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Abstract 

The Hurunui Water Project proposes to develop the water resources of the Hurunui River by 

damming the South Branch to regulate flow for increased abstraction for irrigation within the 

Hurunui District.  SKM was commissioned to provide a geomorphic assessment of the expected 

impact of the proposed development on the river and coast using available information. 

A literature study and a site visit to the Hurunui River were conducted.  Limited geomorphic and 

hydraulic data are available for a reliable quantitative analysis to be carried out.  Instead, we relied 

on NIWAôs suspended sediment yield estimates from the Hurunui sub-catchments.  These yield 

data together with site observation provide the basis for the impact assessment.  The assessment is 

discussed in terms of assumed 50-year design life, natural background variability and whether the 

impact is discernable over and above that of the natural variability. 

Decades of research on effects of dams on rivers have yielded abundant case studies of downstream 

response to impoundment but there are few general models that predict how any particular river is 

likely to respond once a dam is in place.  In general, the greatest changes are found in the first few 

kilometres below a dam (Williams and Wolman, 1984).  These changes may take from 10 to more 

than 500 years to be fully realised (Petts, 1984). 

The proposed dam at the South Branch will likely trap most the inflowing sediment, apart from the 

finest fractions.  The estimated suspended inflow sediment yield at South Branch is 911 t/km
2
/a or 

an equivalent average 50-year yield of 7.2 million m
3 

(assuming bedload is 50% of suspended 

load).  This corresponds to less than 7% of the proposed damôs 110 million m
3
 storage capacity.  

The adjacent Lake Sumner has been in existence for perhaps thousands of years and shows no sign 

of being silted up.  An alluvial fan is likely to develop at the upstream edge of the reservoir of the 

South Branch and would be similar to, but smaller than that of the Lake Sumner. 

The river reach immediately downstream from the proposed dam down to the North Esk 

confluence is likely to be most impacted by the scheme.  If the peak regulated flows (post dam 

closure) are competent to entrain the existing partially armoured channel the channel surface and 

banks will degrade and coarsen with time; but the effect will rapidly decrease with distance 

downstream.  Whether this effect will be perceptible over the first few years depends on the 

operation of the dam; if the regulated flows are incompetent to entrain the coarse sediment, no 

significant channel change can be expected.  

The major inflow to the South Branch is from the unregulated North Esk River which joins the 

Hurunui about 2 km downstream from the proposed dam site.  The North Esk inflow will tend to 

mitigate any impacts of the dam by normalizing the flow and sediment supply into the South 

Branch. 
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At the South/North Branch confluence, the North Branch being the main river, has a much larger 

unregulated flow than that of the South Branch (more than double) and this will moderate the 

difference in flow and sediment transport rate, further reducing the impact significantly.  

Downstream of the confluence, the gravel bed is armoured in various degrees.  No significant 

impact on erosion or accretion along the single channel is expected. 

Following dam construction, the sediment load reaching the Culverden Plain will be reduced.  

However, the full effect of the reduced supply of coarser sediment downstream of the dam will take 

many decades to be realised at the plains.  As a result, the braided channel may undergo some 

adjustment of its channel form, possibly through adjustment of its width, or number of active 

braids, but these changes are  likely to be indiscernible from the background natural variability.  

Certainly, sediment supply will continue to the braided reach from the natural and highly variable 

contribution of the other four unregulated major tributaries.  

The dominant feature at the river mouth and the coastal zone is the littoral transport with a net 

movement from south to north.  The geomorphic features such as a sand barrier or a spit at the 

mouth are controlled by the wave environment.  The effect of sediment trapped in the dam will take 

decades or longer to filter through the river before it reaches the mouth.  No perceptible changes on 

the coastal processes and geomorphic features of the mouth apart from that of natural variability 

will be discernable. 
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1. Introduction 

The Hurunui Water Project proposes to develop the water resources of the Hurunui River by  

The Hurunui Water Project proposes to develop a community irrigation scheme with hydro power 

generation based on Lake Sumner and the South Branch of the Hurunui River.  The proposed 

scheme would irrigate approximately 42,000 hectares of land in the Hurunui and Upper Waipara 

catchments.  Water for the scheme would be taken from the Hurunui River by utilising an intake 

structure which is likely to be located downstream of the Mandamus confluence.  This would then 

feed a canal that leads to an irrigation network.  The proposed hydro power generation would be 

installed on the scheme distribution canal, or located at the proposed dam on the South Branch of 

the Hurunui River, or both. 

To ensure water is available for irrigation it is proposed to provide on stream storage in the 

catchment.  This will utilise two storage options, damming the South Branch and raising the full 

supply level of Lake Sumner to regulate flow for increased abstraction for irrigation at Balmoral 

downstream of the Hawarden Gorge (Figure 1.1).  Water would be stored during high flows in 

these impoundments and then released for downstream use as required. 

SKM was commissioned to provide a geomorphic assessment of the expected impact of the 

proposed development on the river and coast using available information.  The scope of the 

assessment was to estimate: 

1) the volume of sediment likely to be trapped in the proposed dam in the Hurunui South Branch; 

2) the likely impact that the dam and abstraction of water for irrigation will have on the river 

channel; and 

3) the likely impact of the proposed development on the Hurunui River mouth and adjacent 

coastline. 
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Figure 1.1: Layout of Hurunui Water Project.  

