 
the water surface cannot be assumed to be ‘smooth’. 
 

 
Figure 4-1: Waihao River breach on 17 June 2013. View east through 2 m high and 47 m long 

breach through true right stopbank 
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Figure 4-2: Waihi River at footbridge at the end of Wilson Street, Geraldine on 13 March 1986. 

View north-east from true right bank 

 

  
Figure 4-3: Te Ana a Wai (Tengawai) River 

during a flood event 
Figure 4-4: Waiau River during a flood event 

 

 
Figure 4-5: Damage to a corrugated iron structure caused by floodwater and debris 
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4.1.2 Model assumptions 
To simulate flood inundation on the Ashburton floodplain, it has been necessary to make various 
assumptions. Some of the main assumptions and uncertainties are outlined below. 
 

• Cross sections in the Mike 11 model, used to derive the North Branch Ashburton River breach 
flows, were surveyed in 1997. The model was not updated to use the newer 2007 surveyed 
cross section information as changes in river bed levels were not considered significant.  

 
• The ground levels in the models are based on relatively coarse ground level information in the 

vicinity of the breaches and on the floodplain, with higher resolution 2012 LiDAR data in the 
Ashburton urban area. No future changes to the floodplain have been modelled.  
 

• Some drainage paths may not be fully accounted for in the model due to model resolution and 
available data (e.g. vegetation may mean ground levels are not fully represented in some 
areas). 
 

• As there is no data for calibrating the overland flows, roughness values have been assumed 
based on values used in other studies and recommended values (Chow, 1959). Sensitivity 
runs have been completed with breach flows and floodplain roughness increased to assess 
the sensitivity of the floodplain to changes in flows and floodplain roughness. 

 
• The 500 year ARI flood flows in the rivers are based on relatively short flow records. Design 

flows are expected to change over time, with climate change likely to have an impact on 
rainfall intensity and peak flood flows. This will potentially change breach flow magnitudes, 
along with any significant channel aggradation. 
 

• The North Branch Ashburton River modelling of breach flows has assumed a 50 year ARI 48 
hour local rainfall event is also contributing to the surface water runoff and maximum water 
depths. More extreme 200 year and 500 year ARI local rainfall events have not been modelled 
simultaneously with the breach flows. 

 
• Breach flows are unpredictable with the location and width of any stopbank breach containing 

a large degree of uncertainty. Breaches are also known to occur at flows less than the design 
capacity of a flood protection scheme. 

 
• Breach flows downstream of the North Branch Ashburton River and South Branch Ashburton 

confluence (i.e. along the Main Stem Ashburton River) are not considered as likely to cause 
widespread inundation to the Ashburton and Tinwald urban areas. However, they could 
potentially still lead to localised ‘high hazard’ areas – especially in stopbank setback areas and 
along the lower terrace. Breaches along the Main Stem Ashburton River are not included in 
this study.  

5 Conclusions 
Despite a 500 year ARI flood event being considered to be a large and infrequent event, over a 
70 year period it is estimated that there is a 12% chance of an event of this magnitude occurring 
(Table B-1, Appendix B). The main conclusions of this investigation, which examines 500 year ARI 
flood events, are summarised below. 

5.1.1 North Branch Ashburton River 
Changes in the flow time series over time mean what was previously considered to be a 200 year ARI 
flood event on the North Branch Ashburton River is now considered to be approximately equivalent to 
a 500 year ARI flood event. This means that it is possible that our estimated peak flow for a 500 year 
ARI flood event (780 ± 150 m3/s) may be contained by the 790 m3/s design capacity of the North 
Branch Ashburton River between Jessops Bend and the confluence with the South Branch Ashburton 
River. However, given the level of uncertainty in the flows, and the future impacts of climate change, it 
has been assumed that a 500 year ARI flood event flow of 780 ± 150 m3/s will breach the flood 
protection works – most likely by overtopping or lateral erosion.  
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Modelling showed that a 500 year ARI floodplain flow from a Jessops Bend breach would be relatively 
shallow and would disperse over a ~1 km wide portion of the floodplain. Velocities are also relatively 
low, indicating that very few ‘high hazard’ areas would occur outside of the stopbank setback area and 
the existing river channels/gullies and natural depressions, where dwellings do not appear to have 
been built but access may be compromised. A similar trend was observed for the Rawles Crossing 
Road breach with additional flooding occurring for this breach in the Farm Road, Middle Road and 
Lane Street part of the Ashburton urban area. 
 
