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Executive Summary

A hydro-electric power development has been prapdseMeridian Energy Ltd (Meridian) on the
Mokihinui River. The dam and powerhouse would beated in the gorge above Seddonville. The
proposed lake would have sufficient storage tovalpmwer station discharges to vary according to
power demand with high flows during the day and léews at night. There would be two
(approximately 60 rits) turbines and their combined maximum dischargeley be 120 riis. A
smaller turbine would be installed to generate whitthminimum flow.

The purpose of this study is to provide an assessmieflow regime requirements between the
powerhouse and the SH 67 bridge, below which wateis are affected by the tide. The flow regime
requirements that are examined include the minirflom, flow fluctuations, ramping rates and flood
flows.

Ten instream habitat survey cross-sections weratddcin a 3.6 km reach above the SH 67 bridge.
The instream habitat model was calibrated with mesments at three different flows and was used to
determine how the area of suitable habitat varigd fhow for fish and benthic invertebrate species.
Habitat suitability was determined from general itatbsuitability curves developed from studies in
other rivers.

Proposed flow regime requirements are:
Minimum flows

The river below the proposed dam contains a diviessiecommunity, as would be expected at a low
elevation site close to the sea. A minimum flowl6fn?/s (the mean annual low flow) will maintain
near maximum habitat for native fish, many benihicertebrate species, food production and adult
and yearling brown trout. The flow would also lirttie growth of long filamentous periphyton, which
would also be kept in check by the frequent floadd freshes.

Daily flow fluctuations

There are benefits to both Meridian and local elgty consumers in fluctuating generation flows on
a daily basis in order to follow electricity marldgmands, both nationally and regionally.

Daily flow fluctuations below the proposed dam wbuéduce benthic invertebrate habitat and food
production, but would not have any significant effen native fish or trout habitat because they can
move with changing flow and stranding is unlikeéhhe effect of reduced invertebrate production on

trout may be moderated by the availability of femlirces other than invertebrates, the improvement
in production resulting from less sediment trangpand whether there is sufficient recruitment to

sustain high trout numbers.
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The magnitude and timing of daily flow fluctuationsuld affect whitebaiting below the SH bridge.
Although some combinations of flow and tide mighprove whitebaiting, others will be detrimental.
To avoid adverse effects, it is suggested thatlow fluctuations should occur during the whitebait
season from 01 September to 14 November. Durirgggériod, the flows are to be kept within +/-
10% of the natural flows coming into the lake iran of the river.

Overall, considering the low value of the trouthBisy below the proposed dam, there seems no
compelling reason to restrict flow fluctuations egtduring the whitebaiting season. A flow change
from minimum flow of 16 n¥s to the maximum turbine discharge of 12¥smvould cause a 0.64 m
rise in water level, and this might be considereckptable (outside of the whitebaiting season) when
compared to the magnitude of natural changes ienevel.

Ramping rates

The natural rate of river rise during floods in tkekihinui catchment is rapid with up to several
hundred m's in a few hours. The rate of flow change will affect the stability and composition of

river banks, and will be unlikely to cause stragdof people or livestock because of the relatively
infrequent use of the river bed and lack of islands

Flood flows

Flow variability, including flushing flows and cha@l maintenance, is usually considered necessary to
maintain aquatic ecosystems in good condition. ddoand freshes scour accumulated fine sediments
and periphyton, leaving the clean substrates tfepeeferred by many benthic invertebrate and fish
species. The proposed reservoir has relativelydunstorage capacity and will not change the flood
frequency distribution significantly. Thus, natufddods and freshes will still occur at frequent
intervals and will be capable of maintaining cleaer gravels and the present morphology.
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1. Introduction

Meridian Energy Limited (Meridian) is currently iestigating a hydro development
on the Mokihinui River, referred to as the Mokihirtdydro Proposal (MHP). The
Mokihinui River is in the Buller District and is ¢dated on the north western coast of
the South Island, approximately 40 km north of West The proposed dam site is
approximately 3km upstream of the township of Seddl® (Figure 1.1).

The Mokihinui River has a catchment area of appnately 68,000 hectares above the
dam site. The north and south branches of the dran a large inland basin formed

by the Glasgow, Lyell, Matiri, Allen and Radiant igges and meet at the Mokihinui

Forks about 27 km upstream of the river mouth. fiver then passes through the
steep-sided Mokihinui Gorge and a short lowlandeyabefore discharging into the

Tasman Sea at the coastal settlement of Mokihinui.

Figure 1.1:  Location of the Mokihinui River.

1.1 Proposed dam and inundation area

The Mokihinui River at the proposed dam site hamean flow of 90 rfis and a
median flow of 46 rfis. The flow regime is characterised by many hfieod flows,
including some large floods, and modelling of thiepgmsed operation indicates that
flows will exceed 120 fis for about 14% of the time.
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Development of the MHP would require the constarctiof a hydro dam,
approximately 3 km upstream from the township aid@mville and 11 km upstream
of the mouth of the river. An 80m to 85m high caeter gravity dam would be
constructed using Roller Compacted Concrete (R€€hriology. RCC construction
for dams is used extensively throughout the wosldheey are safe, strong and fast to
construct. The installed generation capacity atptoposed dam will be 65 to 85MW
(current peak demand on the West Coast is 65MW )althgroduce 310 to 360 GWh
p.a. of renewable generation.

The proposed dam would create a 340 hectare ‘riblb&a (Figure 1.2) that would
extend approximately 14 km upstream of the damvemdd generally be around 200
m wide (500 m at it widest point). The lake does extend to the Mokihinui Forks
area, the confluence of the North and South Braridhe Mokihinui River, located
approximately 2 km further upstream from the preubkake. By design the inland
extent of the proposed lake would not inundate past of the Mokihinui Forks
Ecological Reserve. The full supply level of theposed lake would be 100 m above
mean sea level with an operational range of 3 n@ (h0to 97 m above sea level).
Under normal conditions the river at the proposath gite is 23 m above sea level,
producing a net head of approximately 77 m at #ra.d

1.2 Scope and approach of report

NIWA has been commissioned to undertake a variéteahnical studies, providing
baseline information about the Mokihinui River aagbessing the potential impacts of
the project on the Mokihinui River.

