
5.9 Diversion with linkages to 4.3.3 Restoration and enhancement of morphological 
management, and 4.3.5 Sediment management processes, and 3.2.2 Iwi stakeholders 

Marlborough District Council ( Brin Williman). This document is the core part of a resource consent 
application for the construction of banking to partially control flow down a major river diversion. 

 

 

 

Assets and Services Department 
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Application for Resource Consent 

• Land Use Consent:  To construct an erodible gravel bank within 
the Wairau River channel immediately 
downstream of the Rail Bridge at Tuamarina. 

 

For assistance contact: Jon Cunliffe – Resource Management Adviser 
Assets and Services Department, PO Box 443, Blenheim 7240 
Ph 03 520 7400 Ext 5169 Fax 03 520 7496 
email:  jon.cunliffe@marlborough.govt.nz
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Location/Site Plan 
 

 

Wairau Diversion Lower Wairau “Main Channel”

Erodible Bank 

Rail Bridge

State Highway 1 Bridge @ Tuamarina 

Figure: 1 Location and proposed layout of the proposed erodible bank 

The Activity 

1(a) Proposal 
This is an application for a land use resource consent to build and operate a flow control 
structure near the “head” of the Wairau Diversion on the Wairau River.   

The Issue 
The Wairau Diversion, commissioned in 1964 as a flood control measure, has developed 
from a pilot cut to a fully fledged channel in its own right. The division of flows into the 
Diversion and Lower Wairau is uncontrolled. 

The flow regime down the Lower Wairau is now quite different from that prevailing before 
the creation of the Diversion. Associated with the change in flow regime has been substantial 
deposition of silt and sand of typically 1.5 metres depth in the Lower Wairau channel. 

The combination of changed flow regime and silt deposition has had an ecological impact on 
the Lower Wairau channel and the Vernon lagoons, affected water quality, reduced the flood 
carrying capacity, impaired drainage and impacted on recreational use. 

Outline of Proposal 
This consent application is for partial control of the already existing diversion of Wairau 
River waters at the head of the Wairau Diversion. This partial diversion will be created by 
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bulldozing up (beaching) low erodible gravel banking diagonally across much of the mouth 
of Wairau Diversion. 

The objective of this partial control is to: 

1. Control the flows going down the Wairau Diversion to less than 50% of the total flow 
when the Wairau River is at or below average flow, ie; below approximately 
100 m³/sec. 

2. Restrict the flow going down the Wairau Diversion to approximately 25% of the total 
flow when the Wairau River increases above average flow up to large fresh size ie; 
100 up to 1400 m³/sec.  (Note that a flow of 1400 m³/sec occurs about once every 
10 months on average). 

3. To have no effect on flood flows ie; from small floods of 1400 m³/sec up to major 
floods of 5500 m³/sec (1 in 100 year return period flood ) and more, because the 
gravel banking will be overtopped and eroded away by such flows. 

The overall aims of this partial flow control are to 

(a) To halt the current aggradation of the Lower Wairau River that has occurred 
through the deposition of sand and silt; and to reverse the trend by encouraging 
scour of this deposited sediment.  

(b) This will increase the flood capacity of the lower Wairau system.  

(c) The water quality of the lower Wairau River will improve, including reducing 
salinity. This in turn will improve the ecological and recreational values of the 
lower Wairau River. 

(d) The river is becoming shallower through siltation which directly impairs 
recreational values of rowing, swimming and kayaking. This will be corrected. 

(e) To increase average flows in the Lower Wairau River that is better for 
ecological habitat. 

(f) Improve the self-scouring process of the Wairau Bar so as to improve the tidal 
flux through the bar.  This in turn will improve the ecological values of the 
Vernon Lagoons and also improve gravity drainage of the lower plains 
watercourses. 

Aggradation – Lower Wairau Channel 
Monitoring of the Lower Wairau river channel has found that: 

• Since the mid 1960s there has been aggradation of some 1.9 million cubic metres of 
sediment. 

• This represents an average build up of 1.5 metres depth, and narrowing of the 
channel by some 15 metres. 

• Prior to 1963 the channel had been enlarging by scour. 

• From the small amount of 1927 survey data available the channel size then was 
similar to that of the mid 1980s and channel enlargement by scour occurred from at 
least 1927 to the mid 1960s. 
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• The 1994 to 1999 period had very little aggradation. This was a period of significant 
flood activity in the river. On 11 occasions in this period the flow exceeded 
1500 m³/sec – twice the normal average, and one of 3800 m³/sec. 

• Conversely the 1999 to 2005 period was a period of the greatest rate of aggradation 
on record. This was a period of very little flood activity, with only three floods 
exceeding 1500 m³/sec – half the long term average, and the largest of only 
2000 m³/sec. 

Channel Development  – Wairau Diversion 
Monitoring of the Wairau Diversion has found that: 

• The Wairau Diversion channel has enlarged by erosion by some 1.6 million cubic 
metres since its initial pilot cut excavation in 1963. 

• This erosion has been by a mixture of natural erosion during floods, assisted by 
deliberate Council excavation of hard points during the 1990s. 

• There has been no erosion enlargement since 1998. 

• The extent that the Wairau Diversion has eroded is similar to the extent that the 
Lower Wairau channel has aggraded. However the Diversion is less than half the 
length of the Lower Wairau. Therefore the rate that the waterway capacity of the 
Diversion increased from 1964 to 1998 was approx twice the rate that the Lower 
Wairau channel reduced in capacity.       

Flow Control Structure Proposed 
The intention in building the proposed flow control structure is to “mitigate” these adverse 
effects by redirecting a significant portion of flood flows from the Wairau Diversion to the 
main Lower Wairau Channel, thereby increasing the flood flow down the Lower Wairau 
Channel. This is expected to have the effect of scouring the channel bed and reversing the 
aggradation that has been occurring. This will restore the Lower Wairau channel to its 
physical character of former years. 

The flow control structure is to take the form of an erodible gravel bank.    

The concept of an erodible gravel bank is based on the successful use of the same concept on 
the Wilberforce River near Lake Coleridge in Canterbury. In that example a power company 
uses an erodible bank to ensure that discoloured floodwaters do not enter Lake Coleridge.  
During normal flows clean water is diverted into Lake Coleridge. During flood times, when 
the water is dirty (during floods), the bank is overtopped and is diverted away from the Lake.  
See Figure 2 below. 
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Figure 2.  Erodible Gravel Banking on the Wilberforce River, near Lake Coleridge 
 

The erodible gravel banking will be constructed within the main channel of the Wairau 
River, immediately downstream of the rail bridge at Tuamarina. It will be around 500 metres 
long and 1.9 metres high.  

It will be positioned to divert a higher percentage of the flood flow down the main Lower 
Wairau channel than occurs at present during lower to medium flood events in the river. The 
design provides for the bank to fail at larger river floods.  These larger floods will then flow 
through the main Lower Wairau channel and the Wairau Diversion through to the sea as they 
do at present.  The bank will contain a lower section, 100 metres long, and at specific 
location which will ensure a reliable failure and make it easier to repair. 

It is proposed to rebuild the erodible bank after each flood.  

Operating Rules 
The flow control structure will be operated to: 

1. Control the flows going down the Wairau Diversion to less than 50% of the total flow 
when the Wairau River is at or below average flow, ie; below approximately 
100 m³/sec. 