If the 500 year ARI breach flow were to increase (e.g. due to climate change or significant channel 
aggradation), a 20% increase in floodplain flow would still have a relatively minor impact on the flood 
extent and maximum water depths. However, this modelling investigation does identify a preferred 
flow path where significant depths of water would occur during a breach of the true left bank between 
Jessops Bend and Rawles Crossing Road. While this area is not considered to be ‘high hazard’ (i.e. 
risk to life is limited), there is the potential for substantial property damage.  
 
When this is considered, together with the knowledge that the stopbank system upstream of Jessops 
Bend has a much lower design capacity (i.e. flood waters may already have left the system by 
overtopping the true right bank before reaching Jessops Bend), it is assumed that there are no 
significant ‘high hazard’ areas in the Ashburton urban area due to breaches from the North Branch 
Ashburton River. ‘High hazard’ areas are limited to existing river channels/gullies, natural depressions 
and areas immediately downstream of any breach (i.e. areas within stopbank setback areas).  

5.1.2 South Branch Ashburton River 
A 500 year ARI breach flow from the South Branch Ashburton River would have the greatest impact 
on the Tinwald urban area if it occurred on the true right bank in the ~6 km reach of river upstream of 
the Valetta Bridge. However, previous modelling has indicated that this breach scenario is not likely to 
produce ‘high hazard’ areas in the Tinwald urban area, except in river channels/gullies or natural 
depressions. This is because of the dispersion and attenuation of the breach flows on the floodplain 
prior to water reaching Tinwald. Stopbanks in the Valetta area are also relatively low and unlikely to 
release as large volumes of flow onto the floodplain as the modelled ‘pre-stopbank’ scenario. 
 
This could potentially change in the future should the breach flows increase (e.g. due to climate 
change or significant channel aggradation). As with the North Branch Ashburton River breaches, while 
flooded areas in the Tinwald urban area are not considered to be ‘high hazard’ (i.e. risk to life is 
limited) there is still the potential for substantial property damage. 

6 Overview and recommendations 
Given the level of uncertainty associated with the derived 500 year ARI flows for the North and South 
Branch Ashburton Rivers, together with the unpredictability of climate change and stopbank breaches, 
it is assumed that a breach flow will occur during a 500 year ARI flood event on either river.  
 
For a 500 year ARI breach flow from the North or South Branch Ashburton Rivers, there are currently 
no significant areas of land in the Ashburton and Tinwald urban area identified as ‘high hazard’. 
However, the North Branch Ashburton River hydraulic modelling of breach flows does identify a 
‘preferred’ flow path through the Ashburton urban area, should a stopbank breach occur between 
Jessops Bend and Rawles Crossing Road. There is also documented evidence of this area being 
susceptible to flooding from local rainfall runoff flood events such as a flash flood in Mill Creek in 
September 1978. 
 
It is therefore recommended that the ‘high hazard’ information produced in this study is used to ensure 
development in the identified river channels/gullies and natural depressions is avoided – as well as 
ensuring appropriate stopbank setback distances are considered. As only a 50 year ARI local rainfall 
event is modelled in this study, it is also recommended that 200 year and 500 year ARI local rainfall 
events are modelled using the existing Ashburton stormwater model that the Ashburton District 
Council commissioned. This would provide further information regarding minimum floor levels 
requirements as well as any additional ‘high hazard’ areas due to local surface water runoff (rather 
than breach flows from the North and South Branch Ashburton Rivers).  
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It would also be prudent for anyone considering future development in the area identified as the 
‘preferred’ flow path through the Ashburton urban area to be made aware of the potential risk of 
flooding in this area. This is because, despite this area not currently being considered ‘high hazard’, 
considerable damage to property could potentially be minimised or avoided in the future by 
undertaking relatively simple measures such as raising floor levels or building on a more elevated 
portion of the property (Figure 6-1). The information may also be able to be used for effective 
emergency management purposes (e.g. planning for evacuation, Figure 6-2).  
 

