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Executive summary 
The Opuha Dam Downstream Weir (ODDW) is located 1.8 km downstream of the Opuha 

Dam and is used to attenuate flow changes associated with the scheme’s hydro-electric 

generation. Opuha Water Limited (OWL) is proposing to enhance the existing ODDW by 

adding two new radial gates and potentially a hydro-electric power station (HEPS). The 

proposed enhancement would increase the scheme’s capacity to deal with flood flows 
thereby reducing the frequency that floods would erode the overflow embankment. 

Enhancing the ODDW would allow OWL to release more water for flushing flows but requires 

moving the primary flow release location 270 m downstream. This would result in the 270 m 

reach between the existing radial gate at the ODDW and the proposed tailrace being 

dewatered when the new radial gates and HEPS are operating. This report describes the 

short- and long-term effects of the proposed enhancement on aquatic ecology.  

For this report, data were gathered and analysed to evaluate the existing aquatic 

environment and enable an assessment of potential effects to be completed. Three data 

collection methods were used which were: (1) gathering existing published and unpublished 

literature and having discussions with other parties that had existing catchment knowledge 

(e.g., Fish & Game), (2) accessing existing databases such as the National River Water 

Quality Network and the New Zealand Freshwater Fisheries Database to ascertain previous 

data collected in the catchment, and (3) undertaking a field survey on 3/10/13 to measure 

water chemistry as well as periphyton, macroinvertebrate and fish communities. 

There are potential short-term construction effects on aquatic ecology associated with the 

proposed ODDW enhancement, but if the project follows ‘best practice procedures’ for 
sediment control set out by Environment Canterbury then the effect of coffer dam 

construction on periphyton and invertebrates should be nil. Similarly, if the same sediment 

guidelines are followed in conjunction with recommendations in Section 5 then the effect of 

dewatering the South Arm on fish communities is considered negligible. 

The proposed ODDW enhancement also has the potential to have long-term effects on 

aquatic ecology. We have made the following assessments in relation to the potential effects: 

 We consider the effect of repositioning the primary discharge location for the 

pond water on water chemistry to be negligible. 

 Because of the likelihood that there will be rapid recolonisation of the algal 

species the effect of dewatering this reach on periphyton communities is 

considered negligible. 

 As there are no rare taxa being lost in the dewatered reach and the same 

invertebrate community is expected to result downstream, the impact of the 

proposed dewatering of this reach from the perspective of the invertebrate 

community is considered negligible. 

 Dewatering the reach downstream of the ODDW has the potential to have an 

effect on fish communities that is more than minor. It should be possible to 

reduce the potential effect to less than minor if the mitigation strategies that are 

outlined in Section 5 are able to be implemented. 
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 There is no quantitative evidence that elvers are or are not using the pass but 

there is anecdotal evidence that is has been functional. Our assessment is that 

the existing pass does not meet a number of design criteria which the literature 

suggests would be required for it to be operating effectively. Therefore, we 

consider the potential effect of replicating the current design at the proposed 

structure on elver passage to be more than minor. The construction of a 

redesigned upstream fish pass at the proposed radial gates/HEPS should result 

in an effect on elver passage that is less than minor.  

 Passing emigrating eels over the weir crest at the ODDW is likely to be the 

method that results in the least injuries or mortality so reducing the number of 

overtopping events could result in additional minor effects to downstream eel 

passage, on top of the existing effects. If the HEPS option is consented then 

this could result in more than minor effects to downstream eel passage because 

it is likely to result in higher injury and mortality rates of fish, particularly larger 

fish such as eels, when compared to the existing scheme. Some 

recommendations for mitigation of these potential effects are given. 

The proposed enhancement of the ODDW has the potential to have some more than minor 

effects unless these are adequately mitigated. The major effects are associated with reach 

dewatering, upstream fish passage and downstream fish passage. Following consultation 

with Environment Canterbury and Central South Island Fish & Game a range of measures 

have been proposed to mitigate these effects, which are outlined below. 

To mitigate for effects associated with reach dewatering: 

 Following construction of the proposed HEPS, the existing radial gate will not be 

operated between 15 November and 30 June for the purposes of routine 

maintenance of other structures and/or routine flow releases from the ODDW. In 

rare circumstances it may be required to pass flood and flushing flows. 

 Following construction of the proposed HEPS, the existing ogee weir will not be 

operated between 15 November and 30 June for the purposes of routine 

maintenance of other structures and/or routine flow releases from the ODDW. In 

rare circumstances it may be required to pass flood and flushing flows. 

 Following construction of the proposed HEPS, and in the event that salmonids 

become isolated within the reach of the Opuha River between the existing radial 

gate and the confluence with the proposed tailrace, OWL will make best 

endeavours to work with Central South Island Fish & Game to relocate stranded 

salmonids and/or undertake other mitigation measures as agreed to by both 

Central South Island Fish & Game and OWL. 

 Following construction of the proposed HEPS, the existing radial gate will not be 

closed over a time period of less than six hours if operated between 15 

November and 30 June. The rate of closure will be uniform. 

To mitigate for effects associated with upstream fish passage: 

 The elver pass at the location of the proposed HEPS would be a closed conduit 

generally similar to the existing pass, but with various refinements to improve 
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efficiency (e.g., improved inlet, resting boxes). The final design and construction 

needs to be approved by a suitably qualified freshwater fisheries ecologist. 

To mitigate for effects associated with downstream fish passage: 

 The intake to the proposed HEPS will be provided with a bar screen to exclude 

adult eels from the penstock. The maximum aperture between bars will not 

exceed 20 mm and the average velocity through the screen will not exceed 0.5 

m/s at maximum design flow.  

 OWL will endeavour to provide a ‘short flush’ by passing flow over the existing 

ogee weir at an appropriate time for a period not exceeding 24 hours, but not 

less than 6 hours, between 1 February and 14 March for the purposes of 

facilitating the downstream emigration of adult eels. 

 OWL will endeavour to release flow from the proposed radial gates at an 

appropriate time for a period not exceeding 24 hours, but not less than 6 hours, 

during mid to late May for the purpose of facilitating downstream emigration of 

adult eels. To further facilitate downstream eel emigration the radial gate will be 

opened no less than 200 mm during this time.  

   

Most of the effects to aquatic ecology by the proposed enhancement of the ODDW will be nil 

or negligible. However, there is the potential for the proposed enhancement to have more 

than minor effects on aquatic ecology. If the mitigation measures outlined above are 

undertaken by OWL then the impact of any remaining effect should be reduced to less than 

minor.  
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1 Introduction 

1.1 Background and project description 

The Opuha Dam was commissioned in November 1998 and this impoundment resulted in 

the formation of the 700 ha Lake Opuha. Lake Opuha has a capacity of 84 million m3 and it 

was primarily designed for irrigation and hydroelectric power generation (7.7 MW turbine), 

although water is also used to augment summer low flows in the downstream catchment. 

Approximately 1.8 km downstream of the 50 m-high Opuha Dam is the Opuha Dam 

Downstream Weir (ODDW), which is used to attenuate flow changes associated with existing 

hydro-electric generation. Flow at the existing ODDW structure is controlled by three 

structures: an underflow radial gate, ogee weir and overflow embankment (see Tonkin & 

Taylor Ltd 2013 for a thorough description). The underflow radial gate is the primary structure 

used to control flow in the Opuha River and has a theoretical maximum flow rate of 36 m³/s 

(when the re-regulation pond behind the ODDW is full) (Measures 2013). In combination with 

the radial gate, the ogee weir can pass flood flows up to 99 m³/s. In large floods exceeding 

99 m³/s (approximately 1 in 5 year event), the overflow embankment is designed to erode to 

protect the other elements of the ODDW. This has occurred twice (2002 and 2009) since the 

ODDW was constructed (Tonkin & Taylor Ltd 2013).  

To reduce the frequency of the overflow embankment being used to pass high flow events, 

Opuha Water Ltd propose to construct a second radial gate structure on the ODDW. The 

second radial gate will increase the capacity of the ODDW to discharge flows and it is 

proposed to be constructed on the true right-hand side of the weir for logistical reasons 

(Tonkin and Taylor Ltd 2013). Opuha Water Ltd are also considering the construction of a 

small hydroelectric scheme (targeted at generating power when the flows are at 5-7 m3/s) at 

the new gate structure, which would allow more efficient use of the flows being discharged 

through the tailrace at the ODDW. Opuha Water Ltd are seeking resource consents for the 

mini hydro-scheme, but may choose to proceed with the radial gate construction only (Tonkin 

& Taylor Ltd 2013).         

The proposed construction of a hydro-electric power station (HEPS) at the ODDW would 

result in a new primary discharge location out of the re-regulation pond. This new discharge 

location is proposed to be into the Opuha River approximately 270 m downstream of the 

present radial gate discharge location. This is likely to result in the dewatering of this 270 m 

reach for the majority of the year and will only be rewetted when the current radial gate is 

opened during maintenance, to release a flushing flow or pass flood water (i.e., rewetting of 

this area is likely to be a rare event, T. Morris pers. comm.). 

1.2 Report brief/scope of aquatic ecology work 

The proposed changes to the ODDW will require Opuha Water Limited (OWL) to be granted 

a number of resource consents from Environment Canterbury and Mackenzie District Council 

(see Tonkin & Taylor Ltd 2013 for a list). This report describes the potential short-term effects 

of the proposed construction activities on aquatic ecology as well as the long-term effects of 

altering the operation of the ODDW (e.g., dewatering of a 270 m reach) on periphyton, 

aquatic macroinvertebrates and fish. This proposed dewatering of the reach downstream of 

the ODDW will impede access to the existing fish pass so this report also considers whether 
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the existing fish pass at the downstream weir is suitable for replication adjacent to the 

proposed new radial gate/turbine location. As the proposed scheme enhancement is only 

seeking to alter the downstream weir structure, this report does not evaluate fish passage at 

the Opuha Dam. 

This report outlines the methodologies used before describing information gathered 

regarding the existing environment in the project area. An assessment of the potential 

environmental effects is then given, based on our current understanding of the proposed 

ODDW project. 
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2 Methodology 
Three methods were used to gather and analyse data for this report. These methods were: 

- review of existing published and unpublished literature and discussions to obtain 

anecdotal information (e.g., local eel fisher, former dam operations staff, Central 

South Island Fish & Game) 

- analysis of existing databases (e.g., New Zealand Freshwater Fish Database) as well 

as data from OWL’s flow and water chemistry recorder site, and 

- aquatic ecology field survey. 

These methods are described in further detail below. 

2.1 Desktop data collection 

Desktop data methods included reviews of existing published literature (particularly with 

respect to eel passage at dams) and a range of previous reports on the Opuha River. Water 

chemistry data from a logger operated by OWL just below the ODDW was used to obtain 

mean daily data for flow, temperature, conductivity, turbidity and dissolved oxygen. These 

data are collected by Environmental Consultancy Services (ECS) Limited and the water 

quality data provided was raw, unprocessed data direct from the water quality sensors.   