2. Restrict the flow going down the Wairau Diversion to approximately 25% of the total 
flow when the Wairau River increases above average flow up to large fresh size ie; 
100 up to 1400 m³/sec.  (Note that a flow of 1400 m³/sec occurs about once every 
10 months on average). 
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3. To have no effect on flood flows ie; from small floods of 1400 m³/sec up to major 
floods of 5500 m³/sec (1 in 100 year return period flood ) and more, because the 
gravel banking will be overtopped and eroded away by such flows. 

Expected Environmental Outcomes 
(a) To halt the current aggradation of the Lower Wairau River that has occurred through 

the deposition of sand and silt; and to reverse the trend by encouraging scour of this 
deposited sediment.  Aggradation of the lower Wairau began following the creation of 
the Wairau Diversion in 1964; and its deleterious impacts are becoming more and 
more apparent with time. 

(b) Increase the flood capacity of the lower Wairau system. From 1964 to 2000 the 
Wairau Diversion increased flood capacity through scour at a faster rate than the 
Lower Wairau decreased flood capacity through siltation. However since 2000 the 
siltation of the Lower Wairau has continued unabated while scour of the Wairau 
Diversion has ceased.  The joint flood capacity of Lower Wairau and Diversion has 
therefore been decreasing since 2000. The flood capacity of the joint Wairau and 
Diversion is currently less than the required 1 in 100 year standard 

(c) The water quality of the lower Wairau River will improve, including reducing salinity. 
This in turn will improve the ecological and recreational values of the lower Wairau 
River. 

(d) The river is becoming shallower through siltation which directly impairs recreational 
values of rowing, swimming and kayaking. This will be corrected. 

(e) To increase average flows in the Lower Wairau river that is better for ecological 
habitat. 

(f) Improve the self-scouring process of the Wairau Bar so as to improve the tidal flux 
through the bar.  A more efficient bar will in turn improve the ecological values of the 
Vernon Lagoons, reduce the flood hazard of the Riverlands Co-op floodway and also 
improve gravity drainage of the lower plains watercourses. 

(g) Gravity drainage of the lower plains watercourses will  also be improved directly. The 
aggradation of the Lower Wairau river has resulted in higher water levels in the river – 
thus requiring more use of pumping to achieve drainage of the lower Wairau plains 
watercourses. 
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Figure 3: Aerial View of proposed layout of erodible gravel bank 

Key Design Features 
• The gravel banking is on a flat angle to the flow into the Diversion and stretches 

500 metres from the rail bridge to the fork of the Diversion and lower Wairau. 

• The banking will be carefully constructed as to design level, so that it will overtop 
and readily erode away at the appropriate flood size.  

• The banking will be constructed on a natural gravel beach and typically be 
1.9 metres higher than the beach. 

• The banking will be typically the same height as the natural riverbank levels at the 
location and some 2.5 metres below stopbank level.  

• The banking will be constructed of erodible gravels with minimal compaction. 
Shrubs, grasses and other vegetation will not be allowed to grow on it, as they 
could impair the erosiveness of the banking.  

• Erosion of the banking will be initiated once approx 0.15 metres of water is 
flowing over it. Overtopping floodwaters will be of high velocity and soon erode 
away the banking. Major floods will be of very high velocity up to 2.5 metres 
higher than the erodible banking that will be totally destroyed by such an event. 
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• The banking will contain a 100 m length of slightly lower banking so as to induce 
more reliable failure at a specific location easier to repair. 

• The banking will be reinstated after each flood. 

• The banking will terminate at a railway bridge pier so as to provide a firm tip to the 
head of the banking.  Rock riprap will also be used to line the first 50 metres of the 
banking so as to inhibit erosion of this top section of banking. 

1(b) Alternative Methods or Locations 
A long term, sustainable solution is desired that provides the required flood protection while 
improving water quality, ecological habitat, recreational opportunities and drainage 
effectiveness is required.   

• Do Nothing: The “do nothing” option results in continuing Lower Wairau 
aggradation and the existing situation deteriorating. It does 
not meet Council’s stated objectives. 

• Dredging: Dredging of the Lower Wairau is not an attractive 
proposition.  This would require expenditure in the order of 
$10 million to deepen the channel with ongoing 
maintenance in the order of $500,000 per year to keep the 
desired standard.  There will also be ecological and 
recreational concerns of a major, ongoing dredging 
operation.  

• Enlargement of the Wairau Diversion:   
Further enlargement of the Diversion addresses the flood 
problem but will result in increasing aggradation for the 
Lower Wairau and thus worsen things for the ecological, 
recreational, drainage and water quality issues. It is not an 
acceptable option. 

• Raising Stopbanks: Wholesale Lower Wairau stopbank raising is also not an 
attractive stand alone option. Some 20 km of stopbanks 
would need to be raised at a rough order of cost of several 
million.  This option does not address the Lower Wairau 
aggradation issue and its associated ecological, recreational 
or drainage issues. It would also increase the flood hazard 
from extreme floods by increasing the depth of floodwaters 
within the stopbanked floodway. 

• Flow Control: The only desirable option involves one that will halt and 
preferably reverse the aggradation trend in the Lower 
Wairau.  

The above observations on patterns of Lower Wairau aggradation indicate that the larger 
floods scour the Lower Wairau while a quieter flood period results in aggradation. This 
indicates that suitable flow control at the mouth of the Wairau Diversion could reverse the 
aggradation presently occurring in the Lower Wairau channel – with associated flood 
protection, ecological, recreational and drainage benefits. 
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Options for flow control that have been considered in this situation include both control 
gates and erodible gravel banking.  A fuller account on the technicalities and merits of each 
of these options is presented in Appendix 4. 

In summary: 

• the option of using full control gates would allow using the recession flows during 
floods to further enhance “development” of the Lower Wairau Channel.   

• the “full” control gate option is a very expensive one. 

• Flow control using erodible gravel banking is expected to achieve very good results 
at a much more realistic cost. 

Effects on the Environment 

1(d) Actual or Potential Effects 
General environmental impacts: 
A major reason for the proposal is to improve water quality, ecological values, habitat and 
recreational values. 

Flooding;  
Another major reason for the proposal is to reduce the overall flood hazard. However the 
proposal has the possibility of slightly increasing the flood hazard for those berm lands 
within the Lower Wairau floodway. This will be avoided by ensuring that the erodible gravel 
banking will overtop and erode away at flows below those at which the river would overtop 
the river berm land. 

This issue equally applies to the Wairau and Tuamarina river berm lands just upstream of the 
Tuamarina SH 1 Bridge.  Here the erodible banking is being built lower than the adjacent 
Wairau floodway berm land, so flooding of the Wairau berm and will not occur. 

The Tuamarina River floodway berm land is however a little lower. Thus Tuamarina river 
floodway berm land will be flooded slightly more often – though it will be shallow gently 
ponded water. If there are landowner concerns, low bunding will be built up the Tuamarina 
river floodway as a mitigating work.  

