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Executive Summary

Chezana Gold (Mew Zealand) Limitad (OcaanaGold) is proposing 1o undedake a subskantial expansion i the
Macraes Gokd progect, Including the storage of tallings and waste rock in areas praviously not influenced by
the mining operatian. This expension is termed the Macres Phase 1l Project. OcesnaGold i saeking bo
obrain resource consens authorising the operations which form the Macrass Phasa i1,

Macraes Phase |l Project
The main featuras of fra Macraes Phasa 11 progec! ane:

m  Anaw tailings storage facility, labelled the Top Tipperary Tailings Slorage Facility, which s 1o be
constructed in the upper Tipparary Creek catchment

m Reclamation of lafings fram within S curment Souther Bt 11 Impoundment. The tallings are 1o ba
relacated 1o stacke within the featprnts of the axlsting Mixad Tailings Impoundmerd. Any overflow from
the stacks within the Mixed Tadings Impoundrment will be incaorporated into the dam Imgoundment of the
new Tap Tppersry Tailings Storage Facity,

® Aonew waste rock stack and extensions b0 existing waste rock stacks are ko be constructed, increasing
the toted consented tonnage from B50 Mo 1,180 MI, A new waste rock stack is planned, substantially
extanding the axisting Back Road Waste Rock Slack, to the east of the Round HilkSoutham Fil
locetions. Frasers East and Frasers Wasl VRS am (o be expanchsd and a new inking WRS belaeen
these two, caled Frasers Soulh Waste Rock Stack, is 1o be constructad.

& Expansion of pasting pits bo nclele (b Frasers Stage V), Round Hill Souhem P Extension and Innes

Milis Stega W

m  Diversions ard rew sill canfrol dams to manage suiace watar run-off from the expanded mining
infrastraciure.

m & revisad closure plan, comprising $wa lakes formad within the cpancast pit excanations

Tha ora processing rate is fo be similar to current opesafions and The intanaity of operations on aile would be
similar 1o present,

Enviranmenltal manitaring records from the Macraes Gokd Project indicate a vary high degree of compliancs
with resource consent waler quality condilicns al e site. Duing the operational phase of the mine,
dischanges from the tallings storage faciity dranage systems ane pumped bisck 1o Ihe process wabksn System
for rewse.  This waber recovery process reduces the requirernent for rmeke-up water from the Talerl River end
mingreses water Ioas to the sumounding envircnment.

Construction of the Macrees Phase (Il Project sould requine an extension of the environrmental compliance
monitoring program. The proposed compllance monitonng regims nchedes:

B Mew compliance manitaring polms downgtream from e Sack Road WRS (DC08) and the Top
Tipperary Tallngs Storage Fecility (TCH, CJO1 and the Shag at MoCormicks),

m  Removal of innacsgsary compiance mondorng pointz on Deepdall Creelk (0T and the Motk
Branch Walkouaiti River (MBYWR).

m Shiftling af one compance manforing point cn Murphes Crask (MG 100 to MCO ).

The waler quality compliance Bmils are proposad o be standardised across the sile. No waler quality
pararmetens have been removed from the Bst of compliance parameters, however al some sibes new
parameters hava bean added as part of the standardisation
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As part of the environmental assessment of the Macraes Phase |1l Project, a ming water management model
has been constructed to simulate dissclved contamirant transoort in surfece water from the Macraes Caold
Project ste, One set of input parameaters for this mire water modalling is denivad from grouncwater
contaminant trensport modeling undertaken &5 part of tha same project.

Pranned operalions & the Macraes Gold Project Invalve mining based on the following awtraction schedule:
®  Conbinuation of minng in Frasers Pit though wnil December 2015,

m 1 Round Hill Pit from January 2015 o December 2017

B In e Ml il fram Sanuary 2018 0 January 2019,

® NMine closure at the end of 2019,

Tha average annual rate of waste rock deposilion is o be approximatery 55 (I, based on the following likety
sequence of waste rock stack construction:

® Within the existing consanted WRS foatpdnts until mic-late 2012
® Bacx Road Wasle Rock Stack from eady-mid 2012 till 201 5-16.
m  Relum o the Frasers Soulh, Exst and West Extansion Waste Rock Stacks,

m  In-pit backfill within Fresers pt.

DeeanaCold needs capecily ko store an additional 42.5 Mt of tailings to lake the Macraes Gold Project from
mid 2072 throwgh unti earty 2020 at curreni processing rales. & review of OceanaGokts new mining
schedule showed swilching o & new facility to be a more economic altemnalive for taldings stomge through to
the end of mine e than continuing construction on the existing tailings storags feciites.

Ceganaold is planning fo decommission both of the current TEFs by mid 2012 and commence uging the
naw Top Tipperary Tallings Storage Facility at this fima. The final Top Tipperary Tailings Storage Faciity
foutprint is 1o be 184 hia with & capacily of 38,744,000 m’. The embankment crest elavation is planned to be
560 mRlL and the operating height would e 70 m above natural fopography af its highest point

Mine Water Management Modal

A mine wiler management model has been conefructed using the GokiSim modefling platiorm.  The model
amulates water flows across the Macraes Gold Project site and in downstream catchments, taking into
account the planned sequantial mining operations at the site. Runofl and surface flows, based on rainfall
records from the site, have been calibrated against flow reconds from monitoring stations on Deepdall Creak
amd the Shisyg River,

Rainfall projections have been developed using a sfochestc rainfall generator and converted into run-of
projaciions using the Australisn water baignce model  The oulcomes of these rainfal and nn-olf projections
have been compared 1o he historizal records. The comparson indicates the projecions are very similar io
pbeerved hydrofogicsl petterne, although minor anomabies are presant relaling 1o the exsageration of rare
extrarme rainfall events.

Waler quality data from OceansGaold's envirenmgntal monitoring datebase have been evalusted,
Represantative water quality charectenistics for talings storage facility decant watar and drainage water,
WRE drainage waler and run-off water from disturbed surfaces, rehabilitvlied surfaces and undisturbad
surfaces have been produced. Dissoived parameter corcenirations for waler quelity moselling have been
definad as being Ioward the upper end of the observed range Tor each garameler, in order 1o ansure modsl
autcomes for contarminant IIEII'IE-FH:HT are consernsalve,
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A3 sirulated run-off and tailings siorage fac ity discharges have baen alocated appropriate water qualsy
cheracieristics withn the moded.  Groundwater seepage quality has been derivied rom the grommdwaber
modeis developed for this project.  The mosel generates a waler balance Tor the MGP e, with an
gseociated mass koad related 1o each ecaiving water calchment. Dilution waber tagether with the
aparopriabe waber quality is modeBed as being availabie from the surrounding celchments upsirear from
each eimulated compfanca poant.

Water Model Resulis

Modeting Indicates that without managemant the proposad water quality Bmils are ikely 10 be axcesdad at
mosk compliance monilarng sies. either duwing the opersional period of the mine or following mne closune.
The modelled exceedances are mainly for sulphete, srsenic and inon, althowgh the simulations also indicate
coppe and cyanidey.n may also excesd the comgliance limits &t individual sites.

&g the surface water modals used for this project incorporate an assumplion of consendative contamnant
transport wilthin surface waber bodies, the madelled exceedancas for greenic and cyanide,,.. are wlikely 1o
pecur. Baoth are subject i geochemical reactons, precipitalion, adsorption or breakdown in the natural
arvircnmant, Dissabead iron is alse unlikely to present an issue al the compliance poimts, due to #s capacily
be rapidly oxkdise and subsequently precipitate. Milgation messures mey howaver ba required to minkmise
any possibe msues of iron focouldnts and discolouration of siraam beds dose 1o e Bilings storage
Fac:liies,

Tha primary water quaity issue idenlified B the need lo manage Suphals cancanlralions in receiving surface
wabar bodies. As sulphate s consandatively ransported in wales, I does nat become naturally atlenuested
eacapt through diution. Withowt managemend, sulphate concentrations at all of the proposed compfanco
manilaring sites, excepd (he site on Cranky Jims Creek, ane Bely 1o eventually sxceead the relevant
compliance limits on 3 seasonal basis. Mitigation measues are therefore considered bo be necessary to
mnsure waber qualily an all of the creeks intersecling the MGP =ile and in the Shag River confinues bo comphy
with the existing and proposad corsant comphianca fmits. This site water modeling report does nod take info
account the possitde application of migation measuns,

A waraty of appropriste waler managament opliors are availatle 1o menimise or mitigate for potential effacls
on water guality downstrearm from the MGP. Mitigation oplionsg ane presented and the eflectveness of
several opbions summarised in 3 saparate report by Golder (201 1a).

Reductions in Surface Water Flows

During the coerpfiony perad of the MGP, run-off from much of the mine site & captured and divertad b the
process pleat, rathar than discharging to the netural racelving watar bodies. Following closurs of the mine
rur-adf fram fhe rehabilitated mine surfaces including the TSFs will b= afowed o dischame back 1o raural
recalying water bodias. The emception wouki be water that discharges to the opencas! pit lakes

Thee reductions in calchrment ar2as due o the MGEF operations resul In reduced flows downstream from the
mine site. As you move down the catchment the espectve changes in flow am reduced, At the wabar
quality compliance poinds of NBO3, Loog Road and McCarmicks, which are localed upstream from
conseabed waler lakes, he changes in fows are vary modest. Al thegs mondonng painks he raductions in
flows are axpacied to be within the eroc assocated with the cument astimaled Bows.
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ABBREVIATIONS

AMZIECC  Ausiralisn snd Mew Zealand Environment and Consereation Gouncll
AWEM Australian Wabsr Balance Model

CiL Cymnide m Leach

CRC Cooperalive Research Cenira

&n Concentrate Talllngs Enpoundment

EGL Enginsering Geafagy Limited

FTi Flotation Tallings impowsndiment

GIg Greographic Information Systam

GFF Gokden Poinl Fit

baGH Macraes Gold Project

PACH Mew Zesiand Minisiry of Health

MTG Maon Taomemy Gully

MTI Mixed Tailings Imgoundment

MBYWH North Branch Waikouaiti River

MEZDWS  New Zeaand Drinking Water Standard

ORC OMage Regional Counc

RGP Reeflon Gold Project

RHF Round HE Fil

REL ralative level, in this case metres above mean Sea level

RRL Rainfall Run-off Liarary

SP Southern Pil Talings Impoundmient

5710 Southern Pit Telngs Impoundment P10, curenlly incorporated in SP11
L1 b Southern Pil Tallings Irmpoundment SP11

TP Transition Probabiity Malrix

TEF Tailings slorage facility

TTISF Top Tipparary Taillngs Storage Facilily

WAD Weak acid dissociable

WHS Wiashe rogk stack
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1.0 INTRODUCTION

1.1 Background

Creana Gold (Mew Zealanc) Lmied (OceanaGoid) operates the Macraes Gold Project (MGF) located in
East Otago, approximately 25 km west of Palmarston (Figure 1), The MGP consists of a series of opencast
pits and an uncdengrownd mine supported by are processing faclities, weste storage areas and waber
management systems {(Figure 2),

CeaanaGold is now sesking to oblain resource consends for Macraes Prase 1 which invalves further
exparsion of the site induding new wasie rock stacks (WRS), a new laiings storage facility (T5F) and
exparsion of existng pits.

Golder Associales (NZ) Limited {Golder) hes bean engaged by DeeanaGold o undertase echnical
assassmants for mina water management B are 0 support the resource congent application. This raport
dmr-lh deveoprment of B site wide surface water model amd Thi oulcomes from the modelling
pragranm.

The main purpese of this site wide surdface water model report & %o produce water quality projeclions for
recaiving enviromment watenways and compane these projections to axsting or propesed mcaiving
anviranmant watar quality criteria. This comparisan is used b assess likety compliance wilkh the critera and
to identlfy tha nead for spectlic miigation measures,

Tha scoge of the mocelling program and this report doss not include assessment of polential mitigation
meagures and lheir performance. The madalling and pedommance of miligation measures are documented
in a separste repot (Gokder 2011a)

1.2 Existing Models

A number of surface watar madels have Besen prepared by Kingett Mitchel Limibad (Kingedl Mitchall) (now
Golder), for ihe site. The purpase of fese models ranged from evalusting the site wide weter balance and
process watar demand, 10 aesessing eflects from sile activities (including pit lake formation and site
dEscharges).

The axisting modals were developed using a mining industry specific mode! developed by Kingett Mitchall,
which utiEses a spreadshest platform to modeal hydnsogy @nd water quaiity for the site snd receiving
environments. The model includes a calibration procass that malzhes projected and actual hydrographs. and
flow duration curves by varying a number of coefficients for rapid run-off and antecedent flows inchading a
baze low yield aclor.

Foliowing the menger of Kingetl Michell and Golder, e Kingeli Mitchell moded hes been integrated ints 3
different modeling platforn known as GoldSim (hitpohsww ogoldsim comiHome'8). The mode! hes been
further developed 1o provide improved calibrations and allow more probabilistic analyss for projected
oukcomes

1.3  Project Description

1.3.1 Main features
The main feahses ol 1he Mamaes Phasa Il project are:

® A new TSF, labedled the Top Tipperary Tallings Sorage Facility (TTTSF), which is to be construcied in

the upper Tipparary Craeh catchment, Consiruchion of tha TTTSF wauld resultin an increase of 51 Mt
in the: 1atal consented tailings storage capacity (from 61 ME currently 10 132 k1)
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e MACRAES PHASE Ill SITE WIDE SURFACE WATER MODEL

m Redamatizn of tallings from within the currert Southem Fit 11 (3P 11) TSF. The tailings are to be
relocated to stacks within the footprints of the eadsting Mixed Tailings Impoundment (MT1L. Any
averfiow from B stacks wilbin the MT] will be Incorpotated into the dam Impoundment of the new
TTTSF.

m  Anew WRS and extensions fo exdsting WHRS ane (o be constrected, intredsing Ihe folal consenbed
tormage fram 8560 Mt ke 1,160 ML & new WRE s planned, eubetartialy sxtendng the axleting Back
Foad WRS, t2 the esst of the Round Hill'Southemn Pil locations, Frasers East and Frsers Wesl WRES
ara ko be expanded and a ey Enking WRES between fese o, called Frasers Sowh WES 8 1o be
constructed.

m  Expansien ol exisling pits to include the Frasars Stage VI, Rourd Hill Southarn Pit Extension and Innes
Mills Stage W,

m  Diversions and new sif contral systems to manage surface water run-off Brom the expanded mining
infrasiriciume,

m A revieed closure plan, comprising b lakes Pormed within the opencast pit excavalions,

The ore processing rate ls fo be slmilar to cument operations and the fensity of oparations on sile would be
samilar 10 present.

1.3.2 Tailings storage

Af tha MGEP, there are cumrently bwo aclive TEFs. Thase ara the Miked Talbngs Impaundment (MT1 ) and the
Sautherm Pi 11 (SP11) teifngs impoundmant. A previous tailings storsge facility, P10, sits within the
footpnng of SP11 and is completely buried by taflings stored In the langer Fmpoundment.

CesanaGold needs capacity bo store an additonal 43.5 M of tailings o take the MGP from mid 2012 through
winlil earty 200 at current procassing rates. At this poinl, iLis ikely that bolh exasling TSFs wil have
remaining resourcs consenl e, A review of OcaaneGaold's new mining schadule showed switching to 3 new
facility to e & mone aconomic attameative for tailings storags through 1o e end of mine life.,

It is ernvissged Bera will be cne fingd depostion phass info the consented rear compartmant of P11, from
circa January 2071 unkil June 2017, whitst & final upstream @ on the MTI is constructed. Degostion s
currently oossTing in the 3T and a final tadings ceposison perlod In this impoundment (s planned to cocur
from airea June 2011 fo May 2012,

Ccesnalold s planning b decommission Both al the currend TSF by mid 2012 and commence wsing the
new TTTSF at this time. The final TTTSF footprint is fo be 184 ha with a cagacity of 36,744,000 m”, The
embankment cresl glevation is pleoned o e 550 mRL and e oparating haight woudld e 700m above
naural lapography at is hghest point.

The TTTSF k= plannad to be lozatad in the headwaters of Tipperary Creek oubside the catchmenls of the
Marih Branch al the Walkouail River (NBWR) and Deepdall Craak. It i= proposad to pumg tailings o the
TTTSF wia a pipeling from the progessing pant and deposit the ilings sub-serially by spigooting fram he
TTTSF emBiankmenl. This tailings deposition strategy = tha seme as that employed for the esisting TSF.
The fooiprnt of the TTTSE is to gradually expand, reaching S maxisum edent by about 2017,

Faollowing decommissioning a process of cosure and refabilitation woud commanca on each TEF. inthe
case of i SP11 TSF, the cuter cormpartmeant (north of the Intarnal SPA0 wall), will ba mechanically
re-handled onoe dry enough.  Tha re-handied lailings are 1o be placed &3 a reclaimed lalngs steck (RTS) on
top of Bhee MT1 andior info the new TTTSF. Tha (elings storad in SP10 abowve tha lavel of tha SP10
ermbankment are aleo o be removead, so fhat SP 10 is effectively reinstaled as an existing, decommissicnead
TSF.

- Bresc
Report KMo, (ETH110562 ROGE v0 4 Associales



MACRAES PHASE Ill SITE WIDE SURFACE WATER MODEL

Tha MTI and P10 embankments are o remain in place folowing sile cosure. The SP11 embankment s ko
be removed as the tailings are stripped down,

The rehabd@tation plan at dosune calls for each TSF o be fully capped with brown rock [highly weathered
schist) and opsoil and for pasiure 1o be re-established. Each TSF is expected o quickly rewsrt ta farm land
tnal can be readily grazed as pes current rehabilitated areas al tha WGP

During the operationsl phase of the mine, discharges from tha TSF drainege syslems are pumped tack to
Ihe process waber sysiem for reuse, This water recovery proogss rmduces tha reguirement lor make-up
water from the Talen River and minimises waler loss 1o the surroundng envicanmank

1.3.3 Waste rock storage

There are currently hvo main WRES under construction al the MGP, the Frasers Wesl WRS and Frasoers East
WRS. Other WRS's already present al MGP include Deepdell North, Wasiern, Mortham Gully Sauth,
Morthem Gully Morth and Back Read.

Al presenl, hefe remains 148 M of consanted capacity in the curent WRS's, Macraes Phaze Il reguras an
incraased WRE capacity of 317 Mt

Three new WRS's are planned 1o be constructed, In addition 1o those already undar construction er
consented.

®  Theexsting Back Road WS i5 to be expandad (additional cagacily of 228 M), with the exparsion la
b wholy contained within the prasent Deepdell caichment. Whan completed the Back Rosd WRS & to
£but the northem baundary of the Tipperary Creek cabchren,

m  The Frasers East WRS, which & curmantly under consiruction, s to be expanded o include & norbem
addition o e currently consenlsd WHS (adddtionsl capacity of 26 M),

m The Fragers South WRS is planned 1o link the Frasers West and East WRS's, with a capacily of 50 b,

The construction of the two WRS described above has the potantal 1o affect the location of the existing
graundwaler divides separating tha Teparary Creak catchment from the Deepdel Creex and (NEWR)
catchments. Accumulstion of groundwsaler within the teo YWRS could resul in lhe Tipparary Creek
groundwater catchmant expanding slightly al the exgense of the other two celchments,

In surarnary the WRS slorage capacity requirad in addition o curmently consented capacity is:
i} Eack-Foad 228 kit

i} Frasers Wesl 27 Wl

i}  Fresers South 50 W

iv) Frasers Easl Extlension 26 M

The planned Back Rosd WRS & ko comprise matenal removed from Southen and Round Hill Pits along with
soma maternisl from Innes Mills PiE. The tetal faolprind of this WRS 8 234 ha and il is to reach an glevetion of
ES0 mRL af its highest poind. This would result in a maximum WRS height of 65 m above natural

topography.

The Frasers Sowth WRS is to ba lcated on the scuthem edge of the Frasars Pit, connecting the cumant
Frasers Eas! WRS with the Frasers West WRS. His to be located straddling the catchment divide of
Murphys Creak and the NBWR. This WRS is fo reach a maximum height of 580 mRL, 45 m above natural
Inpagraphy.

April 2011
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MACRAES PHASE Ill SITE WIDE SURFACE WATER MODEL

The expandad Frasers East WRS s o include 8 northamn addition to the currenl consented WRS, termed 1he
Frasers Morth WHRS. Construclion of the Frasars Modh WES and the TTTSF would necessitabe the
realignenesd of & 4.5 km sirelch of fhe Macrees-Dunback road.

The avarage annual rate of waste rock depesition is i be appeoxrnstely 55 M, based an P Tolleeing Bty
seguence o WES construclion:

B Wiihkin he exsling consented WRE footprints. until mid-labe 201 2,
m Back Road WRS from aarty-mid 2012 Gill 2015-18,

® REeturn tothe Frasars South, East and West extension WRS

®  In-pit backdill within Fresaers pit.