We also consulted with other parties who have knowledge of the status of selected 

freshwater fish species in the Opuha catchment. Specifically, Jim Smith, a local eel fisher, 

was contacted on 3/10/13 to determine what eel catch data he might be able to provide in 

order to assess whether elvers (i.e., juvenile eels) where successfully utilising the elver pass 

at ODDW and the Opuha Dam (although effects of the dam are outside the scope of this 

report). Barrie Green was contacted on 25/11/13 as he was a former operator at the Opuha 

Dam and had experience with the existing elver passes. Mark Webb at Central South Island 

Fish & Game was also contacted on 10/10/13 to determine whether Fish & Game had 

concerns about the potential effects to salmonid fishes from dewatering the 270 m reach 

downstream of the ODDW. There has also been phone and email correspondence with 

Adrian Meredith at Environment Canterbury regarding the project, potential concerns for the 

council and proposed mitigation measures. 

2.2 Analysis of existing databases 

Several databases were interrogated to determine whether they contained biological data 

relevant to the project area. The specific databases were: National River Water Quality 

Network (NRWQN) database, Freshwater Biodata Information System (FBIS) and the New 

Zealand Freshwater Fisheries Database (NZFFD). Previous unpublished aquatic ecology 

datasets held by NIWA were also accessed to provide data comparisons over time. 

Relevant data was available from all sources except FBIS which contained no aquatic 

invertebrate data sets that could be used in the report.  
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2.3 Aquatic ecology survey 

A field survey was undertaken on the 3rd October 2013 in various locations in the vicinity of 

the ODDW (Figure 2-1). OWL decreased the flow downstream of the ODDW to 

approximately 6 m³/s so that the aquatic ecology sampling could be undertaken (Figure 2-2). 

Water chemistry, periphyton and macroinvertebrates were assessed at the location ‘P&I’ 
shown in Figure 2-1 [which was the same location that was previously sampled by Measures 

& Kilroy (2013)], whilst fish communities were sampled above and below the ODDW (Figure 

2-1). A comprehensive description of the sampling that was performed is given below. 

 

Figure 2-1: Sampling locations from the aquatic ecology survey in the vicinity of the ODDW.   
Site numbers refer to electrofishing locations (and symbols connected by white bars indicates that 
sampling was conducted between these points as opposed to spot electrofishing of an area). The 
location 'P&I' (star symbol) is where periphyton and invertebrate sampling was conducted. The blue 
rectangle indicates the approximate location of the proposed tailrace. The flow and water chemistry 
recorder owned by OWL is located on the true-left between sites 4 and 5.   

 

South 
Arm 

Opuha 
River 

ODDW 
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Figure 2-2: Flow when aquatic ecology sampling (red box) was conducted at the ODDW. The 
flow at the time of sampling time assumes a two-hour delay between the flow at the ODDW, where the 
sampling was performed, and the flow being recorded at the Skipton Bridge flow recorder (Measures 
& Kilroy 2013). Flow data from the recorder below the ODDW was not available at the time of writing 
the report. 

2.3.1 Water chemistry 

Water chemistry data were collected during the sampling trip (i.e., water temperature, pH, 

temperature, conductivity) but a more extensive data set was available for these parameters, 

excluding pH, from a recorder site operated by OWL just below the ODDW. This recorder 

was able to provide mean daily data for flow, temperature, conductivity, turbidity and 

dissolved oxygen from 1/6/04 through to 18/7/13. These data are collected by Environmental 

Consultancy Services Limited and the water quality data provided to NIWA was raw, 

unprocessed data direct from the water quality sensors. In the process of analysing this 

unprocessed data it was necessary to remove data from periods when particular sensors 

were not operating correctly. All data sets required some quality control but the unprocessed 

dissolved oxygen data set required the most attention. The dissolved oxygen data set had a 

number of issues (e.g., values ranged from -86% to 196%; this variation is not possible) but 

data from 3/11/10 onwards appeared reliable so was used in analyses. Since only a 30-

month data set was available for dissolved oxygen, longer-term water chemistry data was 

used from the NRWQN site 12.5 km downstream of the ODDW at Skipton Bridge. This site 

has been monitored as part of the NRWQN since 1991 so over 20 years of data was 

available at this site for additional analysis. Since pH data are not collected at the ODDW 

recorder site, data from the sampling trip were compared with data from a site visit on 

27/2/13 (by Measures & Kilroy 2013) and with NRWQN data. 

Water chemistry parameters such as conductivity and pH are strongly influenced by a range 

of variables so it is important to understand what they measure and how they can be 
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affected. Conductivity increases nearly linearly with increasing ion concentration in solutions 

and is generally higher when higher concentrations of dissolved substances such as nitrate, 

sulfate, magnesium, calcium, iron, etc. are present in stream water. Thus conductivity 

measurements can be an indicator of a range of natural and anthropogenic influences on 

water chemistry. It should be stated that conductivity can be strongly influenced by factors 

such as geology, land use and groundwater inflows. The pH of a sample of stream water at a 

site is a measure of the concentration of hydrogen ions in the water; the higher the pH the 

fewer the hydrogen ions. The pH scale ranges from 0 to 14 with 7 considered neutral, values 

less than 7 acidic and those greater than 7 basic. Catchment geology and the original source 

of the water determines the initial pH of water but seasonal and daily variation in processes 

that use hydrogen ions (e.g., photosynthesis) can alter pH. 

2.3.2 Periphyton communities 

Periphyton is the slimy coating which covers rocks and other riverine substrates in streams 

and rivers. Periphyton communities are a fundamental part of aquatic ecosystems because 

are the primary food resource that maintains higher trophic levels such as aquatic 

invertebrates and the fish that feed on them. Functionally, periphyton also play an important 

role in absorbing nutrients such as nitrogen and phosphorus and these communities are very 

responsive to degradation of water quality. Under certain conditions (e.g., low flow, warm 

temperatures, high light levels, etc.) periphyton can proliferate affecting the aesthetic and 

amenity value of a waterway as well as stream biodiversity and function (Biggs & Kilroy 

2000). 

An assessment was made of coverage by periphyton at the sampling site using the visual 

method described in Kilroy et al. (2013). We defined four transects 8 – 12 m apart extending 

from the water’s edge out to the maximum depth in the centre of the channel (0.5 m). Visual 
estimates of periphyton cover were carried out at five points along each transect using an 

underwater viewer (Nuova Rade, Genova, Italy) with a diameter of 350 mm. Algal cover 

within each view was assessed by estimating percentage cover to the nearest 5% in nine 

categories including green filamentous algae, the cyanobacterium Phormidium, 

Didymosphenia geminata (didymo) and a range of other algal mats of various thicknesses. 

The glass viewing circle was marked into quarters to aid in estimates of percentage cover. 

The thickness of periphyton mats was assessed by touch and by direct measurements using 

a narrow ruler.  

To identify the periphyton species we collected samples from hard substrates (i.e., cobbles) 

using standard sampling methods (Biggs & Kilroy 2000). This involved scraping material from 

the rock surfaces. Representative samples were collected at different water depths and 

pooled. The algal samples were placed in a container with river water, refrigerated and later 

processed in the laboratory. Periphyton subsamples were examined using an inverted 

microscope at magnifications up to 400x, and algae were identified to either genus or 

species level. The relative abundance of each taxon was assessed on a scale of 8 

(dominant) to 1 (rare) (Biggs & Kilroy 2000). 
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2.3.3 Aquatic macroinvertebrates 

Aquatic macroinvertebrates were sampled within 50 m of the location P&I shown in Figure 

2-11. A semi-quantitative kick net (300 μm mesh) sample was collected from all available 

habitat types to provide an estimate of reach-scale macroinvertebrate diversity and 

abundance (Protocol C1; Stark et al. 2001) for macroinvertebrate sampling protocols. The 

sample was preserved in isopropyl alcohol and then macroinvertebrates were counted and 

identified under a microscope. 

Macroinvertebrate data conveys information about the level of diversity at a particular site, 

but it is also often used to calculate a series of biotic indices to indicate “stream health”. 
Biotic indices derived from macroinvertebrate communities are now commonly used tools for 

the biological surveillance of waterways around the world. In New Zealand, 

macroinvertebrates are part of the core set of national environmental indicators that regional 

councils are required to monitor when reporting on the health of freshwater ecosystems. 

Macroinvertebrate communities are used because they generally live for several months and 

different species vary in their sensitivity to stream pollution. Thus, they are considered a 

quick and sensitive time-intergrated measure of stream health. The most commonly used 

macroinvertebrate bioassessment tool in New Zealand is the Macroinvertebrate Community 

Index (MCI) and its derivatives (QMCI and SQMCI) (Stark & Maxted 2007); the 

macroinvertebrate sample was identified to a standard level to allow calculation of biotic 

indices such as the MCI. Whilst the MCI and QMCI were originally designed to reflect 

changes in macroinvertebrate communities based on their sensitivity/tolerance to pollution, 

these indices are robust and are often used to reflect community changes in response to a 

variety of different disturbance types, not just pollution. These indices assign all taxa (usually 

genera) in a sample a score between 1 and 10 based on organic pollution tolerance, with 

taxa sensitive to pollution allocated a high score and taxa tolerant of pollution given a low 

score. The overall MCI for a site is calculated using the following equation (for interpretation 

of index values see Table 2-1): 

                                        𝑀𝐶𝐼 = 𝑠𝑢𝑚 𝑜𝑓 𝑡𝑎𝑥𝑎 𝑠𝑐𝑜𝑟𝑒𝑠𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑐𝑜𝑟𝑖𝑛𝑔 𝑡𝑎𝑥𝑎  × 20 

The MCI calculates an index of stream health based on the presence of stream 

macroinvertebrates but gives no weighting to how many pollutant-sensitive individuals are 

present. For example, the index would produce the same value for a stream that had 500 

pollution tolerant Potamopyrgus snails and 1 pollution sensitive Deleatidium mayfly 

compared to a stream that had 500 Deleatidium mayflies and 1 Potamopyrgus snail. This is 

an obvious shortcoming of using presence/absence data alone to indicate stream health and 

is why the QMCI is often used alongside the MCI to determine stream health. The QMCI 

uses abundance data as well as the pollution sensitivity scores to calculate an index that 

takes into account the relative abundance of the taxa in a sample. The QMCI value for a site 

is calculated using the following equation (for interpretation of index values see Table 2-1):   

                                               𝑄𝑀𝐶𝐼 =  ∑ (𝑛𝑖 ×𝑎𝑖)𝑁𝑖=𝑆𝑖=1  

                                                
1 Macroinvertebrates were assessed in the South Arm re-regulation pond using the electrofishing machine and by picking up the 
limited rock substrate that was available (see Appendix A). No macroinvertebrates were seen on rocks, which dry and re-wet 
due to the operation of the hydro-electric scheme, and only two free-living caddisfly larvae were observed during 7 minutes of 
electrofishing. The use of electric fishing machines often disturb macroinvertebrates and the fact that so few were seen during 
the fishing means that macroinvertebrate densities in this area are likely to be very low. Therefore, a separate 
macroinvertebrate kicknet sample was not taken in this particular habitat.  
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where S = the total number of species in the sample, ni is the number of individuals of the ith 

scoring taxon, ai is the score for the ith taxon (i.e., pollution sensitivity score; 1 – 10) and N is 

the total abundance for the entire sample (taxa scores are contained in Stark & Maxted 

2007).  