Lower Wairau River Mouth opening;   
The beach spit at the mouth of the Lower Wairau is built up by sea waves that can partially 
block the mouth and reduce its hydraulic efficiency.  When the river is in fresh or flood the 
beach spit is eroded away and the bar fully opened to become efficient.  Minor Lower 
Wairau flood flows in excess of 800 m³/sec will generally open the mouth. With the 
proposed erodible banking these flows will be more frequent compared with the existing 
situation. The beach spit will therefore be eroded away more regularly, and the mouth be 
more often in an efficient condition. 

A hydraulically efficient mouth has ecological, drainage and flood benefits. The flood 
benefits are not just to the lower Wairau River but also its tributaries flowing into it, 
particularly the Riverlands Co-op Floodway.   

Railway bridge piers: 
The erodible banking will increase the flow velocities around the two most northerly 
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Railway bridge piers during freshes of up to 1400 m³/sec and thus raise the issue of the 
potential for increased scour around these bridge piers.   

The piers have been designed to combat scour in major flood conditions exceeding 
5500 m³/sec. During such major floods the situation will be the same as the existing natural 
situation. There will thus be no detrimental impact on the railway bridge piers.  

It is noted that the rail bridge reconstruction in 1972 was with the expectation of much 
greater scour loading because the bed level was expected to be 2 metres lower. Nevertheless 
it has been agreed with Ontrack that heavy rock rip rap will be placed around the piers as a 
mitigating work to counter any concerns. 

1(g) Mitigation Measures Proposed 
The proposal in itself is a “mitigation” measure: to mitigate the adverse effects of 
aggradation in the Lower Wairau channel that have accrued since the commissioning of the 
Wairau Diversion in 1964. 

Notwithstanding this, by design, the erodible gravel bank will fail under certain flow 
conditions.  The effects (positive or negative) of the operation of the erodible gravel bank on 
channel geometry and health in both the Lower Wairau channel and the Wairau Diversion 
will be monitored.  Should changes to the design be required as a consequence of this 
effectiveness monitoring there is an opportunity to make changes as the bank is re-built after 
flood events. 

1(h) Persons Affected/Consultation 

Persons Affected 
Persons affected by this proposal include: 

• All landowners adjoining the Lower Wairau River and Wairau Diversion 
downstream of the SH 1 Bridge at Tuamarina. 

• Iwi  

• The general community of Marlborough District. 

• The Tuamarina- Waikakaho Residents Association 

• Department of Conservation. 

• Nelson Marlborough Fish and Game Society. 

• Ontrack  

Consultation 
Consultation has occurred in a variety of ways with a mix of the affected parties as follows: 

• A public meeting was held in the Spring Creek Hall on Thursday 7 June 2007 to 
which all landowners abutting the Lower Wairau River were invited. Also invited 
were the Department of Conversation and the Nelson Marlborough Fish & Game 
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Council. At that meeting an in-depth presentation was made by Council’s River & 
Drainage Engineer on a suite of river works proposed on the Lower Wairau River. 
The erodible bank, the subject of this application, was one of those works. It was 
acknowledged at that time that resource consent would be required to authorise the 
work. Following the meeting attendees were sent a summary of the information 
presented (Letter of 17 July 2007). 

• Discussion with Ontrack representatives. 

• Presentation to the Tuamarina- Waikakaho Residents’ Association. 

• Hui with Iwi.  two hui have been held with iwi. The first on 14 December 2007 at 
Council offices. The second and more recent  was held on 18 December 2008 at 
Wairau Pa.. This was held after iwi had received a copy of an earlier draft of this 
application. A record from the second hui (18 December 2008) is included as 
Appendix 5 

• Copies of a draft of this application have been circulated to both the Department of 
Conservation and the Nelson-Marlborough Fish and Game Council.  Subsequently 
the proposal has been discussed with senior officers of both organisations. 

• There has been publicity in newspapers. 

• Council has debated the merits and necessity in the “public domain” and its 
resolutions on the proposal have been and are publicly available. 

In summary there has considerable support for the proposals. No dissenting views/objections 
have been registered with Council to date. 

1(i) Monitoring 
Regular re-surveying of river channel cross-sections in the Wairau Diversion and Lower 
Wairau Channels will continue, to monitor the effectiveness of the erodible gravel bank as a 
device to promote scouring within the Lower Wairau channel.  

MDC’s State of the Environment Monitoring programme will help measure and quantify 
improvements in the water quality and ecology of the area. 

2(a) Effect on Neighbourhood and Relevant Wider Community 
It is expected that the construction and operation of the erodible gravel bank will result in a 
number of beneficial effects for the community at large.  These have been expanded on 
earlier in this report and are recorded here in summary form for completeness.  

1. To halt the current aggradation of the Lower Wairau River.  

2. Increase the flood capacity of the lower Wairau system.  

3. Gravity drainage of the lower plains watercourses will  improve. 

4. The water quality of the lower Wairau River will improve, including reducing salinity. 
This in turn will improve the ecological and recreational values of the lower Wairau 
River. 
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5. The river is becoming shallower through siltation which directly impairs recreational 
values of rowing, swimming and kayaking. This will be corrected. 

6. To increase average flows in the Lower Wairau River that is better for ecological 
habitat. 

7. Improve the self-scouring process of the Wairau Bar so as to improve the tidal flux 
through the bar.  This in turn will improve the ecological values of the Vernon 
Lagoons and also improve gravity drainage of the lower plains watercourses. 

2(b) Physical effect on Locality 
As the erodible bank is being constructed and operated within the main Wairau River 
channel, it will be not have any physical impact on the locality outside of the floodway area.  
The bank in itself will be subject to attack by flood flows and has been designed to fail at 
flows of around 1400 m³/s. The effects it may have on the physical locality are those that it is 
designed to do – ie; to re-direct a greater proportion of flood flows down the Lower Wairau 
channel – which will have a wide range of positive effects for the area. See 2(a) above 

2(c) Effect on Ecosystems 
It is expected that there will be improvements on the overall ecology of the Lower Wairau 
channel area and positive effects on any ecosystems within it. 

2(d) Effect on Natural & Physical Resources  
The range of adverse effects that have accrued in the Lower Wairau river system since the 
construction and development of the Wairau Diversion in 1964 have been well documented 
above and in the appendices that follow. Refer also 2(a) above. 

Conclusions 
The construction and operation of an erodible gravel bank near the head of the Wairau Diversion to 
operate as a flow control structure is seen as a necessary work to reverse the aggradation that has occurred 
in the Lower Wairau River Channel since 1964.  There will positive and beneficial effects as a 
consequence in the immediate and wider environment and to the community at large. 
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Appendix 1: Background – Flood Control on the Wairau 
River 

A1.1  Early History 
Adequate flood capacity of the Wairau river, especially the Lower Wairau, has been a long 
standing issue for Marlborough. Stopbanks were first built around the 1890 period, generally 
close to the river bank. In those days there were three river boards flanking the Lower Wairau 
River, two on the northern bank and one on the southern bank. The different boards were 
differently funded and built the stopbanks in their respective areas to different standards. 

Where stopbanks were built benefit to one location, sometimes it was at the expense of 
transferring flood risk to another location. This was because there were several river boards 
represented the interests of “their area”.  This has resulted in compensatory works having to 
carried out at a later date to deal with this transferred flood risk. This process is still going on 
today. 