 
Figure 6-1: House constructed on a floodplain where house location and floor levels have 

been based on flood hazard information  

 
 Figure 6-2: Halstead Road in Pleasant Point on 13 March 1986  
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8 Glossary 
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 recurrence interval (ARI): The average time period between floods, equivalent to or 
exceeding a given magnitude.  For example, a 100 year ARI flood has a magnitude expected to be 
equalled or exceeded on an average of once every 100 years.  Such a flood has a 1% chance of 
being equalled or exceeded in any given year, i.e. 1% AEP and is often used interchangeably with 
‘return period’ or ‘flood frequency’. 

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. 

Fairway: The open (ideally vegetation-free) area of the riverbed that carries the majority of any flood 
flow. There is often a maintenance program in place for clearance of vegetation such as willows, gorse 
and broom from the fairways.  

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).  

‘High hazard’ areas: ‘High hazard’ areas for this study are defined as ‘flood hazard areas subject to 
inundation events where the water depth (m) x velocity (m/s) is greater than or equal to 1, or where 
depths are greater than 1 metre,  in a 500 year ARI or 0.2% annual exceedance probability event’.  

This definition is based on information derived from laboratory testing and actual damage from floods. 
The graph below has been adapted from the 2005 NSW Floodplain Management Manual (Figure L1, 
Appendix L, http://www.environment.nsw.gov.au/floodplains/manual.htm, accessed June 2015) 

 

http://www.environment.nsw.gov.au/floodplains/manual.htm
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Interdecadal Pacific Oscillation (IPO): Natural variability in climate in the Pacific region. A positive 
phase of the IPO tends to produce increased rainfall in the south and east of New Zealand while 
northern and eastern areas of New Zealand are more likely to be drier. 

LiDAR (Light Detection and Ranging) data: Data acquired using a laser scanner mounted on an 
aircraft. The scanner measures the ground level at approximately one point every square metre. This 
point data is used to generate very accurate and high resolution digital elevation maps which enable 
subtle topographic features to be identified.  

Nuisance flooding: Flooding that does not cause any damage to property but is a nuisance to 
residents (e.g. prevents access to property). 

Stopbank breach flow: Flow from the river onto the floodplain - often due to stopbank failure due to 
overtopping or lateral erosion/scour.  
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Appendix A: Stopbank breach modelling files 
Table A-1: 500 year ARI stopbank breach flow files – Jessops Bend  
 

  NBAR Qp=780 m3/s NBAR Qp=930 m3/s 
  Peak flow in the North Branch 

Ashburton River is 780 m3/s. 
100m breach width with 1m of 
scour depth across breach.  

Peak flow in the North Branch 
Ashburton River of 930 m3/s. 
100m breach width with 1m of 
scour depth across breach. 

    

MikeFlood …\Models\Ashburton\2015_Nth_Ash_BO_model\MikeFlood\*.* 
    
Couple file (*.mf)  Jessop_BO_100m_IL_128_7

m_tcrop 
Jessop_BO_100m_IL_128_7
m_tcrop_q_930cumecs 

    
Levee breach profile (*.dfs1)  Jessop_BO_100m_IL_128_7m_tcrop 
    

Mike11 …\Models\Ashburton\2015_Nth_Ash_BO_model\1D\*.* 
    
Simulation file (*.sim11)  Jessop_BO_100m_IL_128_7

m_tcrop 
Jessop_BO_100m_IL_128_7
m_tcrop_q_930cumec 

    
Network file (*.nwk11)  Ash_nth_NZTM_latest 
Cross section file (*.xns11)  NthAshDES_mod_BOs. 
Boundary file (*.bnd11)  NthAsh780_2015_latest NthAsh780_2015_latest_q_9

30cumec 
HD parameter (*.hd11)  NthAsh780_NEW_no_oflow 
Results file (*.res11)  Jessop_BO_100m_IL_128_7

m_tcrop 
Jessop_BO_100m_IL_128_7
m_tcrop_Q_930cumec 

    