During the study we relied on information compiled by others for the project and provided to us by 

the Hurunui Water Project.  The Hurunui Water Project facilitated collection of information and 

data relevant to the project.  The information that was obtained is listed as follows. 

Pattle Delamore Partners (PDP) 

1) Map of the Hurunui River showing Lake Sumner, the irrigation areas, the proposed South 

Branch Reservoir and the location of stream flow gauges. 

2) Map of the Sub-catchment and table of data of recorder sites, catchment area, specific 

discharge and flow statistics for sub-catchments of the Upper Hurunui River. 

3) Map of rainfall distribution across the Hurunui catchment. 

4) Natural and impacted daily stream flow time series at selected locations including inflows to 

Lake Sumner and at the proposed irrigation take.  

5) Assessment of environmental effects, hydrology and irrigation demand for the Hurunui Water 

Project (draft). 

6) Verbal overview of the proposed scheme. 

Peter Rough Landscape Architects (PRLA) 

1) Photo description of the Hurunui River (herein referenced as PRLA figures). 
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Some useful flow time series data are available from PDP reports and NIWA.  These data enable an 

assessment of the relative discharges and the relative importance of impacts of the proposed dam 

along the Hurunui River.  However, there is little river geometry or sediment data for the Hurunui 

River available.   
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2. The Hurunui River 

Rising on the main divide of the Southern Alps in North Canterbury the Hurunui River drains a 

catchment area of some 2,670 km
2
 before flowing into the Pacific Ocean.  The Hurunui River is 

joined by six major tributaries: Seaward, Glenrae and Mandamus, Waitohi, Pahau and Waikari 

Rivers (Figure 2.1).  The headwaters are inundated by several lakes dammed by glacial moraines, 

of which the largest is Lake Sumner.   

 
Figure 2.1: Sub-catchments and tributaries of Hurunui River. 

2.1. Catchment vegetation 
The upper catchment is well covered by vegetation (Figure 2.2).  A significant portion of the South 

Branch catchment is covered by tussock grassland, gorse, broom and native forest while North 

Branchôs catchment is covered mostly by native forest.  The vegetation cover provides significant 

protection against soil erosion but the upper catchmentôs steep slopes and high rainfall still conspire 

to produce high sediment yields (Figure 2.2).   
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Figure 2.2: Vegetation cover (courtesy of PRLA). 

2.2. Sediment yield 
To our knowledge there is only one sediment recording station located near the Mandamus River 

confluence (Figure 1.1).  This station records suspended sediment load and not total sediment load.  

Given the dearth of sediment load data for the river, we have relied on NIWAôs sediment yield map 

to estimate the sediment yield of the Hurunui Catchment (Figure 2.3).  Sediment yield is the 

amount of sediment eroded per unit catchment area and delivered to the stream system during a 

specified period of time (normally expressed in kt/a/km
2
).  The average suspended sediment load at 

selected locations was determined from the product of sub-catchment area and average suspended 

yield (Table 1).  Sediment load is a measure of the amount of sediment conveyed by a river past a 

specified point over a specified time (normally expressed in kt/a).  Total sediment load consists of 

suspended load (sediment moving in the water column above river bed) and bedload (sediment 

moving along the river bed). 
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Figure 2.3: Suspended sediment yield map of NZ (see http://www.niwa.co.nz/our-
science/freshwater/tools/suspended-sediment-yield-estimator). 

Table 1: Average suspended sediment yield  

Catchment 
Incremental 
catchment 
area (km

2
) 

Average suspended 
sediment 

Yield 
(kt/a/km

2
) 

Load 
(kt/a) 

South Branch at proposed dam site 1,148 0.911 134 

North Esk at confluence with South Branch 1,104 0.801 184 

South Branch at confluence with North Branch 1,308 0.773 238 

Lake Sumner catchment 1,316 1.626 514 

North Branch at confluence with South Branch 1,174 0.417 173 

North Branch ï South Branch confluence to Mandamus 1,434 0.290 126 

Mandamus to Hurunui Mouth 1,440 0.070 100 

Hurunui River mouth excluding Lake Sumner catchment
1
 2,355 0.228 537 

1
Assumes that Lake Sumner traps 100% of sediment. 

The Lake Sumner catchment has a higher sediment yield than the other sub-catchments reported in 

Table 1.  This is particularly notable as this sub-catchment is a good analogue for the sub-

catchment above the proposed dam site on the South Branch.  Both have similar geology and 

rainfall but the vegetation cover is native in the northern catchment and disturbed in the southern.  

The difference in vegetation might account for the difference in sediment yield but in most cases, 

http://www.niwa.co.nz/our-science/freshwater/tools/suspended-sediment-yield-estimator
http://www.niwa.co.nz/our-science/freshwater/tools/suspended-sediment-yield-estimator
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naturally vegetated catchments have lower sediment yields than their disturbed counterparts.  

