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Abstract

As part of its transition toward an aspirat
gener ati on, hNeedw hZeeeane s h d goattiimgy o ft hree pnl eaecd nfgo r
drrwear fossil fuel powe® bangesti pumwmwetdhstaboe
by energy storage meas utlea datheed sath elmeke Ons|
sout hern Souwhblhthvlearcthg yenset or aguep Baop®Wbi fpr a
construction cost Hofweldebi2l0l2i30nc hdmliglearosf. go
means the scheme is not pr eBveanltulayt i wenb emayact |
restarted with a subsequendi o d@paaorgtey opfolgocwer n

Whil e aiding emi sswombd edocali oenvithemment al
expandhegexi sting Lake Onsl ow reservoir, whi
This sbodyalrrarsgé potenti al envi r as metehsaatl mi

mi ghhdunt er bal ance the sch®amesisdeercaotlioogn ciasl alm
the | arge water volume in the Onslow reserv

against future extreme regional droughts tha

Thpossobt @etcdtundee r esttoweaxtiisotni nogf sceni c hydro
iTLakvkonowaiL akHeedwea. An argument i s made that
hydro storage <capacity at Lake Onsl ow mean
contiromat of thesee twongeéenrmkpastifies their i n
i mpacfThi sstwamutcchange i n nati ontad dndoti ehkyidrg b
storage | ake in New Zealand has been restore

Il n addi tiesnt otroatliaokne, rdi scussion is alao pres
hypot hpeatritciadl f |l ow r estWaiad u oRWaos r Nehwe a&deeapl!| aent d

second | argest river by discharge prior to d
ltd4dentasuggeygted that new wind power i n Sol
pumpetdorwaoguel d enabl e partial cl| osagtcabibong he N

half of theheri piweal Malwvawt Reaewr of Lake Manarg

Onsl ow wagerwoulod ai nvol ve cubic kil ometres o
be used to offset extreme droughts without
functi omad iddwa.meA er r oc kal tbuen nced n sctoruulcdt @ bet v

expanded Laket MO sDonome ichinygd wat er i ntake at Dee
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make Dudediurgehdi | i enctl iamppaientsélcamge ptrhees eittl y
water isppéyi vedmglldstal f rcamicthimelnittst | e st or age

Som@&nsl|l ow water might alwmoébeoewuspddtthenm®dt age
Tai eri River in an extreme drought. However,

i ssues that would need to be considered prio
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Chapt@me | ntrodulMat ionatainan

1.1 Background

Pumped storage at Lake Quwasdmevf itnwoCemptriadnsOt
eval ubayt etdhe previous tLabpupbpvgdeedgamrme mildxeirmt

to maintain a future green and electrified N

Mosgover nimwnegstigat($n3 fminldlsipgm)} was evaluat.
Onslopm .iThre scheme Wwawled bleielngluyncti on with a
invol ving bi omass power gener afThen cbanggeeo
government in the October 2023 election res

complete the dry year options rgegporand wiaal d

def alld wever, a further government change in
completed, which could I ead to Onslow pumped
The Onsl ow scheme has nati onal environment
emi ssi mresg.heNe®ess, at gihe rregpicemait suavebn of
history of environment al I mpact s from hydr

Southl and region.

This thesis studw tihs trheet Onend mew uste chiennset eda dr escet
to identify a selection of possible regional
addns that could give some mitigation with r

al $sdbe hydro schemes that have gone before in

Such regional considerations have not been
Onsl ow study by the New Zeal and government,
engi neevalngati ons angitieddeanvifsyommaldttaclul t ur al
i mpa¢tnscati ve Businessg Plan, MBIE, 2023

The next section briefhwydrepdeesgd opammeint i mma ©

and Southland. This is followed by a descri
Centr al Ot ago upl and regi on selxotikehned i m@ i no ut
environment al i mpacts of the Onsl ow scheme

specific thesis goals and chapter overvi ews.
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1.2 Southern South Island: a brief history of hydropower impacts

The southern South l sl and has a | ong hi st
hydropower schemes, both | arge and small . T\
i mpacts of the hydro schemes are dilsrouwpgtnigo no
fraoami sedrlaggkekes. The Iwatveecensi ool oflesoft sedin
|l ake | evels and extensive | akebeds.exSoonseur e
schemes and theotlkalmpwm.ct s are

- A well-known early example of hydro environmental impact is Lake Monowai in
what is now Fiordland National Park. The lake was raised in 1926 to provide
storage water for the small Monowai Power Station. The station itself has a
mean power output of less than 5 MW. However, raising the lake created a
massive environmental impact by flooding 50 km of lakeshore native forest and
lake beaches. There are regions of standing dead trees still present today.

(Mark et al. 2009).

- Another early example is the raising of Lake Hawea in the Clutha catchment.

Lake Hawea was raised 20 m in 1958 to provide some limited storage for the
Roxburghpower station. dahsed the edeehdfwests ad thes i n g
lower Hunter Valley to the north of the lake to be largely submerged. As with

Lake Monowai, there are still flooded forest remnants protruding above the

raised lake today.

- A more recent example is the Lake Dunstan flooding of the iconic Cromwell
Gorge and the river confluence at Cromwell, as a consequence of building the
Clyde Dam (Figure 1.1).

- Arguably, the greatest environmental impact of any hydropower scheme in New
Zealand is the 1969di ver si on of Southl andés signif
Manapouri power scheme.