However not enough flood capacity was provided for the Lower Wairau. This was partly 
because the stopbanks were built so close to the natural bank edge. More importantly it was 
also because stopbanking further upstream on the Wairau was preventing spill out there and 
thus concentrating all flow into the Lower Wairau River. The blocking off of the Opawa 
distributary channel in 1914 (or Opawa Breach as it was called in those days) was a 
particular action that increased flood flows in the mainstem Wairau from the head of the 
floodplain near the Waihopai confluence to the sea – including  the Lower Wairau .  A 
government appointed Wairau River Commission  in 1917  required a single river board be 
formed in 1921 – called the Wairau River Board – with the responsibility of dealing with 
flood control works for the whole Wairau floodplain in a holistic manner.  

The 1917 Wairau River Commission endorsed the closure of the Opawa breach and the other 
stopbanking in the upper parts of Wairau floodplain but on the requirement of enlarging the 
flood capacity of the mainstem Wairau River to the sea, including the Lower Wairau. 

Refer to Figure A1. 

 

r 
Opawa Breach 
Floodway – 
Blocked 1917
Wairau Rive
Figure A1: The Wairau Floodplain 
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A1.2  Lower Wairau Floodway Improvements 1921-1956 
The Wairau River Board made strenuous efforts to combat this increased flood hazard from 
the Wairau River. Stopbanks were raised. For the 4 km downstream of the Tuamarina rail 
bridge several farms were bought on both sides of the river so as to enlarge and widen the 
available floodway.  The "Peninsula" cut put through in 1927 is now the channel of the 
Lower Wairau, and the wider floodway berm created on the left bank at the Ferry Bridge 
area is now known as Morrins Hollow.  A widened floodway berm with set back stopbanks 
was also created at "Beatsons" downstream of Jones Road, and the stopbanks just upstream 
of the Wairau Pa area were also set back further from the river to give more floodway room.  
Most of this floodway land was purchased by the Wairau River Board. Refer to Figure A2. 

Flood breakout continued to occur during the 1930s, 1940s, 1950s and 1960s, with stopbank 
repair and minor upgrading at regular intervals in an ad hoc manner; though still not 
achieving adequate flood protection for the Lower Wairau plains. Flood breakout was 
occurring about every six years. 



Fig A2. Council purchased land in the Lower Wairau floodway shown in yellow, stopbanks in red. (Roses Overflow and other floodways also shown).
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A1.3  Marlborough Catchment Board 1957-1989 
The works by the Wairau River Board over 30 years however still proved inadequate to deal 
with two large floods in June 1954 and February 1955 of estimated sizes of 4200 m³/sec and 
3400 m³/sec and assessed return periods of once in 20 years and 10 years respectively.  
These two floods eight months apart overtopped stopbanks and caused substantial damage.  
As a result the residents of Marlborough turned towards replacing the Wairau River Board 
with the Marlborough Catchment Board allowed for by government initiative through the 
1941 Soil Conservation and Rivers Control Act. Under this legislation the Marlborough 
Catchment Board had more powers and government subsidy. 

One of the first actions of the newly formed Marlborough Catchment Board was the 
construction of the Wairau Diversion to take a share of the Wairau floodwaters from 
Tuamarina directly to the sea.  It was expected that the Diversion would remove the future 
need of any further upgrading to the Lower Wairau floodway, and indeed that minimal 
maintenance would be required from then on. 

A1.4  The Wairau Diversion - 1964 to 1994 
The Wairau Diversion was constructed in 1963/64 as a 10 m wide “pilot cut” within a 300 
metre wide stopbanked floodway. The initial capacity was 700 m3/sec with the design 
expectation that natural erosion would  enlarge the channel to 150 m width and 3 metre deep; 
thus a capacity of 3000 m3/sec. Eventually the joint capacity of the Wairau Diversion and 
Lower Wairau was expected to be in excess of 5200 m³/sec. The process was in fact to take 
much longer than anticipated.  

The Diversion was not up to design capacity at the time of the very large flood of July 1983 
food. There were significant flood overflows of 800 m³/sec of the total 5800 m³/sec flood. 
These flood overflows mainly occurred upstream of the Tuamarina bridge, because the 
channel was not up to capacity under the bridge and further upstream. The Lower Wairau and 
Wairau Diversion jointly almost managed to carry the remaining 5000 m³/sec flood flow, 
with only minor overtopping of Lower Wairau stopbanks.  

Later hydraulic computer analysis assessed the Lower Wairau as carrying 3000 m³/sec, and 
the Diversion 2000 m³/sec. This computer analysis was carried out as part of a 1992-1994 
review of the hydraulic capacity of Wairau floodplain rivers as part of the Wairau River 
Floodways Management Plan. 

A1.5  Wairau River Floodways Management Plan 1994  
The Marlborough District Council took over the duties of the Marlborough Catchment Board 
in 1992, and made as priority a review of the Wairau flood hazard. This resulted in the 
adoption of the Wairau River Floodways Management Plan (WRFMP) in 1994, with 
improvement works to be completed within a 10 year time period as set out below. 

WAIRAU: PROPOSED WORKS 
11. The recommended desirable waterway capacity of this report is 5500 m³/sec, an 

increase of 25% on the current capacity.  Such a flood has an assessed frequency of 
a 10% chance of occurring in the next 10 years (Such a frequency is also called a 1 
in 100 year return flood).  For practical purposes this is effectively the size of the 
July 1983 flood which has been reassessed as 5800m³/sec. 

15. The proposed works to achieve the increase in waterway capacity are: 
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• Improving the channel hydraulic efficiency of the Wairau and Lower Wairau 
floodways by removal of impeding trees, and removal of internal banking and 
also other berm shaping improvements.  This would be done as far as practical 
commensurate with the need for bank scour protection works. 

• Expediting enlargement development of the Wairau Diversion by mechanical 
assistance. 

• Raising, or in some places additional, stopbanking over some 20 km. 

• Significant increase in stopbank protection works in the Conders area by 
construction of four new rock headed groynes and other rock work. 

• A programme of fairway edge willow tree planting as secondary protection, 
complementary to the expensive rock work. 

• Encouraging and directing gravel extraction for the most effective enlargement 
of waterway capacity. 

These works were essentially completed by 2002. 

A1.6  Marlborough District Council Lower Wairau Upgrading Resolution 
2006 
The WRFMP also signalled that further river works were likely to be required for the Lower 
Wairau and Wairau Diversion. This has proved to be the case as the works carried out under 
the WRFMP have been found not to completely solve the issues associated with the Lower 
Wairau. In December 2006, following further monitoring and analysis,  Council approved a 
package of works to address further Lower Wairau river floodway issues, subject to public 
consultation and any resource consent requirements.  The package works include: 

• An embankment at the entry to the Diversion to direct more flow down the Lower Wairau, 
especially minor floods. It will overtop and erode in major floods so as to share those 
flood loads with the Diversion. 

• Extension of the rock guide wall at the sea outlet of the Lower Wairau so as to improve 
the outlet efficiency. 

• Strategic sediment removal especially in the Spring Creek out let area. 

• Removal of spurbanks blocking Beatson’s overflow. 

• Raising/strengthening of low sections of stopbank on both sides of the river. 