Rehabiliaticn of the compleled WRS's is to be undedaken on a progressive baals. Once final profiles are
achiesved then a 300 mm layer of brown rock s to be placed over the frash waste reck and track rolled. Cher
thig is placed a 1580 mm layar of opsail. Ferilising and smsdfing of grasses shall then e undadaken in
rizlurn e graund o pasture similar to that present pror 1o maning.

1.4 Macraes Phase lll Schedule

# schedule of mining operations has bean devaloped by OceanaGokl which has been dividad mio four
phases for e purposes of mine water maragement modeling. These phases have not besn specifically
incarperated into e groundweter models (Goldar 2011b,c, as it was not considered necessany (o semulate
each stage of the proposed mine development in datail for groundwater contaminant transoort assessment
purposes. The autcomes of tha groundwater moos! ere hoasver applicd to the mine water management
rmizdal,

Thuera arg na opergtions cumently planned for the Deapdell Morth or South pits during the Macraes Phese I
Project. Despdell Morth pil bas een backfiled and rehabillated. Despdel South pil = ingctive and 8 lake s
dravilaping i this st

Stage -1: January 2000 to December 2010 — calibration pariod

s Slage -1 reprasens site conditions during tha past 10 years of operafion. Frasers Pit is operational,
Golden Point and Rownd Hill pifs are inacive, Waber kevels in Golden Poind pit ane Being activaly
managed, Waler Frarn pil devwalaring B elther wtilized in the processing plart o for dust suppression,

m  FRound Hill and Innes Mills pits are Deing beckiilied with wasie rock. Wasta rock placamant k5 alsa o
Frazors Wes! WHRS.

m Tadings from the process plant are altemataly placed in e MTI and SP11. Seepagas from both TSF=
are codecied by the impouwndmant drainage systams and relurmed 1o he process panl. Prooess plan
wiader nsquiremenis exceed fe solurme of rebumn water avadable. M-Elh.ﬂ-l.lp wiadar is pumpead Trom the
Tabarl Fiver.

®  Hurlace water run-off &nd groundwater ssepage collecting m the Mortharm Gully Silt Pond ks pumped
back to the process plas, Water collecting in Mact Tornmy Sif Pond s pumpsad o the Lone Pine
Reservair (Lone Pine). Water collecting in the Batlery Creek, Frasers West and Murphys Crask Silt
Ponds dischargas via the decant svstem in each pond 1o fhe respeclive waler course,
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Stage 0: January 2011 to February 2012

= Slage 0 is representative of site conditions wp until the commencement of the Macraes Phase il
development at the end of February 2012 Frasers PHis operasonal. Golden Foint, Round Hil and
Fnes Mills pits are inactive, Round Hill and innes Mills pits ane backfiled with waste rock. Frasers pit
i5 being aclively dewatered. Water levels in Golden Poinl pit are being actively managed, Waber from
pil deraataring is eithar uliised in the processing plent or for dusl suppressian,

®m Waste rock placemend is o Frasers YWast and Frasers Easl WRS's,

®  Tailings from the process plant are altemately placad in the MT1 and SP11. Seapages from bath TSFs
are collecisd by e impoundment drainage systama and returmied 1o he process plant. Process plant
waber raquirements exceed the volume of refem water available. Make-up water |s purnped from the
Taieri River.

B Surface water run-off and groundwater seepage callecting in the Northarn Guily Siit Pomnd is pumped
back lo the process planl. Waler collecting in Maorl Tammy 585 Pend is owmped o the Lone Fine
Reserair (Lone Pine). \Water collecting in the Battery Creek, Frasers Wast and Murphys Creek Sil
Ponde Sischarges wia the decan! system in each pond to the respective walter course,

Stage 1: March 2012 to December 2015

®  Stage ¥ incorposates most of the Frasers Stage 6 pit expansion. Golden Paint, Round Hill and Innes
hfills pits are inactive, Round Hill and Innes Mills pis ane full of waste rock with possibke movement of
waste rock from the Round Hill pi 1o e Back Roed WHS. Frasers pit is being activaly cewsloned.
Water levels in Goldan Point pit ane baing aclively managed. Water from pit dewasasing i aither ubilised
in the processing plant o far dust suppressicn.

® Waste rocs placement i 1 Frasers Esst, Frasere Morth and Frasers Soulth WRS, Frasers West WRS
is eing renabilitatad.

= Tallings from the process pant 20 stored in the TTTSF. The MTI, SF10 and 5P11 are inactve, are
becoming dawaterad and eeepage drain dischanges are declining. Talings from SP11 are baing
recovered and dry stacked an the MT| or in the TTTSF. Seepages fram the TSF are collectad by the
impoundmend drainage systems and relurned bo the process plant. Procass plant waler requirements
exceed the valume of relurn waler avalable. Make-ug watar is pumped from the Talan River,

Surtace waler nun-off and groundwater saepage collecting in the Norhem Guly Sill Pond iz pumped back i
the process plant and watar colacting in Maor Ty S8 Pond is pumped 1o Lone Pime, Walir calleecting
n the Batlery Cresk, Frasers West and Murphys Creak Silt Pende discharges via the decant system in esch
pond to the respectve water coursa.

Stage 2: January 2016 to December 2017

m  Stage Z incorporates the period of mining in Round Hal pit and the conclusion of minirg in Frasers Pit
e Bl pil s madtive and fell of waste rock. Round Hil pit is being aclively dewatared. Water from
pit dewatering is either utlised in the processing plant or for dust suppression. ‘Wisler managemert ior
Frasess pll has ceased and o pit lake is starting fo develop.

®  Back Road WRS has bacome the active wasle rock storage amea, Frasers East, Frasers Morb and
Frasers South WRS are being rehahilitatad,

B Tailings from the process plant are stored inthe TTTSF, The MTI and SP10 are belng refashilitated and
drain discharges are Geclining, The 5P11 embankment has been remowved, Seepages from the TSF
are collecied by the impoundment drainage systems and refurned o the process plant. Process plant
waler requirements exceed the valume of retum water available. Make-up waler is pumped from the
Taieri Rivar,
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Surface water run-cff and graundwsater seepage coBecting in the Norhem Gully St Pend &= pumped back 1o
the process piant and water collecting in Meon Tommy Sill Pond is purmpad to Lone Pine. Water colacling
in thie Battery Craek, Fresars Wast and Murphiys Creek Silt Ponds dischanges win the decant system in each
pond &3 the respecive waler courss.

Stage 3: January Z018 to December 2018

m Stage 3 inconporetes the period of mining i lnnes Mills pit, The existing wasie rock @ |5 removed as
part of this opesabion, 1 s assumed hald water inflows i Innes Mils PR would fow oul inby Frasers P
and not require active managament.

B Wasile ok placeme i lo Back Road WRS and 1o the relatively small Frasers Soulh in-pit stack.

B Tailings from fhe process plant are slored in e TTTSF. The MTIand SP10 are being rehabllitated and
grain discharges are declinng, Seepages from the TSRS ane collected Dy the impoungmiend drainage
systems and refumed i Ihe process planl. Process plani water requrements exceed tha wolumse of
refum water avallable. Mseke-up waber is pumpsd from the Taied Rier,

m Waler management for Round Hill pit has cessed and pit lakes are devedoping in both Round Hill and
Frasers péts.

®  Surface wabter un-off and groundwater seepage collecling in ihe Norhern Gully Silt Pord is pumped
back to the process plast and waler cabacling in Maoe Tommy S8t Pond 12 pormped o Lone Pine.
Waler collecting n the Battery Creex, Frasers West and Murphys Craak Silt Fonds dischangas via the
dercant system in each pond 1o the respective water course,

Stage 4: January 2019 to December 2163
™ Slape 4 represents long bearm closure of the Macrees Fhase [ aita.

® Al mining operabons have ceased, Pl lakes are developng in Frasers, Round Hill and Innas Mills pis
® Rehablitation of all WRS's Is completed,

®  Sile management [ underaken to minimise and mitigate environmental effects. For an indtia! pericd
fallowing mine closung, tailings seepags collecked by impaundment drainage systems will be of high
quiandity amd poar quality. Ower ime the quantity declines and the quaty improves (Golder 2011d).
Coltecied tailings drain discharges ara o be nitialy pumped (o Frasers Pit undil thay can be either
passively managed or rideased bo the envrenmeant wilhoul edeesding congem condibiong

- B-EIBDWEI ippter c,;:llhcl;rlg in tha Horfhern Guly and Maari Tormmy Gully silt pond s is released o the
downstream recelving watars. Seepege water coflected in 8 sump downstream from the TTTSF s to be
initeally pumped $0 Frasers PiL util this water can B2 ether passively managed of released i3 the
anviranman withow! excsading consent condtions.

1.5 Scope

CroramaiEald hias requested that Golder develop a site wide watar quantity amd qualty modal for the MGE.
The modal’ is to ba consiructed using e GoldSim soffvarne package.

This repart provides an ovarvies af bow the sits wide water model was developed. The key limitations of the
madel, and the sssumptans that if 15 tased on are outlined. This repod also provides the model
spacifcalion which provides delails on lhe purpose, objectivas, content and outputs that are 1o be provded
by the madal,
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Ther moded is 0 be used to essass how mining processes, including: the placement of mine washs in WRS's,
b decommissoning of existing TSFs, the develcprmant of open pits and the construction and operation of
tha TTTSF, may affect surface water quality within the boundary of the mining lease and in recerdng weters
at specified waler guality compliance ponis.

The qutputs of the madel may be used 1o

®  Inform project stakehadars on the potental effact that the operation and closure of the mine is likety 1o
havwe on surfacs watar flow and quality.

®  Support ientification of the scale and nisture of miligation measures appropriate bo offset potential
adverse afficts of mma drainage on the recelving envirenmant.

The model was nof developed for pre-feasibility level enginaaerng design analyeas.

The madel is ba simulate water fiow, and water guality with respect 1o efacirical conductivity, dissalved
calkelum, magnesicemn, sodium, polassium, chlonds, sulphate, arsenic, copper, iron, lead, zinc and wesk acid-
dissociabhe cyanide (eyaniday,e) from the mining Impacted and non-impacted areas within the mine lease
and in receiving waters 81 specified waber guality compliance polnts,

The limitations and assumptions detailed in this section ane such that the moded should nol be wsed for
operations! water and mine waste managernent and engineenng design withow fudher developmers, testing
and warification,
The key elements of the scope of this report & to:
®  Describe lhe modelsng approach adoptad.
m  Define the scope of the modal.
m Define the model beundarkes and points for which water qualilty presections are calculsted.
m  Develop the maodel logio,
m  Describe and justify model assumption and inguts, mciuding:
® Define the catchments and mining elements for hydrological madelling:

! Dﬂi]m‘lhu catchmants in terms of waber guality (ie., for WRS's, undisturbed catchments and pits
abc. |

#  Rainfall and avaporalion data;
®  Flow data used for calibration and verfication; and
= Groundwialer and seepage inpuls (guantly and quality) including drains and seepages from TSFs,
m  Descrbe the modelling procass.
®  Swmmarisa the mooeling results.
®  Compare recehing envirenmenl wasler quality to existing {or propesed) walar quality criteria.
®  Summarkie projectad sthe paformance with repect o compliance with consent condilions.
®  Recommend scope of mitigaton requined.
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1.6 Report Structure

Folowing this intraductery seclon, this surface water management technlcal report has the following
mhruc e

B Sedon 2 sumimariges the water balance modalbng approach Including assumptions, model structure,
projection points, model limits and boundanies, 10 addilion, this secton describes The stochastic rainfall
elata generation.

& Sechion 3 summarises the madel inpuds, including mainfall, evaporation, calchment areas, process water
system, waler quaity and groundwater saepage,

B Section 4 summarises the model calioration and varification process
B Seclion 5 provides a surmmany of the s¥e wide water balanca projechions,

m  Seclion & describes the stream waler qually projections and a surmmary of e scope of mibgation werk
pofentially nesessary o ensure complance with exdeting ana proposad watar quality consard
conditions

®  Seclion ¥ presente corclusions reached from the modelling

m  Sadtion B containg a list of docements rafaranced in thes repor.

2.0 WATER BALANCE MODEL
2.1 Model Approach
2.14 Initial assumptions

A range of essumptions with ragand ingut pararmetens have Been incarperated in Me surlace water model,
Mot of thesa assumplions relate o water quality walues applied io the moedelling and are documented in e
approgiate sections. Two assumptions hawve, however, been incorporaksd that fundamendally aflect the
mecdel cutcomes and how tbese oulcamas are to e undersbood.

The surface water model Incorporates the essumplicn that all contamnants ane franspored in the sieface
wertar systems without attenualion, except whel rray be provided through cution. In the casa of the major
ions, this is penerally expected 1o be comect In the case of most metals and cyanide.q howevar, his
assurmpton is conservatye, Metals are subject 1o geschemical reacthons leading to adsorption or
precipitation white Cyanides.n Dreaks aown on exposune b ulirevicbet lightl. The waber qualily projections
documented in this report are thensfore mostly conservative with respect to dissolved metats and
cyanideasn, The degres of conserdatiam irfroduced by this assumpiion is discussed in Seclion 691

The maodel also assumes that no spacific waler quality maragamanl messures have Deen instigated by
CiceanaGok with respect fo salubée conlaminants, with one exceaticn. The existing watar management plan
for the sibe requires the pumpang of TSF drain discharge waler bo Frasers Pl for a period of Gme lollowing
closure af MGP aperations. This measure has been inconporatad in the site water maragemeant modal, with
e initkal assumplion that the period of pemping would be 20 wears. [1is expected thal 30 wears is overdy
consanvative estimate and olher mifigalion measones may be insigaled to substantially shorten this pumging
perid. For the purpases of this uarmitigated water managemant model, the assumed pumping perad i
approprista,

Wiater management measures that may be sporopriate o mitigete for possible water quality affects identified
in this report are not docurmented in this report. A review of pofential mitsgation measures (s presentsd in a
separale repan (Golder 201 1a).

Al 2011
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21.2 GoldSim

Ther model has been developed using GoidSim Pro (Vers 10.11) software. GoldSim is a graghical object-
oriented modalling ervironment with Fee capacity 1o camy out dynamic probabiiistic smutasons, Orniginally
develapid by Golder in fhe eary 1900, GoldSm is now a separate antity bo Godder, GoldSim has baan
applied successfully in a decision suppon role to a ranga of water balarce, water chemistry and water
resource prajects and is used by companies such as RioTinto, BHP and Anglodmedicen.

GoldSim models are composed of containess and funclional elements — such as inputs, exprassions,
allocators, siocks, events, delays and results. Each luncBonal elamant forms pant of B model strecture
winich is daveloped spedfically Tof @ paricudar modelled systam.

Mode| simutations are run on daily ime staps over a penod of up to 150 years, with one of rrulphk
realisations. A realisation is defined as a single model run within a simidation  The benafit of running
mulliple realisations of the model is to provide resulls based on probabilty. The model will operste in s
determiniate mode for all inpul parameters other than rainfall, which is simulated on a probatilistic bass,

A GoldSim water balanca and waler quaity model s a compuler-based representation of the essential
Teslures o a rabwal hydrodagical and bogeochemecal svstern thal uses the laws of sclence, engimsering and
mathematics. Tha basis of modal davelopment includes. two key companants: & concestual model and &
Auirterical model.

The conceptual model ks an ideallsed representation (i.e., a picture} of our understanding of tha key
processes of the systern. The numancal maded is & set of eguations, which, subjact 1o certain assumpiions,
quantifies the physical processes scive i the systemis) baing modelled, Whiks the model Asalf Boks he
delailed realiy of the ervironmantal system, the behaviour of a valid model approsimates thal of the
anviranmental sysiem.

The modal prodvicdes a scientific means to draw togethes (he currently avadable data info a numerical
characterisation of the emvironmental system, Tha modal represants the envirenmental system o an
adequate level of deteil, and proviges a predictive scentific tool to quantify the impacts of the proposad
aclivity on the receiving syssem and enadies the assessment of polential envionmental effects,

2.1.3 Site wide model

A site wide madel nas been developed for the antre MEP, (including the Golden Bar operations). The
mods! calculates flow and water quality an a daily tima interval for all rmine site catchmants and natural
walerway catchmeants. Catchment conribusions are combined bo produce proections for site dischanges ko
raceiving environment walerways and flows and water quality in the recaiving snvironment waterways. The
concepual model logic is presented in Appandx B.

This above approach enables site discharges 1o be characterised and the consequent effects on recelving
environment waler quankity and guality to be assessed,

The mode! inegrates resulls from numencal groundwater modelling as inpuls for groundwater snd other
seapapes such as: groundwater seepage o walinwvays; WRS and TSF sespages; and Pils and Pit Lake
groumdwates Inflows, The process waler system (s included nthe model 1o provide a hallste site wide
madeling approach. Modeling the process waler system allows demonsiration that 2 waler balance cen be
achieved by recycling process waler, using pit and other waber collection anound the site and using i Taieri
River abstraction to provide tog up and security of suoply.

Run-off in the model is calculated in savaral ways depending on the catchmant type. Mine site catchmants
are calculabed using a look up table with rur-off coefficients for various ranfall deaths, Thia approach allows
modHication of coefficients during & calibration process to makch obsenved water volurnes stored in pits and
siit daemrs. Run-off from matieal catchments is caloutated wsing the Ausiralizn Waler Salance Maodel (AWEM)
and k5 calibrabed against sita reiniall snd flow records.
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Generic moded develogament included several steps, undertaken In the following order:
m  Defina the purpase of fha model and the requined moded progections.
m Define the stagas of mne davelopmeant,
m Create the conceptual model, mciuding definng the:

* Model limits:

®  Mine-site festures (WHRS's, TSFs, pits, pi lakes and st damsk

= Process water gysiem alemends;

= Cabshmens and wabar quakity classiBeatione;

= Sibe recesing envinonmen] wisleranyes,

* Discharge locations; end

»  Receiving environment water qualiy and quantity projection paints.,
m  Define tha mecal Bpuls for each stage of mining, including:

®  Caichmart ereas;

= Rainfall and evaporation,

®  Groundwaler inllows and olher seepane rates;

= \eter gualty for all groundwaber and seepage inpuls

= Runcdl water qualily for each catchment cassifcation;

= Pumging ratas;

| Storage volumes for pis, pit iakes, TS5 and Lone Pine, and

= Silt dam assumpliong
s Corstruct the numerical model
® Calibrate modal by sdusting paramaters undil simuiation results acceptably maleh measured data,
® Complete mode varfication, sansiSvity and unceriainty analysis,
m  Carmry ool predicive arafyses and document resuis.

214 Stochastic rainfall generator

The current rring developrment schadule provided by CoeanaiGold (Seclion 1.4) indisses the MGP i5 1o be
operationsl up urtl early 2019 at which paind the mine woud cloge. For the purposes of estimating long
tarm compliances with waler quality consernt conditions, modelling has b2en compseted for 150 years post
closure bs evalisate long temn effects.

A5 a ralnfall record for fhe site covering an aquivalent period does mat exist, & synthetic bong teem reindall
ditasel was conaiructad using a stochastic rainfal generator that is based on the Transition Probability
Matrix (TPM) method {Sikanihan & Mckiahon, 2000, Sdkanthan et al. 2002). The method divides rainfall
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into daity siates besed on the daily rainfall cepth (Tabie 1), The probstilites for a day of rain from one state
tor b followed the next day by rain in the same or ancther sfale are derived from existing raindall recond and
codlated into a matrn.

This matnix is developad using as many completa veas of rainfall record &8s possible. Seasonalily of rainfall
ta modelied by using different TPAs for sach month of the year. An example af the TPM for Janusey is
presented in Tabie 2, which shows the probabdity of a celain rain staie fdlowing thie ram state for the
previous day. For example, if 10 mm of rain fell the previous day (ren state 5), the probability of anather
10 mm rainfall event {i.a.. another rain stale 5} cocuring foday is 0,095 or 8.5%.