- The large Waitaki River hydropower scheme has had the environmental impact
of the greatest spatial extent. This includes raising Lakes Tekapo and Pukaki
for the schemebs hydro storage, diversion
hydro canals, and a change in the seasonal flow regime of the lower Waitaki

River down to the sea.
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Fi gu?leakie TeEkhRkRpbed exposed by water lAawgalst|(I38v@grci2@ 1i n
GeorkEBmrepson)

Fi guBRellease iofit awattee Pukaki hydr o & aoanaatiferromprleavk eo uBU
fl owed down t h®o PruMkaarkki Riivveerr (Di ttri ch) .



Some of the hydro impacts outlined above are
i mprovement as environmental TDhifsets dosdches
further i n Chapter 3.

1.3 Lake Onslow in the Otago upl a

1. 3T.hle p hy sviicraol n neenn t

Lake Onslow is | ocated in the Central Otago
hills with crags and tors of schist bedrock.
the |l ake is dominated by red tueswb,c k2@Gha) .al p

The | ake discharges into the Teviot River wh
the Clutha Rimbed oswomé t&80Mean di schatye is ar

The Teviot catchment (Figure 1.6) is primar.
some pasture grass conversion. Less than 4%

Lake Onsl ow.

Precipitation varies over the Teatied Revween

a wetter area in the higher wuplands to the s
2015). The wett elr. 2z oamneo @raelc epirveecsi pli t ati on ( Du
2004). Annual rainfall at makKke8a@nslll, @w 0i2t2s) e |
Annual evaporation | oss at Lake Onsl ow has r

m(Il ndicative Business Pl an, MBI E, 2023) .
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13.Rdj acent Reservoirs

There are threevioi risgatni a mkRo @©lnlsu rorw, viacgdg ain b wyr:

Upper Manorburn / Greenland (Figure 1.5).

The Upper Manor burn |/ Greenland reservoir [

because the two components are |l inkedsthrou
resemnwoiLrake Onslow and is about 14 km in to
rainbow t r(cwtupfeirshB@dweyer, 1t Iis presently d
I n addition to supplying irrigation water 1

Reservoir al so provides stosa@ei bos o wer astnt
Manawa Energy. The reservoir wasmosétabédtat

former Gs e@wampswet!| and.

Of al | the reservoirs, Lake Onsl ow is most e



Poolburn Reservoir

Manorburn Reservoir

Clutha River Greenland Reservoir

Loganburn Reservoir

Teviot River Lake Onslow

Figdr ®ater reserbLvakier sOnisn dtivdemitcrian { Mtpagsoour ce: Googl e |

1.38B8Lake Onsl ow

Lake Onshow?akshi fici ab8bam@gFivpure at. 6) . It i
the northwest end of the Lammer,laaawd Ramug e, od

Al exandr a.

The | ake was first created in 1890 by dammi.
Swamp, cwh wasahhendevelopuemtahyjcdment (Uawa, 2
1982 a new 14.6 m coicrien er edaasne d( Ftihgau hlea kle. ¢
previdodgtkon i t s8pBégmmbngater storage capacit

cubic mMetrteons of the former Dismal Swamp sc
the | ake margins. The | ake is shall ow, bein
extent.



Il n addition to supplying irrigation water fc

all ows the controlled rel@&asmalolf WwatMW hydiPPo
on the Teviot River (Hamilton, 2009).

Fi gur 6efLtaake Onsl cvebruary 2023 ( Sour.®eé g hchoalslaentatni okha roaf
fishing hunts at Lake Onslow (Source: All en Dick).

VRPN
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R 20 Nby3 LRAYU @cfurick8 ¥SPA 210
" YINFYAYALO®




1. Riroposed expaksei ®@msdfow for 5 TWh of

The I DP (I ndicative Business Pl an, MBI E, 20:
Lake Onslow for energy storage via a pumped
One is based on 3 TWh of energy storage <cap
optiom#svwilvle about 1000 MW of installed pumg

Only the 5 TWh <case is comosriled kreed heor e@ras ek

having the greatest environmental ainmpugcpte.r | r

operating |l eveth7&85| aar@aqes|l pemwmi tteadd9bdagyl year
(Figure 1.8).

Fi gurenel GsTT ow Basin with a superimposed configurat:i
bet ween a | owea98vbtl eent evuel) afmd an up méyre Ivcaotnetro ure)v.e l
Theed ibnadri cates the approxi mate I|(Maptisourafe:t.lGCoomgew &



The | arge drawdown enables the significant
woul d be the | argest ener gfyr osm oar apguer ei np utnhpee dw

scheme that is independent of <coupled hydro
range also produces environmental i mpact. Up
a | and area §f tamdutwo@l0 dkrhe expdrsawin idowrhetd
maxi mum extent in an extreme dry year

Il n addition, the |l and area inundated by Lak:
kmMto a maxi mum o’fataltmeshi ghelsm water | evel (
wi Il i nvol voeo dpienrgnaonfe ntthef Iscrol |l plain wetl and
the southern shoreline of Lake Onslow (Figur

4=
(35 .Tf‘*—u’%? ¥

FiguB®el main wetdmnslomehbefasltake, Odsbdiowi ng int.o the p
(Map source: LINZ).
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Fi gur.elllake Onsl ow energy storage and | ake area as a
expandedhkakeavpdtadetommady shown here is referenced to
685aml. (After Majeed, 2019).