• Removal of thick impeding crack willow trees within the floodway which slow 
floodwaters, and targeting those trees that have no bank erosion protection benefit 
and/or no ecological or aesthetic value. Some back planting of less impeding native trees 
will be carried out – such as cabbage trees 

The deposition of sand and silt in the Lower Wairau river channel - a process called 
aggradation -has been a major reason for the need for further river works.  
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Appendix 2: The Present Day Issue: Aggradation in the 
Lower Wairau Channel 

The main reason for the need for the proposed erodible banking and other river control works on the 
Lower Wairau is because the channel is aggrading through the deposition of sand and silt.  

After 100 years of channel diversions and stopbanking it is now the management of the sediment 
processes resulting from these works that is critical to achieve a suitable level of flood protection while 
providing for ecological, drainage, recreational, social and cultural values from the Lower Wairau River.  

A2.1  Factors Causing “Aggradation” in the Lower Wairau Channel    
Aggradation occurs when the natural processes of sedimentation and erosion within a river 
channel are out of balance and there is net sedimentation. Among the measurable changes are 
that the river bed rises and the flood carrying capacity of the river channel is reduced. These 
changes often result in adverse effects on the local and wider environment. 

Factors either causing or contributing to aggradation include: 

A2.1.1 Rivers Carry Sediment: 
Measurements for the Wairau River indicate that it transports some 2 million tonnes of 
sediment to the sea on average each year. This is approximately 0.1% of the amount of the 
river water flow. 

The size of the flood flows and the channel slope are major factors determining the amount 
of sediment that a river can transport. Other factors are the size of sediment and the 
availability of supply from the eroding catchment headwaters. 

A2.1.2 Flood Flows 
The majority of sediment is carried during flood flows, because the ability of a river to carry 
sediment is exponential to the flow. That is the rate of sediment transport rises at a faster rate 
than the increase in flood flow. 

A2.1.3 Reduced Channel Slope 
Where the river channel slope reduces the sediment transport capacity also reduces. If this 
transporting capability reduces too much, then sediment deposition occurs. This process is 
called aggradation.  Aggradation of gravel has been occurring for the Wairau River between 
the SH 6 and SH 1 bridges and down to Ferry Bridge in the Lower Wairau. This gravel 
deposition has been caused by the Wairau river reducing its slope as it approaches the sea. 

Aggradation through silt and sand deposition has been occurring in the Lower Wairau.  This 
silt and sand deposition is primarily due to the reduction in flood flows due to the effect of 
the Wairau Diversion carrying a portion of the Wairau flood flows since 1964, and an 
increasing portion. 

Conversely in the period of 1917 to 1964 the Lower Wairau was enlarging by scouring due to 
an increase in flood flows. This was the period between the blocking of the Opawa breach 
and the construction of the Wairau Diversion. 
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A2.1.4 The Benhopai Dam 
The construction of the Benhopai dam in 1928 is another factor. The Waihopai river supplies 
70% of the Wairau sediment. During the early years following the dam construction (1930s 
and 40s) the dam collected the sand and silt coming down that river. Following that mainly 
coarser deposited and gravel is still depositing in the Waihopai above the dam. The dam now 
holds over 8 million cubic metres of sediment, and increasing. The sand and silt deposited in 
the Benhopai dam was of course not available for deposition in the Lower Wairau. 

A2.1.5 The Wairau River Mouth – Wairau Bar 
A further factor has been the efficiency of the Wairau mouth bar. Prior to 1960 it was 
inefficient and backed up flows due to a long offshore spit. This would have reduced the 
“slope” of the flows upstream and thus encouraged siltation of the Lower Wairau. In 1961 a 
guide bank was constructed at the mouth which improved its efficiency, and thus would have 
encouraged scour rather than siltation of the Lower Wairau.   

A2.1.6 Summary 
The size, shape and waterway capacity of the Lower Wairau river channel is a delicate 
balance between its sediment transport capacity, the flood flow regime, the river mouth 
opening and any changes in supply of sediment to the river system. The construction of the 
Wairau Diversion changed this balance and has lead to aggradation of the Lower Wairau 
channel. 

More obvious is the channel enlargement by scour of the Wairau Diversion as it erodes its 
channel through old beach gravels on its shorter route to the sea. 

A2.2 The Impact of Aggradation on the Lower Wairau Channel 

A2.2.1 Flood hazard  
As described above the flood capacity of the joint Lower Wairau and Wairau Diversion is 
now less than required under the Proposed Wairau Awatere Resource Management Plan 
(PWARMP).  It is expected to be a continuing trend of Lower Wairau aggradation and no 
further Diversion scour enlargement. The joint flood capacity of the Lower Wairau and 
Diversion will drop even further below the required 1 in 100 year flood standard unless 
action is taken. 

A2.2.2 Water Quality, Ecological Habitat and Salinity  
Department of Conservation, Fish and Game and Iwi have also expressed concern at the 
effect of the siltation and lower flows not only on the Lower Wairau but also in the Vernon 
Lagoons. The reduced flow, especially at low flows, has poorer water quality and increased 
salinity. The siltation is also resulting in the growth of aquatic weed in the channel. The 
maintenance or enhancement of freshwater/marine habitats and water quality is an objective 
of the Marlborough Regional Policy Statement. 

A2.2.3  Recreational Use 
The Lower Wairau is a high use recreational area with rowing, kayaking, swimming, water 
skiing and fishing all being very popular. The reduction in water quality already discussed 
will have an effect on recreational users, especially those in direct contact with the water. 
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The reduction in the channel width and water depth also has an effect on the ability of rowing 
clubs to be able to hold regattas and the areas available for water skiing. Deeper water is 
generally desirable for most of the recreational activities undertaken on the Lower Wairau 
River. 

The establishment of a national high performance rowing centre at the Wairau Rowing Club 
will also increase expectations to provide a high quality river training environment  

Recreational users of the river are already being significantly affected with less river of 
adequate depth for rowing, waterskiing and kayaking. The management of water quantity and 
level to protect recreational and other amenity values is provided for in the Marlborough 
Regional Policy Statement. 

A2.2.4 Drainage  
The aggradation has also resulted in some impairment to drainage of the lower Wairau plains 
with increased Council pumping costs, due to more frequent blockages of the Wairau Bar. 
The provision of effective land drainage is provided for in the objectives of the Proposed 
Wairau/Awatere Resource Management Plan. 
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Appendix 3: Monitoring, Analysis & Review 

A3.1 Monitoring 

A3.1.1 River Channel Monitoring – Lower Wairau 
Regular resurveys of the Lower Wairau and Wairau Diversion channels have shown how 
those channels have responded (ie; aggraded/scoured) to the changing flood flow regime and 
to other factors. 

Cross sections on the Lower Wairau have been resurveyed in the years 1957, 1963, 1967, 
1989, 1994, 1999, and 2005. Some survey data is also available for 1927. 

Changes in the volume of material deposited within the Lower Wairau Channel is shown in 
Fig A3.1a., while changes in the average channel bed level are shown in Figure A3.1b. 

Volumetric Change in the Lower Wairau River Bed
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Figure A3.1a: Volumetric change in the Lower Wairau channel bed  since 1957. 
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Linear Change in Lower Wairau River Bed
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Figure A3.1b: Average change in Lower Wairau bed level since 1957. 