The purpose of this study is to provide an assesswieflow regime requirements
between the powerhouse and the SH 67 bridge, betdeh water levels are affected
by the tide. The tidal influences on the MokihiRiver and the implications for MHP
are discussed in detail in the Tidal Hydraulicsoreprepared by Mulgor Consulting
Ltd for the MHP (Goring 2007). The flow regime réguments that are examined in
this report include the minimum flow, flow fluctuams and ramping rates.
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Figure 1.2: MHP Inundation area.
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2. Methods of determining instream flow requirements

Long-term solutions to river flow management neethke a holistic view of the river
system, including geology, fluvial morphology, gednt transport, riparian
conditions, biological habitat and interactions,d awater quality. All of these
components need to be considered in both a tempodagpatial sense.

The instream flow incremental methodology (IFIM;V&e 1982) is an example of an
interdisciplinary framework that can be used in @istic way to determine an
appropriate flow regime by considering the effeofsflow changes on instream
values, river morphology, physical habitat, watemperature, water quality, and
sediment processes (Figure 2.1).

Evaluation of flow effects

l

Morphology
Physical habitat Water quality
Methods Veloc_lty/depth
and Hydraulic geometry DO

parameters 2Dmodels __ Temperature

Stage/Discharge NH,

Water surface profile

Biological Habitat Watt_er q_u_ality
evaluation suitability suitability

!

Flow assessment based on flow response
curves of biological indicators

/

Flow regime requirements

Seasonal requirements
Flushing flows
Fluctuating flows
Sediment deposition

Figure 2.1: A framework for the consideration of flow requirame

The use of IFIM requires a high degree of knowledbeut seasonal and life-stage
requirements of species and inter-relationshiph@fvarious instream values or uses.
This report only examines the effect of flow ontieam physical habitat. Other
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issues, such as cultural or aesthetic values @f rilows are not discussed in this
report.

Other flow assessment frameworks are more clodeiypeal with the “natural flow
paradigm” (Poff et al. 1997). The range of varigpilapproach (RVA) and the
associated indicators of hydrologic alteration (MHa&llow an appropriate range of
variation, usually one standard deviation, in acd&2 hydrologic parameters derived
from the ‘natural’ flow record (Richter et.al997). The implicit assumption in this
method is that the natural flow regime has intdngalues or important ecological
functions that will be maintained by retaining they elements of the natural flow
regime. Arthington et al(1992) described a holistic method that consisgetsonly
the magnitude of low flows, but also the timingration and frequency of high flows.
This concept was extended to the building blockhoedlogy (BBM), which “is
essentially a prescriptive approach, designed taostcoct a flow regime for
maintaining a river in a predetermined conditioking et al. 2000). It is based on the
concept that some flows within the complete hydymal regime are more important
than others for the maintenance of the river edesysand that these flows can be
identified and described in terms of their magn#uduration, timing, and frequency.
Obviously, maintaining the natural flow regime withaintain the hydrologic and
hydraulic conditions necessary for sustaining r&tacosystems. However, if there is
adequate knowledge of what ‘values’ need to be tamied in a waterway, and the
hydraulic/flow variability requirements of the cditisent taxa are also known, then
provided the key value to be maintained is not §rtipe natural flow, regimes can be
designed that target these requirements and thimisp conditions for the ‘values’.

A process-based assessment of ecosystem requigneemh as used here, can
achieve the best balance between resource useaustaing g ecosystem function and
value as shown by examples where changes to ndlimrategimes have maintained,
or even improved, instream values in some New 2ehlavers (Jowett & Biggs
2006). Simple flow-based rules, such as those thight be developed under the
natural flow paradigm, could be unnecessarily r&ste on multiple use of water in
New Zealand whilst, at the same time, precludedjiygortunity for enhancement of
key ecosystem values in many waterways.

The aim of the minimum flow is to retain adequatger depths and velocities in the
stream or river for the maintenance of the critivalues. The flow assessment
considers physical habitat at a meso- to macrotdalgivel rather than microhabitat.
In this way, suitable average depths and veloctteas be maintained in the main
habitats, with a degree of habitat diversity tisajénerated by the morphology of the
river, and is largely independent of flow. Althougie geomorphological and flow
related ecological processes that are associatbdowi to median flows are generally
taken into consideration in instream flow methagsecial issues, such as fish passage
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or seasonal flow requirements, may need to be figpaded in some situations.
Consideration should also be given to downstredetes. The effect of an abstraction
is usually greatest immediately below the abstwacsite, but diminishes as the river
flow is supplemented by contributions from tribugsrand the proportional change in
flow reduces. However, there may be situations whke critical effect is well
downstream. This is most likely where the cumukateffect of abstractions from
tributaries may result in unacceptably low flowsdmwnstream reaches.

Instream flow methods can be classified into twesidaypes; historic flow and
hydraulic-habitat methods. Historic flow methods aoarse and largely arbitrary. An
ecological justification can be argued for the meamual low flow (MALF) and
retention of the natural flow regime, and the cga# a low flow habitat bottleneck
for large brown trout has been partly justified l®search (e.g., Jowett 1992), but
setting flows at lower levels (e.g., the 5 yeamy bw flow — @ s) is rather arbitrary.
Hydraulic-habitat methods have a direct link to itetbuse by aquatic species. They
predict how physical habitat (as defined by varibabitat suitability models) varies
with flow, and the shapes of these characteristiges provide the information that is
used to assess flow requirements. Habitat basedoaetallow more flexibility than
historic flow methods, offering the possibility afocating more flow to out-of-stream
uses while still maintaining instream habitat aele acceptable to other stakeholders,
and in many cases improving key instream values, (the method provides the
necessary information for instream flow analysid aagotiation).