Tabbe 1: Daily rainfall siates used in the stochastic rainfall generator,

State Daity rainfall depth (mm)
1 e
2 IEroE raln ==l g
3 0.8= rain ==24
4 28 rain <=f g
5 6.8 rain ==149
B 14 G rEin s ugper lirnit
Table 2; Exampie of the transition probability matrix for January,
Today
State 1 2 3 4 5 G
1 0,694 0.035 0.112 il 0054 IO
- 0.647 0,074 0,147 004 0.029 0.059
E 3 D570 0,088 0.158 0070 ST 057
P 0573 0.052 0,146 (] 0083 L083
5 0.527 0135 0,095 0108 s PR
B 0,501 0,108 0230 0.E5 W ] Q87

The averall et rebes on fufure ranfall having the seme statistical distisulion as historic recorded
rainfall. The method alicws for exrems events bul does nol allow for changing weathes patterns which could
alter the statstcsl disibulion of rainfall at the sie. Similarty, the rainfall generaicr does not consider the
decreasing probability of high raintall sccurring on multiple daye. Mew Zealand's weather pattarms fluctuate
rapidly and rainfad pattems ane very Copencent on generally shorl [(haurs o days rather than weeks)
duration slarm evens. By only congidenng the previcus daya rairdall the ganesslon will iend to over predic
long duralion high rairfall swents

The Glendale Station (MIWA sile numbes 15034 1) ranfall gauge is situsted sdjacent o the mine
(epproximately 1 km nortn east of Frasers pith. Glengale is the longast histonical raindall recard in the vicinity
of thi mira: with dafy rainfall records available since January 1959, Tha recond is almost complate with vary
limited miesing data. The small amount of missing data from the Glendale Stabion record was in-filed using
cormalztad data fmm the Palmarston (WIS site number 150471} rainfall gauge, More Information on sile
rainfall can be found i the waler managament report by Galdar (2011e).
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Diaily rainfall from the Med Glendale Stalion rainfall recocd Tor S lorty year period from 27 May 1968 1o 1
ey 2008 was used &s inpul 1o the stochaste rainfall ganerator to develop the reguinad 170 yesrs (20 years
operglional and 150 years post closure) of rainfall record requined for the GokdSim model. & set of one
hursdred separate antificial sainfall records of the same length were generatad, bassed oo the same TPM All
100 artificlal rainfall recorgs wene used as inputs to the model when essessing the 10 year operafional pariod
af the Macraes Phase 1l preject. The 50" percendile record (calculeted from the cumulative reinfall volume
ovar the 170 year pariod} was used a5 inpa to the mede| when assessing the 160 year post-cosare phase,

& stafistical analysis was used o cormpare the rainfall data from Glendsie Staton (40 year record) with the
170 years of generated stochastic rainfal. As shown im Table 3, the standard deviation and average annual
rainfall for the o fainlall dala sels &ne very similas.

Table 3: Statistical comparison between ohsarved and stochastic rainfall,

Data Standard Awer ~ | Minimum Max i um
Hod | deviationef | annua annual™ annual™
Fﬂlﬂ daity rainfall | rainfail rainfall rainfall
values {mm} [mam) [mm} {mm]}
Siochastic rainfall 170 5.23 654 133 1025
Glendale Station rainfall '™ | 40 5.28 45 333 TG

Wobtes: | ksl moond gaps fked wit cormelatied data from Palmarsion; and T annaal rebers Lo cakendar years.

Z2.1.5 Australian water balance model (AWBM)

Rur-off from arsas eilher nod affeched by mining or refabilitated areas has been calculabed by the AWEM
rasinfall run-efl modube within GeddSim. The AWEM usad site rainfall and nn-off records to genarate a
calibrated run-cff mocel. For the purposes al this project, two Separale un-of! models were desveloped and
calibraed for calchments simutaled in the modeal.

One run-off moded was calibrated based on the Despdell Creek low recond Trom the Goiden Point flow
manitaring station. This rer-all calibrafion was agplied i the mins site receiving enviaamant walersays,
including Cranky Jims Craak, Tipperary Crees, Murphys Cresk, NBEWR and Despdell Crask.

A second run-ofl model was calibrated against fiows in the Shag River recorded from the Craiy Road flow
rGnilgrng staton. Thie separate calibration wes undarakan becauses the flow ragime in the Shag River
diff=ra substantially from that of Deepdell Creek, espacally under low o conditions when Despdell Creek
can become dry, This callbration was wtilized for simulating the Shag River and the lowar portion of
MeCormuckes Creek,

& flow menitaring slaion hag recently baen estaliished on Tipperany Cresk (Golger 2011), The length of the
fiow record is howear foo shod o0 be used for Tlow calibration purposes

The AWEM ganerates un-ofl projections based an a rainfall ime senes, by developing a relationship of mn-
aff 1o rainfall. The relgbanehip ta%es inta accound sod ard groundwaler slorage and relaass, antecadeant
welness, infliretion, vegetaion and evagatranspiration (Bowghton 2006, This retatienshig can be efeclively
devvedoped through calibraticn of the mode!, using available rainfall and nan-off data for catchmenls in the
area. Thae AWEM has beesn calibraded using the Rainfall Run-olf Library (REL) sofivare develapad by tha
eWater Cooperative Research Centre (aWetar CRC) {rafer Section 4.0],
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21.6 Run=-off from mining affected areas

Run-aff from mining afecled areas s based on the rations! method using a numder of diflerent run-off
BssumMphans wWhich are linked i catchment kand uvse. The run-off fiow characleristics for these areas vary
depending on fhe land wse. The land uses present at the sile have bean separated ints bao cabsgoring

® Impacted calzhmerts within the mining area - pit areas, haul mads and othar mining impacted areas.,
s WRSs.

A distinction has been made betasen the saperate land use units because the armount of rainfall which
becomee run-off will vary between the surfaces. The amount of randal which becormas run-off on any given
day depends upon a number of factors including e ntensty of the rain, the smown: of vegetated suracs,
the degree of compection of the soll surtace, the soil tvpe, the slope and the anfecedent rainfall conditiene.
In impacled calchments where land has bean cleared and the ground surface has ofen been subjectsd 1o a
degree of compaciion, the surface run-off i greater than for natural cabchments

Ruri-off faciors for mineng affected catchiment surfaces have been established based on Krown site
candilions and from ren-off cosfficients calculatad foe the catchment above the Deepdel Creak fiow
monitoring sike. Dws 1o high evaporatiorievapatranspiralion rates, slorege within sumnps, pd Benches,
diversion drains and channals, on-site run-off coafficlents sre axpacted o be relathoehy low

2.2 Model Limits
221 Model extent

Bl magor mireng enfrastructure features within the mine site are incorporated within the model. Where 2
calchment contributing to the waler fiow within the mine site exends beyord B sile Boundary, thet
catchment area s also included inthe model. Thae model boundaries ane presesed in (Figure 3), The
madel extends b the existing and proposed compliance points within the fallowing recalving environment
waleraays:

m  Despdell Cresk - Ll catchment to conflusnce with Shapg River inciuding DCOT and proposed DCOA),
®  Tippesary Creek - ull catchment to confluencze with MoConmicks Creek (nchuding proposed TCO1),

m  MoCommicks Cresk - full catchrrent lo confluence with Shag River.

m  Cranky Jims Cresi - full calchment to confluence with Shag River.

& Shag River - limited lo water quality progactions at the exsling comgliance monionng paint st Leap
Road and the proposed compliance monitoring point downstream fom the MeCaormicks Croek
confluence with Ihe Shag River. The madel does nol sirmulabe the hydrology of the Shag River 1o the
Samie level of delail as for he ather welerasys due to the lasge size of the Shag River catchment and
the preserce of watar abstractons.

s Muphys Craek — full catchment to compliance poird MC01,

® Mot Branch Waikouaill River - full catchmaent 1o complianca point NBDZ,

2.2.2 Model projection points

The primary water guality projection poants for the model include existing and proposed receiving water
compiance sites (Table 4). Tha catchment araas for each walerway ot the compiance points are also
surmmared in Table 4 and are shown in Figuna 3.
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Thix ste wide waler balance and water qualily mode! simulates water flow, dissolved arsenic, sulshate,

CYANIB2yan, COPPET, iron, lead, Sodwm, potassium, calcium, magnesium, #inc and chloide nputs frarm he
mmpacted and nor-mpactad areas within e mine site within recalving envronment waterways at existing
and proposed emvirormendal cormpliance paints.

Tabla 4: Model water quality projection paints.

Watercourse Site Catchmant area (km’)
Deepdell Crotk DCaoy 516
Dcda 55.8
Tipperary Craek T B
Cranky Jims Creek .1 51
g Shag at Loop Roed 2063
Shapg Rinver
Shag at McCormicks Craek 345
HNEWRRE a4
MNEWR HEWRRF 27
HENZ ThY
MC100 28
S Cema MCOT 49

2.2.3 Model limitations
The limitations associated with the model specification descnibad in this document include the foliowing

®  The numerical medelling approach is designed to be used for surface water low and guslity evaluaticns
far the: purposes of assessing potential adverse ervvironmental effacts and suppaorting an applicaton for
resowrce consents, The mooked intorporates simplifications fo fhe intemal mine watar managemen
syshem as additional detail was not considered necessary for thase purposes. Al this stage of
developroent, the model iz nod considerad to be of sufficient detail 1o be used for faasibility level
engineenng tesigns or detalled g waler mansgemant,

®  Assumpbons et inte this model include water managemen objectives that are nat necessarily valid
under all and operational conditons and scenafos. For this reason, the model s nol considored bo ba
Gietalle Tor debaad mime wabker mansgamant Sesign pUrpoSes.

®  OceanaGod has been grented consant to discharge mine waler at up to 100 Lis from Frasers Pif
directy bo the NEWR under cirlain conditions. This discharge is il considerad to be & standand
cperalional procedwra. Dee to dfficullies In incarporating this aspect of mine water rrarageETend in tha
e, fo allowianee Bor this discharge hes been aimiilabed

B Thewaler quality databasa for the MGP aite noldes ever 12,000 individual watar quasty samples.
Howeawer, there Ere B number of imilatons with the detesat end these s summarised and reviewed in
Goldar (201 1d). In summary these limitatons inchade a low number of samples analysed for matals
ardd mataiaids. Waler quality input vaiues used in the mcdel are in some cases basad on a very smal
number of analysis results. Az analyss resulls reported a5 being bebow detection Fmits Fave not been
taken info acoount, model oulnomes are axpected 1o oversiaie the concentrations of some pararmebers
in the recewving waters.
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m  There is limited geochemical data to define the static buf chamstry or kinabc reactwity of the primary
litherlogical uris wikhin the wasie zones of the pits that heve been or are planned 1o be mined.

224 Availability of water quality data

There is imited hydrochemical data in the wabar quality database for some paramedters, speciically:
cadmium, caopper, lead, and Zinc (Goider 2011d). Table 5 presents tha average parcentage of samglas
within the surface water database for the listed parameters. The limibed number of data for some sites will
have an effect on water quality projeclions,

Tabde 5: Water quality data availability.

Water quality data availability Water quality data availability
Parameter | Number of samples % of total Paramater | Mumber of samples 4% of

warne parameter samples WERE parameter total

tested tested sarmphes
Arsenic E.E53 570 Sudphate 10703 a9.0
Cadmium 1072 849 Chloride 10,125 84,2
Coppes 3443 2.6 Potassum | 10,042 83.5
Iron G447 B0 Calcium 10,057 B3E
Leae 2825 243 Magnesium | 10,056 83.6
Zne 570 4.7 Soduem 10,113 B4 A
Cyanidesan | 513 427

2.2.5 Operational mining procedures

Over the duration of the progect there have been a lrge number of aperational wales managaement chianges,
il is expacted that there will b= & simdar frequency of changes in oparational procedure as the project moves
toreand, 2., minoe changss o the mina development schedule aullined in Section 1.4, Thete changes

affecd the mine water balance and therafore modefied wetar qualify progactions. In many cases, the timing or

magnitude of these changes cannot be accurately predcted,  This uncedainy infrodweces a similar
uncertainty 0 e oufcomes: of model projeclions

Potential changes to luture operalions may includa:

m  Processing of different rlios of ore trom MGP and the Reeflon Sold Project (RG],
®  Changes fo e procesaing method.
m Changes fo tne way inwhich weter |s reusad and recycled,

Spaciically, no atlempt has been made o reproducs the variability associated with waler guality
measurements from ihe pest 20 years of tha mena ife. Rathar, itis the broader trends that are the cbjeciives
fod this modelling proect.

2.2.6 Temporal duration

The Macraes Phase |l model runs on a daily time slep according b & staged approgch based on projected
mine developmen! (Figure 4. The entire modst covers a 170 year period which includes:

m A 10 yaar caibrabon phase
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®  The Phase ||| Projest of appeaxirnately 10 pears
® A 150 yesr post-closure phass.

Tha temporal duriion wilth 1he stage of key elements of the mining cperation shown i3 summarised in
Error! Mot a valid bookmark seli-reference..

Table & Model tem duratiomn,

Mine stage Description Duratian

-1 Calibraticn 1 Jonuary 2000 io 21 December 2010
4] Curren sfuation — Stage 0 1 denuary 2011 1o 29 Febuary 2042
1 Phase Il Start Stage 1 1 March 3012 1o 31 December 2015
2 Phase Nl Stal Stage 2 1 Jdanuary 2076 1o 31 December 2097
a Phasza |l 54ant Siage 3 1 January 2078 o 31 Decambier 2018
4 End of Praga il i.e., closure dete 1 January 201%

& Post closure Slage 4 1 January 2079 o 31 December 2168

The variability in water quality meazurements seen over the duralion of the reime life is nol evident in the
model aulpuls as dedaled operational changes during that penad have not been simulated. Rather, it s the
broadar irends that have been mcorporated in Bhe model.

2.3 GoldSim Model Structure

2.3.1 Site wide model structura

Fundamantally there are tws man componants o the sie wide modael (Figure §). Thera s 8 hyaological
companant and an associated walker guality componenl. The walar quaity companent Mliws and ulilises
ti weater quanltity componant for mass balance calculations. Comgponents of the model are refarred to as
‘contsiners’ and ‘modules”

The watar quantity componenl of the medel reprasarts the combination of site run-cff and sibe sespages
from the MGP site. The rur-off generating calculstor is kecatad within the Climate and AWBM containers of
thr moded, The AWEBM comaimes links e the Chrate conteiner and run-off (remiday} & generaled based on
rainfall, evaporation end soll storage, infliretion, antecedant rainfall and antecedent wanass,

Caichment ansas and slage afea slnrage cirves assumptions are located within the Areas and Stape
Skorage container. The corternt of this container is linked across o e Pits, 5l Ponds, TSFs, Procass Plant
and ihe Racsivng Envionmant confamers for use in mass bakneoe calculslions.

The run-T coefficient sontainer cantaling un-off coaflicants for WRS's, smpactad pit aress ard rehakilitated
fallings arees.

The: containers for Pits, Sit Ponds, TSFs, Process Plant and the Raceiving Emdronmeant & cortain modsl
gl comgonents for the genaration of run-off and seapage for the site. The PR contamer contains the logic
for the Frasars/innes. Milks, Round Hil!Golden PointfSouthern Pit and e Deepdell Pil. The Sl Pond
confaliner containg the lagic for the 10 sif ponds'semps. The TSF container comfains tha kogic for tha KT,
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8P (SP10 and 5P11] and TTTEF, The Recaiving Envirenment container contains the run-alf genesation
topc for the Shag River catchment 1o the MeCormicks Creek confluence madel baundary {incuding the
fributary catchments of Deapdell Creek, Cranky Jims Creek and Tippereny/MoZormicks Creek) and the
MEWR to the NBO3 model boundary {inchuding the tibutary catchment of Murphys Creek).

The Chemigiry cardainer is where the water guality catculsions ane computad. Companernits within this
container are linked to the corresponding components of the hpdrological systen, Within this contalner is a
sub container (Chemistry Azsumplions} whene the water quality assumptions for land use aneas and
s&epage waler quality are located. Chemical species concenralions are associsted with the paricular land
uses such as impactad pit areas, WRS arens, TSFs, Process Plant and the nen-impacied areas,
Assumplions of seepage waler qualily generated from WRS and TSF ame also contaned within the
Chemistry Assumptions conlainer,

An overall Mine Slage sliment allcales a mine slage based on projected life of mina time periods suppied
by Oceanalold (ses Section 1.4). The antire moded s dynamic in the sense that as tha model progresses
through the various mine development siages. all elemants linked 1o the Mine Stage element will change,
For example, the Mine Slage element is linkad to all catchment aneas, elage storage curves, pump rates and
pumping locations. This allows for the changes in the size of catchmants, the amount of storage in pits, tha
pumping ratas and the location of pumping within 4 swemps, tasngs secanls and sill ponds.
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2.3.2 Pit lake moduile

The pit leke modula consists of a resenair alement (Pit Sump) and feo conlaingrs housing the nflow
slements and the authow elements. The pil sump achually lorms a8 pR lake on dioswee of the mine. The
inflow elamants inclede diract reindsll to the pit sumplake, run-off from impacted, nor-mpacted and WRS
lard use arcas amd groundwaler seepage 0 ihe pit. On dosure, Thene (s also some ailings mun-off bk sorms
ol 1he pits and tailings e2epage drains ame als0 directed 1o the Frasers Pit on chosure Tor & member of yesees,

The pit lake oulflow eements incdude evaporation from the sump or pit lake surface and atso the pumping
rale for the parlicular pit. Seepage losses from the pis fo surrcunding groundwarler bave nol been simulated
a& the pit lake levels are asswmed 1o be balow the surrsanding graundwater levets for most of the modelled
post-ciosure period. The excegton fo this assumplion is tha Golden PontRound Hil PiL in which the lake
level reaches 1he level of hestomcal undenground workings prior 1o the close of the simadation. The
irmplications for thes sibeation & discussed ifer in this report. Pumping is dependen on the mine slage fr
tha parficulas pit,

Skage slorage area curve ssumptions within the Areas and Stage Storage container diclate: the pit lake
relative leved (FL) ard surface area based on the stored sumpdake volume. Sumpiake overfiows are
Eriggered when the masimum storage volumes are reached. These volumes are calculated from pit
geomatry and kel overflow points from sile contour dala. Frgure & presents the pit lake moduse.

Figure B Gald5im ot lake moduks
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The Frasars Pil catchment incldes all catchment areas that repart ta the pif veid, Thiese include WRS,
impactad aress end non impacted areas. The Frasers Fit sump collects the run-off and groundwater
soepage genwrated from the Frasers PR catchments. There ane also two addifional sumps within the Frasers
Pit catichment; these are the Frasars East and Frasers West sumps. The Frasers East sump is localed on
the pastern side of the p& weid and collects non-irmpacied rus-oll from the dssecied (NBWRL The Frasars
Pit was developed within the headwalers of s MEWR. & small stream section still exisis, effectively cut off
from Ehe lowsr porfion of e NBWR by the Frasers Pi vold. Water frorm (his siream section is colacted in
the Fragars East sumg, pumped around ihe pil and dscharged back infe the KEWRE,

Tha Frasers West sump ls located on the wastemn side of the pit void, This sump coliecle water from a small
caichment and also receives wiler frorm the underground cperations (n Frasers Pil & small amount of this
warser is usisd for dust suppression and the rest i pumped i3 the MTI and is either evaporated or pumped
back to the process plant.

The Roamd HiGolden Poind and Southem Pit catchment represents the comtined catchment associabed
wilh [hree pits which wil be used as the mine s daveloped. A small sump & assumed 1o be oparsting within
this. comiined catchment and run-off and groundwater sespage to the pit |z colected in the sumgp and
pumpesd bk 1o the process plant for reuse. This pit eiso camently has an owerfiow through old mining sdis
When tha pil is dewaterad thesa adits cease 1o dischange, howenvar if the pit |5 aliowad 1o fil, seepage
Ihrowgh Ihese adils will occur, The adits are planned fo be sealad S the Phase (Il expansion, Far the
purpasas of this model, seepape throwgh these adils (Goelder 201 1h) is not inciuded In the modal,

There will be no active mining within the Deepdell South calchment during the Macraes Phase Il expansion
projact. Howewar, thie catchmenl was modelled and consists of an hislarical pit void clecting run-off and
groundwater seapage from a small non-impacied catchment, When operational . water from this pil was
pusmpad back bo the process plant. However, the pilt was decommissioned in October 2003 and has bean
filling a5 a pit lake snca fien, Modalling assumes that this pil lake remains empty untll Oclober 2003
whereby it then starts feng.

2.3.3 Silt pond modules

The siit pond medule |s fundamentally the sarme as the pd lake moduie inthe sense that & rade up of 8
regarsoir slement (5ilE Pond) ard two contalrers housing e sfow and oulflow elements. The inflow
alements Includs drect rainfall 1o the sil poad, runeodf from nor-mpected and WES lpnd use areas and
groundwater seepage o the pond.

The pand oulfiow elements include evaporation from the pond surface and al%e the pumping rate for the
particular pond. The majority of the sM ponds do not have a pumped cutflios and only lase water throagh
avapariive ksses and everows during particularhy heavy rain

Stage slorege erea curve assumptions within the Areas and Stage Siorsge contaner dictale ihe park FL
and surface anga based on the stored pond volume. Pond evedflow wolumes are calculated from silt pond
gecmelry and kely overfiow pomls from site contowr date. Figure T presents the silt pond module.

april 2011
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2.34 Tailings storage module

The fefings storage module is lundamentally the sarrée 25 e pd Bke and Sl pond madules in The senge
that it & made up of & reseraoir elarnent [the decant pond) snd twe contairers housing the Inflow and outflow

elemeants.