Anot her consi deratoifonL aikse tOnes| iosvs U or recrea
Onsl ow is a popular location for trout fi shi
trout spawni ngelglr camdemmaesr eaning ukhabhitats.

Onsl ow proposal wouldhdr bmkel samhyxi mymanadea
tributaries (Figure 1.11). At the same ti me,

by roughly 76 m, raisihngalst h7e6 5 imm ad s le | (eG/oaut pi eorn



Teviot River

South Branc
Upper
Boundary Creek East Branch
Armstrongs Creek
Figdrdhke Onslow and tributaries. The present | ake i:
maxi muanxk e extent is shown in purple (after Couper, 20



Al most all the fimddrbpad@parkeesge mtr aevledv atsi on; e
rise in | akke mhaisghtwotud d7cause a spawnhing gr .
percent (Figure 1.12)  dwletl liisngantiouitp atoaud dt H:
only about O0.38 percent of the spawning gra
(Couper, 2022).

Anot hegrermactf rel ated concern i s protection of
Barriers might need to be set up on the inf

from migrating up the streams from the raise

100 7

80 1

[e)]
o
1

Percentage of spawning relative
to current availability
I
o

201
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Lake surface height above sea level (m)

Figdrd@2e percentage of spawningtidiff ér it nrgeblluahtiieviee sti ag |
what is currently available (After Couper, 2022) .



1.Bhesis objectives

Il n Iight of the thpeatedoifimpéactss study is to
possibilities with respect to the Onslow sclt
were undertaken with respect to t hSeoumahnlya npda s

region generally.

The vartiioguast inobns are simply proposalrgot hat r
intended to be exhaustive or obligatory. P o s
of the Onslow construction budget ,0orsheulide:

the scheme proceed.

The two overarching study objectives are wit

new water resource possibilities:

1 Identify a range of environmental offset possibilities over the Otago-Southland
region.

1 Identify climate change adaptation opportunities, especially drought resilience,
arising from the massively expanded water storage volume at Lake Onslow.

This first chapter has served to introduce

organi sed as foll ows:

Chaptkear-geadver vi ew

Environaonfefngeatls and mitigation concepts are e
Chapt:erL@&cwilr onment al of fsets and mitigation
An outline is given of possible |l ocal | ake r
Chapt:Posdialkklece mwverst orati ongnasroOonsmésewal o

The wi de+So Ott lalgaon d region's prospective res

evaluated in this chapter as potential Onsl o
Chapt:erLa%kke Onsl ow water storage against regi

Thi s chapter provi des aghhtovmirtvii gavt i oofn  svames |
possibilities that the enlarged Lake Onsl ow

Chapt:erDisscussion and Concl usi on
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Chapt drar3ealOwver vi ew

Th
s C
fu

ro

2.

En

shapter serves as an overview of two | mpo
i ence: environment al of fsets and environ
ndament al di stinctions. Environment al of f s
|l es nogn dmakiisi ons to i mplement many constru
BEnvironment al Of f set

vironment al of fset refers to the process

i mpact s of a devblyoppmeorvti dpngj eecqtui val ent e

el
h a
h

S

® 4 ©T T S O o o unun o © — o T 9
S5 T o O ®@ O S S < O > -

n
o

sewhere. l't involves the restoration, enh;:
bitats in a different elnowvdatoinloresnsteasl coans ed b
e devel opment . E novfitreonn mempt| ael meonftfesde tt hirso u g h
habitatt hersd atriadn omf, protected areas, or
o) efdites .i dea is that the negative 1 mpact 0
vel opment project I's btal posiedi wati mya atn iel
cation or at a different ti me.

the context of environment al of fset, the
ecologically identical ecosystem in a di
ol ogicaubskedsbgsacdevel opment project. Ho w
ch a perfecinfefafss &tl ei. s Thkerehor e, of fsets
vironment al protection and conservation pi
Vi ronmentFalr qualtiatny.e, I n cases where a Wwe
nstruction of a hydropower facility, t he |
w wetl and el sewhere. However, due to pract
ssible. Cdisedwerinlcoymp;ass any environment a
sitive impacts in the vicinity of the proj
e Deepdel | project at Macr ases gol d mi ne

Vi ronmentaad u tolfifisesd pencihxaptiemcdd3adampl es of

me specific | ocal environmental offsets in



21 . Bnvironment al Restorati on

Environment al restoration is a form of envir
process of repai ri peg,t arbd h athii Inigt aetciomsgy,st @msr a

functions and valdegr dadead, hdamaged,n or dest

acvtiiti es or natwural disturbances. |t invol ve:
mitigating the negative iIimpacts on the envi
ecosystems to a more natur al or desired st a
pl aice various types of ecosystems, including

aretkand freshwater systems.
The goals of environment al restoration typic

- Restoring biodiversity: Environmental restoration aims to enhance and
promote the recovery of plant and animal species, including rare, threatened,
or endangered ones. The process involves restoring habitat conditions,
providing suitable resources for wildlife, and promoting ecological connectivity.

- Rehabilitating ecosystem functions: Restoration efforts focus on reinstating
key ecological processes such as nutrient cycling, water purification,
pollination, and seed dispersal. These functions are for maintaining the health
and resilience of ecosystems.

- Improving ecosystem services: Environmental restoration aims to enhance
the benefits that ecosystems provide to humans, such as clean air and water,
carbon sequestration, erosion control, and recreational opportunities.