Table 2-1: Interpretation of MCI and QMCI values.  

Quality class Interpretation MCI QMCI 

Excellent Clean water >119 >5.99 

Good  Doubtful quality or possible mild pollution 100-119 5.00-5.99 

Fair Probable moderate pollution 80-99 4.00-4.99 

Poor Probable severe pollution <80 <4.00 

 

For this report, the statistics derived from macroinvertebrate data included species richness 

(number of species at the site), MCI and QMCI values (for hard-bottomed streams) and 

percentage of Ephemeroptera, Plecoptera and Trichoptera (EPT) by abundance and by taxa 

number. As EPT taxa are generally regarded as the more pollutant-sensitive aquatic insect 

orders, this biotic index can also be used to indicate stream health. 

2.3.4 Fish communities 

Variation in fish communities above and below the ODDW was investigated by semi-

quantitative electrofishing using a Kainga EFM 300 backpack electrofishing machine with the 

operator moving downstream towards a 1 m wide push net. The area sampled at a particular 

location (see sites 1 to 9; Figure 2-1) varied between 20 – 100 m² depending on habitat 

variability, depth, velocity, etc. Backpack electrofishing was suitable for sampling fish 

communities at all sites, although the deepest regions of several sites could not be sampled. 

At these sites where it was not possible to wade across the entire river (i.e., the deepest 

sections of the re-regulation pond and Opuha River), electrofishing was conducted up to a 

depth of 1.2 m. This depth limitation meant that electrofishing may have underestimated the 

presence and abundance of any large salmonid fishes (>30 cm) in the Opuha River because 

these fish generally occupy deeper, faster water. Below the ODDW, sites were selected to 

include all flow types present in the reach (e.g., pools, runs, riffles, backwaters) and to span 

the length of area that is proposed to be dewatered. All captured fishes were identified, 

measured [to the nearest 1 mm; fork length (FL) for salmonids and total length (TL) for other 

species] and released. 
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3 Description of existing aquatic environment 

3.1 Flow and water chemistry 

3.1.1 Flow regime 

The flow measured at the recorder site was typical of a highly managed flow regime with only 

one flow event greater than 50 m³/s recorded below the ODDW since 2004 (Figure 3-1). 

Since 2010, one flow event of approximately 40 m³/s has occurred each year compared to no 

events of this magnitude in the period from 2004 to 2009. The median flow at the recorder 

from 2004–2013 was 6.66 m³/s which is considerably lower than the mean flow of 12.18 

m³/s. 

 

Figure 3-1: Flow regime as recorded just downstream of the ODDW. Data from ECS Ltd. 

 

3.1.2 Temperature 

The water temperature below the ODDW varied seasonally with the warmest temperatures 

generally being recorded in late February and the coldest in late July (Figure 3-2). The 

warmest temperature recorded at the site from 2004 to 2013 was 19.8°C, although summer 

maxima were typically around 18°C. Winter minima were approximately 3°C, which is slightly 

higher than the coldest recorded temperature at the site of 2.1°C. The mean (and median) 

water temperature at the site was 10.4°C. 
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Figure 3-2: Temperature regime as recorded just downstream of the ODDW. Data from ECS Ltd. 

3.1.3 Conductivity 

The conductivity of the water below the ODDW varied seasonally with the lowest conductivity 

values generally recorded during summer and the highest values recorded in winter (Figure 

3-3). There is limited confidence in the maxima and minima conductivity values at the site 

because these values were associated with rapid changes in conductivity. These changes 

seemed to be linked to errors with the sensor rather than actual changes in water chemistry. 

Moreover, these maxima and minima values were not associated with flood events so with 

no other reasonable explanation the values were considered to be erroneous. Generally, 

conductivity values varied between 40 and 60 μS/cm with the lower and upper quartile values 

45 and 51 μS/cm respectively. The median (47 μS/cm) and mean (48 μS/cm) conductivity 

values at the site were similar. 
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Figure 3-3: Temporal variation in conductivity as recorded just downstream of the ODDW. Data 
from ECS Ltd. 

 

3.1.4 Turbidity 

In contrast to temperature and conductivity, turbidity showed no clear summer-winter trend. 

However, turbidity had a strong association with high flow events and because high flows 

tend to happen in spring (due to a combination of snowmelt and rainfall), higher turbidity 

values usually occur during the spring months (Figure 3-4). Figure 3-5 showed that high flow 

events can result in increases to turbidity, although downstream of the ODDW they are not 

just responding to flow so there are likely to be other factors involved. Large parts of the 

turbidity data set could not be used, but of the data that was used, the maximum recorded 

turbidity value was 1719 NTU. The lower and upper quartile for turbidity values were 4.8 and 

23.1 NTU respectively. The mean turbidity was 44.8 NTU which was six times higher than 

the median value of 7.3 NTU.  
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Figure 3-4: Variation in flow and turbidity from 2004 to 2013, as recorded just downstream of 
the ODDW.   The blue line is flow and the red line is turbidity (on a log scale). Data from ECS Ltd. 

 

 

Figure 3-5: Finer-scale depiction of the temporal variation in flow and turbidity from Jan to 
mid-July 2013, as recorded just downstream of the ODDW.    The blue line is flow and the red line 
is turbidity. Data from ECS Ltd. 
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3.1.5 Dissolved oxygen 

Similar to temperature and conductivity, dissolved oxygen showed a clear seasonal trend 

(Figure 3-6). The highest dissolved oxygen values were recorded during late winter and 

spring and then declined during summer reaching their lowest value in late summer/early 

autumn (Figure 3-6). In the 30-month data set used to assess temporal variation in dissolved 

oxygen, the highest percent saturation value was 110.9% and the lowest was 72.8%. The 

mean percent saturation value of 98.8% was similar to the median value of 100.0%.  

 

 

Figure 3-6: Variation in dissolved oxygen from November 2010 to July 2013, as recorded just 
downstream of the ODDW. Data from ECS Ltd. 

As the dissolved oxygen data set used was over a shorter time-series than other water 

chemistry parameters, dissolved oxygen data from the NRWQN site at Skipton Bridge was 

also analysed. The data from Skipton Bridge indicated that the long term median dissolved 

oxygen level was 100.3% saturation (and 9.8 mg/L) (Figure 3-7), which was very similar to 

the median value reported for the ODDW data.  

A temporal comparison, using the NRWQN data, of dissolved oxygen pre- and post-Opuha 

dam suggests that concentrations are now on average 0.5 mg/L less than pre-dam levels, 

although this difference in dissolved oxygen was not statistically significant (P = 0.142). Given 

that the fish species that were found below the ODDW (e.g., Chinook salmon) require high 

dissolved oxygen concentrations, it is unlikely to be a limiting factor for aquatic fauna. 

                                                
2 P-values are used to test statistical significance. A P-value greater than 0.05 suggests that the result could be due to chance 
and cannot defensibly be attributed to the factor being examined. 



 

22 Aquatic ecology considerations for the Opuha Dam Downstream Weir 

 

      

 

Figure 3-7: A summary of dissolved oxygen data (1991-2011) from the NRWQN monitoring site 
at Skipton Bridge, Opuha River.  

3.1.6 pH 

As pH data are not collected at the ODDW recorder site, water chemistry data collected from 

two sampling trips were used to assess pH. These data showed that below the ODDW there 

was almost no difference in pH between the February samples (collected by Measures & 

Kilroy 2013) and October samples (Table 3-1). Due to the seasonal sampling variation there 

was an 8°C difference in water temperature. 

When comparing the 2013 data (Table 3-1) to the long term data set it is evident that there is 

an increase in pH by approximately 0.3 pH units between the ODDW and the monitoring site 

at Skipton Bridge (Figure 3-8). 

 

Table 3-1: Summary of pH data collected using a handheld meter just below the ODDW on 
two sampling occasions.  

Date pH 

27/2/13 7.24 

3/10/13 7.20 
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Figure 3-8: A summary of pH data (1991-2011) from the NRWQN monitoring site at Skipton 
Bridge, Opuha River.  

3.2 Periphyton communities 

Overall periphyton cover at the site comprised approximately 33% Phormidium, 51% other 

brown mats of mixed diatoms, 10% didymo, 2% green filaments and 4% bare rock (Table 

3-2). Percentage cover changed with depth, with most didymo (D. geminata) along the 

shallow margins, and highest cover by Phormidium at the centre of the channel (Table 3-2). 

We also noted that a thin layer of Phormidium covered the fine substrate along the river 

margins in very shallow water of less than 5 cm. 

Forty-five algal taxa were identified from samples taken from different depths (Appendix B). 

The dominant alga varied with depth with didymo cells dominant at shallower depths. Despite 

visual dominance by Phormidium in deeper areas, the dominant taxon in samples was a 

species of Gomphonema (a small stalked diatom) generally encountered in lakes (we 

presume its abundance is linked the site’s proximity to the pond above the ODDW). 

All the taxa identified are common in samples from New Zealand rivers and lakes. The 

community in general is typical of average to clean waters, according to assessments in 

Biggs and Kilroy (2000). Pollution-tolerant taxa such as Gomphonema parvulum and 

Nitzschia palea were absent; and taxa characteristic of clean waters, such as Diatoma 

hiemale, were common. The presence of didymo also indicates low-phosphorus waters.  

Table 3-2: Summary results of periphyton cover at a site downstream of the ODDW.  

  Sample depth (m) 

 From true left to centre of channel: 0.19 0.36 0.41 0.50 0.49 

Visual estimates % Bare Rock 6 12 4 0 0 

 % Green Filaments 2 2 4 2 1 

 % Phormidium 23 11 30 41 61 

 % Brown mixed algae 51 60 59 52 34 

 % D. geminata (didymo) 19 15 4 5 4 
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It was not possible to compare algal data from below the ODDW with NRWQN algal data 

because the long term NRWQN collection method uses fewer categories to describe algal 

communities. Instead, data from this survey and the Measures & Kilroy (2013) study were 

used to assess variation in algal communities between sites and over time. In February 

2013, didymo was the dominant algal species at both the ODDW and Skipton sites and 

Phormidium achieved no more than 5% coverage at either site (Table 3-3). Comparing algal 

communities over time at the ODDW site indicates that during the October sampling, brown 

mixed algae dominates rather than didymo which dominated in February. Phormidium is no 

longer absent in October and actually covers one-third of the survey area (Table 3-3).  