Tha inflow slemenis include dinect rainfall b he tilings decant surface, rure-off from the tailings Beach
surace (bolh wet and dry suriecea)] and direct fassgs fransfer from the pracess. Thes tadings transfer s
hozated in & saparate container whers calodations of daily taflings mass tranafer and lailings slurry densiy
cougled with sssumplons of voéd refio and a number of othar assumpticns produce an estimate of
supamatant or tailings seepags water &id a volume of dried tailings enterng the facility.

The decant oulfiow elemenis include evaporation from the decant surface and al=o the retum waier pumping
rate for the parscular TSF.

Slage storage area curve assumplions within the Areas and Stage Storage container dictate the decant RL
&nd sirfece area based on the stored decan] wolume, An overfiow elament has been ncuded in Bw modid,
hoeavar, TSE ane nol desigred e overllow and this elsment is only included &5 3 safety checs, Figure 8
presents the tailings storage module.
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235 Process water system module

The Process cabchment includes the processing plant, procass resensocirs, Lone Pine ard the catchmant
areas reporting bo Mese areas, Lone Pine is a large (approximately 600,000 m?) freshwater resanvolr thal
supplaments the procese with fresh water. Water is pumped from the Taberl River sorme 30 km away and
al=g from the Maor Tommy Gadly silt pond fo the resiervair, The reservor also recelves ru-off from a small
nor-impected catchment and also run-oll generated from sections of the MT1 embankmant. A procese sump
also exists within this catchmant and the sumg calkecks process ratum water from TSF2 and akso non-
process water such as thal in the Nodhem Gully s pond, Frasers pif surmp wealer and Found HlNGalden
Paoint pit surmp watar

Concephual modeds for each sfags in the mining and decormmissicning phase, incuding e site companen|s,
are provided in Appendix B. The numerical modal wes structured according 1o these concaptual madelling
sehamalics, wilh details of water flow and water quality, &l thwe compliance points located downsiresm from
the rime sibe

2486 Receiving environment

The receiving emicnment module models fe natural receiving catchments surrmending the MGP
Specifically the medule provides calculation nodes at compliance points and olher points of interest within
The catchments of Deapdell Cresk, Skag Biver, NBWR and their tibutaries. Figure 9 below prasents the
Deepdoll Creak container of the receiving envirpnment module, & data elament with 8 catehmen area is
inked 10 the AWENM container bo produce a fiow rate at each node along the Deepdell Creak. The flow rates

Apil 2011
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alomg the Beepdell Creek are produced by the accumulation of each node downstiream, Lookup fables are
uzad o change dala slements 1o accaunl Tor differend stases in rine development In the Deepdell Creek
aamgle shown in Figure B, BC_ M| represents a lookup table which allows changes in catchment area as the
mina =ie encroachos on non-impachd receiving environment catchrment aneas. The calchrment area |ookup
Eables a0 linked to the Mine Stage elerment.
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Figure & Recenang ermarommean wabes quanily mocils [Deandall Craek]

237 Water quality medule

Tha waler quality module (Material) containg & number ol sub-cortainers that separate companents of the
waber quality gystemn. Figura 10 represants tha site wide waler qualily modale container layvout,

Tha Cheméstny Assumplions containes holds the chemical speces and waler qualily Essumplions fef run-off
for ciifTerring lamd uses (eag., mon-impectad, WHRS, mpacted, tallings surfaces, rehabllitatad 'WRS),
groundwater seepags and TSF drain gquality. These data eherments are linked throughoud the water quality
madule 20 that chamges can be made in the Chemistry Assumptions container and are aubamaticslly
updated througnout the modal,

Tha Pits, Sill ponds, TSFs, Process Plant and the Recelving Environment contasnere hald the chamistry loglc
for the respective model components and these logics follow the structure of the water guantity comporens,
\Withim each waber quality ‘cell’, species (chermical) masses contzined In e inflows end ouillows are
combined along with comesponding fliow rates genersted in the watar quaniity component of the model. The
rezult is wabar quality prejection of balh tolal mass and concentralion & selecled reponing points wilhin Bwe
micdel. Figure 11 grasants the racalving environment watar quality moduls, The module &5 set up with a
number of ‘calls’ which gererate waler qually projections al differing ponis along Deapdel Creek,

Bprd 3011
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3.0 MODEL INPUTS

3.1 Meteorological Inputs
e I | Rainfall

The rmadel rainfall input data were dedved from data recorded &t the Glendale Station rainfall gauge (NIWA
site & 150341} using & stochasbc ranfall generator based on tha TPM method |see Section 2.1.4)

Dy rainfall ke 2 170 year perizd was raquired to run the model for the 10 year calibration perod (2000 -
2010y, the 10 year operstional pariod (2010 - 2020) and 150 year post cosure perod. To keep the model
run fime short, 100 realisations of fwe rainfal generator were run B produce a range of possible site spacilic
rainfall records. The statistice for e 100 resalisgations are summarised in Table 7. The 507 percent@e rainall
record wes ulifebed for the subsegquant site water mansgarment madelling.
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Table T: Rainfall statistics.
2000-2010 2011-2020 2021-2470

il (S Epm"":;m Max | Min WJ" Max | Min ::" "':;m M

Jan 1657 | 426 1314 | 1363 | 332 | 68T | 598 103.5 |56 G63.9 | 136.2 | 2228
Feb | 160 | 647 | 1104 | 1258 | 225 | 416 | 1004 | 1267 |41 | 452 | 1053 | 2078
Blar 184 | 489 RS 827 139 | 383 |65 1247 | 4.7 427 | 12000 | 248
Apr |66 |3a8 | 744 |852 | 106 |324 | 957 |1324 |32 |433 |975 | 1630
May |92 |349 |718 |760 |128 421 [B13 |41 |59 [3a7 [1055 [17ee
Jun | B4 |38 |855 | 1056 |68 [325 | 1148 | 1173 |00 |373 | 1087 | 3154
Jul 4.5 40,7 1265 | 1333 | 6.7 | 507 | 2360 | 3Emp |22 430 | 1726 | 372
Aug | 7.8 |32 |157.3 | 2256 | 106 | 366 | 683 |761 |14 |418 | 1354 | 1447
Sap 22 | 3T a1 7 1047 | 4.7 26 | 4.0 gz o 26 47 K | 140 | 1469
Cct | 103 |620 |65 | 1004 | 187 | 561 | 935 | 1025 |94 | 548 | 1182 | 2214
Nov | 3241 |410 |783 |798 |336 [543 (a1 |eoa |53 Ja11 [ere [11c0
Dec | 478 1107 | 180.7 |201.1 | %9 [ 840 (1175 | 1228 | 131 | 751 | 1718 | 2218

Modes S0 vl in s ol mmn

3132 Evaporation

honthly evaporation data is available on-site for the pedod 1952 16 2008, Daily evaporation data & alsa
awailable lor Palmerston (sie 15047 1) bor the pericd 159488 1o present. Felmerston is approdimately 25 km

digtant from the mine site.
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Evapcration data viilised in the mode! (Table 7) mepresents daly average evaporation based on the saricular
manth of the year. This data has been produced tram an evagoration series based on OceansGald
evaporation data collecled an-site and also the Palmerslon datasel. Mo detailad information on
evaporation data and the relationship between the two datasets is presented in the MGP waler management
overview report {Soldar 20118).

Evapcraton rates from pi lakes are known 1o be kass tan standand par evaporason rates; some pif lakes
have less than 8% of stancard dally evaporation. Evaporation hag, howeses, been applied to the modal
barsed on the pan evaporation dats. The cairalion process results in setting run-ofl coeflicients that result
in predicied run-off rmbes aporoximatety aqual 12 eclual measuned flows which means uncartalnty in the
actual evaporation rates s addressed and is ne longer mgortant provided a good calibration is achipeed.

The evaporative losses from thi: surface of the pit lakes &s they have evolved have not besn adapted for
changing lake ares on 8 dally basts. The effect of nol incorporating the changng evaporalive area on a daily
Basis i nof considiered 1o be substantial, aither in term of evenbual waler quality or inwater levels i ihe
lakeas,

Table 8: Dai N ava on rates averaged on a monthly basis used in the GoldSim model,

Manith Evaporation (mm)
January 4.3
Fahruary 37
March 2.8
April 1.8
My 12
ol 11
Juty 1.1
August 16
Saptarnbar 23
Oedobar 1.2
Movesmbear 18
Dacembar 22

3.2  Catchment Areas and Mining Elements

g mining develops, mening areas sxpand and non-impacted areas redisce, For this reason, cetchment
arzas within the medel are also dynamic, Galchmsnts have bean defined for sach major rraning elameant
wethin tha mine sita including:

m TS5F=s— Moed Tallings, Top Tipperary, SP10 and S5P11

B Waber Resenvoirs and Sill Ponds = e.g., Lane Pine.

m  Open Pils - eg., Frasars, Round Hill, Golden Paint. innas Mill,
® WRE'sleg., Frasers Easl Frasers West, Back Road)

Ay the mine develops, the mining slermants change with comespoisdng changes io the catchmend aress. The
catchments associated with the five slages of mine development (Saection 1.4] are shown in Figue 13
(Slage 0) o Figune 16 (Slage 4).
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Catchmient areas have also baen dofined for maior a0eas cutside of the mine sie and wil cover all nan-
mined land and camchments which contribute ta flow at the vanioue compliance ponts,

A shown in Table B the mire slte constiutes 4.9% of tha folal combined catchment areis of the Shag and
MEWR upstream of the axisling compliance points. Table 10 presents a braakdown of the catchment areas
for the differant stages of the mine life.

Table 8: Catchment areas of the mine site,

Catchmants Area {km’}
Tatal calchment area upetream of the Sha]g River and NBWR compliance poinls 470
Arga of mine e 21

Table 10: Comparison of contributing areas upstream of the Shag River and NEWR compliance

points.
Contributing areas (ha) S
1] 1 2 3 4

Percentage of irgacted mine site tototal mine area 58 T Bz 83 16
Parcentage of non-impascted ming site 1o total mine ares 41 2B 18 i7 1)
Perentage ol rehabi#aled mne site tototal mine ares LI 0 0 i} LT
Parcantage ol impacted mne site o bodal catchmend area 28 a3 40 4.0 Q.76
Percentage of non-impacied land to todal catchmend ansa o7 =151 a8 0 OE
Persantage of rehabilitabed mine site ta tolal catchment area a 0 4] o 3.2

Cabehmenizs for each mining stage heve been definasted hased on run-off quanit#y and run-off quality

Stage 0 repregents he existing sdustion ai the end of 2010 (Figure 12). The firsd stage of Macraes Phase 1|
is Stage 1 (Figue 13] whene Fragers Fit s extended [end essumed io be at fs maximum extent for this
stage} and Frasers South and Noth WRS are construciad {assumed to be &t ther maximum extent). Stage
2 {Figura 14] represents the comglation of Fragers PL and commencemen of mining within the Round Hill-
Southern PRand e Back Road WRS. The final slage of mining = Stage 3 (Figure 15) reprazents mining
within the Innas Mills Pit while Stage 4 (Figure 16| repréesenis the sile at closura. The cetchment areas used
in the madel for each stage of modeling are provided in Appendix C.

33 Catchment Run-off
Catchment run-off coefficients

Catchmuent re-off wiflin the miodel is calculated as outlined in Section 2. For natural undistwbed
catchments tha AWEM run-off calculaior is wsed o comverl calchiment rainfall o un-olf.  For non-impacied
mining aneas and rehabiilaled WHRS surfacas the AWEBM is also wsad, The AWEBM on average yiedds anound
12% of raindall reporting as rur-off.

Rur-off from mining surfaces s basad on the rational method wsing a number of siffarent run-off
assurngdions and these are baged around catchmand land wsa, Daepandng on the land wse type, the rainial
reporting from these surfaces vary, Table 11 cullings the run-off cosfficients used for impacted mining

areas, Rairtall events ware anahysad for likaly retum penod and an appeogriate cosflicent assigned 1o each
auant
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Anacdotal evidence suggests thel minimal nin-off pecurs fram '\WRES and the porous nature of the waste rock
resulls in waler percolsting throwugh and sither entering the groundwater system of evenfually evaporating
Far B parposes of modefing the rur-off cosfficients in Table 11 have been adopted. Rairfall ewents were
amalysed Tor likely relum period and an approprigte coetlicient esgigned 1o each evenl.

For impacted mining areas and WRS's a un-off coefficient is assigned 1o the calchment rainfall based on the
daily reinfall lotal. For impacied areas, model projecions indicale around 4% of rainfall repords as run-off.

For ¥WR.5s, the mode! predicts arounc 3.5% rainfal reporting as run-off,

Table 11: Impacted area run-off coeflicients.

Diaity rairkall {mem) Run-off cosficients Return perlod of rainfall event
o-10 0,05 o year
13- 50 0.2 1- & year
b s N 0.4 =5 yoar but <20 yoar
=0 a.r =20 year
0-10 1] <1 year
18- 50 005 1- G year
WHEAeS o-m 0.15 ~Gveir bl <20 year
=Bl 04 =2 yaar

Tha rrajority of the Deapdell Creak catchmeant (upstream of the CC08 sita) utilisas the Deapdall Creek
AWEM run-off calculstor, The lower Deepdell Creek and upper, middle and lower Shag River catchments
ulilige the Shkag River AWEM run-off calculator. The upper Cranky Jims Creek, Tpperary Creak, Murphys
Creak and the NBWH catchments alzo uilise the Deapdell Craak AWEBM run-off calculstor.

34 Water level, Surface Area, Volume Inputs

Az ihe standard madel aulpiels are valumelric, simple relalianships have bean developed and included in the
rcdel for each sump, silt pend or decant pond which relate wolurme 1o bath water level and sudace area
Thasa refationships allow evaparation losses o be assesyed and key deliverables such as decommissioned
it Tillirg rates, silt pond gwerfiow woiurmes and makimum pond volumes to be calculated, For existing sl
ponds tha volemealsaber level and volume'saface acea relalionships wene provided by OceanaGold, For
proposed sill ponds, the relstionships were developad using GIS analysis of contours al their proposed

locations.

Similar wolumedwater level and volurmelsurface area relationships are required for the vasicus pits on The
mmine sie. o ensure run times for the model are acceptable the model has be simplified by combining the
wanious pits on th mine ik inlo thees Separate pR areas Frasessinnes Mills, Golden PoinlRound
HilSoutharn and Deepdall South, Relationships for each of tha thres pat areas were developed using
aﬁ@:ﬂ pit geamatrias which represant the combined geomelry of e redevant individwal pits. The pit
geametries wene daveloped using GIS analysis of proposad mining condours provided by OceaneGald.

As each stage of mining commances, the individual mining areas will converge o form the combined pil
areas, The wolurmedwaler level and volumedsurface erea relationships for the pis evolve over tirne as the pils
are worked, where in-pit tailings ame mined and removed inthe case of 5911 and where pils are backfilled
with washe rock. AL closure, hwn pit lekes will develog, as run-off and groundwater seepanes are allowed Lo
fill the pits, Loosup tables are used within the model fo account for changes in pit geometry and catchment

Aprd 2011
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areas associaled with the dfferent stagas in mine development. If should be noted that the Deeadall Saulk
piti= not proposed o change duning e Macraes Phasa Il project &3 o mining & scheduled to occur in that
it

Veolumewater kevel and volume’surface area ralaticnshipe for Lone Pine were provided by OcesnaGold.

TEFs do not have volumaiwater leval ard volume'surtsce arca relationships as TSFs are usually large and
redgtively shallow with & large sloping beach, OceanaGold provided information on the surface area of the
gxisting and proposad impounoments. The maximum surface area supplied for each TSF has basn uzad in
fhe model and an unlimited maximum volume has been assumed which allows the model 1o autpul sodetial
wolsmes within each TSF.

Table 12 below outlines the meximum vohemes tor each pit, sump or pond a5 wel as the overflow RL.,

Table 12: Pit, reserveir'sump and silt pond maximam capacity and overfiow RL.

Pit, ResersolfSump and Sk Pond Maximum walume Water elevation at overfiow
(mBL)
Frasers/inmnes Mils Pit 222 000, D £03
Golden Point'Round HilWSouthem Fit 25,600,000 405
Deepdell South Fil 126000 380
Fra=ers Eagt Pond 10 Ol B
Frasers \West Pond 10 Ol A
Deepdell North Sl Pond Pt i) 427
Deepdell Sowih Silt PFond 2, 300 ars
_Maori Temmy Gully Silt Pond 210 ari
_Battery Cragk Si Pand 7500 66
Morthem Sully Sdt Fond 41,000 406
_Back Road Sill Pand ™ 48,000 408
Frasar's Wesi Silt Pond 45,000 4DE
Murphy's Creses Silt Pond 47,000 436
Tipperay Craak Sump 7,200 MiA,
___Lgrra-ﬁ_ha 610,000 4

Hobes: '™ mitL = meires ascve mean sea levet 7 Back Rosd sl pond may not be consfuciod a5 ofwr il management measures arg
By b bo appied. This change would have no water quakity implcations tor the wine weber management model as he mocel is mot
simdating ial suspanded solids

Apgandix D presants all the volumadesier level and volumal/surface area relationship curves Bat ware usad
in the kel

3.5 Run-off Walter Quality
.31 Introduction
Surface water geochemistry is broken down o three stuations:

® Undisturbad surface water geochemisiy, namedy surface weler which arains from natural aress not
affectad by mining.

Aprl 2011 @
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m Mon impacied surface water geochamistry, ramely suface water which drains from either natural aress
ar renabiliated WRS which are not direcily affected Dy rmming activites (i.e., nateral aneas within the
ming sibe which are aflected by dusl),

m  Impacied surfacs waler geochemislng, hamaly serlace walal which deaing from anssas within the mine

site which are direclly affected by mining activities,

The lollwing sections oulline the geccharistny assumpbions for each of the three stuslions. The water
guality input values prassntad in the folieaing sectons Frave been denved from MGP environmentad
monitoring records as summarnised in Appendix E, Whene inpud valuas are based on maniloring records or
madelong projections whare water guality paramsaters wara balow laboratory method detecton Bmie, tha
delacton limit was wsed for the geochemistry inpul assumplian.

3.5.2 Undisturbed surface water geochemistry

The grocharsirg of sefsce water run-off which drains from natural areas not aflected by miring &
presantad in Table 13, Undisturibed or Backgrourd geochemisiny was assgned for each catchmient based
un baselineg water guality dela contamed in te watar Quality detabase for tha MGP (Gokdes 201 1d).

Basaling watar guality waries shghtly across the sile due to localissd conditions and padiculary catchmant
geoiegy. Run-off from the Deepdell Cresk and Shag River caichmants ands fo have the lowest
concentrations of the key geochemical parameters, Run-off from the MBWR and Murphys Creek catchmants
tend o have the highes! concentrationg of the key geochemical parameters, Fun-aff frarm the catchmenls of
Tepparary Crees, MoGormicks Greek, and Granky Jims Creek tends o hae congentrations, of the key
geochemical paramabers, which ane between the other two groups.

Table 13: Undisturbed surface watar | mining sta
Parameter "' Catchments

DeepdelliShag E&?&wﬁﬂ“m“” NEWRMurphys :f:“l @
Aranic 0.0015 0.4305 0.007 00058
Sulphata 4 4 a7 58
Cymnide wap 0.003 0.005 0.005 0.002
Coppar 0,001 0002 0.1001 0002
I 0.2 0.5 0.1 0.14
Lead 0.0001 0 0.001 0.001
Eodium 11 11 13 12
Potassium 1 2 2 1.6
Calcium 13 id 36 24
Magnesiem 4 4 12 11
Zine 0.008 0008 D00 0.004
Chiords 11 11 1t 12

Mobes= "' AN cancntmtions presanted in units of g’ and © anss doenstresm fom Ross Ford

These apply lor &l minirg phases throughaut the modeling pencd.

Hpril 2011
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353 Mon-impacted surface water geochemistry
Hon-impacted geachemistry incudes all the run-off ganerated from surfaces which are indirectly affectad by
mining activilies. These areas includa:

®m  Areas within the mine site thet are sill in a nalursl stale but ane impacted by mining (i.e., natural areas
which are affected by mine dust),

= Rehabilitabed WRS,

The geochemistry of surface water run-cff from surfaces which ane indireclly afected by mining activibes (s
prasanted in Goddar (20115). The geochemisiry is assumed fo be the sams for &l mining skages. The non-
impacted surface waler geochemistry was basad on waler quaiity data conlained in the water quality
databass for the MGP (Godder 2000 1d),

354 Impacted surface water geochemistry

Impacted geachemising inclides all the run-off generated from surfaces which are direclly affectad By mining
acivites. Theea nclude:

s Fitwalls

B Processing areas.

m  WRS {unrehsabilitated).

m Rehabditsted tallings suraces.