- Enhancing resilience: Restoration projects often aim to increase the resilience
of ecosystems to future disturbances, including climate change impacts. This
may involve restoring natural buffer zones, improving ecosystem connectivity,

or introducing climate-resilient species.

The process of envirodregntianlv orl esetso rsaetvieana |t ys
assessing the extent and causes of degrada
objectives, designing and i mplementing rest«

adjusting strategies as necessary.



Overalll, e mrwisrtoomrmegntoanl pl ays a role in conse
ecosystem health, and fostering sustainabl e

of human activities and supporting the recov

Rescue
(relocation, translocation)

Repair, reinstate, restore

Offset

Compensate

Fig@ar.d Tchoens er iaécihayd L2PQ 1 0)

LLP2010) showed in theimitéegeaariroh,dramhte ofFks$
steipn ¢bmrser aer aecihgyur,e whik)h compraéaseds dt he
d e medyn dni t 0 aotl d o wefdfésbeytk o mpen Hanidom equi res e
| ower stage to be completed as far as feasi
thereby creating a bLleParzhly0)f preference

Il n the cont exGh aopfd etphwei chedbovegme recommendati o

related environment al restoration projects,

MYy



2. BGnvironment al Mi tigati on

Environment ahvmil tviegat heni mpl ementati on of me
or mineée mthe negative iIimpacts of human acti vi
ai ms to address t he root causes of enviroc
i mpl ementing specific actions or strategies

effects. htréodecaouaisemg ®©he magnitude or severi:
compensating for the impact through alternat
include practices such as pollution control,

t h®edopti onaiomalslus practices to mamd mieecu@tniva

of site impacts

Ri parian buffer zones along the banks, of roi
green i nf,ransfitirsuncdiwvna emany hydr ocsppavee re xsatmgtl iecsn
environment a&l.Exmimpil gast i wint h respect t o t he

considered in Chapter 3.

2.Bi stinguishing between environment al
mitigati on

Environment al offset and aeirmaidrdarremsen tngl trhiet ing
i mpacts of human activities on the environme

the strategies used to achieve their goal s.

The key difference between environment al of f
t heir Gbjaencdt i ampr oaches. Environment al of fs

environimessas caused by a devel opment pr oj ¢

benefits el sewher e, whil e environment al mi t
negative impacte®softhhomgh &atiousi measures
approaches contribute to environment al cons
address different aspects of i mpact manageme



2.@l i mate change adaptation in water r

Cli mate <change adaptation i n water resourc
strategies and measures to manage and respon
water availability, qguality, and rel ated e
managemehtcpsaand infrastructure to cope wit
to ensure the sustainable use of -watatedes

chall enges.
I n scientific terms, <climate change adaptat:i

Hydr ol ogi c anle nt Comnadausgctf hor ough assessments of
systems to understand the potenti al i mpact s
This i aaoabhtugeshsanngges i n precipitation patterns,

river flows, greqummdwatodrhere dhtyalmrel| ogi cal par e

Wat er ResourceDePkbhponping: robust and flexib
management pl ans t hat account Tbrisnebi maste
considering future scenarios of |Iwdtyert oawaislu

| ot@grm sustainability and resilience in wat e

I nfrastructur Modidhptagi om: upgrading water [

reservoirs, dams, canals, and drainage, syste
changing runoff patterns, and increased var.i
i mproving storage capacity, enhancing flood
climate resilience into the design and oper a

Water W#UsSeciERmemoti ng efficient water use pre
optimize water allocation and reduce water d
conservation measuresffipgiemoéotiingriwgat ewon t

encour agi ng nwataerd rreayscel.i

Il n thisChaomtteerxty provides specific suggestio
possibilities with specific reference to fu

climate change.



Summary

Environment al of f set i nvol ves compensating

devel opment project bwuvpr onbmedmenfgiltesq ue lvsae wehnetr

is achieved through the restoration, enhanc
habitatsr emt al aadtfieon. Whil e the ideal of f s
identical ecosystem el sewher e, practical con
of environment al protection and conservat.
environment atomgmahi &ay. mEnvgati on, on the oth
prevent the negative i mpacts of human acti vi

specific actions or strategies.

Furt heremoirergnment al restoration, a fomrm of

rehabilitating degraded ecosystems t o prom
adaptation in water resources entails strate
to the i mpacts of <c¢climate change on water av
Th s includes hydrol ogi cal assessment, wat e
adaptation, and promoting water wuse efficien



Chapter Three: Local Envirc

Mi ti gation options

The |l ocal community around Roxburgh and Tevi
l ocal i mpacts around Lake Ons| olweosTaydforpreds &
|l ake recoppor ommidt iveest | and | oss. This <chapt
posdie | ocal alternatives i f the Onsl ow schert

3.1 Altémahkat Reer eat i opn mORD KTobommsngshh i p

Two alternative | ake recreation possibilitie
access to the Greenland Reservoir and the cr

upper Bonds Creek catchment.

3.1.1 Alternative new road to Greenland Reservoir

The GrnedenReaservoir might serve as an alterna
is already a trout fishing resour cief rboun i s
Roxburgh due t o ptuthd oabseéenadkk| afSddbawgeeement s,
i mi glhé¢ possible to relocate nthse tpor etslkeent GrOmesn

Reservoir.