Table 3-3: Comparison of visual algal cover estimates between Opuha River sites and over 
time.  

Visual estimate category Skipton Feb 2013 ODDW Feb 2013 ODDW Oct 2013 

% Bare Rock 13 2 4 

% Green Filaments 9 14 2 

% Phormidium 5 0 33 

% Brown mixed algae 0 24 51 

% D. geminata (didymo) 73 60 10 

 

3.3 Aquatic macroinvertebrates 

The aquatic invertebrate community below ODDW was numerically dominated by 

chironomids (Orthoclad midge larvae), Potamopyrgus snails, water fleas (Daphnia sp.) and 

worms (Oligochaetes) (Appendix C). Daphnia sp. are rarely found in streams and rivers and 

their abundance in this sample is likely due to the proximity of the sampling site to the 

ponded habitat above the ODDW (which is their more typical habitat). The presence of taxa 

generally associated with still or slowing flowing water, such as water fleas and copepods, is 

likely to partially explain why taxa richness was considerably higher at the ODDW site 

compared to the NRWQN invertebrate samples taken at Skipton Bridge (Table 3-4). 

Although taxa richness was higher below the ODDW than at Skipton Bridge, all of the 

species identified are commonly found in Canterbury rivers and/or lakes. 

The macroinvertebrate indices that are generally used to assess stream health (i.e., MCI, 

QMCI) suggest that the Opuha River below the ODDW is of ‘poor’ stream health because the 

MCI score is less than 80 and the QMCI score is less than 4 (Table 3-4). Low scores result 

when sensitive EPT taxa are absent (MCI) or at low abundance (QMCI) and the ODDW site 

certainly lacks these taxa (Table 3-4). In comparison, the Opuha River site at Skipton Bridge 

has a much higher percentage of EPT than the ODDW site, regardless of whether %EPT is 

calculated by richness or abundance (Table 3-4). Consequently, the MCI and QMCI scores 

at Skipton Bridge suggest this site has better stream health when compared to the ODDW 

site (Table 3-4).  
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Table 3-4: Results summary of macroinvertebrate data from the ODDW sampling site 
compared with NRWQN data from Skipton Bridge. Mean and standard errors (± 1 SE) are 
calculated for the NRWQN data from 20 years of annual sampling.  

Index ODDW* Skipton (NRWQN) 

Taxa richness 23 16 (± 1) 

MCI 76 102 (± 3) 

QMCI 3.1 4.4 (± 0.3) 

%EPT (richness) 4 44 (± 2) 

%EPT (abundance) 17 41 (± 7) 

*the taxonomic resolution of the data from ODDW was adjusted to be comparable to the NRWQN data set 

The ability of the scheme to be able to alter the flow through the radial gate at the ODDW 

means factors such as river depth/width, temperature, delivery of food for filter feeders, etc 

can be rapidly affected changing the suitability of the habitat conditions for 

macroinvertebrates. This is likely to be the major stressor on the invertebrate community. In 

addition, the pond habitat above of the ODDW is likely to be supplying a limited number of 

EPT taxa to the reach immediately downstream of the ODDW which is likely to also be 

reducing the scores of the various biotic indices. Therefore, low biotic index scores are 

probably reflective of variable habitat conditions rather than a stream degraded by pollutants. 

3.4 Freshwater fish communities 

There were noticeable differences in the fish communities above and below the ODDW. 

Higher fish diversity was observed below the ODDW with four fish species caught during the 

electrofishing survey compared to only a single species (common bully) that was caught at 

the South Arm site above the ODDW. Fish density was also much higher below the ODDW 

with an average fish density of 0.39/m² below the weir compared to 0.02/m² above it. The 

common bullies caught below the ODDW were up to 58 mm long compared to those above 

the ODDW which were all less than 35 mm. It is likely that larger common bullies would be 

present above the ODDW but that they would occupy habitat in the re-regulation pond that 

was outside of the South Arm. 

An analysis of the NZFFD showed that there had been no previous sampling in the Opuha 

River between the main Opuha dam and the ODDW. However, there was electrofishing 

survey undertaken in 1998, 1.6 km downstream of the ODDW which was able to be 

compared to the present survey. Both surveys found four fish species, the largest of which 

were longfin eel up to 800 mm in both instances (Table 3-5).  Longfin eel and brown trout 

were recorded in both surveys but the density of these species was ten times higher in the 

1998 survey (Table 3-5). The 1998 survey recorded Canterbury galaxias and upland bully 

neither of which was found during the present survey, although the present survey recorded 

common bully and Chinook salmon which had not previously been recorded between the 

Opuha Dam and Skipton Bridge. Whilst common bully are known to have been present 

above the Opuha Dam prior to its construction, this recent record is the furthest distance up 

the Opuha River that Chinook salmon have been recorded on the NZFFD.  
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Table 3-5: Comparison of electrofishing survey data from 1998 and 2013 from sampling 

conducted below the ODDW.  

Common name Species 1998 2013 

  Density 

(no. per m²) 

Size range  

(mm) 

Density 

(no. per m²) 

Size range  

(mm) 

Longfin eel Anguilla dieffenbachii 0.04 ? – 800 0.004 800 

Canterbury galaxias Galaxias vulgaris 0.003 - - - 

Upland bully Gobiomorphus breviceps 0.01 - - - 

Common bully Gobiomorphus cotidianus - - 0.36 23 – 58 

Chinook salmon Oncorhynchus tshawytscha - - 0.02 37 – 42 

Brown trout Salmo trutta 0.04 - 0.004 122 

Since Chinook salmon have been present in the Opihi catchment for many years, Chinook 

salmon are likely to be far more widespread than suggested by NZFFD records. This was 

confirmed during a discussion with Fish & Game when it was conveyed that 4% of the Opihi 

catchment Chinook salmon redds (i.e., the gravel nests made to cover fertilised salmon 

eggs) used to be located above the Opuha Dam (M. Webb, pers. comm.). Whilst Chinook 

salmon were initially stocked into Lake Opuha after the construction of the dam, they do not 

reach the size they once achieved (“initially it was common to catch salmon around 450 mm 

but after a few years the salmon were only growing to around 285 mm and not reaching 

legal, catchable size” M. Webb, pers. comm.) and are no longer stocked. Therefore, the 

ODDW is now the farthest upstream limit for Chinook salmon in the Opuha River. Data 

supplied by Fish & Game show that there is an average of 7.2 spawning redds in the 270 m 

reach downstream of the weir that will be dewatered which equates to 1.7% of Chinook 

salmon spawning redds for the Opihi catchment (Table 3-6). 

 

Table 3-6: Chinook salmon redd counts between the ODDW and proposed spillway compared 
to counts for the Opuha River and Opihi catchment. The proportion of total (%) columns indicates 
the contribution of the spillway redds relative to the counts for the Opuha River and Opihi catchment. 
Data were supplied by M. Webb, Fish & Game. 

 Number of Chinook salmon redds Proportion of total (%) 

Season Between 
spillways 

Whole Opuha Opihi Catchment Opuha Opihi 

1998 3 40 282 7.5 1.1 

2002 10 173 399 5.8 2.5 

2005 4 78 541 5.1 0.7 

2007 2 39 227 5.1 0.9 

2008 20 148 623 13.5 3.2 

2012 4 65 195 6.2 2.0 

Mean 7.2 90.5 377.8 7.2 1.7 
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In addition to potential effects of the ODDW on salmonid sports fish, there is also the 

potential for the commercial eel fishery to be affected by the ODDW. A commercial eel fisher 

who fishes Lake Opuha was contacted in regards to obtaining eel catch data from above the 

ODDW (and Opuha Dam) (Appendix D). Length-frequency data was not available to assess 

whether eels were present that were younger than the age of the ODDW (and Opuha Dam). 

Therefore, it was not possible to determine whether elvers were successfully getting past the 

ODDW (and Opuha Dam). It was noted that ‘good numbers’ of eels were currently being 

caught from Lake Opuha and that numbers had stabilised since the large catches that 

occurred during the initial years that followed the dam’s construction (Appendix D). 
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4 Assessment of ecological effects 
The assessment of ecological effects is split into three sections. The potential short-term 

construction-related effects, directly above and below the ODDW, relating to the proposed 

scheme are discussed in Sections 4.1 and 4.2. The potential long-term implications on 

aquatic ecology of the proposed enhancement are primarily addressed in Sections 4.3 and 

4.4. Fish passage considerations associated with the ODDW are covered in Sections 4.5 and 

4.6.  

4.1 Effects of constructing the coffer dam and temporary 
dewatering of the South Arm of the re-regulation pond 

If consents are obtained for the enhancement of the ODDW then one of the first construction 

activities would be the excavation of the proposed tailrace to supply material to build a 

temporary coffer dam structure at the entrance into the South Arm of the regulation pond. To 

build the coffer dam, the water level in the re-regulation pond would need to be lowered to a 

level that would drain the South Arm (less than 336 m RL). It is noted that the pond may 

already be operated in a manner that causes the South Arm of the pond to drain to (or 

below) this level. Thus, it is likely that under the existing operating regime the majority of the 

aquatic habitat in the South Arm is periodically dewatered. 

The benthic habitat in the South Arm of the re-regulation pond is not considered to be good 

quality for aquatic organisms. This is unsurprising given the purpose of the re-regulation 

pond is to provide a buffer zone for flows in the Opuha River whilst enabling peak hydro-

electric generation. As a consequence, the water level in the ponded area is constantly 

fluctuating resulting in a littoral ‘varial’ zone around the re-regulation pond which is often 

rewetting and drying. This expansion and contraction of aquatic habitat is likely to be most 

severe in the shallow South Arm area which likely explains why exposed silt and bare 

gravels dominates the littoral zone rather than aquatic plants and algae (Figure 4-1). As 

resources such as habitat and food appear to be largely absent from this area, this is the 

most likely reason for the lack of aquatic macroinvertebrates that were observed. Given the 

variable habitat conditions and the likely rapid recolonisation rate of the few aquatic species 

that may be present, the effect of additional dewatering the South Arm on periphyton and 

aquatic macroinvertebrates is considered nil. 

 

Figure 4-1: Benthic habitat in the South Arm of the re-regulation pond.  
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Electrofishing above the ODDW in the South Arm recorded only common bullies. Fish 

density was low in this ponded area but the area to be drained is sizeable (approximately 3.5 

ha) so it is likely that fish could become stranded if preventative measures were not taken. 