The ecological goal of habitat methods is to prevat retain a suitable physical
environment for aquatic organisms that live in tiver. The consequences of loss of
habitat are well known; the environmental bottonelis that if there is no suitable
habitat for a species it will cease to exist. Hatbihethods tailor the flow assessment
to the resource needs and can potentially resulinproved allocation of resources.
Although it is essential to consider all aspecishsas food, shelter, and living space
(Orth 1987; Jowett 1995), appropriate habitat &ilitg curves are the key to the
successful application of habitat based methods.

The procedure in an instream habitat analysis sekect appropriate habitat suitability
curves or criteria (e.g., Figure 2.2), and themntwlel the effects of a range of flows
on the selected habitat variables in relation &séhcriteria. The habitat suitability
index (HSI) at each point is calculated as a jduriction of depth, velocity and
substrate type using the method shown in Figure Ph2 area of suitable physical
habitat, or weighted usable area (WUA), is cal@daby multiplying the area
represented by each point by its joint habitatadulity. For example in Figure 2.2, at
a given point in the river (representing an arearezsonably uniform depth and
velocity) where the depth is 0.1 m, depth suitabis only 65% optimal, according to
knowledge of the depth requirements of the fismifarly, the velocity recorded at the

Instream habitat and flow regime requirements eNtokihinui River 6



point is 0.25 m/s, which is optimal (suitability igkting of 1), and the substrate is fine
gravel (sub-optimal, with a weighting of 0.4) arabbles (optimal with a weighting of
1). Multiplying these weighting factors together \get a joint habitat suitability
weighting of 0.455 for that point in the river ftive selected fish species. If the depth
had been 0.2 m and there had been no fine grées, that point in the river would
have been optimal (i.e., 1 for depth 1 for velocity 1 for substrate = 1). This
exercise is repeated within the habitat assessmembdel for the
depth/velocity/substrate types in every grid squaceoss the river, and the area
covered by each square is multiplied by the paiitbbility. These areas, which have
been weighted by their respective point suitabNigyues, are then summed to give a
measure of total area of suitable physical halidgathe given species at the given
flow. This process is then repeated for a serieother flows with the depths,
velocities, and habitat suitability being modelfedthe new flows as described above.
The total area of suitable physical habitat is thkatted as a function of flow to show
how the area of suitable physical habitat for aegispecies changes with flow.
Variations in the amount of suitable habitat withwf are then used to assess the effect
of different flows for target organisms. Flows déwen be set so that they achieve a
particular management goal, such as an objectiaer@gional plan.

The flow related habitat metrics used to quantitieam habitat are weighted useable
area (WUA r/m) and the average habitat suitability index (H@pvee 1982;
Stalnaker et al1995). HSI is numerically equivalent to WUA diviléy the wetted
river width.
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Figure 2.2:
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Calculation of habitat suitability for a fish spesiat a point with a depth of 0.1 m,
velocity of 0.25 m/s, and substrate comprising S509% gravel and 50% cobble. The
individual suitability weighting values for deptB.65), velocity (1.0), and substrate
(0.7) are multiplied together to give a combinedhpsuitability of 0.455.

Various approaches to setting levels of protecpimvided by a minimum flow have
been used, from maintaining a maximum amount ofthgla percentage of habitat at
median flow, or using a breakpoint (or “inflectigpoint”) on the habitat/flow
relationship (Jowett 1997). The latter is posstbly most common procedure used for
assessing minimum flow requirements using habitathods. While there is no
percentage or absolute value associated with &ioed, it is a point of diminishing
return, where proportionately more habitat is lagih decreasing the flow than is
gained by increasing the flow.

Habitat methods can also incorporate flow regimguirements, in terms of both
seasonal variation and flow fluctuations. Flow flations are an important
component of the habitat of most naturally flowsigeams. Large fluctuations remove
excess accumulations of silt and accumulated ocgaatter (e.g., from algal slimes)
and rejuvenate stream habitats. Frequent fluctositaisrupt aquatic communities,
whereas extended periods without a flow disturbamseally result in a shift in
benthic community composition such as a reductiodiversity, and an increase in
biomass of a few species within plant and animailmanities.

Instream habitat and flow regime requirements eNtokihinui River 8



3. Survey reach, flow characteristics, and fish specse

3.1 River and reach description

The Mokihinui River flows generally westward frotmet Kahurangi National Park to
the sea near Seddonville. In the upper catchmieatNbrth and South Branches join
just before the river flows westward through a gotg the proposed dam site at the
end of the gorge. Below the gorge, the river opaitsinto a wide flood plain and in
normal flows there are exposed boulders and graeelg the edges of the river. The
river distance from the gorge to the SH 67 bridgapproximately 8 km and it is a
further 3.6 km to the sea. The tidal influence e&teto just below the SH 67 bridge.

Between the gorge and the SH bridge, the river cm®p long runs and occasional
pools between riffles or rapids. The river is comsied by a bedrock outcrop at the
Chasm Stream confluence, where the river narrowh several very deep pools.
Above the Chasm, there are several wide and shaiffies that prevented the jetboat
from travelling further upstream.

3.2 Hydrology

3.2.1

The Mokihinui River at the gorge gauging site hasatchment area of about 680 %m
and a mean flow of 90.4 ¥8 (1972-1994). The median flow is 45.6/snand mean
annual 7-day low flow (MALF) is 16 Ms (Henderson and McKerchar 2007).

Power station operation

The proposed power station would have two mainimesb capable of a combined
maximum discharge of 120 %m. Generation patterns have been modelled by
Meridian, and these have been incorporated intpdaotogical model, as reported in
Henderson and McKerchar (2007). Generally, whenirtflews to the lake are high,
the generator would run continuously with any escester discharged over the
spillway. When inflows are low, minimum flows woulee generated. Maximum flow
fluctuations would occur with intermediate inflows.