Catchment terrain is also an important determinant of sediment yield.  However, the bed slope of 

the South Branch is steeper than the North Branch (Figure 2.4).  This implies that the southern sub-

catchment has higher relief and more connectivity between the hillslopes and the river channel; 

material eroded from the slopes is more efficiently transported into the river.  Given that none of 

the physiographic features of the two catchments support a lower sediment yield in the southern 

catchment, further data are required to provide a broader context in which to interpret the sediment 

yield of the upper Hurunui catchments.   

 
Figure 2.4: Long section of the Hurunui River. 

The suspended sediment yield estimated for the Hope tributary of the Waiau River, to the north 

east of the Hurunui North Branch, is similar to the estimate for the Lake Sumner sub-catchment.  

The estimated sediment yield from the South Branch is approximately half of the estimates for the 

Hurunui North Branch and the Waiau River upstream of the Hope confluence.  Hence, the 

sediment yield from the Hurunui South Branch is low compared to the nearby catchments.  Hence, 

to ensure the veracity of later assessment of potential reservoir sedimentation, we will use sediment 

yields of both the upper catchments to bracket the estimates with upper and lower bounds (see 

Section 3.2).    

2.3. Channel form 
Channel form of the Hurunui River changes dramatically with changes in catchment geology.  

With reference to the geological map of the Kaikoura area (Rattenbury, et al., 2006), the Hurunui 

River may be divided into four broad reaches.  The upper catchment, from the divide of the 
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Southern Alps to the Culverden plain, lies in an active tectonic region and consists of mainly 

greywacke rocks.  The upper catchment is drained by the North and South Branches of the Hurunui 

River.  The Culverden Plain is formed by fluvial deposits derived from the upper catchment of the 

Hurunui River.  The river flows through a braided channel over the Culverden Plain.  Downstream 

of the plains is the Lowry Peak Range where the river cuts through the greywacke to form steep 

gorges.  Here the river reverts to a single-thread channel.  From the Lowry Peak Range to the coast, 

the river passes through a coastal plain which consists of sedimentary deposits. 

2.3.1. Upper reach 
The upper reach includes the North and South Branches and extends from the headwaters to the 

confluence of the Mandamus River which is about 77 km long (Figure 2.5).  The major 

characteristic of this reach is the confinement of the river within deeply dissected country.  

 
Figure 2.5: Upper reach of Hurunui River.  

The South Branch joins the main river about 12 km below Lake Sumner.  The average bed slope of 

the South Branch and North Branch from the headwater to the confluence is about 2.8% and 0.9%, 

respectively.  The average bed slope from the confluence to the Mandamus River is 0.6%.   

The geomorphology of the upper reach has primarily been shaped by active tectonic uplift, erosion, 

and Quaternary glaciations.  For most of the reach, the river flows in gorges cut down through the 

hard greywacke of the Southern Alps and foothills.  In places, the valley floor of the upper reach is 

infilled with glacial moraine and postglacial sediments.   
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The upper reach and its tributaries are well armoured.  The coarseness of the bed surface is 

generally the highest upstream especially at the gorges and decreases generally in the downstream 

direction.  Armouring occurs where the material of the river bed surface is coarser than the 

underlying sediment due to the selective erosion of the fines.  At the bed surface, rounded cobbles 

(76 mm to 256 mm in diameter), and boulders (>256 mm in diameter) are generally found at upper 

reaches and gorges (Figure 2.6).  Large stones appear to be well exposed relative to the surrounding 

bed.   

 
Figure 2.6: Typical bed armouring by cobbles and boulders in upstream reaches and 
gorges. 

In many locations, grass and other vegetation can be observed growing in the trapped interstitial 

fine material of the armoured surface of the river, indicating that the armour layer has not been 

moved for some time (Figure 2.7).  Higher seasonal flows flush the fines from the bed but only the 

rare and very large floods will entrain and transport the coarse material that forms the armour layer.  

Elsewhere in the reach gravel bars may be found (Figure 2.8).  The bars may be moved or reformed 

during high flows and tend to form in the lower energy sites of the reach (where the channel slope 

is lower, or the river is less confined, or backwater sites).  However, the general absence of fine 

grains in the river channel indicates that the flow velocity is generally too high for theses sediments 

to be deposited.   
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Figure 2.7: Typical bed armouring by cobbles and boulders at upstream reaches and 
gorges.  Vegetation growth in armoured bed. 

 
Figure 2.8: North Branch and South Branch confluence view downstream from South 
Branch. 

2.3.2. Culverden Plain reach 
In the middle reach, the river crosses the Culverden Plain, which is formed in gravel deposited by 

the Hurunui River (Rattenbury et al., 2006).  The plains begin approximately at the confluence of 

the Mandamus tributary and end at foothill of Lowry Peak range (Figure 2.9).  The average bed 

slope is 0.5% and fine sediment below gravel size is rare at the surface of the river bed.  The 

dominant feature in the middle reach is braiding where the channel is wide and the flow is shallow 

(Figure 2.9, Figure 2.10).  The dominant sediment size is in the gravel faction but more uniform 

than those found in the upper reach gorges (Figure 2.11). 
