Combined with the Upper Manorburn Iremrsgtrivoofr,

wat erowayr ecreational boating avail abl e.

Anaccess pbsembRbkédvte@e@helxt her ceaxd tsédndamggh t o t |

reservoext ensheown in Figure 3.1 is tentatiyv
indicative starting point. A detailed road r
woul d be required i f atchseso Gt we mtekoa aenBR e sler ea i

further.
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3.1.2 Potential new lake and upland reserve at Bonds Creek

Bonds Creek upland reserve

§. ,
4 » Bonds Creek

Lake Onslow

o
.

)
-
1]
-
-
(]
v
“
)
v
T
c
]
(s 0]

.

Car\adian Flat

Taieri:River

t usrseoarke ataikeemr a/ld hwi twihi & en ¢

Figdr.@tPenBoantdls Creek wupl and
as the boundary

is the |l ake catdlamewbubdumdaoy ser ve

Googl e Earth).
lkeala hwavt & rak ew awvu

A 40 m dam in the Bonds Creek
evation. Subj e

a 13 km shoreline at 760 m el
the catchment of the | ake ¢

e xt e f(dAingu roev e . 2p)o.m @A FHFr eeidigaht to r
boundary.

|l and purchases,
upl and reserve
be constructed on the reserve

the present Lake Onsl ow, the | ake
S woaeivd wenhtaodagleevel opment and
ower tributary streams.

As with
mar gi ns. Thi
spawning on the |

would be some 100 m higher tha
c

The new | ake

being more favourable for trout because of



hydraulic barriers would need to be instal

saf egfudre o Flodat head pagaitarsoiuotnspredati on.

The new | ake would function hydrologically a
Lake Onsl ow reservoir. That i s, t he dam wo
possibility f aorelcoanster,ol | ed water

Like the Greenland Reservoir, the new | ake w

Lake Onsl ow and new road access would need t

It would be desirable if the Greenland and/
prior to cdrastnwmgt iadn Lakve b®oemew,sowmbi 6hng

industrial zone for an extended period of ti
3.2 leovalk onmeintiaglati camke Onsl ow

Threpesssbfgesti ons ar e r arnresxepda nidietde ©Oasp eovt t

0] Floating wetland
(i) Waterfall Fish Barriers

(i)  Drawdown mitigation
3. 2Flloawenpgpoosdsi bility

The main enviroohak@Zas!| cw egsetmr atglrati sund 8
krmiof existiwguiwdtbantisooded

For the wetland bird popu-pabbbdnnfiegrbpte obtueicltti o
arounenthee Lake Onslow area. Additionally,
intricate waterwdyurssgitt alpleda@at oonbtoon perh

km2of néw | ake.

| f conshé&¢ ucdwe dwetwl anehak @ avopo tfioee sout hern and
Swamp welk obosas@d®e.moAstgcpudroen kfill manteitmge wet |l and
creabtedthe present ol gk & e Oras |soewn s e weotf | atnhde s e\

appearance

Lake Onslow is an ebeeapedeldotat sdbnonigatvi nds

Any construetmdf ll omtgi ng wetl and structure w



boundary strengthening against Wwaowet e 00s iwon

reduweavdfeet c h.

The Lake Rotorua failed avwdd minmg exypa&mpimenb
consequences of poor wetl| a(Fd gsw@sBg.n3adgai nst

Figurkl d8at3i ng wetland as originally set up in Lake RO
bird habiit aRot{®rowacRaily post)

FigdrRot or ua weltdatnidnghdmage @& storm (Source: Rotorua D,



3. 2Fi2sh barruetriommhake Onsbw®tvareya ms

One of the | ocal amratsikv ef rfoins hr asipseécnigesLake On
FI at pad aMiaicddonal2d 22) . véacpriomtnecwoiul d be to c
dams with artificial wabeilf baim cgrtesgsbhlge k t

upstream.

Somexamples of existing barriers of this typ
Fi guX.ess, aBd867.

FigubB8wiBnburn Cr e€é&ntltadrgioer Ai ouilt barrier has been
waterfall to protect gCelnaxapiutdtaigong,ouafdthemadbr own tr

upstream when stream conditions changed (Source: Depa
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FigubklkBore Creek barrier in Otago. A built barrier }
protect Taier.i fl athead gal axi as, after brown trout
(Source: Department of Conservation, 2018).

Fi gBr.&ui &atr iber installed in Cabbage Tree Gull vy, Sout
prevent trout accessing a keiygh&€whhdamed bluogrygj(®wug alea x D&
Conservation, 2018).

HY



3.20n3s |1 ow drawdown mitigations

A raised Lake Onsl|l owhewouNdwdiZzéakbandrbwmdro |

very |l arge potenti al maximmum drawdown of aro
This raises the issue of blown dust from ext
decline.

Bl own dust ewasn drhei a0y Hawegaaopeofatli alhe when d
al most back to the original |l ake | evel caus:¢

Ti maru Creek delta to be blown over Hawea to

Théak@®nsl ow situation irsatdhdrf etrtean ninvdrhagi Is
source of dust . Research is required into
operation. One possdlbednttyhevosuh al Ibewtsoiplre f
schist rock over the modtucltiukdaliy nr.anfdhe ref iwe
to investigate the extent to which wave act

remnant soi l

Drawdown wi | | have the most visible impact

water | evel wi || f lguecnttulaet eg roavdeire nat rieng itohne owfi
branch Teviot tributary. One possibility her
ephemer al | akes which appear as the | ake | ev

weirs along the Teweot pooti beddmbprcttvei rs woul

submerged at high | ake | evel but woul Ohicsg e a
would result in the | oss of some energy stor
vol umes i nvolmierdi meaduli o/ e ®d 0l totowt ea | vol umetric

capacity.