3.3 Habitat suitability criteria and instream values

3.3.1

The habitat suitability curves chosen for a studystrbe appropriate for the species
known to occur, or likely to occur, in the studyai. The distribution and abundance
of agquatic species present in the river are diglissthe following sections.

Fish

New Zealand native fish can be classified as eidreromous (migrating to and from
the sea as a necessary part of their life cyclepardiadromous (spending their whole
life in fresh water). Diadromy has a strong inflaeron fish distribution, with high
fish diversity in rivers at low elevations, and lokversity at inland sites.
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Jowett and Richardson (1995) found that native fishie mainly confined to the
margins of medium to large sized gravel bed rivétey divided the common native
fish species into four habitat guilds: a fast-wajeild (torrentfish and bluegill bullies)

that occupied central portions of riffles, an ediyeelling guild (upland bullies) found

in low velocity water along the shallow margins lafge rivers, a guild that was
intermediate between the fast-water and edge-dwelfuild (redfin bullies and

common bullies), and finally a ubiquitous guild I&ehat was found in a wide variety
of habitats.

The New Zealand Freshwater Fish Database (NZFFB{agts 40 records of fish in
the Mokihinui catchment. These report the presesicéorrentfish, bluegill bully,
redfin bully, common bully, longfin eel, koaro, sijaw kokopu and brown trout.
Bonnett et al. (2007) have carried out additionkdcteic fishing, trapping and
spotlighting to improve the knowledge of the disition and abundance of fish
throughout the catchment. In addition to the spetsted above, they found inanga,
shortfin eel, giant kokopu and lamprey.

The three bully species, torrentfish, longfin et @rown trout are commonly found
in the main river below the gorge. The other sgeare only found in low numbers
with the whitebait species except inanga (giantopaok shortjaw kokopu, koaro)
moving through the river to tributaries (Bonnettkt2007).

Inanga form a part of the whitebait catch and Baneteal. (2007) found adult inanga
in low numbers in the lower reaches of the rivethdugh the field surveys did not
locate any inanga spawning sites, it has been asbtinat there will be some inanga
spawning in the tidal reach.

Richardson et al. (1984) classified the Mokihinuvd® as an average trout fishery,
with high scenic and wilderness values. A moremesarvey (Unwin & Image 2003)

places it equal in trout angling popularity to tkaramea River and exceeded in
popularity by the Grey, Taramakau, Buller, Arnoldiokitika, Inangahua, Arahura,

Crooked, Haast and Orangipuku rivers.

A study of brown trout in New Zealand (Jowett 19%2iggested that brown trout
abundance is closely linked to the availabilityimtream habitat and food. Habitat
suitability curves for adult brown trout feeding afes & Jowett 1994), juvenile
brown trout rearing (Raleigh et al. 1986), and heninvertebrate production (Waters
1976) were used in this study.

Habitat suitability criteria used for the Mokihin&iver are shown in Appendix I.
These criteria are widely accepted as being apjatedior New Zealand fish species.
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3.3.2  Benthic invertebrates and periphyton

Benthic invertebrates have been sampled in the Mmoki River at 4 locations below
the gorge (Suren et al. 2007). The dominant (>286ries werdeleatidium(39%),
Eukiefferiella (27%), Tanytarsus(6%), Zelandoperla decoratg5%), Beraeoptera
roria (4%), Helicopsyche(2%). The average abundance was slightly low \aith
average density of 1637 per’ fimedian density in New Zealand is 2784 p& m
Scarsbrook et al. 2000), but other measures oftelveate “quality” were high with an
average MCI of 113 and 55% EPT. A flood a few dbgfore sampling may have
affected invertebrate abundance, but Suren e@07) considered that the effect was
probably small. Periphyton biomass (10-50 nfgahlorophylla) was higher below
the gorge than above (Suren et al. 2007). The &mep of floods and the erosive
effect of bedload are believed to contribute to fmwiphyton biomass.

The Mokihinui River is similar in size and subs&r@haracteristics to the rivers used
to develop the benthic invertebrate habitat suitgliiurves described in Jowett et al.
(1991) and these were used in this study. Curves weat available for species other
than Deleatidiumand Zelandoperlabut field measurements of benthic invertebrate
densities and water velocity indicated that thégsred velocity for the most common
benthic invertebrate species was in the range &3nls (Suren et al. 2007), which is
consistent with food production and invertebratiakility curves that were used in
this study. Periphyton habitat suitability critemaéere based on unpublished NIWA
data.

3.4 Habitat mapping and cross-section selection

Habitat mapping was carried out over 3.6 km of mi@bove the SH 67 bridge. The
length of each habitat type present was recordeossSsection locations were then
randomly selected in each habitat type (Figure. erall, the percentages of each
habitat type were: 84% run, 6% riffle, 4% rifflghied and 6% pool habitat. Cross-
sections were located in runs and riffles, butindhe riffle/rapids because we could
not survey these either by wading or jetboat. Pease not surveyed because they
were rare and the deep water and low velocity ateratics of pools vary little with
flow.
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Figure 3.1:  Location of cross-sections on the Mokihinui River.

3.5 Instream habitat survey and analysis

The methods for survey and analysis are describddwett (1989). Water velocities,

depths, and substrate composition were recorda sgacing that varied with the

uniformity of the cross-section. At each crossisectwater level was measured and
referenced against a temporary staff gauge. Inrotleestablish the relationship

between water level and flow at each cross-sectiater level was measured on the
temporary gauge at two other flows.

The survey of cross-sections was carried out oAf4 2007 when the flow was 17.9
m’/s (Table 4.1). A calibration survey involving watevel measurements and flow
measurement was carried out on 9 May 2007 wherikeflow had risen to 45 ifs.

A second calibration survey was carried out on 3M007 at an intermediate flow
(Table 4.1).