The geochemisiny of surface waber run-off from surfaces which ane drectly affected by mining activities is
presented in Table 14, The geachemistry is assumed to be the same Tor all mining stages. The mpacted
surface water geochemisiry was Dased on waler quaity data contained in e watar quality dalabase for the
MR [Solder 207 1d).

Table 14: Non-impacted and impacted surface waler geochemistry assumpti &l minin
Mon-impacted argas Impacted arpas
Arserg 0.a21 0.1
Sulphate 128 201
Cranide wen 0,301 (.001
Copper 0.001 0.002
Irom 005 0.135
Lead .0001 0004
Sodium 15 i3]
Fatazsium 3 4
Cabcium 46 L]
BB ES! LT 26 34
Zing Q.05 0,005
Chloride & 13

Mode: &1 daa gim’

Apeil 2011
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3.6 Hydrogeological Inputs
3.6.1 Seepage and drainage flows

3.6.1.7 Infroduction

Groundwater inflows have bean calculated in & separate groundwater model and wes inguttad into the
surface water model Detailed informalion an the groundwater assiemplions and caleulations can be Tound in
groundwater modelling reports by Golder (2011b.g), Groundwaler inflows ane generally fixed inflows that
wary with mine siage. Generally mme elements have a groundwaser inflow rather than a groundwaler
aulfiow, For example, 8 WRS does not heve a groundwatar outfliow or seepage, rather, the sil pond down
slope of he WRS has a groundwaber inflow oF seepage hat accounts for the WRE. The exceplion bo s
rube iz TEF wnder-drains. Thesa do genersle a sespange that is routed according o the model logic.

3.6.1.2 TSF groundwater assumptions

Groundwater seepages from tha taflings body are assumed {0 exd the facililies and tfese are inconporatad
inbo Seepage mfows i olher mine elements, TSF under-drains Intercept seepags from the tallings body and
the chimney drains ntercept seepage from the TSF mpoundmend bund, Together these form the TSF deain
segpage and Mess assumplions are rouled ag per the maded loges for affering stages. Table 15 below
presants the groundwater seepage assumpliors genetsbed within the TSF draing,

Table 15 TSF drainage systems discharge rates.

TEE Draivings Systons Loror o wage -
i} 1 2 3 L] Glosure + 1 50 years
T 1.200 | 8o a0 480 240 00
SRl .00 | 200 160 120 80 o6
TTiSF @ om 1800 | 1800 | 1800 |280 | 260

Motos: “Al vafues pressnied i unis of mdy " the rales B which laiisge dischasgis 10 i TSF dran syslame daciins have bees
cakaiseg based 0n observsed fales of decine (Goider 0710 ) rather than from the raiss cf decing simaaied in The groundeater
madais; ™' assumes 1adngs depostion prmarnly in WT] Seougs unlil dass of eth Epoundssnis aod Iakas nlo scoaunt remmal o
EP11: " tha seepage weler dischangs rabes i ha TTTSF drain #ysbams has boeen sawced trom Golder 2011, and ™ TTTSF eyt
eardlnariod

3.5.1.3 Pits and pit lakes groundwaler assumptions

Pt groundwater inflow rates are depandent on bwo faclors: e mining slage and e pit recuced level (L),
a5 the mine is dewesloped groundwater inflow rates may change depending on the degree of develogrment.
Agditionally, as the pit kake stasts o fill at chosure, the grourdwater inflow rates are dependent on the pit lske
L,

Table 16 and Table 17 belkow present the groundwater mflow malrix esed to assign growmdwater inflow rates
in tha mode!. Groundwaber inflow rates are inlerpolated betwaen stages and between BL% inthe modal,

3.5.1.4 Silt Pand grovndwater assumplions

Sitt pond infiow rales are dependent on mine staging. Groundwaler nflvws are ficed assumplions Based on
the groundwater models (Golder 2011 b, . Tabbs 18 balow prasents the groundwater seapage
assaemplions thaf report Lo sill ponds.

il 2011
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Table 18: Round HilllGolden Point/Southern Pit groundwater inflow matrix.

Pit Water Elevation | Operational stage ™
{mRL) A 0 1 i 3 4 Closure + 150 years
i} 160 16D 178 178 178 178 174
MO 160 16D 156 156 156 156 156
400 160 163 134 134 134 134 134
430 160 163 0 &0 a0 o L]
530 160 160 &0 20 an Bl 0
580 160 160 40 i) a0 S0 a0
Maln: Al vakess pesames in wils of mday
Tabla 17: Frasars/innes Mills Pit groundwaler inflow matrix.
Pit water elevation | Operational stage ™
(L) -1 a 1 2 3 4 Closure + 150 years
190 2a0’ G BES 635 1218 1275 |1275
2530 280 GES GBS Bas a 318 118
430 280 GBS BES Ga5 244 248 248
440 200 |65 |68 | 635 | mA® |52 52
520 280 GBS [ 646 Ma® | 52 52

Motes: "' A1 values presenied in units of miday; and  wabar lassl ranaged due jo need Lo opoat i Innes MBS g,

Table 18: Silt pond groumdwater inflow assumptions.

ticnal o
Siit pondisump kileas,

=1 | 2 3 4 Closure + 150 years

Duepdel North Sitt Fond ' 1] 0 a )

Deepdel South Silt Pond ™' ] it i 1]

i
(1]
70 T T 70 7
]

L]
[i] 0
] 0
Maon Tammy Guihy Silt Fond T 70
0 0
Fi!] FLY

Battery Creek Siit Pond = 0 0 0 0
Northam Guily Sit Fond 70 [ro [ro e [a0
Frasers Wesl Silf Pond 150 150 160 160 150 54 54
Murphys Creek Sit Pond 24 l24a Joa 24 J2¢ 122 [z
Back Read Silt Pond ™ g™ lo™ Ja™ |[es |es &5 |65
Tipgerary Surnp ™' 0™ |0® [0 |140 |140 |3 |30

Motes: "' AT vakes grasenied i unis of =ity ' simulalod siE pands da rel recers grouncwaler soepaga (this is sepened by
cbtrvations o Doepdefl South and Batlery Grodk hiweenr may nol be the case for Despdil Heali), ™ Bsck fom) 5l pond may not ba
consinasted g alher @l sanagement measures ame Bhely o he applad (1hs changs would have ro waber quality implicatians for the
mine waler management model as the mocel & non simutaliog iolal suspended solds) "':Immﬂmmnm and ™ Ihe
gronndwiles sapags eates b =it ponds i the Tipperasy Cresk salehman bas hesn scurced om the Godaer 20912 mpoert and rcuded
hare for comploeness sake

Apeil 2011
Report Mo, G501 10052 RO0E oL i @m-u



MACRAES PHASE Il SITE WIDE SURFACE WATER MODEL

3.6.1.5 Receiving walerways grothdwaler assumplions

Each recaiving watenwsay has an assigned site wide groundwater seegage assurmpbon. Ths groundwater
saapage & calculatad within the separate groundwater modal and is simply a fieed input at cartain points
atong the siream. i is treated lhe a smal paint source inflow Dut actuslly represents seepage that naturally
sccurmuiates along the siream. Modelling assumes:

®  Groundwater seepage enters Deepdell Cresk al DCOT snd DCOB,

®  Croundwater seepage enters tha Cranky Jims Creak a8 CH01.

®  Groundwaler seepage entess the Tipperary Creek at TCO1.

B Croundwaler seepags enters Murphys Cresl at MC100

m  Groundwaler seepage enters NEWR o NBWRREE.
The assumplions are fked groundwater seepages and the fiow rates are provided in Table 190

Table 19: Receiving water groundwater inflow assumptions,

Operational stage ™
izt i a1 & | o I fﬂ';::;
Deapdell Cresek ol DCOT aan’ Ta0 T T30 730 730 BED
Deepdel Creck ot DCOB NIA | BG™ | BG™ | 350 | 350 | 350 350
Cranky Jirs Creek at G0 = nia (G| 54 | 54 | 4 | 54 54
Tipperary Creek at TCO1 ™ MA |BG™ | 440 | 440 | 440 | 880 GG
Murphys Creek at MC100 180 | 180 | 180 | 180 | 180 | 180 180
Morth Branch Waikouait River at NEWRRB | 100 | 10a | 100 | 100 | w0 | 1o 100

Motoe: & vakss prasansed in unite of miidig; ™ baskgrousd walai quality i cabehrisl ama ag consliocien o Rack Rosd WRES
it et initistedd;, ! Ihe groundwaler mbes G recswng waters in the Tipperary Creek cotchment kas bren scurced fom Goider 201 1c;
" packground water qeably in alchment aeea s constrecion an TTTSF ol wa) inilaled; s MG - nof svsilsbla

3.6.2 Groundwater seepage and TSF drainage water quality
3.65.2.7 Tailings storage facilifies

TSF sespage dram flow weler quelity assumplions ame presented in Table 20 bedow, During oparation,

saepage from the TSFs lollows the operalional assamgdons befow, Following dogsure the TSF assumplions
change &5 outlimed i the fast cofumn of Table 20

3.6.2.2 Pits and pit lakes

it lake grouncaaler saapape inflow quably Sorved Trom e Sie wice groundwater model (Galder 20110) is
prasenied in Table 21, These assumplions remain unchanged throughaut e mine staging,

Apeil 2811 @
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3.6.2.3

Silt ponds/sumps

Silt posed groundwater infiow chemistry is presented in Tabie 22 for all silt ponds whese chemisiny mputs do
mat change with mine etages. Mao Tomrry Guily and Trpparary Surng assumplons vary throughout mine
stages, For Maon Tommy Guly Silt Pond and Tipperary Sumg. Stages -110 3 remain the same but foliowing
closure in Stage 4 the chemisiny assumplions change due to operational changes. The chamistry changss
due to ihe fxct that tilings =eepages are now nol acively pumped back to the process.

Table 20: TSF drain discharge water guality.

Peiatay 8 | Cporstional naspage water ity I:fmﬁ?zm:.‘:““'“’
TTTSF MTI 5P

Arsenic 27 4.15 4,15 0.58
Sulphate 2.756 2,750 2,763 2,300
Cyanidi wan 0. 038 0.051 0.022 0.08
Coppar 0011 0.003 0.02 0003
iron 7.1 13 0.7 19
Leac 0.0008 0,0005 el QU0
Sodium arr 435 a1n 404
Polassium 40 4% 36 16
Calsurm 473 445 &00 410
Magnesium 263 260 266 200
Zinc 0.022 0.017 0024 0022
Chilofida 33 37 30 a7

Motes: """ il values presemed in units of gim® and ' TSF dewnage dechamge wotor quaity has beas souosd from Goldar 20114} and
Pz idad hera i Compalanais Sabe

Table Z1; Pit and pit lake water guality assumplions.

Parameter "' | Fragers Pitinnes Mills | Round Hill!Gelden Paint/ Southern Pit | Deepdell South Pit
Arsanlc 0.057 0.43 00000
Sullphate 450 B 5
Cyaride pyun | 0.4 1.18 0.00001
Copper 0.0 0.603 D.00009
Bron 24 £0g 0.002
Lead 0.00004 0001 0.00001
Sodurn 187 517 013
Polassium 18 4. Duozr
Calsum B3 220 0164
Magnesarm | 40 118 Q.61
Zing Q004 (0049 B DDD01
Chiorida 13.8 4i1.8 0.0z3
Moka: A1 values prasenied in unils of gint’
W;:. [HI7E1 10562 RODE wOr 43 @.ﬁgﬁﬁu
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Table 22 Silt pond seepage waber quality assumpticns for all mining stages.

saramateyl | DEPGell | Deepdent | Battery | Northern ::::" Murphys | Back | Tipperary
North |South |Creek |Guly | GU | Creek | Road [ Creek
Arsenic 0011 0,000 0.00007 | 00D 0.a01 D.00001 O.000 | Q0000
Suphate | 386 15.4 1200|2300 |1500 |1320  |z2w | 100
Cyanide wee | 000001 0.000031 0.00001 | D13 o.00004 | 0.00004 000007 | O.0000
Capper 0.001 000007 |0.00001 |0.003 | 0001 | 0.001 D00z | 0.00001
Iron 0. 170 Coaood D.00001 | 0.83 0.42 0.5z 0.9 0037
Lead 0.0 0001 000001 | 0.00001 000001 | 0.mD00Aq 000001 | O.00001
Sodum 16 108 36 57.7 262 |3 564|234
Potassarn | 5.5 1,89 10 12 547 | 669 117 | 049
Calcum | 65 02 200 | 434 198 | 250 425 | 176
Magnesium | 145 7T 200 360 165 204 352 14.7
Zne 000001 | 00001 |oooood | o003z | 0015|0018 |oos2 | 000000
Crionde | 115 7 10 102 a8 | 603 58 |04z

Hotes: ™ Al vakses meeseniad in wits of g, s ¥ he gquality of groundwalar decranging b 51 ponds in ihe Tepsiar Crask
cachiment has bean sourced from the Gokler 20110 report and nouded fene for complelpnsss saae

Table 23 prasents the water gualily fssumpltions =sed for groundesder inflows bothe Tipgarary Sump. Tha
simulated water qualilty ouleomes from the groundwater model [Golder 201 1c) for déscharges o he
Tipperary Sums 42 no1 change durng tha oparationel pencd of the mine (Table 23). This Bck of change s
due o the timea delay between the sted of filirgs disposal in the TTTSF and the down-gradient response of
waher gutily in e groundwater gystam

Tahla 23: Tipperary Sump seepage watar assumptions for ming stages,
Parameter | Operational Stage

il A o 3 2 3 4 Closure +150 years
Arsenic 000001 | 000001 | 000001 | 0.00001 | 000001 | 000004 | 000001
Sulphats 100 100 100 100 100 1,500 1,504
Cyamnioe wep | GO0007 | Q00001 | Q00001 | 0000001 | 0.00007 | 0000601 | 000007
Coppar Q00004 | DODCDY | 0.00004 | 0u00O0d9 | Q00007 | D.000DY | Goodd0
Ircinn 0035 0.035 0035 0.035 1.035 0.035 0035
Lemsd L g 00000t | 000001 | 000 0. 0eB00 000001 | Gondiod
Sodum 23 2.3 23 2.3 2.3 2.3 2.3
Potassium 045 045 .45 045 45 045 045
Calesurn 198 19.8 19.8 198 19.E 18.8 18.8
hdagnesium 15.4 15.4 15.4 154 154 15.4 o4
Zine oont 3 3 0.0 .00 00 (. 0.001
Chioride QED .50 .50 0.50 .50 050 0.50

Miotee: A values prassniad nounis of g.l'rn"; ard 7 tha quality of proundwater dischasging 1o sit ponds nthe Tipperary Creek
calchmesnd has been sourced fom Goder (300 1] repord and nchided Fers for complalanass sake

Agrid 3011 @
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This iz a smplification of the actual situstion; howeser groundwater dischamges ta the raak upstream from

fhw sump aneg to be managed by pumping during the operalional period of the mine. The practical efect of
this simplification s theralors expecind to b minimal,

Tahle 24 prasents the water qualify assumplions used for groundwatar nfiows to the Maori Tormmy Gudly silt

pond.

Tabde 24: Maorl Tommy Gully silt pond secpage water quality sssumptions for mine stages.

Oparational stage
Parameter

-1 1] 1 ] 3 4 Closure +150 years
ATEENIG 0.5 0.6 0.g 0.6 06 0& 0.6
Sulphats 1,270 1.200 1,270 1,270 1270 G000 GO0
Cyanide wap | 1,14 1.14 1.14 114 1144 1.14 1.14
Copger 0.001 .0 0,001 0.004 000 0.0 0.001
Iran £.92 6.92 6.492 682 §.92 G.92 B.92
Laad (n.0Hi 0.0 0,001 0.001 0.0 0.0 0.001
Sodium ] 22.5 225 225 225 225 ZE5
Potassium | 1.04 1.04 1.04 104 1.04 1.04 04
Caleium 238 238 Za 234 238 238 238
Magnesium | 110 110 110 110 110 110 110
Zinc .0 0.001 LN | et 0,001 0.00m 00
Chioride ™ | T Ea | T Fi | 71

Hote: Al vaiues presemied in anils of gim’.

3.6.2.4

Receiving walerways

The receiving waler ssepages quality assumplions foliow he seepaoe rales and apgly o the recaiving
envinonmenl nodes as discugsed in Secion 2.3.6. Thase are for the sibe wide ground water seepages

associabed with

= Grouncwater sespage eniaring Deepdell Cresk at DCIT and DCOS,
B Srouncweler seepage enlering Cranky Jims Creak at CJ01.

= Growsdwer ssepage entering Tipperary Creak af TODA,

®  Groumdwater seapage enlering Murghiys Cresk at MC 100,

m  Groundwster ssapage enlening NEWR af NEWRRE,

Table 25 prosents the water quality assumptions for e receiving waterways groundwaier seepage,

Apel 3071
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Table 25: Recelving waterways groundwater sespage water quality.

et | Ot | IR |uomla | B |
DCoT | DCoa | CJ0 TCoM MCA00 HEWRRB
ATBENIC D057 | 0.0007 | 0.000 00 D00 00000k
Sulphate 490 1,450 | 580 530 380 1,080
Cymnider yan 0.0e | 0.0001 | 0.000 .01 00001 0.0aoav
Copper 0001 ) 0,0072 | 0.000 00001 0.0001 0.0d1:2
Iron 0.47 .44 A0 3.28 0.15 0.44
L 0.001 | 0.0001 | 0.000 0. 0001 0. 000 0.00009
Sodium 15 28 54 54 10 a7
Fatassium el i) 3 3.3 2 &
Calcium 110 203 a4 a4 72 08
Magrisium 1) 167 7 0 549 170
Zirc L 0.0 0.005 C.oca
Chioride 2 3 g 4 2 £

Malas: "' AT values prezanied in unds of pim’; and ¥ e quality of groundwater dischanging o rscstang walsn in the Tipperary Cresk
caichmani s been pourced borm the Gokiar (01160 bl incleded han Tof pampiatanass sakia.

3.7 Process Water System Inputs
3741 Introduction

The Procass Plamd and asseciabed syslems hiave a number of sumps and reseryoirs thal collect process type
wiater fram the TSFe and also non-process water from some silt dames during the operalional stage. &
number of pumps ane required o mose watar throwghoul e gibe, The waltar reurned (o the process plant s
used in he processaing of ore and redwces the need for additicnal water  Addional water is pumpead from
the Teben Rivar o supplement the process, The following Seclion describes the ey assumplion rade in (he
processng sysiem, Whene guailable, pump capacities and demands were calculated hased on meaasuned
flewwe meter gate for sump, pond ard reservoir pumps supplied by OceanaGold, Where no dala is available,
the pump rafes are assumed based on purnping cale for similar ponds!sumps

3.T.2 Plant demand

The process planl waler demand is appresimately 43,200 miday for operstionsl purposes. This water s
rrade up of recycled process waler, non-process waler and “lop up” wss from Lone Pine. Prooess and
non-proeess waler includes rebimed from the active T5Fs (decant watar and seapage). water genaratad n
the dewatering process of the actively mined pts and someé waber purmped frorm the Maon Tommy Gully and
Morthern Glly silt ponds.

373 Tailings return water pump capacity
Tadings relirn water pumg capaciies for eech comasponding mine stage ame prasantad in Table 26,

- ®:
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Tablg 26: Tlllhn‘! return water pump capacities,

TSF ™ Stagae

0 1 2 3 4
TITSF B 10,368 10,368 10,268 a
MTI 17,280 17,280 17,280 17 280 i
SP| 16,416 16,416 16,416 16,416 0

Mista: '™ Al vk i iokay

3.74 Water abstraction from Taieri Rliver

Oceanalold has been granted resource consents suthorisng water abstraction of ug to 200 Lis
(17,280 m*/day) from the Taieri River. The exsting pump and pipstine & however not capable of transmitling
this flow rate. It is estimated that 5,000 m*/d is the rmaximum capacity of the existing infrastructure.

Water from the Taer River is ulilised as “make up” water for prooess requiramants. Generally, this wabar is
risuired as the climate at Macraes Flat is water deficiam.

75 Tallings placement schedule

COceanalioid propose to commance placing tailings within TTTSF at the beginning of Stage 1. Two saparate
types of tadings are produced by differing ore processing and these comprise of fliotation tailirgs and cyanide
in keach tallings, Table 27 and Table 28 below cutline the proposad lailings placamant schedule for (hi
curranl and fulure operation. For the simplicity of the model, fre average placarmeant of tailiegs for both
ficdation and CL failings are utlised for the model. For the CIL failings the average annual rmass of tadings
Rlaced is B350 lonnesfyear and for Rotation tailings the anmal average mass of talings placed is assumad
to be 5,943,057 tonnesiyesar.