Summary

Chapter c®nsiadered aspects of | ocal environ,
strategies in the context of the proposed La
The explorationrefcralateromatpiossilbaketi es, suc

Greenl and Reservoir and the creation of a n
Creek, hi ghlights the need to preserve recr ¢

the |l ocal community.

H ¢



Chapter Beumbl ePhaake and RI
Restorations as Onsl ow Of f

This chaptemasprerasasdiliemedestdor ati on poss-i bil it
Sout hl anas r ggtiCamstl ioaM sc hemee ofd Stedsati on sugg
t he most partantnvohameges gamnd iosnhliojul dh é es pgiarkie

opening discussions.

The restoration initiatiyes caeviveldviil upt ewi tbha

gi vehhrest oration of Lake Monowai , Lake Hawe
Ri vieraddition, attention is drawn to a part:
of the | owRenvteWai d mikilddependently as a consegqg

Onsl ow pumped storage operatlimgadcdi ttihoen, elae
specul attiewrem olngggesti on i s raised about how
Southland wind power coultd éema&imlea hreeo n viwke r a\h

Ri ver.

4 Hestoration of Lake Monowali

Lake Mo@B dkwhiis a -Swrrresundend tlheekes ouoheFinor eélgaoad
Nati onal Par k. Prior to the formation of t he
in 1926 to give storadgepftondna esdneadl le | peocvierri csitt

ti me for western Southland.

The Monowali power scheme was officially open
by Pioneer Energy. Water is released from La
River and diverted into a headrace some di st
Par kgu(rFei 4. 1) . The headrace water is then tr

down to the smalplowstMWi Moondwaigure 4. 2). The
into the Waiau Riveri.abdwst meaMWpower output



Fi gdl e Stodtotn o waoiwer st ati(@puh¥agdamare Karamini k)
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Gi ven i ts smal | power output, t he Monowa i

environmentally destfrourc tbievnee.fRant sNyemvig eZeddeolnaonwda i
for seasonal storage drowned the original n e
beech forest. This resulted in what is now a

57 km of shoreline comprised of deagdrter ede 3r)e.

The | ake stands in sharapro&pontrwht choleahleavs biio

Mo n o waior elnicee was (Figure 4. 4).

Figur&8ection Mdnowsahkier el i ne with exposed s(tSanprsc eof t!

Yasaman Karamini k)



Figure 4.4 Shoreline beach at natur al Lake Hauroko,

Ot ago) .

Restoration of Lake Monowali t o it sefofreicgtiinvael
parti al environment al of f set to, tdhesppiltoeo db e
|l ocated someavagi samanwod different environment e
The process would be that the government wol
scheme from Pioneer Energy and remove the s
woul d¢d omres the | ake to iIits original l evel wit
would be reconfigured widthhd urribv exre so pertd tmi rsce
soliderhaps back to Pioneer Energy.

Part of the reconfigurapemant ond kg hdi a mevtod rv ean d
di scharge capacity to capture more of the pe
wor ks would not i mpact Fiordland National Pa
out side of the park boundary.

Subsequent tbel bawkei m@ack to its natur al | ev
replanting of the | ake shore beech forest t.
somewhat desolate | akeside zone of exposed |

(OJN0)



The growing feriegitbiweul dr bearoludcre nctrrei doiuttse, twh

restoration cost.

Restoration of Lake Monowali webled omel afhenatai
itsel f. This is because it would be the fir

storagbheeemasr everted back t d oirt se novriirgoinnmaeln tnaat

4. 2 Restoration of Lake Hawea

Lake Hawea was raised in 1958 to provide s
Roxburgh power station (and Thbe Fakethe gt g:
managed by Contact Energy as ©part of i ts
comprising the Roxburgh and Clyde stations.
hydro storage | ake in the Clutha River <catch

NndwW A Y PANRYYSFE INBSARXMEO

Lake Hawea was raised 183@a7m6amlitéFogugenéal
Hawea Dam discharges | ake water into the Ha
di schar gel Or2a0n0fen o f

348 -
346
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342 |
340

338

Lake Level (m amsl)

334

330

1940
1960
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1970
1975
1980
1990

) - =] o
o = = =

1930
1950
1955
2000
2005
2010

Figureakhet Hawea wh9 &80010evelhsowi ng | aklkes ecauresnirtreqa@swidt h
seasonal water | evel variation as a cons@qgpenmiet obéd h
operating armgen iass|33§ After Wilson, 2012).
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Figur@ ut ba-AMRaitvaer meatctwi th Lake Hawea in the north

op



The main regions of | and flooded from raisin

Fiug e Mla.in | ocations, shown in green, thaMamweseumsudmer
LI NZ



The major environmental wanspadkdstorfuctthe nl aolfe |

beech forest s of t he | ower Hunt erheResadr , at

remnants of some of s&lepar otrreuedsi ncga na bsotviel It hbee |

(Figure 4.8).

Figdr®l ooded forest at Lake Hawea, showilhgwhtuhne etrop mos

Ri ver beech forest (Source: Benjamin Jones) .