The habitat analysis proceeded as follows:

1. Flows were computed from depth and velocity mesments for each cross-
section.
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A stage-discharge relationship was developecc&mh cross-section using a
least squares fit to the logarithms of the meastimis and stages (water
levels) including an estimated stage at zero flow.

3. Water depths and velocities were computed dt seasurement point across
each cross-section for a range of simulated fl@ams, habitat suitability (HSI)
was evaluated (see Figure 2.2) at each measurepmemt from habitat
suitability curves for each fish species.

4. The weighted usable area (WUA) for each simdldliev was calculated as
the sum of the habitat suitability indices acroashecross-section, weighted
by the proportion of the habitat type which eactssrsection represented in
the river.

5. Weighted usable area was plotted against flod #ie resulting curves
examined to determine minimum flow requirements.

A further analysis of the measurements was camigdto determine water level,
velocity and width variations for various flow flwations and ramping rates. These
were used to assess whether ramping rates shouleéshécted and the potential
effects of flow fluctuations on river biota.
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4. Results

4.1

Table 4.1:

Physical characteristics

The instream habitat surveys were carried out duanperiod of low flow and
stage/discharge calibration gaugings were carngduwhen flows were higher (Table
4.1). The substrate through the reach was contpasmixture of boulders, cobbles,
and gravel (38%, 38% and 19%, respectively), witins bedrock outcrops (3%)
where the river flowed against the true right bank small pockets of fine gravel and
sand behind boulders.

Survey flows, calibration flows, and average phgkicharacteristics of reach at the
survey flow.

Reach Survey Calibration  Calibration ~ Width Depth  Velocity
flow flow 1 flow 2 (m) (m) (m/s)
(m%s) (m%s) (m%s)
3.6 km above SH
17.9 45.47 41.97 50.2 0.95 0.43

67 bridge

Velocity (m/s) and depth (m)

Figure 4.1:
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Variation of average depth (left blue line), vetgdileft black line) and width (right)
with flow in the Mokihinui River.

The average depth, velocity and width increased 3%, 56%, and 8%, respectively
for an increase in flow from 10 to 20°#s The average depth increased by 0.11 m,
velocity by 0.15 m/s and width by 4 m. A flow chanigom 10 n¥s to 20 n¥s would
increase the water level by about 0.11 m.

Instream habitat

Both WUA (nf/m) and HSI can be used to assess minimum flowirements. HSI
can be regarded as a measure of the “quality” eftthbitat provided by the flow,
whereas WUA (rfim) is a measure of the “quantity” of available iatb In streams
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42.1

Figure 4.2:

4.2.2

and rivers where the flow is confined between dafitbanks, relationships between
flow and WUA (nf/m) are usually similar to those between flow ar&l.H

Native fish

The native fish that are commonly found in the maner are torrentfish, bullies and
longfin eels, although it is possible that otheeaps are present occasionally. Bluegill
bullies and torrentfish are found in high velocitgter, whereas the other species are
usually along the margins of large rivers. As woblkl expected for these habitat
preferences, the amount of habitat for common bulgfin bully and longfin eel
increased as flows reduced, with suitable habiailable along the margins at all
flows considered. Near maximum habitat for the-fester species (bluegill bullies
and torrentfish) was provided by flows of 27.5 &@dh/s, respectively.

10
8
6 —-— Bluegill bully
—— Common bully
—o— Longfin eel (<300 mm)
— Redfin bully
4 —— Torrentfish
2
B | | |
O 1 11 1 1 11 1 ' 1 11 1 ' 1 11 1 ' 1 11 1
0 10 20 30 40 50
Flow (m?/s)

Variation of weighted usable area (WUA/m) with flow for bluegill bully, redfin
bully, common bully, torrent fish and small longéels in the Mokihinui River.

Trout

The maximum area of suitable habitat for yearlingwn trout occurred at a flow of
10 m/s (Figure 4.3). However, the amount of habitat &lult brown trout was
greatest at a flow of 30 #s and the area of food producing habitat increasie
flow up to 45 n¥s at least. The average habitat suitability inbegan to decline
sharply when flows fell below 15-17.5%s indicating a decline in trout habitat
quality when flows fall below about 15s.
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Figure 4.3:

Figure 4.4:

4.2.3
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Variation of weighted usable area (WUA%m) with flow for adult and juvenile
brown trout and food production in the Mokihinuvgr.
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Variation of average habitat suitability (HSI) witlow for adult brown trout and food
production in the Mokihinui River.

Benthic invertebrates

The variation in area of suitable habitat (WUA) lwitow was calculated for eight
benthic invertebrate taxa. For most invertebraicigs, the area of suitable habitat
increased with flow up to 15 ¥s, and then increased more slowly. For the species
with the greatest areas of available habitsl¢atidium PycnocentrodesAphrophilg
Hydrobiosidae an€. humerali$ near maximum habitat was provided by flows of 20—
30 /s (Figure 4.5).
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Figure 4.5:  Variation of weighted usable area (WUAm) with flow for benthic invertebrate
taxa in the Mokihinui River.

4.2.4  Periphyton

A reduction in flow reduces water velocities andstfavours the growth of long

filamentous algae rather than the growth of diat@figure 4.6). This can result in a
change in the invertebrate community compositidme proportion of the river wetted

area that provided suitable habitat for the groweithong filamentous algae began to
increase sharply as the flow decreased below dlfbBtni/s.

0.30

0.25

0.20

Diatoms

HSI

0.15

Short filamentous

bt e

Long filamentous

0.10

0.05

0.00

Flow (m?/s)

Figure 4.6:  Variation with flow of the proportion of wetted gv area (HSI) providing suitable
periphyton habitat in the Mokihinui River.
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4.3 Flow fluctuations

Table 4.2:

Benthic invertebrate production and benthic invarée total numbers would be
reduced by daily flow fluctuations because benthicertebrates will not be able to
colonise the area that is alternatively wetted dned by the flow fluctuations (the
varial zone).