 
The salient points to be taken from this monitoring are: 

 
• Since the mid 1960s there has been aggradation of some 1.9 million cubic metres of 

sediment. 

• This represents an average build up of 1.5 metres depth, and narrowing of the 
channel by some 15 metres. 

• Prior to 1963 the channel had been enlarging by scour. 

• From the small amount of 1927 survey data available the channel size then was 
similar to that of the mid 1980s and channel enlargement by scour occurred from at 
least 1927 to the mid 1960s. 

• The 1994 to 1999 period had very little aggradation. This was a period of significant 
flood activity in the river. On 11 occasions in this period the flow exceeded 1500 
m³/sec – twice the normal average, and one of 3800 m³/sec. 

• Conversely the 1999 to 2005 period was a period of the greatest rate of aggradation 
on record. This was a period of very little flood activity, with only three floods 
exceeding 1500 m³/sec – half the long term average, and the largest of only 2000 
m³/sec. 

A3.1.2 River Channel Monitoring – Wairau Diversion 
The Wairau Diversion Channel (cross sections) has been surveyed at (typically) three yearly 
intervals to monitor its “development” (enlargement through scour/erosion) since its initial 
excavation in 1964. A plot of the rate of erosion with time is shown in Fig A3.2. 
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Cummulative Change in River Bed Volume : Wairau Diversion XS 7020 - 7120 
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Figure A3.2  Volumetric change within the Wairau Diversion channel since construction in 1963 

The salient points from this monitoring of “channel development” are: 

• The Wairau Diversion channel has enlarged by erosion by some 1.6 million cubic 
metres since its initial pilot cut excavation in 1963. 

• This erosion has been by a mixture of natural erosion during floods, assisted by 
deliberate Council excavation of hard points during the 1990s. 

• There has been no erosion enlargement since 1998. 

• The extent that the Wairau Diversion has eroded is similar to the extent that the 
Lower Wairau channel has aggraded. However the Diversion is less than half the 
length of the Lower Wairau. Therefore the rate that the waterway capacity of the 
Diversion increased from 1964 to 1998 was approx twice the rate that the Lower 
Wairau channel reduced in capacity.       

A3.2  Analysis & Review 

A3.2.1  Computer Hydraulic Analysis of Flood Capacity 
The progressive change in channel size of the Wairau Diversion and Lower Wairau will 
obviously result in a change of their respective hydraulic capacities.   

Computer hydraulic analysis of the waterway capacity of the Wairau Diversion and the 
Lower Wairau was carried out from the late 1980s when suitable computers and computer 
programmes became available. 
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A summary of the analyses undertaken since follows: 

1989 
The first analysis used the surveyed river cross sections taken in 1989 (Lower Wairau) and 
1988 (Diversion); and used the small flood of 1990 to calibrate the model.  

These results formed the basis of the decisions of the Wairau River Floodways Management 
Plan (WRFMP) 

1996 
By 1996 a more sophisticated computer programme called Mike 11 became available. This 
programme was able to quantify the natural flow split between the two channels. It is also a 
more reliable programme for calculating the flow on the berms within the floodways.  

Further hydraulic analysis was carried using the 1994 surveyed cross sections, and calibrated 
against the quite large and well monitored floods of 1993, 1994 and 1995. 

This analysis confirmed that: 

The combined Wairau Diversion and Lower Wairau flow channels would not pass the 
required 1 in 100 year return period flood, and such a flood would also still be impeded by 
the low level of the deck of  the Tuamarina bridge. 

The response to this finding was an amended rivers work programme which included 
controlled gravel extraction at the top of the Diversion and in the Lower Wairau below the 
Tuamarina bridge. It also included deliberate excavation of other sediments in the head of 
both the Diversion and Lower Wairau channels. 

2000 
Further hydraulic analysis was carried out in 2000 following the large 1998 flood 
(3800 m³/sec), and using the resurvey data from the channels taken in 1999. This analysis 
showed the joint flood capacity of the Lower Wairau and Diversion was again up to design 
capacity, and the flood would pass under the bridge.  

At that point in time that Lower Wairau channel had stopped aggrading, while the Diversion 
was eroding and enlarging at a fast rate.) 

2006 
Further hydraulic analysis was carried out again in 2006 using the 2005 cross section survey 
data.  

At that point in time Lower Wairau aggradation had started again, but the Diversion size was 
static. 

This analysis confirmed that the joint capacity of the Lower Wairau and Diversion had 
dropped below the desired 1 in 100 year flood capacity because of the reducing capacity of 
the Lower Wairau; and was likely to continue dropping.  
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Appendix 4: Options for Mitigation of the Effects of 
Aggradation in the Lower Wairau 

A4.1 Overview of Options 
A long term, sustainable solution is desired that provides the required flood protection while 
improving water quality, ecological habitat, recreational opportunities and drainage 
effectiveness is required.   

• Do Nothing: The “do nothing” option results in continuing Lower Wairau 
aggradation and the existing situation deteriorating. It does not 
meet Council’s stated objectives. 

• Dredging: Dredging of the Lower Wairau is not an attractive proposition.  
This would require expenditure in the order of $10 million to 
deepen the channel with ongoing maintenance in the order of 
$500,000 per year to keep the desired standard.  There will 
also be ecological and recreational concerns of a major, 
ongoing dredging operation.  

• Enlargement of the Wairau Diversion: 
Further enlargement of the Diversion addresses the flood 
problem but will result in increasing aggradation for the 
Lower Wairau and thus worsen things for the ecological, 
recreational, drainage and water quality issues. It is not an 
acceptable option. 

• Raising Stopbanks: Wholesale Lower Wairau stopbank raising is also not an 
attractive stand alone option. Some 20 km of stopbanks would 
need to be raised at a rough order of cost of several million.  
This option does not address the Lower Wairau aggradation 
issue and its associated ecological, recreational or drainage 
issues. It would also increase the flood hazard from extreme 
floods by increasing the depth of floodwaters within the 
stopbanked floodway. 

• Flow Control: The only desirable option involves one that will halt and 
preferably reverse the aggradation trend in the Lower Wairau.  

The above observations on patterns of Lower Wairau aggradation indicate that the larger 
floods scour the Lower Wairau while a quieter flood period results in aggradation. This 
indicates that suitable flow control at the mouth of the Wairau Diversion could reverse the 
aggradation presently occurring in the Lower Wairau channel – with associated flood 
protection, ecological, recreational and drainage benefits. 
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A4.2 Options for Flow Control  

A4.2.1 Control Gates 
The construction of “full flow” control gates at the head of the Diversion is one possible 
option.  Control gates have been used at other locations in the country, notably in the 
Manawatu. 

The Manawatu example – The Moutua Floodway and Control Gates 
The Lower Manawatu River and the Moutua floodway with its control gates have many 
parallels to the Lower Wairau and Wairau Diversion system.  

The 100 year return period flood size of the Manawatu is slightly smaller at 3700 m³/sec (cf 
5500 m³/sec for the Wairau), and its annual sediment transport larger at 3.2 million tonnes 
per year (cf 1.8 million tonnes per year for the Wairau). 

The Moutua floodway is a 10 km channel that bypasses 30 km of the very flat graded, 
meandering Lower Manawatu.  