The | ake's hydroelectric operation has for ce
to 8 m. This contr asdtusr awwiitohn tnhaet ueraarll ife ru,c tsuhao
about 1 m in haphgetesdasoffakbegurnei 4t 10 combi
epi sodic wave erosion apr otauwaciesuniwatnhgr elf ¢ ea

creates unstable retreating | akeshore cliffs
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4. 2.2 Potenti al f or Lake Hawea restor ¢

Hydr opower i mplications
I n a hydropower sense, the raising of L ake
unf ortunate accident of history. | f 5 TWh ¢

Onsl owhereswputd have been strong environmer
drowning the | ower Hunter beech forest for t

energy storage capacity.

Anot her factor i s that Lake Hawea storage do
Cl uRh afelrow até CRoxlaetgh andi €l gd¥¢ Fegauerieods 11

This is because most of the water pasé&eng tr
ouaflow from the wuncontrolled | akes Wanaka &
Haweaesasonal storage, the seasonal power out

be greatly affected relative to the environmn

An addiftaicotnoarl i s Pompednsktowagper ati on wi |
considerable smoothing effect in redusing tF
(Kelly, 2023). This means that stored water
value for wgyeneedthpoweresti on i swhétemenr aksepmi r

Lake Hawea in a flooded state can be justifi

Havi ng an nQnuscleodw summer fl oor price for whol
beneficial to the economicsnef ThesRosbbegl.!
stations are run of the river for practical

when water fl ows are high and wholesale pric

One nedatcitwe imydreapygeweedfr at i on with a restore
that there would no | onger be potential to a
However, Contact Energy does not see this as
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't might e kpsegpedilslcehatr ge contr ol in a resto
i s, high inflows might be held back for a st
ri pei.efTlyi s would reduce the impact of fl oo

somet iemad!| e slomeedsupcitli on at the Clyde and RO
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Lake Hawea Simulatin Water Level(m)

A crude model was constructed al omigmulhatsed |

Hawea River flow within its consented range.
basis, where infl owsmeadn dt oo ubtef | eoxwasc talrye bpaleasnuc
no change in the mesattered elvelde' sHoWw2& er , t h

di srupted dmnrthimghmddelw in the Clutha or Kawe
retained in Lake Hawemi mihmudne watidrl réshlseuaseng
Conversely, in situations of |l ow inflow cond

Lake Hawea to maintaistia sheadlpwehoRi oferl5 n

Figua&.els2 and 4.13 show the modledv eluthpywdr. o dglirheey
mostly at amedrstaanton32®droken at times by r e
storage at times of high flow ingé¢hefrl&@dwt ha
model woul d enablCd yduwea matnidf sSRdedtdiuartgihoh as a f u

of acceptable water rises of short duration
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Figdr a2 Relsakoer eHlawea Ilswvamelt at eor moid20I2Win ddmt H@&9 2 ak e
its oarngan@?d)25 Thm model keeapBs2 88 hne patxacf ®r {weawnelr hl ghel s
from hol dil mgndbldladtes i ndi cated regiuorrke. il8.expanded in Fi
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Figdr dE3x.pansion of model output over the indicated pe
A fudekhket opment of the model wawlad beaenptacte wd
high water | evels of various durations.
4. 2Gr3oundwater implications for | ake |
Groundwater wells providleowmathedg bBUppthHd if @om

nearby Hawea Fl at.p&€osickeirhist abofutf ahli ng wel

to be expressed over any suggestion of | ake
natural water | evel
The extent of any |linkage babhdeeeabhikewelhive

|l evel s has been a subject of debate and wi
connection lbecayleeh ethheakhed. An available recor

l evel s from a monitoring bore | ddcatde.dla)t. Loa

Figur

(0]
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4. 2.4 The restoration process

I f the | ake |l eveleswtagr atoi bre wewsltdrteake pl ace
l evel i n dwistchh eseme t erpasspsr epvieanatt edtugsdt.Mo s bl e ms
of the newl yl amkatgielmhebaorth iemdt hoef Itdivee rl akkt
Val.l ey

Repl anti ng tohfe floorweesvta IHwanyi led al so nmrco eenect s,

establishing new trees between Ashewiotlhd U aokge
Monowai ,ccadbos would help to offset refores
4 Barti al restoration of | ower Waitaki

The operation of Onslow pumped storage will result in a partial return of the lower
Waitaki River flow toward its pre-hydro seasonal flow regime of higher spring-summer
flows and lower flows for the rest of the year. This return toward the natural state has
merit in itself but will also enhance recreational activity and reduce the impact of

present water abstractions for irrigation.

The new flow regime will arise from a market-derived different commercial operation
of the Waitaki power scheme. Onslow will pump mostly in spring-summer when the
wholesale electricity prices are lower and the Clutha River flows are high. Often the
purchased power for pumping will be derived from the Waitaki power scheme, with
water releases from Lake Pukaki providing the flow through the Waitaki stations and
therefore increasing the present spring-summer discharge through the braided lower
Waitaki River (Figure 4.17).

It is difficult, however, to quantify the extent of the return to the natural seasonal flow
regime of the lower Waitaki River. This is because it would involve attempting to
simulate the operation of the Waitaki power scheme in the New Zealand electricity

market with Onslow in operation.