The habitat loss caused by flow fluctuations depeyrdthe degree of flow fluctuation
and habitat preferences of the species. The loss bea evaluated for different
fluctuating flow scenarios. The assumption is tifighere were no fluctuations the
flow would be relatively steady at some flow (“biee”). It should be noted that
flows fluctuate naturally and this leads to somaura habitat ‘loss’ compared to a
steady flow.

The water level at each cross-section was calaifateflows of 16 n¥s to 120 n¥s,
before calculating the average over all cross-sestreferenced to an arbitrary datum
of 0 m at 16 riis (Table 4.2).

The average water level above an arbitrary datuénrofat 16 ris.

Flow (m®s)  Water level (m)
16 0.00
25 0.14
35 0.24
45 0.31
55 0.38
65 0.43
75 0.48
85 0.53
95 0.57
105 0.60
120 0.64

Figure 4.7 shows the water level change associafgd any flow change. For
example, a flow change from 16 to 45/snwould result in a water level increase of
0.31 m. A flow change from the proposed minimunwflof 16 ni/s to the proposed
maximum flow of 120 s would result in the water level rising by 0.64 with a
larger rise where the river is confined and a senaike (about 0.2-0.3 m) near the
State Highway bridge.
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Figure 4.7:

0.7

0.6 1
0.5 1
0.4
0.3
0.2
0.1 -

Change in water level (m)

0 T T T T T T
0 20 40 60 80 100 120 140

Flow (m %/s)

The average water level above an arbitrary datufh wf at 16 s for flows of 16—
120 ni/s.

It was assumed that a daily flow fluctuation betwdbe minimum flow and the
median flow would be a reasonable worst case swetmexamine for the Mokihinui
River. Fluctuations below the median flow were ubedause these were considered
to be the most biologically productive because flomws persist for longer than higher
flows that are caused by freshes. Flows could et by 30 riis from the minimum
flow of 16 m’/s to the median flow of 46 is. If this fluctuation did not occur, it was
assumed that the flow would be steady at 3/.nThis fluctuating flow scenario was
evaluated assuming that the invertebrates wereafietted by increases in water
depth, but would be affected if velocities were tagh or low or if the bed were
exposed. This fluctuation results in a reductior20+60% of potential invertebrate
habitat, depending on the species (Figure 4.8)t &fathe reduction in habitat is
because there is 8% less wetted area at I$ timan at 31 ffs (Figure 4.1). The
greatest reduction occurs f@elandoperla C. humeralisand Aoteapsychéecause
these species are found in relatively high watdooiges and there is little high
velocity habitat at the low flow. There is a loweduction (20%) foDelatidiumand
Hydrobiosidae
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Figure 4.8:
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Percentage of habitat retained with flow fluctuasidrom a minimum flow of 16 ifs
to the median flow of 46 s around a flow of 31 Tfs.

Habitat loss can also be compared to the habitafladoke at the mean annual
minimum flow (16 n¥s), assuming that there are daily flow variatiab®ve this. A
30 ni/s flow variation up to the median flow (46’%s) was evaluated (Figure 4.9).
This flow fluctuation resulted in 10% or less habibss for most species and a loss of
just under 20% foPycnocentrodes

Flow variations greater than those modelled wontddase habitat loss. However, the
reduction in invertebrate production may not hawdetiimental effect on native fish
and trout. Given that trout and native fish dessitappear to be relatively low, they
are unlikely to be food limited and thus may not déected by a reduction in
invertebrate production. This issue is discussemiane detail in fish reports (Bonnett
et al. 2007, Hayes et al. 2007).
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Figure 4.9:  Percentage of habitat retained with flow fluctuagidrom a minimum flow of 16 ifs
to the median flow of 46 s above a flow of 16 Trs.
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5. Flow regime requirements

The selection of appropriate flow regime requiretaes a matter of judgement, where
the habitat requirements and perceived values ef different species must be

considered. Any potential effects on the aquaticirenment need to be weighed

against the benefits derived from flow fluctuatidos power generation. Flow regime

recommendations are necessarily a compromise betwpecies, and are usually

made to prevent a sharp decline in habitat for repsties or to retain a percentage of
the maximum habitat, thus aiming to retain someataakor all species that make up

the aquatic community.

5.1 Minimum flow

Minimum flows are often selected so that they pnégeserious decline in habitat, the
breakpoint or flow below which habitat declines g but this depends to some
extent on the amount of time that the flow is like be at that minimum.

Low flows limit the amount of available habitat aihds often assumed that frequently
occurring low flows will limit fish populations. T&amean annual low flow has been
used as a measure of frequently occurring low flesrdong-lived fish species (e.g.,
Jowett 1992). However, studies have also shown flbat flows can limit trout
populations, with minor floods during incubation @aring causing high mortality
(Hayes 1995; Nehring and Miller 1987) and large@l® can be devastating (Jowett
and Richardson 1989).

The relationships between WUA and flow in the Mafth River show that the mean
annual low flow (MALF) of 16 niYs provides near maximum habitat for the fast water
species, torrentfish and bluegill bully, and thaaf will also provide habitat along the
margins for the fish species that prefer lower watelocities. The MALF also
provides near maximum habitat for adult brown trgetarling trout, food production
and benthic invertebrates. The proportion of rigeitable for the growth of long
filamentous algae also begins to increase shagfipass fall below the MALF.

Overall, the MALF of 16 rfis appears to provide excellent quality habitat tfue
aquatic species examined.