Whilst common bully are typically a diadromous fish species (i.e., they move between fresh 

and salt water during their lifecycle), they readily form landlocked populations when lake 

habitat is present. The common bullies above the ODDW will be from a landlocked 

population as they will not have migrated upstream from the sea (given their size) and could 

not use the present fish pass to get above the ODDW. Therefore, common bullies that will be 

present in other areas of the re-regulation pond will allow the South Arm to be quickly 

recolonized once the area is rewetted following the removal of the coffer dam. Under the 

existing operating scheme, the South Arm is periodically dried and rewetted, and on 

occasion completely drained (see Appendix A). Therefore, the effect of dewatering the South 

Arm on fish communities is considered negligible. 

The coffer dam, which would be approximately 6 m high and 90 m long (Tonkin & Taylor Ltd 

2013), is likely to be constructed using river fill from the proposed tailrace. This fill will contain 

a significant quantity of fine sediment that if allowed to flow through the radial gate at the 

ODDW could adversely affect water quality and aquatic biota below the weir. However, the 

water level behind the ODDW would be lowered below the level of the coffer dam to allow its 

construction in a dry environment so the coffer dam would not be in direct contact with the 

pond water during construction. Sediment runoff should therefore be minimal but there may 

still be some sediment entering the ponded area during rainfall events. Even during 

construction of the coffer dam there will still be a significant ponded area behind the ODDW 

would should ‘settle out’ sediment before it can flow downstream. Even if water levels rise 

(e.g., due to flooding), the coffer dam would not get ‘stripped’ of sediment, as it would if the 
structure was next to a flowing waterway, so sediment should settle out behind the ODDW. 

As the south-eastern end of the coffer dam does get within 20 m of the radial gate it will be 

important to ensure that, during construction, any high rainfall events do not result in 

sediment being washed off and suspended because sediment may not fall out of suspension 

before being transported downstream that close to the radial gate. To remove the coffer dam 

the water level in the re-regulation pond would again be lowered below the base of the coffer 

dam, and if so, this should prevent sediment from entering the ponded area. The slow 

refilling of the South Arm should result in minimal (if any) suspension of sediment. It is our 

understanding that the earthworks and associated construction activities will be undertaken 

in a manner that minimises erosion and appropriately manages suspended sediment (Tonkin 

& Taylor 2013). If the project follows ‘best practice procedures’ and complies with guidelines 
set out in the Environment Canterbury document ‘Erosion and Sediment Control Guide 2007: 
a better way of managing earthworks and the environment’ then the effect of coffer dam 
construction on aquatic ecology should be nil. 

4.2 Effects of construction works on downstream water quality 
and aquatic ecology 

To install the proposed new concrete and radial gate structure, and potentially a hydro-

electric turbine, the Closure Embankment that borders the South Arm will have to be 

modified. This will involve construction works to move a large amount of coarse substrate 

and fine material. As the South Arm will have been drained there is no risk posed to aquatic 

ecology by construction works on the ‘pond side’ of the closure embankment. On the ‘river 
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side’ of the closure embankment there is the potential for sediment runoff, but unlike the 
coffer dam, the risk and consequences are higher because any runoff from the construction 

works could directly enter the Opuha River (rather than the re-regulation pond). Having 

suspended sediment enter a river can result in a range of problems which include: increases 

in nutrients or toxic compounds, reduced light penetration to algae, reduced periphyton 

biomass due to scour effects, smothering of food for invertebrates, damage to respiratory 

organs and clogging of filter-feeding structures of invertebrates, reducing feeding efficiency 

of fishes, or depriving fish eggs of oxygen due to smothering effects. The extent and severity 

of these effects is dependent on the concentration of suspended sediment and the duration 

of exposure (Newcombe & MacDonald 1991). However, it is important to note that most of 

the work will be undertaken in the vicinity of the existing Closure Embankment which is some 

distance (i.e., more than 50 m at the proposed hydro-scheme site) from the river channel. 

As part of the proposed tailrace construction, an area will be excavated at the beginning of 

the project. It may be possible to use this excavated area as a sediment retention pond 

during construction works to minimise sediment runoff. Whether this area or a nearby area is 

used, it will be important to have a sediment retention pond (or similar mitigation measure in 

place) to prevent, minimise or treat sediment-laden runoff from the construction site given its 

proximity to the river. The potential effects to aquatic ecology of extensive exposure (even in 

the short-term) to a discharge of sediment-laden runoff could be more than minor but the 

effect should be negligible if the construction works are undertaken in a manner consistent 

with current erosion and sediment management practices (Environment Canterbury 2007).  

 

4.3 Effects of repositioning the primary pond discharge location 
on water chemistry 

Most of the water chemistry parameters that were assessed in this report (e.g., water 

temperature, dissolved oxygen, conductivity) tend to vary seasonally and not noticeably in 

response to the operating regime of the ODDW. The proposed intake in the South Arm of the 

re-regulation pond for the new radial gate/turbine should not result in any change to water 

chemistry, although the temperature of the water being discharged through the new radial 

gates could be slightly warmer than at the current location due to the shallower water depth 

in the South Arm.  

There have been previous issues with deoxygenated water attributed to the construction of 

the Opuha Dam (e.g., the breakdown of organic matter in the lake resulting in lake 

stratification) but these have been combated using an aeration system in the dam reservoir 

to prevent lake stratification from occurring. The presence of fish such as small salmon below 

the ODDW suggests that dissolved oxygen levels are not an issue below the re-regulation 

pond and this should not change considerably if the primary discharge location for the pond 

water is moved into the South Arm. Moreover, Environment Canterbury consider that “the 

work done to aerate the water within Lake Opuha has solved the water quality issues…so 

long as the aeration consent conditions are continued to be adhered to” (T. Davie, pers. 

comm.3). We consider the effect of repositioning the primary discharge location for the pond 

                                                
3 As quoted in an article in The Timaru Herald on 15/1/11.  
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water on water chemistry, specifically those parameters measured or analysed in this report, 

to be negligible. 

4.4 Effects of dewatering the reach between ODDW and proposed 
tailrace 

4.4.1 Periphyton communities 

The survey found forty-five algal taxa present in the reach that is proposed to be dewatered 

although all of these taxa are common in New Zealand rivers and lakes. Despite the high 

number of taxa found, the site was visually dominated during the survey by brown algae and 

the toxin-producing cyanobacteria Phormidium. Previous sampling during summer (Kilroy & 

Measures 2013) had shown that didymo was the dominant species at the site. The presence 

of the Opuha Dam results in a reduction of large flood events as they are captured for 

storage minimising the extent to which riverine substrates below the dam are being 

mobilised. This allows problematic algal species such as Phormidium and didymo to persist 

year-round, although their relative abundance varies seasonally. 

If the site was dewatered periphyton species are unlikely to be lost because the riverine 

species found at the site should also be present below the proposed tailrace and the species 

more commonly associated with lake habitats are likely to rapidly recolonise from source 

populations above the ODDW. Due to the likelihood of rapid recolonisation by these algal 

species the effect of dewatering this reach on periphyton communities is considered 

negligible. Moreover, one of the stated purposes of the proposed enhancement scheme is to 

“release flushing flows from the ODDW to the Opuha River for the purpose of improving bed 

mobility and removing nuisance periphyton” (Tonkin & Taylor Ltd 2013) so it is anticipated 

that the scheme should be able to assist with the management of problematic species such 

Phormidium and didymo below the ODDW (and for a considerable distance downstream), 

which would provide a positive effect downstream.  

4.4.2 Aquatic macroinvertebrates 

Stream health scores from the biotic indices MCI and QMCI suggest that the reach 

downstream of the ODDW is of poor stream health. In comparison, the sampling site at 

Skipton Bridge scores much better for these biotic indices, even though water chemistry 

parameters suggest the river water has not changed considerably along this 12.5 km section 

of river. Differences in the MCI/QMCI scores between the ODDW and Skipton Bridge sites 

due to a water chemistry effect cannot be discounted, however it is far more likely that the 

absence of sensitive taxa at the ODDW, resulting in low MCI/QMCI scores, is not due to 

‘water pollution’ but is instead due to the variable habitat conditions imposed by the site’s 

proximity to the ODDW.  

The proposed enhancement to the ODDW would shift the discharge location from the re-

regulation pond 270 m downstream and the reach between the tailrace and the existing 

ODDW would be dewatered for most of the year. This would result in the loss of aquatic 

macroinvertebrates from this reach whenever it was dry. However, there are no rare 

invertebrate taxa in this reach and the species that are present are likely to be found 

throughout the Opuha River. The presence of still-water taxa in the community is uncommon 

but as we attribute it to the presence of the pond behind the ODDW it has occurred artificially 

and should continue to occur if the proposed ODDW changes were consented. 
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Shifting the location of the tailrace discharge should result in an aquatic invertebrate 

community downstream of the tailrace that is similar to the existing community below the 

ODDW. As the habitat conditions downstream of the tailrace would be more variable than at 

present, the invertebrate community would likely reflect a more degraded state with fewer 

EPT taxa. The invertebrate community would be expected to recover with increasing 

downstream distance from the tailrace, as it likely does now.  

The proposed scheme is likely to result in the present aquatic invertebrate community 

shifting 270 m downstream and the loss of invertebrates from the dewatered reach. As there 

are no rare taxa being lost in the dewatered reach and the same invertebrate community is 

expected to result downstream, the impact of proposed dewatering of this reach from the 

perspective of the invertebrate community is considered negligible.  

4.4.3 Freshwater fish communities 

The electrofishing survey identified four fish species below the ODDW and a previous 

NZFFD record suggested that it is likely that an additional two species could be present in a 

1.5 km stretch of river below the proposed tailrace. It is possible that these two species could 

be at very low density in the proposed dewatered reach. Of these six potential fish species, 

four are native and two are introduced. Only one species, longfin eel, has a threat 

classification status assigned by the Department of Conservation (Allibone et al. 2010) and 

mitigation measures are proposed in Section 5 to minimise impacts on longfin eels. 

Populations of longfin eels are considered to be declining nationally, although populations 

may stabilised in recent years (Haro et al. 2013), and a greater emphasis is now being 

placed on ensuring these fish can access habitats throughout catchments, regardless of 

whether they have undergone extensive land-use change or have river modifications. 

Specific measures are proposed to increase the likelihood that elvers (of both shortfin and 

longfin eels) can make their way upstream past the enhanced ODDW and greater provisions 

for the downstream passage of longfin eels are also proposed.   

Whilst the decline in longfin eel populations has received significant recent attention (e.g., 

see review by the Parliamentary Commissioner for the Environment), only sports fish have 

been given legislative protection. Section 7 of the Resource Management Act 1991 

specifically provides for “the protection of the habitat of trout and salmon” and Fish & Game 

are responsible for the management and protection of these species. Fish & Game were 

contacted for comment when writing this report and provided data showing that the reach 

which is proposed to be dewatered contains a disproportionately high number of salmon 

redds (almost 2% of the spawning redds for the entire catchment). However, Fish & Game 

do not consider this a major issue as salmon should spawn elsewhere in the river if this 

reach is dry (M. Webb, pers. comm.). Moreover, it is likely that this reach has become an 

important spawning area by virtue of it being at the upstream extent of how far salmon can 

penetrate up the Opuha River rather than any outstanding spawning habitat characteristics. 