Figure 4.17 Lower Waitaki River (left). The Waitaki River below the Waitaki power station (right) marks
the start of the Lower Waitaki River, which carries on to the sea. (RNZ).

An indication of at least the potential for change in the flow regime can be seen in
Figure 4.18. This shows mean monthly discharge increases or decreases in the lower
Waitaki River that would occur in the absence of any storage effect from Lake Pukaki.
In reality, even an uncontrolled Lake Pukaki would still have some element of natural
storage. However, this would be small compared to the large controlled seasonal

storage effect for hydro operation.
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Figure 4.18 Estimated change in mean monthly flows in the lower Waitaki River arising as a
consequence of hydro storage operation in Lake Pukaki, as averaged over 1985-2023. Hydro operation
has reduced the flows over November, December and January, with increases from March to
September. The large mean flow reduction in December is particularly evident.



In addition to commercially-related changes in the lower Waitaki flow, the presence of
pumped storage at Lake Onslow would enable imposition of nhew consents requiring
higher minimum river flows. This would ensure some increase in minimum water

release from Lake Pukaki as part of Meridian Energy operations.

At the other flow extreme of the Waitaki River, Majeed (2019) has noted that the new
operating regime of the Waitaki hydro lakes would result in some reduction in flood
peaks on the lower Waitaki. This is because a reduced frequency of high lake levels

translates to reduced spill events at the Waitaki power stations.

4 Restoration of t he Manuheri ki a River

The Manuher(iFkiigaurRiade.rl 9y headwaters in the F
Centr al Ot agpa,t hiwpewimeg Cl ut ha Rivewurat)lAllOxar
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di version for I rrigation, such that there
downst Faugm. dha@ws srblver flows for various di s

Al exandr a.

The reduced summer fIRoweof at hdsigavieemld & daiskad o
controverwhatass htoouhled nbieni mum required discha
(FigurgOdaga) DaBl yunien2 If | orwess uskam mexr wat er
wi msociated quality i ssmem. fwlawslv g@waetvéeing h e r

t a kfersesrmmexi sting irrigation users.
Despite nparsetepost s, t here airesohlut kehy bed wb d
competing recreational and irrigation requi

enviroidimess hrecently come to a head with the
report on the Manuherikia, 3tet ommandiumgf howl
Al exandr a. Thi lste ecronuil nda t fi cornc eo f some i rrigatic
i mplicationdsy (TOtmego Abgiust 23, 2023) .
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There hasndeidmgput e about the Manuheri kia Ri\
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One possibility that has been suggested frol
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The power scheme was constructed tad upmionvuind e
smelter at Bluff, having the positive econonm
empl oymentl,htOgd &obpd wet.
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The mechfaonri sthhe additi onal powesigoufdchatt w
resource of southern Southland. 1t has 1|l ong
increase with height &hoeaulxarrsd r urn faRBR LI Isd &
This would enable | arge generators to produc
the intermittency buffered by pumped storage

pumped storage at Onsl ow ®©odulneg wb $fofue hl am dt avi

| f 170 MW of-bwmfefwe Oends | wwnd power was constru
woul d enable setting a minimum Lake Manapoul
m3st. Thiwoul d invol vtewoc loofs utrhee oMa ntaptoiuon' sPowev
generatotrsdrours deamar gency swhenéei bhererare f|

into Lake Manapour.i

This mixture of power to the smelter from w
Station woul d be beneficiaktcauae tihte coelld ec

operation through dry years.

An overbuild of wind power for environment al
achieved by Meridian Energy without great di

of a change Iinwaher WaoaseRt ger
Summary

This chapter has explored various possibilities for lake and river restorations in the
Otago-Southland region, focusing on utilising Onslow scheme offsets. The restoration
initiatives discussed, namely Lake Monowai, Lake Hawea, the lower Manuherikia
River, the Waitaki River summer flow, and the Waiau River, have all been tentatively

evaluated based on their viability and potential environmental impact.

The restoration of Lake Monowai to its original natural state is an achievable and
significant partial environmental offset for the flooding of Onslow wetlands. Importantly,
it could also represent the start of the reconfiguration of renewable energy
development, such that wind and solar power could enable the retirement of parts of
the worst New Zealand hydropower schemes as measured by their present

environmental impact.
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Taieri River

Possible tunnel
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5.2 Onslow water augmentation for the Poolburn Stream and lower
Manuherikia River
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rainfalls in the Southern Al ps. However, t h

drought in Center a&lon®traado .woAllwWalbve required i
not reverse flow back to Lake Onsl ow when it
Il rrigation supplementary water in this way
extreme drought. Thiwopuil sl mhecaudse® thkre pwatchmrase
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River.
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metres asl during the filling process.
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5.3 Potential for Lake Onslow water to maintain Taieri River flows
in extreme drought

The Taieri River is the main river of easte
course to the coast. The river rises in Cent
no wet Southern Al ps water source |ike the C
Apart framl thegamburn Reservoir, there is no
Tai eri catchma&ihsdo dmleyeli mited groundwater a

basefl ow. This means that an extended period
decl i nebasé¢ o(Wuege )5. 6

Fi gbr®ai er i River fl ow at Ssuhtotwbna gtéoo w adchaucalriyn e2 9f, r a@2nd 2Ra

(Sour@ttago Regional Council)

Thélai eri prRawiedes water f ogc hveanteFsb g.) 8 mnidgat i
townswhpseh are alll vul nerable to a future i

climate change.