5.2 Flow variation

521

Effects of flow variations on aquatic ecosystem

Some flow variation is considered necessary to tamina healthy aquatic
environment. The main reason for variation is tevpnt the accumulation of
periphyton and fine sediment in low velocity ardascases where low flows provide
less than optimal habitat, sustained high flowsvigl® some relief by increasing
benthic invertebrate habitat and food production.
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A review of international literature (Jowett et 2007) has shown that the effects of
artificial flow fluctuations can be variable andopably depend on the magnitude of
fluctuations and associated hydraulic conditiortse ost frequently reported effects
are on benthic invertebrate drift and density, nike salmonids stranding, and
juvenile salmonid displacement. There is limitedMN&ealand research on the effects
of artificial flow fluctuations but measurementstbe biotic condition of rivers with
frequent flow fluctuations suggest that flow fluations less than twice the mean flow
maintain good invertebrate densities providing thimimum flow maintains good
habitat. There is little quantitative data on natiish or trout densities in New Zealand
rivers with fluctuating flows. It is clear that stwerm flow fluctuations are generally
detrimental, as they result in a varial zone tlsatimproductive in terms of benthic
invertebrates. This will reduce the overall bentproductivity of the river, but not
necessarily the density of organisms outside of whgal zone. Except for the
reduction in benthic production, short term flowdiuations do not appear to have
significant effects on fish densities. Observatibabow the Waitaki Dam indicate that
high densities of native fish, trout and benthiceitebrates can be maintained despite
large flow fluctuations. Observations in the Pd&eaer below the Patea Dam indicate
that good native fish and trout populations arentaaned with average daily flow
fluctuations from 2 to 22 ¥s and maximum fluctuations of 2 to 56/s

The Mokihinui River already experiences frequentl aapid flow fluctuations as a
result of its exposure to prevailing westerly windad high rainfall frequency.
Boulders form the dominant substrate in the lovaat pf the river and there is a wide
channel. At low flows, pools are the dominant tg&abitat and these provide shelter
for adult trout. Flow fluctuations probably havedempact on West Coast rivers that
experience frequent flow fluctuations than on rsveith more stable flow regimes.

Hydro-electric flow fluctuations will reduce invetirate habitat and benthic
production. Jowett (1992) showed that benthic itel@ate density was the single
most important factor affecting brown trout densitpwett et al. (1996) showed that
juvenile brown trout density was related to benihigertebrate density, but failed to
find any such relationship for native fish. Presbipathis was because native fish can
be sustained in less productive streams than &odtdo not require the high benthic
invertebrate densities that trout seem to preféwsT it appears that a reduction in
food production could affect trout densities bugsldor native fish. The degree to
which this would affect trout is uncertain. Troue adaptable and feed on a variety of
food sources, and drift-feeding on invertebratesoisthe only method of feeding. In
pools, they also browse on insects on the streadndvel prey on smaller fish.
Although there are no New Zealand studies compérmg feeding behaviours, flow
fluctuations could provide drift-feeding habitattae high flows and pool habitat for
resting, browsing or predation at low flows. An exde of trout behaviour during
flow fluctuations was provided by Michel Dedual ©opers. comm.). He observed
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that juvenile rainbow trout in the Hinemaiaia Riwveere resting in backwaters during
the low flow period of hydro-electric fluctuatioasd moving into the main channel to
feed when flows increased. However, it is cleat flav fluctuations would reduce

benthic invertebrate production, and this could ehav detrimental effect on trout
density in the Mokihinui River.

The Mokihinui River appears to transport large diti@s of sand derived from the

erosion of granite in the catchment. This would éhavnegative effect on benthic
invertebrates. The percentage of sand on the bedrwas a negative factor in the
model of abundance developed by Jowett (1992), samsidered that the presence of
sand probably reduced the invertebrate food sufiplyrout. Sand and fine gravel

coming from the upper part of the catchment wouddttapped in the proposed

reservoir, and this is likely to have a benefiadflect downstream of the dam on
benthic invertebrate production and trout density.

The creation of a reservoir could promote the ghowt large plankton that when
carried downstream as organic seston provides aceoaf food for benthic
invertebrates. However, the residence time in thlee lwill be small and the
downstream effect of increased supply of organgtase on benthic invertebrate
density is debatable. Although this is a potentiakneficial effect, it is not one that
can be claimed with any confidence.

As noted, the effect of reduced invertebrate prodocon trout is uncertain because
any reduction in invertebrate density would be natil by the degree to which other
food sources are available, the improvement in ytdn resulting from less
sediment transport, and whether there is sufficieotuitment to sustain high trout
numbers. Few juvenile trout have been reported filmenMokihinui River below the
proposed dam site, although fish surveys have eenhlkextensive. There were no
obvious gravel riffles suitable for spawning in tmain river, although the tributaries
may provide suitable spawning areas. Thus at the of writing this report, it is not
clear whether trout recruitment would be from tténes below the dam or from the
young trout that pass through the turbines or tweispillway.

5.2.2  Effects of flow variations on whitebaiting

The magnitude and timing of daily flow fluctuatiom®uld affect whitebaiting below
the SH bridge. Whitebaiters catch whitebait whes ¢bmbination of tide and river
flow encourages whitebait to swim upstream closetii® banks. Whitebait are
believed to move upstream mainly during the day é&sbing is restricted by
legislation to daylight hours. Most whitebait aeaight on a rising tide during the day.
If the flow fluctuation peak flow overwhelms thecoming tidal current whitebait will
not be able to swim against the current. If thevflluctuation minimum is too low,
whitebait may be able to swim in the centre of theer and would avoid the
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whitebaiters nets. Although some combinations ofvfland tide might improve

whitebaiting, others will be detrimental. Becausere is no clear method of avoiding
any detrimental effects, it is suggested that o ffluctuations should occur during
the whitebaiting season from 1 September to 14 hpee . During this time, flows

below the dam would be run of the river flows (20%). In other words the flow

entering the lake will equal the flow below the daaffectively returning the river to

prehydro flow condition.