Tabde 27: Flotation tallings placemant schadula.

Yoar Deposited mass " (tonnelyear)
120001420068 6,57TB, T&D
12007 6,578,760
1172008 6,578, T
112000 6,578, Vel
12010 6,578, 760
112011 5637000
12012 5,711,000
1112013 5663000
113014 5,654 000
11142015 5644000
117206 5672000
112017 5,835,000
108 5,643,000
11720148 5,050,000

KWote: "' Talings placemeni reprasants 18dings rass paced within 1he impourdment s inchetes the gumy saie,

g 3011
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Table 26: CIL tailings placement schadule.

Yaar Deposited mass ' [tonnelyear)
1112000 &, 00
1112011 EB.000
12012 94,000
11172013 93,000
112014 101,00
112015 111,000
1152018 101,000
1172017 118,000
1172018 142,000
1172019 6,000

Hole: "' Twlngs placemert represents lakngs s plaed witfen B imgoundment and incudas b sluiry seter

Within the SoldSim Lailings module, tallings supemstent water, or seapage from the processed talls, =
calculated. This 1adings inflow weter is described as tefngs sespage or supsmatant and is calculated ona
daly avareps basis. The daily average seepage volume is based on the following assumplions:

m Dty tailings shemy mass infiow [onnedday).
@ Shurry density (29%)

m Tallngs dry density (1.1 fonnadm™).

®  Dersity of weter (1 tonnaim™),

m  Spedfic gravity of tallings (2 38 ) (gicm’).

From these assumpdions, the wolurme of dry tailings retained within the impoendrment ig caliulated uging the
daily shuery Inflow and tadings ory density. The wolume of slurny watar is also calculated using the dansty of
water. A cerain wvolume of water is also refained within the pore spaces of the Laling body, To calculale the
pore space, @ vaid ralio & calcated based on the speciic gravity of tha failngs, censity of tha water and the
taiings dry density. This void ratio of the tailings body holds @ pofion of Sluneey waler that is rebaingd wilhin
the failings amd is efftcthaely ol 1o e system. The balance |8 the ssepage or supematant volume that
repors to the TSF dacant structure,

3.7.6 Lone Pine pump capacity and management

Lone Pine is & freshwater dam wlilised for addional top up waler o supplement he process, Wi the
process sump walsr availability cannot meet e plant darmand raguiramant of 43,200 m®day, the addsonal
wiater is abatracted from Lone Pine. For modelling purpagses, the maximum gpurmp capacily of Lone Ping is
assurmed ko be that of the maximurn demand of the plant or 43,200 m iday.

31T Pit water

Waler generated in ihe Frasers Fil/innas MiEs semo and the Round HilllGolden PoinkSouthem P duning the
aperational penad s pumped out of fhe ps fo be used for dus Suppressian of in B processing plsd,
Tahble 29 below presents the masimum git sump pumping rates.

il 2011 Golder
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Table 29 Pump capacities for opancast pit s

Opencast pits Stage
0 1 2 3 4

Frasers Pibinnes s 10 383 10 368 10 36R 10 366 s
Round Hill/Golden Point | Southem 4 320 4 5F 4 320 MR Ty
Mofes: B4 denoles no pumping: and all vakses ﬁ’.'dﬂg,l.
Tahle 30 belods oullines the locations that the pits pump o lor each model stags
Table 30: Pli Pumping Locatlons.

Stage

0 1 2 3 4
Fresars Pit | Process sump TTTSF TTTSF TTTSF T
Rownd Hill Frocass sump Pricess sump Process sumg Process sump M

Mala: HiA darclas ne pumging

3.7.8 Tailings storage facilities

The TSF enpoundments are modelled assurming an endless skrage capacty 1o allow modelling proeclions
For the masimum wolerne of skorage required, For this reason, the anly inpuls i 8w mode! for the TSFz are
assumptions of tailings wet and dry baach run- and & maximem surfece erea of the tailings facility to
calculate run-off and evaporation volumes, All TSFs agsume a wed beach nun-off coefficlent of around 3.8
and a dry beach run-off coefficlent of arcund 0.7, Areund T0% of the TSF area is assumed to be dry beach
and e remaining 30% s assurmed 10 be wat beach. The MTIL TTTSF and SPI1(SP11 and SP1 0} surfece
areas are presanted in Tablz 31 below,

Table 31: TSF surface area sgsumptions.

Stage

a 1 2 3 4
MTI 799,815 TORB1S i E1S ToR 15 o8 B15
Loe | 576,386 576,386 576, 386 576,366 576,386
TTITSF 1,805 632 1,606 532 1605652 1 605,632 1,605 632

Matm: &1 vabuss prscsnied mounie of m°

Sl Lone Pine reservoir

Lone Ping is 8 fresh waler resarvoir locaied bo the northwest of the MTIL. Thiz resenair is uilisad as 5 water
source for the process plant. Lone Pine provides supplesmentany lows to the process plant when demand
aexceads the waler available throwgh The prmss- sump. Lone Pine has an assumed maximem slorage
capacty of approximately around 611,000 m” and, when full, a surface area of agproximataly B7.900 m°

April 311
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The rodel assumes that the reservoir has an operational volume of approximately 430,000 m®. If stored
watar in the reseroir drops below this volume “make up” waber i pumped into the resenaeir Trom e Taien
River. Il is estimated that 5,000 m/d is the maxmuem “maks up” capacity of the existing infrastructure.

Cruring the operational phases, Lone Pine inflows nchede the Lane Pine calchment (MT] embankment, somie
non-impacted catchment, direct rainfall], weler pumped from ibe MTG st pond, and “maka wp” water
sourcad from the Taien Rivar and pumped inflo Lone Ping.

Fost elosura, the resanacir will recefve inflows from the MTI ambankment, non impactead catchmant
swrounding the resarvoir as well as run-off from the: renabilitabed MT] surface.

Dwring aperational phases, Lone Pine outflows inchede ewaporation from tha resanvoir surface, weter
pumped o the progess (madmum pemp rate assumesd 1o be the same as the process demand) and any
owirfkew of the reserair repons to the MTG via & splltwey.

4.0 CALIBERATION AND VERIFICATION

4.1 Calibration
411 Matural catchmeants

Matural catchments have besn modelad usng the AWEBM, The conceptual kgic of the 8WBM is presanted
n Figure: 17. T calibrate an AWBM rainfal, evaporation and nen-off dete are required. The totat arsa of the
catchment affecting the compliance prinds is lange and variafion in the un-all cosflicients can be axpectad,
In resparse bo his varation, two AWBMs have been callbrated to be used in the GoldSim modal. Both
AVYBas use the same reendail and evaporation data, with neeofl data Trom eiles Desgdell Creek or the
Shag River wsed,

The AWER has been calibrated using the Rainfall Run-off Library (REL), softwars daveloped by the eWatar
CRC, The data used for these calibrations iz summarized below | Table 32 and Tabde 33}

Tabde 32: Data used In the Deepdell Creak AWEBM calibration,

Drata type 1I:|au:-at Source II:Inta perod
Rainfall 200 April 1997 to 27

Glendala Stalion OceanaGold March 2001
Evapralitn  lpaimarston Pan Evaparation Data Palmerston {site 150471) E-‘Hﬁﬂ'l 1997 bo 27

calibrated with Site Pan Evagoration Data Jand OceanaGold b
Run-off = far 20 Apnl 19497 o 27
Doonsen O |Fun-off - Deepdell Cresk # Golden Point E&m i ek S
Calibration il

The REL s usad fo calibrate the AWEM by cakculading the parsmelers used in e AWBEM lo produce a -
off dala set thal malchas s clesaly 2e poscible 1o the observed data zet [Despdall Creck or Shap Fiver).
T slresam flow data avallanbes for the Deepdell calibration was from 20 Apnl 1857 fo 27 March 2001 and
from 24 Dhec 1953 to 28 April 2008 for the Shag River calibration. The rainfall and evapolranspiration data
comesponding (o these dates was atso used In the calibration.

Aprd 2011 Golder
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Table 33: Data used in the Shag River AWBM calibration.

Data Type Dataset Source Data period
Rainfall Glandale Stat 24 Dec 1903 o 28
g or OicaanaGold Ape 2009
Evaporation Palmerston Pan Evaporation Dala Palmarston {sfe 150471) 24 Dec 1933 10 24
cafibrated with Site Pan Evaparation Data | and OceanaGold Apeil 2003
Fiuin-off for
Sheg River  [Fun-off, Shag Fiver al Craig Road Otago Regional Council 24 Dec 1833 1o 28
calibration April 2009
P
1 " \
] [ EXCES SURFACE RUNOFF
& g = (1-BFIEXCES
| Bk
c1 |
2
lcz p =
BASEFLOW
A1 A2 A3 RECHARGE ROUTED
= BFI+EXCES SURFACE
RUNOFF
1 = {1-K8)*8
l |
u B3 |
BASEFLOW
= {1-K]*BS
PARAMETERS ANDSTATE VARIARLES :
C1-C3 = Sarfnec Strage Capacities TOTAL
Al-A3= Fartial Areas Represented by Surfaee Siorages RUNOFF

BEF1 = Bascllow Indea
K = [kaily Bascllow Hecession Constani
s = Corrent Valome in Basefew Slare (%)
ks = Daily Sarfce Flow Recesion O omstanl
55 = Current Vialanss in Sarface Roating Store ()

Figure 17 Australan Weler Balance MWodel ({CRC 2004,
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& secton of the deta was selected for use as warm-up dais in RRL to allow for the program fo aseess the
rainfall conditiong prcr o the start of tha: mode ard make an estimate of he contents of each of the soil
micisiure stores (Podger 2004). The warm-up perod for the Despdel Creek callbration was sat fqom 20 Apnl
1997 to B August 1997, This meant Bal the period of calibrafion was from B August 1997 o 27 March 2001,
The warm-up peried for the Shag River calibration was set from 24 Decarnbear 1633 10 24 Septernber 1994,
Tha periad of calibration was from 27 Seplemiier 1994 b2 28 Agril 2009,

The avallabke date for bath calizrations were redativaly shor penods, 5o it was decided o calibrate over the
antme period (rather than use some of the data for calibration, some (o werfication) 10 acheve tha most
aplirnem cakbration for the available data (Podger 2004

A good calibration was achieved for the Deapdell calibration.  Figure 18 shows the run-off caloulated by
ANEM based on the Blandale rainfall, comoared to the real sat of stream fiow data from Deepdsll Creek
comasponding with the Glerdale rainfall. In Figure 18, i§ can be seen fhad thene is o good refabionship
etween the cakculaled end observed nun-off, The B value for the Deepdell AWEM is 0,859,

The madelirg of concentrations al ihe cormpliance paints has been o deteming whelthar compliance levels
can be achigvad during pesiods of low flow. For this reason the Shag River caéibeation was optimized to
autshierey e kvt R i Bhee creek. The accurscy of e high lovs = legs preciss; however Tof the irgose
of the calibration this is acceplalde. Figura 19 shows the run-off calculated by AWEBM on the Glendale
ratinfall and is compered bo he real st of steam Now data from the Shag River corespanding Lo the
Glandale Staticn rainfall,

1maa -

il [ P |

T E S [1E) - (R Ei g TS

e S - ALT—— )
Frgwe TR Calhradan araph shoring ceicivaed ron-off platfed sgaimst recoied rin-off from Dospaal Crak

Table 34 shows the caloulated and recorded run-off volumes and confirmns a good calibration, The AWEM
parametare cpdimisad through this calibration sre presentad in Table 35,

Apll 2094
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Table 34: AWBM calibration results.

Totals Deepdell Creek run-off depth (mm) Shag River run-off volume [ML)

Recorded mun-off 186 1,571
Calculated run-off 184 1,376

T

LR

-

| -
0 =]
L. B

fal Bn

Figure 15; Cathrancn graph shomwng calciiod man-off plolled sguinst recomad nas-olf from Shag Craes,

Tabke 35; Calibrated AWEM parameters.

Paraseter Deepdell Creek calibration | Shag River calibratien
values values

Fartial Area 1 Al 0,134 0.134
FParial Area 2 A 0433 0.433
Parial Area 3 Al 0433 0,435
Bipse Flow Index BFi ol 0.006
Surface Storage Capacity | (| a5 T
Surlace Storage Capacity 2 C2z 475 T
Surfece Storage Capacity 3 C3 145 a
Base Flow Recession Constant KBaze | 096 0.3
Surface Flow Recession Constant | KSurf | 0206 0.1

April A1
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4.2 Verification
421 Pit lake formation rates

A glmple modal verification was undertakien 1o assess the nun-off generated from mpacted araas (pil walls
ared mining araas). The model was sed up fo model the pit lake recovery inthe decommissionad Deapdedl
South Pit The Despdedl South pit has two contributing catchment types (impacted and undisturbed) and the
mocel was sel up 1o generale projections for the welumes of water wiihin ts decormmissicned pit Trom the
dale of decoemmissioning to mid 200%. The Deepdall South pit was decommissionad in Lase October 2000
Tha final pif shall and profile has been analysed by GIS and & volume, &ea and BL curée was construched.

Oeanaizold hes a number of chserved water level readings from site surveys undertaken since Oclober
2003 The mocelled pit volumes were then comeerbed fo pit lake waler level and thus directly comparable
wikh the absanved measuremerts. The rurmoff coefficsents ware than varied for the impected porion of the
cakzhment unlil the model projecied actual pil volures in an acceptable manner. The mon impacled pation
al ne-nlf was genarsied from actual Despdall Creak rainfall nun-off calibration and therefore acceptabla.

Imgputs bo the model included:

Pit enfloaus:

= Impacied catchmenl of 140,472 m’.

®  MNon-mpacted catchment of 175462 m”

®  Groundweter inflow rate estimeted from previous groundwater modalling of sround 16 m'fd.
®  Direct reinfall fo the pét lake.

Pit Owtflows:

= Evaporation from the pit lake surfaca

®  Fil lake overliow to Deepoail Creek (although currently the pit lake does not overflow)

A companson of the modal culputs with measurad ke keveds (Figure 200 indicates that the sémpla modal
slighfly owerastimates the rate at which the lake beved rises. The rasults ara however considerad to be
reagonabhs for tha purposes of this project. Thes outcome indicates the impacted mun-off coafficients are
accepiabls for e conservalive modelling approsch,

422 Process verification

T warily the process water moded setual weter reguirad from Lona Pine (sourced from OceanaGald) to meet
process damand was comparsd to the mods! projacted yolumes. Daily or monthly pempeng data was
deamad inappropriade due b the inclionaty of the model and e Tac] hat he model ulilizes randamly
genarsted ranfad data. For this raason annual records wore cormparned,

The sarmgarnson was pamadly o delenmine il the model grossly oversstimates or undessstimates the
additonal wolume of water required for the process.  Some vanation would be expectad as dimale far the
particular vead would dive the demand Tor sdoitional water. Only dala fo the complate vears 7005 - 2000
wias avaiable for e comparison and these are presenied in Table 35. The full modelied data has been
presented for the calibration pariod.

The average additonal waler reguired during the catbration pesiod was estimated by the model 1o be
aporosimately 3,530 m*id, The shord measured dataset suggests that around £,400 mfd is required. The
diffarence is the resull of seversl Factors relaling 1o assurnplions snd modeling appreaches. Thesze indude
unzenairties over the water balance within the TSF batween:

April 21 @
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m  Evapombion of water from the teilings surlace and decant pond
m  Seapape rales through talings impoundmant
m  The rale of tailings bleed waler io the decand pand,

m  The lotal volune of waler slored within the tailings mass.

The calibration could be Improved By adjusting the factors and assumptions thad nesall in less tailings water
returning to the process system 50 that an addbional 870 miiday of water is required from non-gte derved
watar. Howaver there is not sufficent dia bo identify which factor needs to be madified o justify
mpdification of indwidual assumptons, An eror of appraximately 200 in make-up waler required is
consigarad accepiabiz for the purpose of the process water systam modelling,

The purpose of e process waler system madelling ts 1o demansbrat: no process water system dischages
are required during the operation phase. The calivration is therefore consenvative as it assemes more waler
i= requirad to be stored on-zite each day than Fe aclual data suggests. |t should alsa b nobad that the
process water syslem calibvation does not affact the water quality prediclions from the site wide discharge
ASFEESMEnt

1E -
ﬁ
19 4 'F |

Frin Lakee Lesvel (m |
L ]

w‘ﬁlﬂ. ﬁf -iﬁ E Jlf y ffp f@ i
|
& Pir Level AModel Pradiction = Actual Dheerved Leyal Pt Oreinif by Ll |

Fraure 28 Deepded Sawth AT projecied aad ohasred solines,
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Table 38: Modelled and observed additional water requirements for the operational process.

Year Darity average water required
Moadalled Measwrad

2000 E.4355 Mia,
2001 3824 hlids
2002 3,165 Mi&,
2003 ana M,
2004 3,132 M,
2005 4481 3 B8TD
2008 3,514 4,346
2007 1,866 4,327
2008 1,948 4 956
2008 a,7ar 4,533
200 343 FelA,
2011 3,718 MlA
Aarage 3,530 4,406

423 Model sensitivity

The sources of sirmulated conlarmnant dischanges 1o Deepdell Creek foliowing closure of the mining
operalion heve been investigated in & short sensitwty analysis. The process licwed was 10 define the
contaminant concantrabens from various sources in e surises waler moded as 2ern, with the excaplion of
fhe sourcn being assessed, Ineffact, the sansitivity ane'yals assumas that a8 cortaminants from other
sources can e caught and fulky treated befors the water is mleased, The analysis was undedakan on this
basis o support an evalualion of the moest effective aptions for potental mitigetion maasures.

The outcomas from the sansiivity anatysis (Table 37) indicate the wo crecial sources of modalled
comaminant discharges 1o Deepdedl Creek are the TSF drainages sysiems and the wider groundwister
seepage which is dominated by infiliration through the WRS's. The seepage thraugh the wider grouvndwater
system to Ceepdel Creex appears B be of greater significance than groundwaler seepage digchanging bo
BTG, When tha timing of the dischanges & taken into accownt, the latbes is mone mpodant during the first
few dacades follewing closure of operations il the sife. The load of contaminants iransported from fhe
WRS's would require this pencd 1o reach a masimum, whereas the dscharges to MTG would start o decline
aftar the gr\-nl.lndw:hr sysiem in the tailings mass reaches 3 shaady alate.

Table 37: Model sensitivity al DCOE with respect to wwhua-n:hml.ult Imputs.

Made! run Arsenic * | Sulphate ™
L.lnmrtlgatu-:l run with all assumed chamisiry mputs 041 1,400

All chemistry inputs zaro except MTISPI drains Q.23 430

Al chemistry Inputs zero except MTVSPI groundwater seepage 0.18 140

All chemistry inpuls Fere excegd general groundwaler seepage o

Deepdall Craak nod including MTESP graundwaler sespage [represants | D.04 a40
Eaapagg{mm wasle mok slacks)

All chemistry inputs zero excepl impacted runoff 0.05 110

All chernistry inputs zero except non-impacted runoff 0,006 3

Hodaa: " Wawmum cencenirabors frem model ress pressnted: 7 gl soncenlraliors rassnied m onde & gim’: and ™ sclaks to mot =dd
up fo L he uremiigaled ron meull des o vasving degiesas o dilulion Trom oFse Wl SUnces
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2.0 WATER BALANCE PROJECTIONS

51 Process Water Projections

b.1.A Introduction

The modalling of the sile process waber gystem wis undertakan o evalusts whether the simdated fainfall
pettams could reault in water managemient issues during the operational pericd of the mine. As the model is
a simplified represantation of the mine water managemant sysbem, this approach ls purely taken o verify
Thal mine waler al the MGP can be managed with minimal risk of unplanned discharges.

As discusesd previously, the modeling utiises a probabliistic approach to rainfall simulation, Resersir and
TSF mflows, decant volumes and outiows are partially based on one hunsdred randomity generated rainfzl
scananos (rafer Section 2.1.4)

Durng the verificalion process for the raindal simulaton i was identified that cumulative rainfall from lame

i -gay evenls gre exsqnerated in B simulation. Consequently, the warst case scananos derived from
the modal are considered bo be extramaly low probatility and do not provide & reasonable %est of the ming
waste management system. It was conchsded that the 95" parcentile autcames far water volumes potentially
aczumulating i the pits, TSFs and Lone Fine are an acceptably conservative best of tha mek of unplanned

discharge.

3.1.2 TTTSF

The TTTSF recaives inflows from rainfall Talkng on the tailings beach and decant gond, non-process watar
fram Ihe Frasers @ underground oparation and the Frasers pil sump dudng operations. In additizn, the
TTTEF recelves talings solids and waler in tha form of a teilings elurry inflow.