The primary concern of Fish & Game related to the proposed scheme is not the dewatering 

of the 270 m reach but the potential for the dewatered area to be intermittently rewetted or 

flowing at critical times of the year for salmonids. They are concerned if the dewatered reach 

flows between mid-March and June that adult salmon may enter to spawn in this reach only 

to become stranded or if spawning is successful, for the developing ova to become 

desiccated when the flow ceases (mitigation for this concern is outlined in Section 5). Based 

on previous data which shows an average of seven spawning redds in this reach (Table 3-6) 
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and that an average Chinook salmon redd in New Zealand contains 4600 eggs (Hawke 

1978), then if this reach was accessible for spawning it could result in the loss of around 

32,000 salmon ova. This number of ova can be vital to be success of the salmon fishery, 

particularly during years such as 2013 when winter flooding is likely to have destroyed the 

majority of redds in the mainstem of the Opihi River (usually the primary source of salmon 

ova based on redd counts). 

The concerns of Fish & Game for brown trout are similar to those for salmon except that 

outside of the spawning season adult trout may also look to occupy habitats between the 

proposed tailrace and the ODDW if flows are released through the existing radial gate 

(salmon die after spawning so this is not a concern for this species). The potential for adult 

trout stranding is the major concern because Fish & Game are obligated to salvage these 

fish and return them downstream into the Opuha River resulting in additional work for staff 

(M. Webb, pers. comm.). There are significant areas of deep-water habitat (see Figure 4-2) 

in the reach proposed to be dewatered and it is likely that large salmonids will move into 

these areas, if they are not already occupying them, when flows start to recede. If the 

proposed HEPS is constructed, minimising the use of the existing radial gate and ogee weir 

should ensure there is limited re-wetting of this habitat and thus minimal fish stranding 

(further details are provided in Section 5). 

 

Figure 4-2: Deep-water habitats within the proposed dewatered reach downstream of the 
ODDW. Photos are taken from the true right side of the river (flow is from left to right) and the deep 
water habitats are on the true left of both pictures. 

The concerns about intermittent rewetting and the potential for fish stranding are applicable 

to all species, not just salmonids. Experimental research investigating the incidence of 

stranding for Canterbury galaxias and upland bullies, species both found in the Opuha River 

below the ODDW, has shown that they are both vulnerable to stranding as flows recede 

(Davey et al. 2006). However, these species as well as brown trout are known to migrate out 

of drying stream reaches, although some do try to find refuge within the drying reach 

resulting in stranding (e.g., Davey & Kelly 2007). In contrast, elvers tend to burrow into gaps 

between stream substrate rather than leave a drying stream reach (P. Jellyman, pers. obs.) 

so dewatering a reach has the potential to strongly effect these fish. Moreover, because they 

will burrow into the stream bed as flow recedes it is very difficult to salvage and relocate 

elvers. To prevent significant numbers of elvers being trapped in the dewatered reach, flow 

releases into this section should be minimised (preferably not occur at all) from mid-
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November to mid-March. This estimated time period has been identified based on elver catch 

data from the Waitaki Dam which is located only slightly further inland than the ODDW 

(Waitaki dam 71 km vs. ODDW 63 km) and catches elvers from December through to mid-

March (Martin et al. 2009). 

Dewatering the reach downstream of the ODDW has the potential to have an effect that is 

more than minor. It should be possible to reduce the potential effect to less than minor if the 

mitigation strategies in Section 5 are implemented. Consultation with various parties (e.g., 

Environment Canterbury and Central South Island Fish & Game) has identified suitable 

mitigation measures and the dewatering of this reach has been viewed as an acceptable 

effect when considered against the potential benefits to overall river health that could be 

achieved if the release of larger ‘flushing flows’ were possible. 

4.5 Fish passage issues 

Longfin and shortfin eels are present in Lake Opuha in ‘good numbers’ (Jim Smith, pers. 

comm.), but continued recruitment of juveniles from the sea is required to maintain these 

numbers. Elvers are generally captured at the Waitaki dam during December to March and 

they are likely to reach the ODDW around the same time of year (or slightly earlier given the 

ODDW is 8 km closer to the sea). Fish passage of migrating elvers over the ODDW is 

presently facilitated by a fish pass that has an 18 m length of 200 mm diameter pipe that 

connects the entrance of the fish pass to the elver flushing box at the top of the ODDW 

(Figure 4-3). The fish pass is designed to negate the 7.75 m vertical height difference 

between the bottom and top of the ODDW and the surface of the fish pass pipe is covered 

with builders mix to assist fish climbing. The first 2 m of the lower pipe (i.e., the entrance for 

migrating fish) is angled at around 60° while the remaining pipe leading up to the elver pass 

is angled at c. 25°. Approximately 1 l/s of water is sprayed into the flushing box at the top of 

the pipe which then flows down the pipe to keep any fish wet while moving up the pipe. While 

this existing fish pass will be retained, a new fish pass will be required at the site of the 

proposed new radial gate/turbine structure. A new fish pass is required because fishes are 

likely to be primarily attracted to this area because fish will likely be attracted to the major 

flow source (i.e., tailrace water from new radial gates and/or HEPS) they encounter on their 

way upstream, and/or fishes will be unable to access the existing pass because the 270 m 

reach of river below the ODDW is likely to be dry for the majority of the year. If the hydro-

scheme is not pursued then a new elver pass would not be required because the primary 

discharge location from the re-regulation would remain at the existing structure since the new 

radial gate structure would mainly be used to pass flushing flows and floods. 

There are presently no quantitative data available on the catches or numbers of fishes that 

successfully negotiate the existing fish pass to navigate the ODDW, but information was 

sought from both a commercial eel fisher (on eel catches from Lake Opuha as a proxy to 

comment on the likelihood that fishes were successfully using the existing ODDW fish pass) 

and a previous dam operator (with knowledge of the elver pass). It was anticipated that data 

on eel lengths could be obtained and then used to estimate ages of the fish based on 

averaged growth rates in the area. These averaged ages could then have been used to 

indicate what proportion of the commercial catch were younger than 15 years old and thus 

must have entered the lake via the fish pass after the scheme was established. 

Unfortunately, data on lengths had not been recorded by the commercial fisherman or the 

processing plant (Appendix D). The processing plant did provide catch data from the area, 
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but none of it could be used to estimate how many fish entered Lake Opuha after the 

scheme was established. In contrast to data from the eel fisher, a previous dam operator 

(Barrie Green) provided compelling anecdotal evidence that the elver pass had functioned 

effectively in previous years. Mr Green stated the he had seen large numbers of elvers in the 

box at the top of the ODDW and at the base of the Opuha Dam (although had never seen 

elvers in the box at the top of the Opuha Dam). Given the absence of any quantitative catch 

data from the fish pass, the effectiveness of the pass is unknown (i.e., what proportion of 

elvers reaching the pass are transported over the ODDW) but it would seem that the design 

of the pass has been sufficient to pass elvers previously. Mr Green has not worked at the 

ODDW during recent years so it is not known whether the existing fish pass is still effective 

or not (e.g., whether erosion or modifications to the structure have altered the intake for the 

pass). The following is an overview of the existing fish pass design on the ODDW to 

determine the likelihood of whether it is currently likely to be effective. This is then followed 

by suggested improvements of the design based on available published research that could 

be considered when designing the new fish pass.   

4.5.1 Effectiveness of existing fish pass 

The entrance is the critical link to fish pass effectiveness and is often the reason why these 

structures work inefficiently (Office of Technology Assessment 1995). Sustained swimming 

speeds of elvers in New Zealand are 0.2-0.34 m/s (Mitchell 1989), although elvers of A. 

anguilla (a European species) have been shown to display maximum short-term (20 sec) 

burst swimming speeds of 0.6 m/s (Solomon & Beach 2004). On the day of the site visit, 6 

m³/s was being discharged through the ODDW and the water velocity in the tailrace was 

estimated to be in excess of 1 m/s. There is a 0.8 m sill extending vertically from the tailrace 

surface in close proximity to the entrance of the fish pass, which significantly increases the 

level of turbulence at the entrance to the pass. This high turbulence zone also extends a 

further c. 5 m downstream of the pass entrance (Figure 4-3 and Figure 4-4). During 

December-March of 2012-2013, when elvers were likely to be reaching the ODDW, the 

Opuha River (as measured at of the ODDW) averaged 9.6 m³/s and never ran below 4.8 

m³/s. This suggests that the water velocity and turbulence around the fish pass entrance may 

restrict the access of all elvers attempting to enter the pass during this time. Larger eels 

(>120 mm) are able to reach higher burst swimming speeds of up to 1.3 m/s and may reach 

the entrance during lower flows but they are much less efficient climbers and are unlikely to 

be able to climb the initial 60° angle at the entrance. Moreover, large numbers of fish may be 

unlikely to locate the entrance to the fish pass in highly turbulent water (although anecdotal 

evidence suggests some have previously). As the existing fish pass does not meet  the 

‘approach speeds’ criteria identified above for an effective fish pass it is unlikely to be 

facilitating the movement of the majority of elvers over the ODDW because large numbers of 

elvers may be unable to access the entrance of the pass due to the fast water velocity and 

high turbulence. 

The lack of resting areas and the length of the pass may further reduce the likelihood of fish 

negotiating the structure. There is limited information available on the effect that ramp length 

has on fish passage, but it has been suggested that resting pools should be placed every 1.5 

m on a 15° slope (Stevensen & Baker 2009). This suggestion, however, was designed to 

incorporate fishes that have poor climbing ability and elvers are able to use the wetted 

margins to recover. The ability of elvers to recover on wetted margins suggests that they may 
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be able to negotiate the 18 m pass in the absence of any resting areas, but the success of 

the pass is likely to be improved if resting areas are present.  

 

Figure 4-3: The configuration of the existing elver pass at the ODDW. The red line shows the 
approximate route of the buried pipeline before reaching the elver flushing box (i.e., the enlarged 
structure in the top-left). The flow through the tailrace is 6 m³/s (3 October 2013). 

 

Figure 4-4: High water velocity and turbulence present at the entrance to the fish pass at 6 
m³/s (3 October 2013). 

Fish pass entrance 
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4.5.2 Suggestions on modifying the existing fish pass design 

To provide potential improvements for elver passage, we outline a number of important 

design considerations for any new fish pass associated the proposed ODDW enhancement. 