Mike21 …\Models\Ashburton\2015_Nth_Ash_BO_model\2D\*.* 
    
Simulation file (*.21)  Jessop_BO_100m_IL_128_7

m_tcrop 
Jessop_BO_100m_IL_128_7
m_tcrop_Q_930cumec 

    
Bathymetry file (*.dfs2)  rural_dem_5m_v4_GL_lower_crop_with_scour 
Initial surface elevation (*.dfs2)  0 
Resistance (*.dfs2)  Manning M = 20 (n=0.05) 
Results (*.dfs2)  Jessop_BO_100m_IL_128_7

m_tcrop 
Jessop_BO_100m_IL_128_7
m_tcrop_q_930cumec 

Sources  - 
Sinks  - 
Drying depth (m)  0.01 
Wetting depth (m)  0.02 
Eddy viscosity  1 
Simulation start time  1/01/1996 9:00am 
Simulation end time  2/01/1996 9:00am 
Time step (s)  1 
Length of run (# time steps)  86400 
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Table A-2: 500 year ARI stopbank breach flow files – Rawles Crossing Road  
 

  NBAR Qp=780 m3/s NBAR Qp=930 m3/s 
  Peak flow in the North Branch 

Ashburton River is 780 m3/s. 
40m breach width with 1m of 
scour depth across breach.  

Peak flow in the North Branch 
Ashburton River of 930 m3/s. 
40m breach width with 1m of 
scour depth across breach. 

    

MikeFlood …\Models\Ashburton\2015_Nth_Ash_BO_model\MikeFlood\*.* 
    
Couple file (*.mf)  Rawles_Crossing_BO_40m_I

L_118_4m_tcrop 
Rawles_Crossing_BO_40m_I
L_118_4m_tcrop_Q_930cum
ecs 

    
Levee breach profile (*.dfs1)  Rawles_BO_40m_IL_118_4m_tcrop 
    

Mike11 …\Models\Ashburton\2015_Nth_Ash_BO_model\1D\*.* 
    
Simulation file (*.sim11)  Rawles_BO_40m_IL_118_4m

_tcrop 
Rawles_BO_40m_IL_118_4m
_tcrop_Q_930cumecs 

    
Network file (*.nwk11)  Ash_nth_NZTM_latest 
Cross section file (*.xns11)  NthAshDES_mod_BOs. 
Boundary file (*.bnd11)  NthAsh780_2015_latest NthAsh780_2015_latest_q_9

30cumec 
HD parameter (*.hd11)  NthAsh780_NEW_no_oflow 
Results file (*.res11)  Rawles_BO_40m_IL_118_4m

_tcrop 
Rawles_BO_40m_IL_118_4m
_tcrop_q_930cumecs 

    

Mike21 …\Models\Ashburton\2015_Nth_Ash_BO_model\2D\*.* 
    
Simulation file (*.21)  Rawles_BO_40m_IL_118_4m

_tcrop 
Rawles_BO_40m_IL_118_4m
_tcrop_Q_930cumecs 

    
Bathymetry file (*.dfs2)  rural_dem_5m_v4_GL_lower_crop_with_scour 
Initial surface elevation (*.dfs2)  0 
Resistance (*.dfs2)  Manning M = 20 (n=0.05) 
Results (*.dfs2)  Rawles_BO_40m_IL_118_4m

_tcrop 
Rawles_BO_40m_IL_118_4m
_tcrop_Q_930cumecs 

Sources  - 
Sinks  - 
Drying depth (m)  0.01 
Wetting depth (m)  0.02 
Eddy viscosity  1 
Simulation start time  1/01/1996 9:00am 
Simulation end time  2/01/1996 9:00am 
Time step (s)  1 
Length of run (# time steps)  86400 
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Appendix B: Flood probability 
 

Table B-1: Summary of flood probability 

Event Probability of occurring in period 
% AEP1 (return period) 10 yr period 30 yr period 70 yr period 

5% (20 yr ARI) 40% 80% 97% 

2% (50 yr ARI) 20% 50% 77% 

1% (100 yr ARI) 10% 25% 50% 

0.5%(200 yr ARI) 5% 15% 33% 

0.2% (500 yr ARI) 2% 6% 12% 

1AEP = Annual Exceedance Probability i.e. the chance of a flood that size occurring in any one year 
  

For example there is 25% chance that a 1% AEP (100 year return period) flood will occur within a 30 
year period   
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