Cuflows from the TTTSF include evaporative logses fram the lailings beach and decant pend, refurn water
pumped o the process system and seepage 1o the tallings drain system. The maximem returm waler pamp
rafe s 58t at 43,200 mid. The pumped return waler system is plannad 1o be operstional wilil the TTTSFE
urface is adequately rehabifabed, ot which time en-off i 10 be allowes 1o dischangs fo the Tipperary Cresk.

Simulated inflows to the TTTSF reach a maxirmum of 83,600 m™d (Figure 21). Simuated sutflows, inchuding
avaporation, pumping and seepsge, are less variabks and reach a maximum of 43,100 m™d (Figure 22)

The simuated mean volume of decant waler within the TTTSF |s apgroxirately 91,000 m”. The maxmuem
simulzied volume of decant water in twe TTTSF during the operational perod of the minge iz approxirmastsly
800,000 m” (Figure 23).

In intarpreding ihs information presantad in Figure 21 throwgh to Figure 23, it is important io recognise fhat
the data represents a summary of 100 simadations. As swch, the 85" percentile dMa presentad rapresents
tha B5" parcentile result for aach Individual day freen these modal runs. This informatien sheuld not be
interprited a5 a singha modal run but 8 combenation of the worst case oulcomes from 100 model uns an a
day by day besis.

@
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Fignare 21 Simishadod infows Io TTTSF.

51108

Figure 22 Slmiaeted auffiows fom TITSF
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Figore 23 Siraudaled 7T TEF decant pong wokume

Fer comparison punpases, design work undedsken by Engineening Geology Limitad [EGL) on the TTTSF
has assumed a decant poend wader voluma of 200,000 m? under normal sparational conditions. Far the flogd
induced dam breach scenario EGL estimated an additional 270,000 m® of nun-off assoctated with a 48 hour
100 ywar rainfall {135 mm over 200 ha catchmant, For the purposes of fhe aralyses EGL rounded he et
volume of decanl water in the TTTSF up to 500,000 m®.

These volumes ane consdered a realistc scenanc Tor a dam break enalysis, even thaugh Be maximum
decant water volumas calculatad from the ale walar management modal are grester. The reascn far the
diffarance inouicomes relates back o the objectives of the two studies and asswmplions built info tha
respeclive calculatons,

The site widke waler moded assumes pumping of water from the Frasers Pt sumg o the TTTSFE would
sorfinue Maough such an evend, imespective of the water volumes accumulstirg in the TTTSF, The implied
praarity i o ansung minimal Ssruphon o minng operatians i the pit, In condrast, the EGL calculation doss
nod Eake inlo Sccount waler being purmped from Frasers Pit o the TTTSF. This latter assumption is likely to
be valid should accurmulated watar wolumes in the TTTSF slart io becoma owerly large. In the evenl of a
s rain evant i would be possitle fo cease pemping and femporarily sbore wasler in fhe pis,

in addifion, Coeanalold have been auibarized fo dischargs water from Frasers PFit al up to 100 Ls provicdad
waler quality targeds defined a3 consent condilions ane met. This discharge, which has nol been laken sio
account in the slie wide wates mansgernent model, may ba activated (o reduce waber flows tothe TTTSE
under unususl conditions.

o @
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51.3 Lone Ping

During tha oparational pariod, the mesn simulated infow o Lone Pine is approximately 1,500 m'id, with
infiows reaching a macimum of 26 5600 moid [Figure 245 During the same penod he simulded dischangn
{including evaporation end pumped outfiow) has 8 mean of 1,400 m'id, eaching & maximum of 43,500 m*d
(Figure 235),

The mean volume of waler within Long Pine dusing the oparationsl pariod is approximataly 400,000 m*. The
maximum simuated volume of water within the reservair over Be operational period 5 611,000 i (Figure
261, implying overliow discharges could occur. Following site closure the madel indicates water volurmes
elored in Lone Pine could resch capacity and overfica periodically. genarally during fe winter months.

Thie modal indicates that dusing the cperalicnal penod (he mean Now of "make up” wister purnped from e
Taier River is approximataly 10 L's. The simulated fiows range fram the 5,000 m’idey maximum dadly
capacty of the sysiem down bo mo dadly fow (Figune 27 )

In interpreting the information presented in Figure 24 through to Figuna 27, i/ s important bo recognise that the
data repeasants & surmmary of 100 simulations. The 95" percentile data should nat be interpreted as a single
i mm Bul @ combingtion of e 95" percen@le oulcomes Trom 100 model funs on a day by day Dasis,

5.1.4 Process Sump

The ProciEss SUmp operales s the main waber source and bulter 1or the proceas plant. The mode] assurmes
the process sump has 8 mazimum capacily equivelent to tha process water demand fior ona day
{43,200 m"), The process sump has a number of inflows during cpersfionsl phases that include:

m  Diain seepega from the tallings mpoundments (MT1 and S dudng model phases 0 - 1 and TTTSF
during phases 1 =3

m Honeprocess weler from the Norhem Gulby sitt pond
m ‘Water from the Frasers Wast sump {includes Frasers Pit underground vealer)

B Process return waber from tee BT S8 and TTTSF decants during their respeclive operaticnal pencods
and post dosure prior o rehatilation

g 2011 @‘
Reporl No. 978110563 RODA WO Bl m




™
" E’ MACRAES PHASE Ill SITE WIDE SURFACE WATER MODEL

0o

=

PUELLUE

i

= 1hA
d

:

1000

Y-

a -w.-“r-i..-_..m._.u_...m._.a..,__u_..

Y T
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The model has a simple allccalor system thet aliocates he amount of water from each source available to
meet te plant demand of 43,200 mid, The alocstor priortises the source of the water based on the
importance of that water ta be utibzed for the process. The TTTSF is assumed to be the rosl fexibls
storage reservoir for process water and henca this ia the |ast source of waler 1o be allocated to the process
(Table 38), In essence A acs 48 & large process waler slorage sump. As discussed In Secion 5.1.2, this
pricnty is nol necessarly represeralive of the site waber management priodties under all conditions.

The process sump does not necessemly have adequate waier bo cope with plant demand (Figure 2B When
the process sump pump rate is beiow the 43,200 m°i pant demand, fop-up water is abstracted fram Lone
Pine to make up the balance. Where an excess amount of return water is prasent (such as after heavy
ranfal gvenls) process waler is storad within the TTTSF whens the excess is evaporated off.

Table 38: Precess Sump allocation priorities,

Priority Source Maximum pump rate (mid)

1 MTE Drain seepage 1,500

2 SF1 Drain eeapage 1,000

4 TTTSF Drain seepaga 1,800

4 Frasers Wesl sump #,.320

2] RHP/GPP and Southem Pit 4320

G BATI dacant 20,000

T 5P| decant 20,000

] TTTSF decant 400,000
Lol ==
a0 -

. e
wo | A
™

il L

D O L

Flaure 28 Process sump pump rals

Aprd 2041
Rapart Mo, D97A113562 RODA «F 53 @AE%TH



MACRAES PHASE Ill SITE WIDE SURFACE WATER MODEL

5.2 Pit Lake Projections

Thee site wide surface waler model has been used Lo develap projections for pit lilkng rates and schedulas
faflowing close of operations In the Rourd HMl ¢ Gelden Point FE and in the Frasers/innes Mills PIE In tha
latier case thess projeckons moorporate the assumption of 20 years of lalings dranage waber rom the
TTTSF and sbout 10 years of drainage watar from tha MTI being dEschanged ko the g,

Projections for lilling of the Frasers Pit incorporate the filling of the hydrauically Bnked Innes Mills Pit lake.
These projections ndicata the combined Eke would not overflow withén the 150 year simulation period of the
model, The projection for pil Lke voleme (Figune 28] incicates the rate of flling would decrease over Bme as
ihe evaporalive areg of the expoaed leke surface Increasas. In contrast, thie rate of dsein the water leval in
the lake Figura 30) is much mone rapid duing e first decade folowing mine closure than during laler
decades. This mitial rapid rate of watar laval rse is padially a funclion of the storage of taifngs water in the
pit and partially due to the imerted cone shape of lhe pil,

Prajectins for filling of the Rownd Hill PA incorporate the filling of the connectad Golden Point Pit. These
projections indicate the pt lake would not cverflow within B 150 pear simulistion period of the model, & has
pean assumed In the simulstion thet the historical adits intersecting the northarm end of the pit have bean
effactivaly saaled (refer Section 2.3.2). The prajection for pil lake volume (Figure 31] indicates the rate of
fillireg would decrasse ovar tme &5 the evaporatve area of the exposed lake surface increasss. The rate of
wiater level rsein the lake (Figure 32) is more rapid during the fest decade following mine closure than 2dcr
This dfference in waler level nise |5 however nod as substantial as for the Frasers Pk
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5.3 Receiving Water Flow Projections

Curing tha coarational pariod of the MGP, run-off fom much ol the mime site i caplured and diverted ta the
process plant, ratier than discharging to the natural receiving water bodes. Following closure of the minse,
ruroff fram the rehabi#ated mine swdaces noheding B TSRS will be alloweed ko discharge back o natural
recaiving waber bodies. The exceplion would Be waler that discharges o the cpencast pil lakes,

A outlined in the eurmmany report [Galder 201 1e), the flow stalistics for the recalving water bodses ansund
the MGP site are based on records rom the Grange monitoring stition on the Shag River, the Claverdown
risonibaning siation on the NEYWH and the Gaoldan Point Wair on Despdell Creek. The sitas heve diffenng
lengths of flow reconds, some of which ovedap the operalions) perod of the MGP, A% such, some of these
recards aveady incude the affects of mining and the numbers carnct be directly compared from site 1o sie,
Similarly there are armors asseciated with he eslimabed Now stalistics that ane likely 10 be in the onder of 10%,
which is standand for most hydrological Tow measuremenis.

Thee reduciions in catchmen areas due to the MGP operations resull in mduced flows downstream from the
e Silee A yau move down the catchment, e respective changes in flow are reduced. Al the water
quality cermgliance ponts of MBOSE, Loop Road and McCormicks, which are lonated upsiresm from
consemed waber fzkes, (he changes in flows are very modest. At these monitonng palnls, e reductions in
fiows ane expeciad 1o e within the efmor associated with tha cument eslimated flows.

& table provicing semmary statistics for thae existing Mows al surface sasler quaiity siles downsiream from the
MGP is presented in Appendix 3. Surmmarny statistics for flows during the operabionsl periad of e mine and
following closure ane alse prasented in Appendix G, As noted above, the stalistics presented are likely o
oepreslimate the reductions in Bows, as existing flow recorde partially averlap the operational pariod at e
MGP ano therefore afraady incorporate some aliowance for ow losses,

April 7811 @ "
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6.0 RECEIVING WATER QUALITY PROJECTIONS
6.1 Adopted Consent Criteria

Modelked stream water qualily has besn compared to existing consent comalianca critesla for current
complance points and these criteria have been actopted. as agproprate., for proposed complianee points.
Exisling and proposed compliance ponts are presentad on Figure 3. & summary of the compliance criteria
for existing and proposed suriace water complianoe morilonng points is presaned in Table 39

Thee chevetaprnent of the MGEP aver time has resullsd in & range of complance points refated to differsnt
sections of the mine. In some casas, these compliance points are now unnecessary or will become
unnecessany if the proposed comgliance monitoring regims outlined In Table 30 s approved.

In e sactions below, data avalable for sach of the axisting surface waler compliancs poirts 5 semmarised,
Projechest wales gualily resulis ane afso summarisaed Tor both existing and proposed cormpliance rmonitoring
points. Additionally, graphs of projecied waler guality exceedance cunes e presented in Appeandix F, The
axceedence cumes indicale whal pereentage of the ima a compliancs criterion is articipated 1o be
axcapded.

Measures o miigate lor possible waler guality erileria exceadances are presented = a separde repor
{Golder 2011a). The watar quality cutcomes based on the insfigation of selected mitigation measures ans
alse decumented in the mitigation report (Golder 2011a).

6.2 Deepdell Creek

Surface waler quality downsiream of the MGEF withén Deepdeil Creak |5 proposed to be monitared at both
DCOT and DCOBR, howayer only the |atter is {0 serve a5 3 compliance poind, The prirmary usage of watar from
Deepdell Cresk s considersd to be slock watering. Mo pofable water supply takes are known bo exiast alang
Deepdell Creek. Deepdell Creek receives dischanges (drainage and seepage) from sources moluding the
MTI, SP1 and WRS"s within this calchmaenl

The water qualty measuted &t DC07T to date is summarnised in Table 40. Progectad water quality for CCO7
and DCOE are summarisad in Table 41 and Table 42, respectively. Projecied water guality values exceead
adopted compliance crtena at DM for arseniz, sulphale, cyanidag.o and iron

The primary sources of arsenic and cyaride ., o he wates al DDDE are the discharges from the MTI
drainage systems. Although consarvative modelling ndicaies thess two perameters would exceed the
proposed compliance limits folowing dosame, Beir athenwition within tw suiface saler system is likely o
riesull in few il any excesdances o the compitance limits (refer Sectan §.0.1). Sulphate and iren {refer
Section £.9.2) are derrved from mene @se sources and o mong Baely bo pose complance ssues

Far arsenic ant cyanides,. the simulation outcomes Indizate the primary issues are comaminanis carrisd by
TSF drainage dischargas following closure, In both cases the contaminanis ane reated as baing
consanvakively Iransporied within (he surface waler syslem, whergas this is unlikely b be the cass,

Cyanide wap |5 not consenvatively trarspored within surfaca 'water systems, whare breskdown occurs diess 1o
euposurg o ullraviolel light and hrough olhar mechaniams, The siuation with cyanide w.q is compounded
duie b the consereative simulation of cyanioe w.o tranaport within the grourdwater systern. S#e
emvironmental monitoring indicabes cyanice g alleniation with respect o consendalively ranspartad
pararmetars s cocurning [Solder 2011b, ¢) and the mass load cuicomes from the groundwater model are
conssderad ¥ be very consansative.

Apail 2014 Golder
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Table 40: Summary of reporied water gua

at DEOT (2000 — 2010},

i g5 Existing Excesdances
Parameter Minimum | Mean Percantile Maximum mﬂim
pH (unitiess) | 6.2 B1 an 8.1 6.0 - 9.5 0
Conduciivity BO 270 580 1.900 -
{mSim}
Cishesium . i 120 250 g
Chioride B3 10 14 L= -
Magnasium a1 16 G 12 -
Podassium .59 1.8 3B BO -
Sodium TE 17 ] Bl - -
Sulphate 26 G 260 1,020 1,000 1
Cyanide pup =) (F =[.0048 0.0050 0.030 Q.10 i}
B pmnic; =}, 005 0.2 0.0255 0.028 015 i}
Coppee (L (H005 0.0011 .00z 0.0024 0.008 7 1]
iron =0 021 <0159 oAz 2.0 1.0 2
Lead ™ 00001 | NA A 0.001 0.0025 ™ 2™
Fing MA NA M 0.0024 0.12 % 0
Ndes: " Al units gim’ uniess ofnensss stated. all daia presemied o b signifcant figunes; ¥ lha coneert complanos limils for lhess

parmeisre s hanines depandent [for handness deperdan] messls (Sogger, aed and 2int), Ihe corphantss e goaded n ths sla
have bean calcafaled 2ssuming a hardress of HH e’ mn Cally the evaluabcn of sxceedances is based on complance lmes

A |rahad for rmaasimd Tiandiess fon sach sangdivg avand (Gokler 201 1d), o ardy thinssd S phed relumasd SonDsd raliond. ol e
dataction imil; ™ where upsimam samples Tom Despdell Cresk on cormesponding dajes bave Beesn analyesd for l=ad, the upsiream
waler quably aiso sxpeeded e compl ance lmit: and ®' onby one sample seelyed fon Snz dueing e peiod ndicaled

Tahle 41: Summary of pm|&=|:e-cl water guum nt DCOT (2011 — 2170,
Parameter kL Mirdimum Maximum | Existing Excesdances
P-amantllu compllance
imit  [rome
proposed)
ATEENIC LER K 008 0,210 0.35 Q.15 Yes
Eulphate 4.1 A0 aga 1,408 1000 Yas
Cyanioe sy | 0001 £.05 Q.12 0,45 0.1 Y'es
Coppar 0.000 £.001 0.001 0.002 0008 = Mo
Iran 0,19 2.0 52 96 1 Tes
Lead <01 001 =01, 001 <011 01001 onozs Y Mo
Eodium B2 46 108 154
Podagsbum 1.000 30 6.1 40
Calciurm 13 a5 155 P
_Magnesiun 4.0 ) 114 141
Zinc 0,003 0.007 0,012 04 012 % fx
Chioride 1.4 14 Fr 33

Metes: '™l unis gim’; Al daln presenied to wo sgniicant figurss; aeed e conesnl cempiands lmits for fhese rarele i

hamdnems sepanckl i Fandases dagamdan redals [eofned laad sod 2ne], Tee complanca imies provided in Wi Ahis have Bban
ralcdaied assuming a hardness ol 100 gim® as Satd; meodel peojecions far polenlisl complancs Fmi sxceedarces have nol been
evaluaied on a haminess dependen Dass),

#pril 2019
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Table 42 Summary of projected water quality at DCO8 (2011 - 2170).

Parameter’™ Minimum | Mean a5 Maximum | Proposed Exceedence

Percantile compliance

Himit

Arsenic 0.002 0.066 R [ 0.31 015 Yes
Sulphate 41 455 1,046 1411 1,000 Yos
Cyanida was, 0,001 0.041 0,098 038 01 Yeag
Coppes <), 00 0.001 0.0 0.002 QoD & Ho
Irun og 17 4.3 8.6 1 fas
Lead <0001 <0.001 =0,001 0.001 0.0025 = Hio
Sadium 5.2 42 o4 176 -
Paotassium 1.0 b i | 6.3 g4 -
Caicium 13 96 201 263 -
Magnesium 40 B4 135 158 - .
Tinc 0.003 0008 0.013 0018 012%™ Mo
Chande 14 13 14 a0 -

Modes: " Al units g sl cafa prasested o beo signficant Tgures: and *' iha consent complance limis for hese [T R
hardness dependant (%or hardnaess dapendant malsls {mopper. bsesd and zincl the complancs Eris prerdded i Sis bl havs baan
ealpulated AssumEng & hardness of 100 gim’ as Calo; model projections or podenlisl complance mi oxcendances have nol B
rwaluatad on & harcness depesnden Dakis)

The consarvative fransport of ersanic within the surface water system confrass with the simulaied behawiour
ol arsenic in the grourdwater modal, bnthe latler simulstion, adsorption of arsenic onto rock and sois has
bean taken inlo account {Gokder 20110, ¢). ImvesSigabions into arsenic tranapart within sireams from mining
Gites in the Cago fegion indicates arsanic ks rapidly depesibed onko substrate materiale [Sraw ek al, 2000),

For sulphate, the smulation oulcomes indicate the sources are a combination of TSF discharges, seepage
osses from the MTI through the underiying rock rrass and leaching of the WRS's wilhin Ihe catchmeant. The
axceadances idenlilied are relaled fo gither,

m  Mear tem TSF drain dscharpes,
m  Lang term groundwater kranspored contaminant kbads fram the MTI and the WRS"S in the catchment.

6.3 Tipperary Creek

Tipperary Craek & a discharge point for drainage and seapage water from the TTTSF and Frasers East
WHE. The surface waler in Tipperary Creek s to be monitorad al the proposed compliance point TGO
(Figure 31 Usage of surface water downstream of TGO is considered primariy ta be for stock wataering.
Table 43 surmmarises he projectad water quality st the preposed compliance point TCO1 inko the fulure,
Frojacied water quality excesds adapied critenia st TOO1 for arsenic, sulphabe and iron,

April 2011
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Table 43: Summary of projected water qmll;;im TOM (3011 = 2170}

Parameter ' | Minimum | Maan 95" Sile | Maximum | Proposed Excasdance
compliance limit

Arsenic <0100 0.09 016 0.21 015 Yos

Calcivm 4.8 M7 176 196 -

Chioride 01 15 13 24 ;

Coppar =0 DN =} 001 0.0015 0.0022 0.009 # M

Cyanidey.n | <00 0.019 0,028 0,033 0.1 Mo

Iron 00090 48 T4 a4 1.0 YEB

Lead <001 <} Qb1 «<0,001 0.001 0 0d2s = Mo

Megnasium | 3.8 70 103 11 :

Potaszium XL AL 6.5 74 "

Sodium (.56 94 146 168 -

Sulphgte 4 GTE] 1031 1,144 1000 Yes

Zinc <i).001 0.010 0,013 0,014 0127 (E)

Hotes: "' 81 uil;g:‘rrr’; al dka presanied to two significant dgures; aﬂ-:|'.H e cors et compliaroe imls for ess carameles s
Fisrdr=s dependen (ioe hedness dependent melss [copper, Bad and 2nch the compliancs limils provadaed n e abis hiv bee
caliiland seuming & hamness of 100 gir” a8 CaCCr model propcieng lor polandal comglianca linl e iaianoes Fon mol Baen
evabualed ot @ handnais dapandesl basis)

6.4 Cranky Jims Creek

Construction of the TTTSF s expected o afect the wales quaidty in Cranky Jims Cresk, parthy due b
groundwaler seapage In this direction and partly cus o run-off and shalow seepage from the TTTSF
embankriEnt which encrmschies on s catchimeant.  The surlace waber in Cranky Jéms Creek is 10 be
rmanitared & a proposed compiance point CH1. Usage of surface waler cownstream of CU01 is consigened
to e prmarily for sfock wataring purposes

Thi projected water quality at the proposed compliance paint G071 into the future is summarised in
Tabla £4. Projactsd wabtar quality exoeeds adopled orileria al CJ01 for inon.