5.2.3  Effects of flow variations on inanga spawning

As described by Bonnett et al. (2007), inanga spamwa spring high tide in the tidal
reaches. When the tide recedes, the eggs arenteihgathe vegetation on the bank.
The eggs gradually develop over the next monthlanée emerge when the eggs are
inundated by the next spring high tide. Bonnetle{2007) were unable to locate any
inanga eggs during two years of surveys althougly tid see a school of adult
inanga. They generally considered that the @t tributaries contained little inanga
spawning, although they noted annecdotal accodntgnga spawning in some of the
tributaries. If inanga spawning occurs near thaarst the tidal cycle will overwhelm
any water level changes caused by flow fluctuatassiescribed by Goring (2007).
Even if inanga spawn near the SH67 bridge, the natel changes caused by the
tidal cycle will exceed the 0.2-0.3 m water leviehnge caused by flow fluctuations in
this part of the river.

5.3 Ramping rates

The natural rate of river rise during rainfall eetMokihinui catchment is rapid with a
rate of rise exceeding 60°f® per hour in 25% of flood events and exceedir®iilis
per hour in 10% of flood events (Henderson and McKar 2007). Ramping rates are
often restricted for public safety and to preveahlb erosion. Ramping rates do not
appear to affect fish stranding. Observations ef ¢ffect of a sudden flow change
below the Waitaki Power stations indicated thah fto not become stranded by a
sudden reduction in flow, although they can becosmdated in pockets of water
(Strickland et al. 2002).

Public safety may be more of an issue. A flow cleanf10 ni/s will cause a water
level change of 0.04-0.14 m upstream of the SHr&We depending on the flow at
the time (Table 4.2). Fluctuations from a minimufri6 n/s to 60 n¥s (one turbine)
would cause a level rise of 0.4 m, whereas flugpmafrom 16 ni/s to maximum
discharge of 120 ¥s with two turbines would cause a rise of 0.64Public use of
the river bed is probably limited and there areobwious locations where a sudden
increase in water level could strand someone oisland or even the opposite bank
without an escape path.
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Potential bank erosion will not be a problem in Mekihinui River below the dam
because the river flows in a wide flood channel@ad by boulders and cobbles.
Although rapid drawdown and flow fluctuations ca@eerbate erosion of river banks
and bed, a survey of international literature (Xbweal. 2007) was unable to find any
examples of this occurring. Hydraulic theory shakat rapid drawdown increases the
risk of bank collapse through increased pore pressm the soil and that the erosive
potential of fluctuating flows is greater than thaft an equivalent constant flow.
However, practical experience shows little evideotcerosion. There is no restriction
on ramping rates on generation flows below the #d&am and flows fluctuate
frequently, with a median daily flow fluctuation 80 ni/s and daily fluctuations of
more than 40 fits for 20% of the time. The maximum fluctuationjust over 55 rils

is about twice the mean flow of 29’ Much of material forming the banks is fine
material from the soft-sedimentary rocks that make this part of the Patea
catchment. The river banks and bed for 15 km bel®wWPatea dam show no evidence
of erosion, either from floods or flow fluctuatio@¥owett 2007). In contrast in rivers
with similar morphology and bank composition, thanks of the neighbouring
Waiototara River show signs of extensive erosioth #ae banks of the Mokau River
show signs of extensive slumping (Hicks and JoR2@as5).

5.4 Flood flows

The relatively small lake area and storage rangheproposed dam means that flood
magnitudes will be substantially unmodified andtthi@e frequency of floods and
freshes will be similar to the present situation described by Henderson and
McKerchar (2007). During these floods and fresltles,rates of change of flow and
water level are high. Thus, there should be no irement for flushing flows or
channel maintenance flows, nor does there seene tanlg reason to limit ramping
rates.
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6. Conclusion

The river below the proposed dam contains a divéstecommunity, as would be
expected at a low elevation site close to the seminimum flow of 16 n¥s (the
mean annual low flow) will maintain near maximumbhat for native fish, many
benthic invertebrate species, food production ahdtand yearling brown trout. The
flow would also limit the growth of long filamentsyeriphyton, which would also be
kept in check by the frequent floods and freshes.

Daily flow fluctuations below the proposed dam wbueduce benthic invertebrate
habitat and food production, but would not have sigyificant effect on native fish or

trout habitat because they can move with chandow &nd stranding is unlikely. The

reduction in food production could have a minoreeffon the trout population, but

alternative food sources, such as forage fish,aseglable and may compensate for
any reduction in benthic invertebrates.

The stability and composition of river banks, infuent use of the river bed and lack
of islands where people or livestock could be steahby sudden flow changes
indicates that there is limited justification faestricted ramping rates. However the
magnitude and timing of daily flow fluctuations rhigaffect whitebaiting below the
SH bridge. The extent to which this would be bemafi detrimental, or neutral to
whitebaiters is unknown and therefore run of therrflows are recommended during
the whitebait season to avoid adverse effects atelduiters.

Overall, considering the advantages and disadvastafydaily flow fluctuations, there
seems no compelling reason to restrict flow fluttues except for the whitebaiting
season.

Flow variability, including flushing flows and chaal maintenance flows, is usually
considered necessary to maintain aquatic ecosystemmsod condition. Floods and
freshes scour accumulated fine sediments and pgoiphleaving the clean substrates
that are preferred by many benthic invertebrate fa&aihdspecies. Natural floods and
freshes will still occur at frequent intervals andl be capable of maintaining clean
river gravels and the present morphology.
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Appendix 1

Longfin eel (<300 mm) (Jowett and Richardson 1995)
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Redfin bully (Jowett and Richardson 1995)
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Bluegill bully (Jowett and Richardson 1995)
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Brown trout adult (Hayes and Jowett 1994)
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Brown trout yearling (Raleigh et al 1986)
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Food producing (Waters 1976)
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Deleatidium (mayfly) (Jowett et al. 1991)
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Aphrophila (Diptera) (Jowett et al. 1991)
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Maoridiamesa (Diptera) (Jowett et al. 1991)
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C. humeralis (mayfly) (Jowett et al. 1991)
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Hydrobiosidae (free-living caddis) (Jowettetal. 1 991)
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Aoteapsyche (net-spinning caddis) (Jowettetal. 19  91)
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O. feredayi (horny-cased caddis) (Jowettetal. 199 1)
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Long filamentous
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