The most important design feature that should be reconsidered on the new fish pass is a 

lower approach velocity at the entrance of the fish pass. The approach velocity at the 

entrance should be lower than 0.2 m/s, which is the sustained swimming speed of elvers 

(Mitchell 1989). A location like that shown in Figure 4-5 is likely to be a suitable location for 

installing a fish pass entrance, assuming water velocity is appropriate under a range of flows 

and that water is present during all flows. A small additional flow of around 3 l/s should also 

be discharged at the entrance of the fish pass to attract fish. Installing a concrete fan/ramp at 

the entrance to the pipe may help fish enter the pipe and could ensure connectivity between 

the river and the pipe during fluctuating water levels. For the new proposed tailrace, installing 

a second fish pass entrance on the true-left of the tailrace (in addition to the proposed fish 

pass on the true-right) would also increase its efficiency, but this may not be logistically 

feasible.  

 

Figure 4-5: View downstream of the existing fish pass entrance where there may be a more 
appropriate approach velocity.  

Water depths in the pass should be adjusted depending on the angles present. Water depth 

along the pass effects fish passage success and restricted water depths have been shown to 

be necessary for most efficient passage of small eels in Europe (Voegtle & Larinier 2000). 

Water depth becomes more critical at higher slopes like that present on the existing ODDW 

fish pass. Voegtle & Larinier (2000) suggested that the best results would be obtained with a 

Existing fish 
pass entrance 

Area of lower 
water velocity 
for a fish pass 
entrance 
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water depth less than 20 mm at a 15° angle, less than 10 mm at 30°, and less than 5 mm at 

45°. It is suggested that these guidelines are also followed for the proposed new fish pass 

and that the angles are kept constant throughout the length of the fish pass to prevent water 

depth varying. This will require the flow down the pass to be adjusted until the desired depth 

is reached. Typically, a 200 mm wide fish pass requires a flow of around 0.5 l/s to feed both 

the downstream element and the upstream delivery pipe (Solomon & Beach 2004), which is 

likely to be similar to what is required at the proposed scheme. 

Consideration should be given to selecting appropriate climbing substrate on the pipe, based 

on the species and size classes present. While elvers are likely to be able to utilise the 

builders mix in the existing fish pass to climb the pass, larger eels (>120 mm) are unlikely to 

be able to use the pass. If larger eels are present then laying a bristle substrate with a 20 

mm gap between bristle clumps alongside another with 30 mm spacing has been shown to 

allow the passage of elvers and eels ranging in size from 80 mm to 750 mm (Solomon & 

Beach 2004). It may be appropriate to incorporate different substrate surfaces depending on 

the target fish present. 

Resting boxes should be incorporated at any turns in the pipe or approximately every 5 to 10 

m in the new fish pass. Although elvers are able to utilise wetted margins to rest, including 

resting boxes in the new design will be beneficial to fish passage. Generally resting boxes 

are cheap and simple to include, may simplify engineering and should be helpful to the fish 

(Solomon & Beach 2004). The provision of a small holding tank would be of benefit as this 

would provide a means to assess the efficiency of the proposed elver pass. 

There are alternatives methods to encourage fish passage other than building a fish pass, 

such as using a ‘trap and transfer’ system to physically relocate fishes from below a 
migration barrier to above it. Trap and transfer schemes can be less costly to construct and 

can be very efficient. However such systems can be labour intensive; but the positive side of 

this is that there can be added benefits such as being able to monitor catches (abundance 

and species composition) and also transfer fish further up the catchment if desired. It is our 

understanding that it is not feasible for OWL to resource a trap and transfer scheme. Local 

people from Ngai Tahu operate similar schemes in nearby catchments and may be willing to 

assist with a similar scheme on the Opuha River. Alternatively, automated “lift and lock” 
systems have been designed that transfer trapped elvers along a track in the dam face to the 

area above, but they are costly to implement.  

Whilst there is compelling anecdotal evidence that elvers have previously used the pass, 

there is no quantitative evidence that elvers are or are not currently using the pass. The 

existing pass does not meet a number of design criteria which the literature suggests would 

be required for it to be operating effectively. Therefore, we consider the potential effect of 

replicating the current design at the proposed structure on elver passage to result in a more 

than minor effect. The construction of a redesigned upstream fish pass at the proposed radial 

gate structure/hydro-electric turbine should result in an effect on elver passage that is less 

than minor.  
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4.6 Options for preventing downstream migrating adult eels from 
entering the proposed HEPS 

After reaching maturity in freshwater, eels will attempt to exit the Opihi catchment to spawn in 

the ocean. Emigration of adult eels predominantly occurs from February to May and peaks 

during March (Todd 1981). At present, it is assumed that emigration is facilitated by fish 

passing through the radial gate or during the rare occasions that it operates, over the ogee 

weir. While fish passing over the ogee weir are likely to be unharmed, fish passing through 

the radial gates could be injured by barotrauma4 (Brown et al. 2012).  

The proposed enhancement of the ODDW is designed to have two new radial gates and also 

includes a design option for a HEPS. Therefore, it is assumed that the proposed structure is 

likely to result in fewer overtopping events at the ogee weir. Passing emigrating eels over the 

weir crest at the ODDW is likely to be the method that results in the least injuries or mortality 

so reducing the number of overtopping events could result in additional minor effects to 

downstream eel passage, on top of the existing effects. If the HEPS is consented without 

mitigation measures being implemented then this could result in more than minor effects to 

downstream eel passage. If the HEPS did not have an appropriate screen fitted it could 

result in higher injury and mortality rates of fish, particularly larger fish such as eels, when 

compared to the existing scheme. It could be possible to improve downstream fish passage 

beyond the existing level of consented fish passage if the approaches outlined in Sections 

4.6.1 to 4.6.4 are followed. These approaches are targeted to reduce fish injury when 

bypassing the ODDW and reducing the numbers of large fish that could enter the proposed 

HEPS. The following is a brief outline of some approaches that have been considered to 

mitigate the injury to or losses of adult migrant eels through the ODDW during periods of 

adult emigration. After consultation with Environment Canterbury, recommended mitigation 

measures have been finalised in Section 5. 

4.6.1 Diverting flow over the ogee weir 

To potentially mitigate the effect of the proposed HEPS on downstream fish passage, the 

level of the re-regulation pond could be held high and excess flow could be diverted over the 

existing ogee weir. This is likely to result in a high proportion of eels safely negotiating the 

ODDW. From examination of the time-series data at the ODDW flow recorder, c. 10 m³/s is 

released for much of the eel emigration period (from February to May) so regardless of 

whether a 5 to 9 m³/s turbine was installed, additional flow could be available for spilling over 

the weir crest. 

Selective openings or use of spillways have previously been suggested to facilitate 

downstream passage of eels with limited injury (Watene & Boubée 2005), but this depends 

on the design of the spillway. The tailrace of the ogee weir on the ODDW does have a small 

vertical concrete sill, which may injure migrant eels as they pass over it and would need to be 

monitored. Surface flow would also need to be maintained over the section of river between 

the ogee weir and the proposed hydro-scheme. The continual spilling over the ogee weir 

would result in lost hydro-electric generation which would likely have significant impacts on 

its financial viability. It is possible that the proposed HEPS could operate at the same time as 

flows being discharged over the ogee weir if it was found that migrant eels preferentially 

                                                
4 Barotrauma is the physical damage to body tissue caused by a rapid change in pressure. This commonly affects fish that go 
through structures such as turbines or bottom release weir structures that produce large pressure changes. 
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moved through the weir. Whilst in principle a net could be set across the mouth of the South 

Arm (Figure 4-6), which would minimise the number of adults that could enter this structure, 

operational constraints (e.g., debris management) means that this option is not viable (T. 

Morris, pers. comm.).  

 

Figure 4-6: Location where a net could be set to prevent adult migrant eels from entering the 
area where the proposed HEPS would be operating.  

4.6.2 Diverting flow through the existing or proposed radial gates 

If the preferred option for the proposed ODDW enhancement is to install a HEPS and 

generate at either 5 to 9 m³/s then the residual flow during summer (based on a c. 10 m³/s 

discharge, see above) could be spilled over the ogee weir. Even when hydro-electric 

generation is occurring, there will be times when the radial gate(s) would be sufficiently open 

to facilitate downstream eel passage. Barotrauma could be an issue through a radial gate 

since fishes exposed to rapid changes in barometric pressure as they pass under structures 

like the radial gate can suffer severe injuries (Brown et al. 2012). Common bullies were 

observed immediately below the existing radial gate that appeared to have been fatally 

injured while moving through this structure (P. Jellyman, pers. obs.). However, when the 

maximum generation capacity of the proposed HEPS is exceeded, the excess water would 

be diverted through the new radial gates.  

There may be times, such as during floods or flushing flows, when the use of the existing 

radial gate is required. The timing of when water should and should not be diverted through 

this structure has been identified in Section 5. The issue of concern is that there is significant 

overlap between the timing of eel emigration and salmonid spawning and having the 

proposed dewatered reach flowing during part of the year to facilitate downstream eel 

passage could result in salmon using this area for spawning when this should be avoided. As 

the new radial gates would be next to the intake for the turbine, there is a significant risk of 

fish entering the HEPS. Hydro-scheme intakes are generally fitted with a bar cover (50 mm 

South Arm 

Proposed net location  
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spacing) to reduce woody debris and large fish from entering. However, these bar covers can 

still result in a significant proportion of eels entering the intake or becoming fatally impinged 

on the screen. After consultation between OWL and Environment Canterbury, it is proposed 

that this will be mitigated by having the maximum aperture between bars not exceed 20 mm 

and the average velocity through the screen not exceed 0.5 m/s at maximum design flow.  

4.6.3 Trap and transfer 

Capturing emigrating eels above the ODDW and manually releasing them in the river below 

would ensure eels successfully pass this structure (although if this approach was adopted 

the option to trap in Lake Opuha and release eels below the ODDW should be explored). 

Trapping can be labour intensive, but there is little risk of injuring the fish if the traps are 

cleared frequently and fish are handled appropriately. The operational design and the 

equipment would influence how many migrants are caught and it may not be possible to 

capture all emigrating eels if several small nets were used. In the re-regulation pond, a single 

large net that covers the width of the Opuha River (Stow nets) is likely to be the most 

effective approach, which has previously been suggested for another catchment (Jellyman et 

al. 2010). Unfortunately, there are significant difficulties associated with operating the large 

stow nets and preventing them being damaged during large flows. Capturing migrant eels 

using stow nets would allow the scheme to operate continuously while still ensuring a high 

proportion of migrant eels were transferred below the ODDW unharmed. 

4.6.4 Fish bypass in the hydro-scheme 

A downstream fish bypass could be installed between the proposed intake for the HEPS and 

the discharge at the tailrace. If this bypass was installed it may allow the scheme to operate 

throughout the migration period, but it would rely on the effectiveness of the bypass to 

transport fish safely. The effectiveness of the bypass would depend on the location, size of 

pipe installed and how much water is passed through it relative to the turbines. Boubée & 

Williams (2006) showed that the installation of a 100 mm diameter bypass in a dam face 

facilitated the safe passage of migrating adult eels at a HEPS, but a proportion of the 

migrating eels still entered the turbines.  