The Lower Manawatu has a flood flow capacity limited to approximately 1200 m3/s. Flows 
in excess of this are spilt into the Moutua floodway by opening the Moutua Floodgates. 

There are nine steel radial gates, each 4.5 m wide, 15 m high and weighing 15 tonnes. The 
gates are operated by 3 horsepower electric motors, which take approximately 40 minutes to 
lift the gates to the fully open position. 

The floodgates are operated in a way that ensures that the entire flow up to 1200m3/s is 
carried by the Lower Manawatu River. 

The floodgates have been opened 33 times in the 44 years since construction. 

Reason for Flow Control 
The primary reason for having a controlled flow split is to prevent siltation of the Lower 
Manawatu. This has largely been successful with cross section surveys showing the main 
channel has enlarged, although there has been deposition on the berms so that there has been 
no net change in channel capacity. 
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Figure A4.1 Moutua Floodgates in operation during the July 1985 flood – Courtesy G Doull 

Both the Wairau Diversion and the Moutua Floodway were designed and constructed in late 
1950s under scrutiny from the Ministry of Works and Development. An option essentially 
identical to the Lower Manawatu scheme was discussed as an option for the Lower 
Wairau/Wairau Diversion scheme in 1960 Wairau Valley Scheme but was considered too 
expensive.  

Summary 
The Lower Manawatu/Moutua Floodway provides an example of flow control being 
successfully used to minimise sedimentation in a system very similar to the Lower 
Wairau/Wairau Diversion.  

This indicates that a gated flow control structure at the mouth of the Diversion should work, 
but the same comment applies today – it will be very expensive. No estimate has been made, 
but is likely exceed $20 million dollars. 
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A4.2.2 Strategy For The Operation Of Full Control Gates 
An “ideal” strategy for the operation of channel control gates in the Wairau River is set out in 
the table below:  

Total Wairau 
Flow 

Controlled 
Lower Wairau 
% of total flow 

Controlled 
Wairau 
Diversion % of 
total flow 

Comments 

< 100 m3/s 80% 20% Maximising flow for water 
quality and recreational use. 

100 m3/s – 
400 m3/s 

20%  80% Minimise sediment input when 
shear stress is not great enough 
to keep sediment in entrained or 
erode deposited. 

400 m3/s – 
1400 m3/s 

80% 20% Maximise flow when sufficient 
shear stress to keep sediment 
entrained or erode deposited 
sediment.  

>1400 m3/s 80% - 45% 20% - 55% Keep flow at maximum 
possible in Lower Wairau 
without compromising 
stopbanks. 

 

The option of full control gates would also allow using the recession flows during floods to 
further enhance “development” of the Lower Wairau Channel.   

However the “full” control gate option is a very expensive one. 

Flow control using erodible gravel banking is expected to achieve very good results at a 
much more realistic cost. 

A4.3 Erodible Gravel Banking  

A4.3.1 Embankment Design 
It is proposed that the embankment is “butted up” to the third pier in from the left bank of the 
rail bridge (see Fig. A4.2). This effectively provides two spans worth of flow capacity into 
the Wairau Diversion. The spans are 12.3 m wide and approximately 8 m high.  

This will provide a flow split at “normal” flows very similar to the current situation (as 
indicated in Fig A4.2). Maintaining this flow split during normal flows will provide fish 
passage and freshwater input into the Wairau Diversion to maintain ecological values in this 
channel. The downstream end of the embankment will be “butted up” to the high ground on 
the left bank berm at the top end of the Lower Wairau.  

Page 27 



Resource Consent Application - Erodible Gravel Bank - Wairau at Tuamarina 

 

Figure A4.2 Schematic representation of banking connection with rail bridge pier 

Height of the Embankment 
The height of the embankment is an important parameter. The height has been set to overtop 
at the flow that the Lower Wairau channel can accommodate without any flow onto the berm 
lands – some of which are privately owned. 

This prevents the berm users of the Lower Wairau being affected by the flow control 
structure as the maximum flow that it will divert into the Lower Wairau will be less than that 
which will cause flow on the berms.  

Design Flows 
The design flow for the Wairau River immediately upstream of the erodible bank has been 
determined by direct observation.   

Using the minor floods of September 2006, which peaked at 1750 m³/sec, and of October 
2007 (1700 m³/sec) as case studies a design figure of Q = 1400 m³/sec was confirmed by 
computer modelling. 

This is a conservative figure.  It represents the flow where water is only just beginning to 
flow on to the (floodway) berms in one or two locations and at very shallow (harmless) flow 
depths.  

An increase in the design flood flow of 100 m³/sec would raise water levels in much of the 
Lower Wairau channel by approx 0.1 metres.  

Even a flood flow of 2000 m³/sec recorded in 2006 caused no known flood damage to the 
river berms. 

With the erodible banking in place the model predicts that a total flow at Tuamarina of 
1400 m3/sec will split to 1100 m3/sec into the Lower Wairau and 300 m3/sec. 

Based on the assumed 2007 channel level, a flow of 1100 m3/sec in the Lower Wairau is 
unlikely to result in any flow over the berms and will still be at least 2 m below the top of the 
stopbanks .  

The design flows for the erodible bank and “flow splits” anticipated are shown in Figure 
A4.3 below. 
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Figure A4.3 Design Flows and Flow splits – Erodible Gravel Bank, Wairau River 

A4.3.2 The Effectiveness of the Erodible Bank in Scouring the Lower 
Wairau Channel 
Quantifying the effectiveness of erodible banking in reversing the aggradation and inducing 
scour in the Lower Wairau Channel required an examination of the sediment transport 
characteristics there.  

In particular an analysis to determine the amount of flow likely to deposit sediment, and the 
flow required to keep sediment moving down the Lower Wairau channel. The flow record 
was then examined to determine the amount of time these flows would occur.  

The important parameters to feed into such an analysis are: 

• Sediment supply at Tuamarina into the Lower Wairau. 

• River flow required to keep sediment moving in the Lower Wairau channel. 

• Proportioning the Wairau flow split into the Lower Wairau and Diversion at all 
flow sizes. 

• Computer modelling of sediment transport using several years of flow record. 

• Two scenarios for analysis being; the existing situation and (alternatively) with the 
erodible in place. 
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A4.3.3 Sediment Supply: 
Sediment concentration data is available from the Dip flat recorder in the upper Wairau, and 
also from the Waihopai at Craiglocart. These data sources are limited , but are the best 
available. One set of gaugings was taken for the Wairau at Tuamarina in the Nov 2006 flood. 

To provide an estimate of the annual supply of sediment at Tuamarina the specific yield from 
Dip Flat sediment rating curve analysis (202t/km2/yr) has been used for the Wairau 
catchment excluding the Waihopai sub-catchment. The whole Waihopai sub-catchment (744 
km2) is assumed to have similar suspended sediment yield characteristics as the Upper 
Waihopai catchment which has a specific yield of 1750t/km2/yr based on the sedimentation 
data from upstream of the Benhopai Dam. These two sources were then added together. 

Table of Estimated Suspended sediment yield of the Wairau River at Tuamarina 

Wairau excluding 
Waihopai (2686 km2) 

Waihopai including 
Upper Waihopai (744 

km2) 

Wairau at Tuamarina 
(3430 km2) 

0.5 x 106 t/yr 1.3 x 106 t/yr 1.8 x 106 t/yr 
202 t/km2/yr 1750 t/km2/yr 525 t/km2/yr 

The total annual supply at Tuamarina of 1.8 x 106 t/yr is considered approximate, but is the 
best estimate currently available.  By using this total annual sediment supply and the flow 
duration characteristics of the Tuamarina hydrological station a very approximate sediment 
rating curve has been developed assuming the co-efficients a and b in C = aQb are constant 
over all flows. To provide a total annual supply of 1.8 x 106 the coefficients "a" and "b" are 
equal to 0.028 and 1.6 respectively.  The approximated suspended sediment rating curve and 
the five gauged points from the November 2006 flood event is presented in Fig. A4.4.  

The gauged points are very close to the approximated sediment rating curve and until there 
are further gaugings the approximated line is considered the best information for estimating 
suspended sediment concentrations in the Wairau River at Tuamarina.  

Estimated Wairau River at Tuamarina Sediment Rating Curve 
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Figure A4.4 Estimated suspended sediment rating curve for the Wairau River at Tuamarina 
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A4.3.4 River Flow Required (To keep sediment moving) 
This is related to the shear stress that the flow exerts on the bed – the greater the flow the 
more shear stress, the size of sediment, and amount of sediment.  The dominant sediment size 
has been measured  0.17 mm.  

Calculations indicate that for the Lower Wairau channel indicates that a flow of between 
200-300 cumecs should be sufficient to erode and keep in suspension material up to 0.17 mm 
(D75) from the channel bed. This is assuming uniform bed shear stress across each cross 
section and not allowing for any armouring that may be evident, especially in the upper 
reaches. It is also expected that there will be sand grains moving as bedload during flows of 
this size.   

It should be noted that his will be affected by water levels at the Wairau bar. These water 
levels are affected by the  tide and the efficiency of the river mouth. Low tide and good 
mouth efficiency will result in greater shear stress on the bed and less deposition; high tide 
and/or and inefficient mouth will increase the tendency deposit and aggrade the channel. The 
tidal level affects the energy slope and therefore the shear stress, especially in the lower 
reaches. Maintaining an effective outlet to the sea at the Wairau bar so the full tidal range can 
be achieved will have an effect on the shear stress during small floods. If the bar becomes 
partially blocked the tide can be effectively perched at high tide, flattening the energy slope 
and reducing bed shear stress. 

A4.3.5 Computer Modelling of Sediment Transport 
Two approaches were taken. The first method of analysis is based on determining rates of 
erosion in specified flow bands. This was carried out by running the computer model on 
theoretical events in the Lower Wairau/Diversion to the full design flow of 5500 m3/s. Rates 
of erosion and deposition within the specified flow bands were thus determined.  These 
results were then multiplied by the percentage of time that these flows occurred as recorded 
from the 45 years of record of the Wairau at Tuamarina.  

This was done for the two situations of as is, and alternatively with the erodible banking in 
place. This provides a prediction of future erosion rates with or without the flow control in 
place. The scenario of the erodible banking in place also incorporated that following bank 
failure at 1200 m³/sec there would be no banking in place for the next 10 days.  

The expected annual bed level changes for each flow band and the total change over all flow 
bands for the natural situation and with the flow control embankment in place are presented 
in Fig A4.5 below.  

Page 31 



Resource Consent Application - Erodible Gravel Bank - Wairau at Tuamarina 

Event Based Flow Exceedance Analysis
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Figure A4.5 Event Based, Flow Exceedance Analysis of predicted Lower Wairau Bed Level changes 

The green bars in Fig 9, depicting the existing situation, clearly show the significant 
aggradation predicted to occur at flows up 800 m3/s (total Wairau Flow), above which scour 
of the Lower Wairau channel begins. At Wairau flows exceeding 800 m3/s the Lower Wairau 
will typically have a flow of approximately 400 m3/s, at which stage erosion will be 
occurring in most of the Lower Wairau channel.. time for which these flows are exceeded.  

Note that the 4500 – 5500 m3/s flow band has the highest rate of erosion rate but it only 
occurs for short periods of time so the total erosion it provides is limited.  By adding the 
expected bed level changes over all flows the overall expected bed level change for the 
existing situation is approximately 10 mm/yr of aggradation The overall total of all flow is 
shown on the far right bar graph. This compares with the measured rate of channel 
aggradation of 32 mm/yr (detailed earlier).  

The red bars depict the situation with the erodible flow control banking in place. Here 
erosion of the Lower Wairau bed kicks in at a lower Wairau flow of 400 m³/sec, and as flow 
increases there is much more erosion than for the “existing situation” scenario. The increased 
erosion at (Wairau) flows greater than 400 m³/sec more than makes up for an increased 
amount of channel aggradation at lower flows (0-400 m3/s). 

The overall predicted annual erosion the flow control embankment in place is 110 mm/year 

Flows in excess of 1200 m3/s provide the same erosional regime for both scenarios due to the 
erodible banking having failed and the flow split operating as in the existing natural situation. 

The second method of analysis was to run the full input hydrograph of the Wairau at 
Tuamarina  together with the tidal outlet record through the sediment transport model. This 
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should give a more accurate result as it can take into account the effects of the tide can be 
incorporated. 

Unfortunately much of the input data was not in a form that could be handled by the 
computer model in the model and there were only a limited number of years that would 
successfully run. Ideally the model would have been run for the period between cross section 
surveys to compare modelled with actual bed level changes but computer numerical stability 
problems prevented this.  

The years 1999 and 2000 were reasonably average years and for which the computer would 
run. The predicted results were that in the existing situation some 10 mm of erosion would 
occur; but with the erodible gravel banking in place this would increase 80 mm for the two 
year period.   

The year 1998 was also run. This was a year of very heavy flood activity. It is interesting to 
note that the model predicted that 300 mm of erosion would have occurred in this year with 
the erodible banking in place, up from 250 mm in the natural situation. 

Both methods of analysis presumed 1200 m³/sec as the flow at which the erodible banking 
would be designed to fail at. It was only later observations of the 2006 flood that enabled the 
higher of 1400 m³/sec to be adopted for design. The higher 1400 m³/sec will have a greater 
scouring potential than the 1200 m³/sec carried out in the study.   

A4.3.6 Summary 
The analysis shows that Lower Wairau flow within the range of 100 to 400 m³/sec are the 
critical flows causing aggradation of the Lower Wairau channel.  

[Note this is Lower Wairau channel flow not total Wairau flow. In the existing 50/50 flow 
split situation, maximum aggradation occurs when the Wairau at Tuamarina flow is in the 
range of 200 to 800 m³/sec.] 

When the flow in the Lower Wairau Channel is above 400 m³/sec scour will generally occur, 
and the higher the flow the greater the scour.  

When the flow is below 100 m³/sec there is very little sediment in the water to deposit. 

The proposed erodible gravel banking control structure reduces the proportion of time that 
the flow is within the 100 to 400 m³/sec range.  

The proposed erodible gravel banking is predicted to halt the aggradation trend and over time 
to enlarge the Lower Wairau channel by scour.  

Computer analysis is in agreement with available surveyed field results. 

This analysis was carried out by Kyle Christensen under the supervision of Brin Williman. 
More details of this study are held in Council reports and files. 
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