 



 

42 Aquatic ecology considerations for the Opuha Dam Downstream Weir 

 

5 Recommendations to minimise effects to aquatic 
ecology 

There is the potential for the enhancement of the ODDW to have more than minor effects on 

some aspects of aquatic ecology. These effects are primarily associated with the freshwater 

fish communities, more specifically, potential effects related to dewatering the reach 

downstream of the ODDW and fish passage. After consultation with Environment Canterbury 

and Central South Island Fish & Game a range of measures have been proposed to mitigate 

the effects on aquatic ecology. It is our understanding that OWL have also had discussions 

with Ngai Tahu (Arowhenua) and the Department of Conservation about the proposed 

project. Below is an outline of the three major issues (i.e., reach dewatering, upstream fish 

passage, downstream fish passage) relating to aquatic ecology that this report has identified 

and the proposed mitigation measures. 

5.1 Dewatering the reach between ODDW and proposed tailrace 

The dewatering of the reach has been identified as an aquatic ecology issue requiring 

mitigation. Following consultation with Environment Canterbury and Central South Island 

Fish & Game, the primary concern for aquatic communities in this reach was determined to 

be the potential for adverse effects to occur if the reach is rewetted. To mitigate for this, the 

following measures are proposed: 

 Following construction of the proposed HEPS, the existing radial gate will not be 

operated between 15 November and 30 June for the purposes of routine 

maintenance of other structures and/or routine flow releases from the ODDW. In 

rare circumstances it may be required to pass flood and flushing flows. 

 Following construction of the proposed HEPS, the existing ogee weir will not be 

operated between 15 November and 30 June for the purposes of routine 

maintenance of other structures and/or routine flow releases from the ODDW. In 

rare circumstances it may be required to pass flood and flushing flows. 

 Following construction of the proposed HEPS, and in the event that salmonids 

become isolated within the reach of the Opuha River between the existing radial 

gate and the confluence with the proposed tailrace, OWL will make best 

endeavours to work with Central South Island Fish & Game to relocate stranded 

salmonids and/or undertake other mitigation measures as agreed to by both 

Central South Island Fish & Game and OWL. 

 Following construction of the proposed HEPS, the existing radial will not be 

closed over a time period of less than six hours if operated between 15 

November and 30 June. The rate of closure will be uniform. 

5.2 Upstream fish passage 

The upstream passage of elvers was the second major issue associated with the proposed 

enhancement of the ODDW. Compelling anecdotal evidence suggests that the existing fish 

pass has previously been successful in transferring elvers over the ODDW, but whether it is 

currently functioning is unknown. Our assessment suggests that it would be possible to 

modify the current fish pass design to increase its effectiveness if a new fish pass is 
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constructed alongside the proposed HEPS. Therefore to mitigate upstream fish passage, the 

following measure is proposed: 

 An elver pass at the location of the proposed HEPS. The pass would be a 

closed conduit generally similar to the existing pass but with various 

refinements to improve efficiency (e.g., improved inlet, resting boxes). The final 

design and construction needs to be approved by a suitably qualified freshwater 

fisheries ecologist. 

OWL has agreed that if a new fish pass is installed there will be provision for a trap box to 

enable elver catch data to be recorded so that the effectiveness of the fish pass can be 

evaluated (and modifications made if necessary). It is recommend that the fish pass is 

monitored for the first two seasons to ensure that the pass is operating as envisaged. 

5.3 Downstream fish passage 

The final issue requiring mitigation is the downstream passage of fish, particularly large eels. 

The addition of a HEPS has the potential to increase the injury and mortality rates of fish, 

particularly large eels, if appropriate mitigation measures are not included in the design and 

operation of the scheme. To mitigate downstream fish passage issues, the following 

measures are proposed: 

 The intake to the proposed HEPS will be provided with a bar screen to exclude 

adult eels from the penstock. The maximum aperture between bars will not 

exceed 20 mm and the average velocity through the screen will not exceed 0.5 

m/s at maximum design flow.  

 OWL will endeavour to provide a ‘short flush’ by passing flow over the existing 
ogee weir at an appropriate time for a period not exceeding 24 hours, but not 

less than 6 hours, between 1 February and 14 March for the purposes of 

facilitating the downstream emigration of adult eels. 

 OWL will endeavour to release flow from the proposed radial gates at an 

appropriate time for a period not exceeding 24 hours, but not less than 6 hours, 

during mid to late May for the purpose of facilitating downstream emigration of 

adult eels. To further facilitate downstream eel emigration the radial gate will be 

opened no less than 200 mm during this time. 

 

As outlined in Section 4, most of the effects to aquatic ecology by the proposed 

enhancement of the ODDW will be nil or negligible. There is the potential for the proposed 

enhancement to have more than minor effects on aquatic ecology, but if the recommended 

mitigation measures outlined in Section 5 are undertaken, then the impact of any remaining 

effect should be reduced to less than minor.  
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Appendix A Site pictures 
 

 
The South Arm of the re-regulation pond above the ODDW. 
 

 
Benthic habitat in the South Arm re-regulation pond. 
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Dewatered habitat in South Arm as occurs during existing operation of the scheme. 
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Appendix B Periphyton sampling data 

Table B-1: Summary results of taxonomic composition at a site downstream of the ODDW.   
Taxa are coded from 8 (dominant) to 1 (rare). Dominant taxa in each sample are highlighted in red; * 
denotes taxa typical of lake habitats. 

  Sample depth (m) 

 From true left to channel centre: 0.19 0.36 0.41 0.50 0.49 

Cyanobacteria Anabaena circinalis     1  

 Phormidium sp.  8 6 8 6 6 

       

Diatoms Achnanthidium minutissimum 1 1   1 

 Asterionella formosa*   1  1 

 Cocconeis placentula 4 3 5 4 3 

 Diatoma hiemale 5 5 5 5 5 

 Diatoma tenuis    1 1 

 Didymosphenia geminata 6 8 7 6 6 

 Encyonema minutum  6 3 2 6 4 

 Epithemia adnata  1    

 Eunotia sp.  1     

 Fragilaria capucina*  1  1 1  

 Fragilaria vaucheriae 3 3 2 3 2 

 Frustulia vulgaris    1  

 Gomphoneis minuta v. cassieae     1 

 Gomphonema clavatum  1    

 Gomphonema sp. A* 5 5 6 8 8 

 Gomphonema sp. B 3 2 2 3 3 

 Melosira varians 6 3 3 5 3 

 Meridion circulare*   1   

 Navicula cryptocephala  1    

 Navicula lanceolata   1   

 Navicula margilithi  1    

 Navicula radiosa 1 1 1 1  

 Navicula rhynchocephala 1  2   

 Nitzchia spp.  4 2 4 1 3 

 Pinnularia sp.  1  1 1 1 

 Planothidium lanceolatum   1    

 Reimeria sinuata  1    

 Rhoicosphenia curvata   1   

 Rossithidium linearis 3 4 3 5 5 

 Surirella angusta   1    

 Surirella ovata 1  1   

 Synedra sp.  2 4 2 6 5 

 Tabellaria flocculosa* 1 1 1 1  

       

Chlorophyta (green unicells) Ankistrodesmus sp.  1     

 Closterium sp.  1 1   1 

 Cosmarium sp.  1 1    

 Scenedesmus sp.  1 1 1 1 1 

       

Chlorophyta (green filaments) Cladophora sp.   1   

 Microspora sp.    1   

 Oedogonium sp.  2     

 Spirogyra sp.  3  5 3 4 

 Ulothrix sp.   3 1 2 2 
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Appendix C Macroinvertebrate taxa list 
 

Count Taxa Name Order Family hbMCI 

9 Deleatidium Ephemeroptera Leptophlebiidae 8 

1 Oxyethira Trichoptera Hydroptilidae 2 

3 Neurochorema Trichoptera Hydrobiosidae 6 

4 Pycnocentrodes Trichoptera Conoesucidae 5 

2 Empididae Type A Diptera Empididae 3 

43 Eukiefferiella Diptera Chironomidae 2 

19 Tanytarsus vespertinus Diptera Chironomidae 3 

108 Cricotopus Diptera Chironomidae 2 

1 Tanypodinae Diptera Chironomidae 5 

7 Maoridiamesa Diptera Chironomidae 3 

1 Austrosimulium Diptera Simuliidae 3 

1 Archichauliodes diversus Megaloptera Corydalidae 7 

1 Austropeplea Basommatophora Lymnaeidae 3 

2 Physa Basommatophora Physidae 3 

90 
Potamopyrgus 
antipodarum Neotaenioglossa Tateidae 4 

1 Sphaeriidae Veneroida Sphaeriidae 3 

49 Daphniidae Diplostraca Daphniidae 5 

2 Janiridae Isopoda Janiridae 5 

18 Cyclopoida Cyclopoida  5 

1 Ostracoda   3 

46 Oligochaeta   1 

2 Nematoda   3 

3 Platyhelminthes   3 

2 Collembola Collembola  6 
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Appendix D Sourcing eel data for Lake Opuha 
 

Opuha Water Limited requested that NIWA contact Jim Smith, a local eel fisher, to determine 

what eel catch data he might be able to provide in order to assess whether elvers where 

successfully utilising the elver pass at ODDW and the Opuha Dam. Mr Smith was contacted 

on 3/10/13 but he informed NIWA that he did not keep his own catch records for Lake 

Opuha. Mr Smith suggested that NIWA contact Mr Victor Thompson who is the owner of 

Mossburn Enterprises Limited (eel processing plant) which records catch data on eels as per 

the requirements set by the Ministry of Primary Industries under the Quota Management 

System. However, the location of eel catches are only required to be recorded by coded 

areas that are much larger than Lake Opuha (e.g., South Canterbury). Similarly, there is no 

requirement to record fish lengths. Therefore, neither eel fishers nor processing facilities 

record eel catch data based on specific fishing locations (unless eel fishers keep personal 

records). Mr Thompson was able to supply some data based on his ‘best guess’ of what 
were likely to be eels caught from Lake Opuha based on the pickup location of where one of 

his staff collected the eels from. The data supplied by Mr Thompson from 2013 was split into 

total kilograms of eels caught above and below 800 mm in length.  

Unfortunately without any length-frequency data we cannot conclude anything about whether 

the fish pass is or is not functioning. As we did not ask for permission to include the data 

supplied to NIWA by Mr Thompson we have not included it in the report as we have 

concluded that this data is not sufficient for answering questions related to elver passage at 

the structures operated by Opuha Water Limited. Both Mr Smith and Mr Thompson did state 

that eel catches were initially quite high in the few years following the Opuha Dam 

construction but had since dropped and appear to have stabilised at a lower catch level. 

 

 

 