Table 44: Summary of projected water guality at A 1 — 1T}

Parameter T Minimum | Mean 85" %ile Maximum Proposed Exceedance
compliance
limmit
Arseric =00 0.003 0.005 0,005 015 Mo
Celoium (.08 15 B2 a4 -
Chioride 0.08 0.1 1.0 11,0 -
Copoir <0001 0.0013 0.0020 00020 0.008" Mo
Cyankiey.r <00 000733 0.0040 0.0050 0.1 Mo
Iram — | 0.004 1.2 2.7 an 1.0 Yirs
Lesad <001 <0.001 <i.001 R 000257 Ha
Mj‘ﬁdm 003 24 &1 70 !
Potessium 0.0z 2.2 29 30 .
Sdium Loog 23 44 £q F
“Euiphals 0.0 176 511 ) 1,000 o
Zinc <1001 00033 0049 0.0050 a1z [

etes: "' A1 unils gim. ak data presanied io bwo sigrdicant fgures: and ' the consanl cempiance B for Fess parsmaleg
hardness dependen] {far hardness degeniam At [Copper el and 2ing), the compiance SIS provised in M G hae been
ralnuinted pesaming & hardness of 100 gim® as CAGD) madal profections for possntial complanc §mil soeecanoes have nat bean
pvalused on & hadieis cependas Bass|

April 2071 @E
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6.5 Shag River

The eventual recesving water for fows from Deepded Creek, Cranky Jims Craek and Tipperary Cresk i$ tha
Shag River, Water quality in the Shag River is maasured at the Loop Road compliancs paint. An additional
compliarce point downsiresm from the confluence with MeCarmicks Cresk is proposed to sBaw lar the
Enfluence of dscharges to Tipperary Creei and Cranky Jims Creek to be maniored,

Reported water quality data for the Shag River at Loop Rioad (Tabke 45) indicates the MGP is complying with
fhe consentad waler quality limits.  Smulated water quality for the Shap River & Loop Road indicatas
concentralions of arsanic, iron and sulphate may exceed i consent complisnce criena |Table 461

Bath iron and srsenic are modeded 85 being consenatvely ransponed in surface waters. This & not the
case in realily 28 both are subject to substantial atenuation in a surface water environment. The projected
contamirant concantrations In fhe Shag River at Loop Rosd for thess parametars are thereiong considensd
o e vy Conservatve,

Table 45: Summary of reported water quality at Shag River at Loop Road (2000 - 2010).

Parameter "' | Minimum | Mean 95™ %lle Maximum Existing Exceedances
complianca
limit
e unitless) 8.9 i a.0 8.2 ih-3s i
m;‘“‘“ 100 180 280 460 \ ;
Calcam 0.4 14 heit 48 ¥ -
Chlaride 4.4 56 &0 B.2 -
Magnesium 2.4 53 &0 17
Potassiim .64 046 14 1.4 ) =
Sodium a5 9.6 id i7 - 3
Sulphats 85 27 B2 150 250 o
Cyanideyan =000 | =000256 | 00BdS0 0.0050 nAan ]
Arsenie o001 1 00034 02050 0.0050 0010 o
Coppear 000060 | 00012 | 00020 0.0020 0.008% o
Iron =il 2 =0.084 0.16 018 020 0
Lesd <fiiri0 | <0.00047 | 00040 0010 05" i
Znc'" 0.0027 N M MA o127 0

hedes; ' All wnils gim” unbess oferess sialed al data presenied o lwo sgrficant figwes; ™ analyssd on anke sns oceasan: ™ the
ponsan compilance imis for thesi iasRameiers B dednsss depandenl (o hardness dapandend matsls (copper, lnad and Znch, e
complianoes limits provided o this @bke hase bean calcukaieg prsuTing @ kardness of 100 g.m’ﬂ.l;ﬂ:l;l_mtumlumn-:f
pxcapdlanices it basad on compliance limils adused for measured hamness for asch sampling event [(Goldar 201 1)),

Bgprd 2011 i
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Tabbe 46: Summary of projecied water quality In the Shag River at Loop Road (2071 - 2170,

Parameter '’ | Minimum | Mean 25" %ile Maximum Proposed | Exceedence

compliance

limig
Araenec 0002 0,810 0,029 .10 0.01 Va5
Calcium 13 25 46 126 - -
Chionde 1.3 11 12 16 - -
Copper 000025 | 0.0011 0.0011 0.0013 0009 Mo
Cyanide; 0003 0.0085 0.019 3061 [ [
oo | 020 042 0.8 i 02 Yes
Lead <0001 0.00012 000013 000026 Q0025 Mo
Magnesium |40 12 29 a2 .
Polassssm 10 1.3 20 4.2 -
Sodnm & 15 25 &3 5
Sulphate Fl 59 197 B3 280 Yes
Zinc 0.003 0.005 0006 0010 RFad N

Moies: " Al umils g’ aE dia prasanted 19 e Sionifcant figunes; and ™ the consont compkance limits Tor thess paameiers |s
hardnaes dependent (for hevdniss dependant metals (copper, lead and zisch, (he complines bmils prvided in hs table e Dsen
calodaled 2ssuming a hamness of 100 ghe” s Call; model srapoions fer polamal complancg liril axrssdanias s fol hasn
onluated o o REednes Gupenderl Dasis)

Projected watar quality in tha Shag River at the proposed MeCormick Foad complianoge paint, [ocabed
downSiream from fe conflusnce with MoComicks Crees, (s summarnsed in Table 47, Simulated water
quality for the Shag River st Loop Road indicales corcemrations of arsenic, inon and sulphabe may exceed
the consant comgliance orifiss [Table 47,

Table 47: Sum of projected water quality in the Shag River at McCormicks Read {3091 — 2170,
Parameter Minimum | Mean 95" %ile | Maximum | Proposed Exceedence
compliance
limit
ArGenic G5 011 0,030 0,095 001 fus
Calkcium 13 24 44 117 - -
Chioride 1.3 11 12 16 - ¥
— 000025 | 0.0014 00011 | 00012 0000 No
Cyanidesss noniz2 0. 0063 0.015 0 0.1 Mo
lron 0.2 0.5 1.2 34 0.2 Vos
Lead DO0UZ | 0.00072 | 0.00014 | 0.00023 0.0025" Na
faignesium i 12 26 73 - -
Polassium 0.ar7 1.3 2.0 4.2 - -
S E 17 30 73 s =
Sulphate 1 B 197 609 250 Yes
Zire 0,003 0,005 006 0.010 0.12" No

Males: " Al units g al dala peesemied o e sigrificant Sgores; and ™' the consenl comigiance §ris for these parameters i=
hardness dependen| o handrass dapan dend malals fopparn, kad and zing), the complance lmils prossded 0 ihs tabig hee Been
cakadaked assoming & hardness of 100 gim’ a3 GaGey modsl projections dor po wmp fimil zam hays ret baen
evaluglsd on g hardess depandend Bas|
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Az distussed above, the consarvative modelling of Fan and arsenic transpon In surface walers produces
very conservative outcomes for these paramatars. This is nol the case in realty, as bolh parameters ane
subjact o subsiantial attenuation in a sudface water envirorment.

6.6 Murphys Creek

Murphy's Creek is a discharge area for drainage and seepage water from Frasers Wes! and Frasers South
WRS'z. The surface water in Murphy's Creak is currently monflared at compBance locations MC100 ard
BACOH (Figure 1) Maonitoring s8e MC100 s locabed @ short distance downstream fram e Murphy's Creei
silt pond. Monioning site MODT & loated approximataly 1 km Turifer downstresm,

Reported water guality deta for Munphys Crees at MC 100 = summarsed in Table 48, Simulated water
quality projections for Murphys Creek at MC 100 indicate concentrations of ron may sxceed the exisling
consenl complisnce criteria (Table 49). Alhough the simulsted water qualily indicates sulphate
concentrations at MC 104, il & possibie the model Is undersiating the concantrations that may occur during
the: operational pariod of the mine. OceanaGold holds a consent suthonsing the disposal of water from
Frasers Pit 1o Murphys Creek catchment. This faciity has been used in the past. with mine water being
irrigated to Frazers West WRS. The mplicalion is the infiltration rates to this WRS exceed those applied in
tise growsn dwater model. The groundwater model i@ ikely to undersiate contaminant mass loads o Murphys
Craak during the operational period of the mine, however fiollowing closure this irgation process would
cease and the kng lerm projechions are conskdered swalic,

Table 48: Summary of reported water quality at MC100 (2000 - 2010,

Paramoter ! Minimum | Mean 95" S%dle | Maximum | Existing Exceedances
compliance
limit

pH [unilless) 7.1 Ta 8.2 .3 BO-95 .

Conductivity (mS/m) | 63 640 1,300 1,700 - .

Calcism 3.8 B3 200 200 : ]

Chioride 58 10 13 5 A :

Magresium 18 45 120 150 - 1]

Pplassivm 0,10 4.5 4.5 4.5 - .

Sodium 7B 16 27 28 .

Sulphate <10 2m 920 920 . i

Cyanide e = 3 - % -

Arsenic <0000 | <00038 | 0U00H0 0.040 3.15 i

Coppar 0.0014 0.0015 00016 0.001 6 0008 i

Iron 0.000 0.18 057 .85 1.0 0

Laad ™ 00004 0.0001 0.00a4 0.0001 0.0028 % 0

Zinc ™ 0.0017 MA MA TS 3129 0

Weies: "' AN units g undees oiherwiss siaied: all dals pesanied b we sgnficant figues; ™ the consant complisace Tmils for hese
parameiers & hardness dopendend (ior Perdness. degsadien| metais (oopper, lead and 2inc), ke Sompliance limils providied in this bl
hive bean calnulates assumng a hordness of S0 gim & CaCO: the sabmlion of pxcoedanoes & hicswil an camplianes limits
adjusind tor measumd handness for gk dampling svenl [Sobder 20114d))x i only ihnes resdie abie the detecBon Hrril, sih al Ihiea
rebuming the same wabe; and ™ analypsed o oy Ors GRER SO,
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Table 49: Summary of projected water quality in Murphys Croek at MC100 (2011 = 2170

Parameter " | Minimum | Mean 95" %ite | Maximum Existing Excondance
compliance
limit (none
proposed)
Arsenic =0.001 0.0026 00080 A0 0,15 o
Calcium K| 122 143 144 -
Chikaride 0.75 51 an 16 -
Copper 0.00017 0.00095 | 0.0018 L0060 0.00a™ Mo
Cyanidew.n =0.001 00011 00034 D CHS 0.1 Mo
Iran 0.11 0.8 030 2.0 10 Yes
Lead =[0.001 a0 =i 0.a015% 0.0025% Mo
Magnesium 25 a1 117 118 -
Folassium 0.83 3.5 L b6
Sodum 4 18 14 35 2
Suiphate 144 588 754 TBO
Zmc 0002 0,008 Q010 0.0 0,12 Mo

Medes: ™ Al units gin’; @l data prosented fo oo signficent figares; ™ The consent camglangs lirmts for thess parameles is hansne s
depsncent [for hardnass depandas maths (oipper, ke and zinc), the compilance Belis prosvided in this labie have Deen caicualed
pEtuming a handmess of 100 glm" as CaCo; moded projections for potsntial complanos §mil secesdances hans nol besn sesluaied on a
handness depsnden Eaiss

Basad on reconded water gualily dats from this sie 1t s consisered likaly that the proposed watar quality
crilerion lor eulshate wil te excaaded in the future, if only during the operation and immediate posi-closure
pariod of the mine, M is expected that rmtigation measures would be requined 1o mesat existing comgliance
lirrits for suiphete at MC100, The MCT0D compliance painl S however 50 chse 10 the Murphies Greek sill
dam that diversion of water rom the dam, treatrmsent of that weter and retuming thet water b Murphyve Creak
cannal b reasonably achieved upstream from this comp&ance point withoud some farm of cngoing pumping
regirma. It has tharefore proposed that the water quality limits appBeabls to MC100 be shilted 1o the existing
compliance mandaring point MO, OceanaCtald owns the land adjacent to Murphys Creek betwesn these
twa mondorng sites. This shifl would provide opparlunilies Tof wates quality mitigation i necessary iver he
kong ferm

Reporied wabar quality data for Mupnys Creek at MCO is sumrrariged in Tabbe 50 Simudabed wabar quaity
projeciions for Murphys Creek af MCOT indeale concentrations of arsenic, copper and iron may excaead the
existing consent compkance citarla (Tabke 511, The maximum values cakulated for arsenic and copper are
considered 1o be conservafive due o the Bck of altenuation procasses apan trom dilution being inconparated
in e micdel (refer Section 6.9.1} and fo the wse of high obsarsd values as model mpuls.,

If the proposed chang: in comaliance Ermds for MO0 s adopted (Table 39) the potential for on and other
pararmaiars o exceed the new compllance lirmt remains. As discussed abowve, the spplication of matigation
reeaguras upstream from MO would howaser b more ressonably achigsable. The complismce poind
MB0E, which is located upstream from e nesrest water teke from the NEWR, wauld remain with additional
compliance imits defned in line with those applying 1o compliance painls on the Shag River,

Bl 2011 @ r
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Table 50 Summary of eporied water quali

in Murphys Creek at MCO1 (2000 - 2010},

Parameter Minimum Mean lle Mzsirn Lim Existing Exceedances
compliance
limit
pH {unitass) | ¥.0 7.8 8.4 8.7 G.0-95 1]
Conductidity | 140 510 1,100 1,600 - -
[ P T
Calcium 13 61 150 150 - -
Chigride L 9.8 13 14 & B
_I.-'Iﬂnealwn 4.8 a6 a2 130 - -
Potassium .78 3.2 7.0 7.1 - -
Sadium 1% 14 Pt | 27 = 5
Sulphate Z1 160 a0 Tl - =
Cyanidey | - - - = 0.1 =
Arzanic < O =0, 0034 (000 0.0060 0. 1]
Coppear 000 MA MA 0.0015 0,008 " 1]
Irgin 40 0.3 1.2 1.45 1.0 2
Lead ™ <01.00010 N NA 0.0001 0.0028 0
Zing 0.0045 M NA NA D.Az"™ 0

Motes: " All units g’ witeers otherwese siated: all dala prassnlid % twe signficant figeres; = tha cenienl compiance Imits for hese
parmmeners I hardness cependent for handness dejmndent metass (copper, kead and Zins), (he compiance kmits peowided |n Shis Gkl
hanm beser caiculsied assuming a hardness of 100 gien’ &k CaC 0 he svaluabon of excoodancas b bassd on compiance imits
sfusted for maasurnd hardress for aach aemplisg svent (Sokder 2001d1; ™ caly thres resulis abowe the detecticn Emi, which csanged
arver L, and ™ only fwo resubs meoorded aboee thi gebscicn Bl

Tabbe 51: Summary of projected water gua

in Murphys Creck at MCO1 (2011 — 2170).

Parameter " | Minimum | Mean a5 eile | Maximum Proposed Excesdance
compliance
limit
Areenic =001 0.006 Q.00 0.0896 001 e
Calcium 3 113 133 149 =
Chioride .75 A 10 15 = 3
Coppet <100 {.0014 0.0015 00050 0,008 ¥ Ma
CyanitBuwn =001 O, 00T 0.0044 0.0050 0.1 Mo
Iran 012 023 0.28 ir 1.0 Yes
Leed <0001 -0 007 =0,007 0.0015 0.0025 = No
Magnesium 25 69 gli] 114 -
Potassium 0.83 33 AT 5.3 - s
Sodiurn 4.1 18 15 a4 - -
Sulphate 147 422 835 132 - -
Fine 0.002 0.007 0.003 0.010 0122 No

Watws: " all iinis g, il dals prassnied Jo two sgnifcant Agaas; Gnd ' T consent complance ImEs ko ihess geeamsiss b

hardness deperdent {lor hardness dopendent metaky [copger, leed and zng), e compliants fwils provided in this 1osie have beon
culcubilid isumig o hardnesa of 100 gim" e CaG0; model projections for poeisl complancs il smesdancas B e bean
evaualed on a harduess depande basis).
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6.7 Marth Branch Walkouaiti River

The MEWR recalves drainege and sespage water from the Frasers Wesl WRE, The surface waber in the
HEWR Is monitzred at compliance localions Red Bank Foad (MBWRREB) and Rose Ford (NBWRREF |

Repoded and projected water qualty for the NEWR at Red Bank Road are summarised in Tablke 52 and
Table 53, Smudated waler quality resulls Tor the NBWR at NBWRRE ere projected to excead consent
comipllance cridena for arseric, Fon and swiphale. The iron and sulphate paojections appear 1o be 0
accordance with absenssd groundwabar quality trends down-gradiant from Frasers Wesl WRS. Tha
st resull for arsenic (& however anomelous and s considered very unlikely o evanbiate

Feportad and prosecied water qualily foe the NEWR &t Ross Foed are summarised in Table 54 and Tablke 55
Sirnulaled water guality results for the HEWR &t NEAWRRF arg projected fo sxceed consent compliance
cridena for arsanic and irom, Thee iron and sulphate prosections appeer 10 ba In accordance wilh observed
groundwater guality trends down-gradsent from Frasers West WRS, The rasinum resull e arsenic is
howaver anomalous and is considered very unikety o everiuzte.

In the pas! excessive stormywatas that hes accumulated in Frasers Pit hes baen imigsbed oro Srasers West
WRS. These imigation ewents havwe also polenlially exacerbated the rate of contarminant seepege from this
WRS ward the NBWR due io Increasad Infiltration through the WRS, Folowing chesung of minng
oparations at the MGP, further irrigation woukd cease and the annual infilbeation rete s expected 1o revert 1o
1he regicnal average. For thie reason, the concentralions of contaminants currenily obsersed down-gradient
from the WRS may not be representative of the pesl-doesure condition,

Table 52 Summary of reported water guality in the NBWR at NBWRRB (2000 — 2040).

Parameter ™ Minimum | Mean 95" %ile | Maximum | Exsiting Exceedances
compllance
fimmit

pH {unitless) aT 7.3 &.0 8.3 5.0-9.5 i}

Conductivity {mSim) | 100 500 1,300 1,500 -

Calcium 16 55 120 160 -

Chlorids .5 14 1 30 - -

Magriesium EQ 40 o 150 -

Polassmum orz 5.2 98 12 = =

Sodium 7.2 21 45 a9 E ;

Sulphate 4.0 210 A10 200 1,000 (1]

Cyanidewap <0.0050 | NA A <0.0050 0.1 [

Arsenic <0.0050 | <0020 0059 010 016 o

Copper «0.00050 | <0.0017 | 0.0023 0.010 0.008 0

Iron 0.020 1.0 35 12 1.0 B

Lead <0.00010 | <0.00066 | 0.0010 00010 n.oozs ™ 0

Zinc <0040 | <0015 0,040 0.040 012 @ 0

seoies; " A unile g’ unlass gihereise slaled; of dala presenied s bee significant fgures; and 7' the consan) compiance imes dor
Wi paramalers i handness depanderd (or heedness dependanl matals [coaper, lead ancd fnc|, e compbanos lisits posaded in Bes
fabdes Fravn baen kcobaled Sisavicg 4 hannaes of 100 g'm" a% CaCrllk tha ssabalion of pxcesdanoes B hassd on compliancs lmiis
wfusted tor measured hardness tor asch eampling evend (Eokeer 20711
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Table 53: Summary of projected water quality in the NEWR at NEWRRS (2011 — 2170).

Parameter " | Minimum | Mean 95" %ile Maximum | Proposed Excesdance
compliance
limit
Arsenic <001 (004 0,008 Q.17 k15 Ve
Calcium 10 156 201 204
Chilorice 025 8.8 10 23 -
Copper <) (01 0,004 0.0018 0.0038 0.008 = Na
Cyanideywan <00 00017 00042 000449 0.1 Ko
Iron 0.4 0.34 043 0.43 1.4 o
Lead Silig! =0.001 =0, 001 0.0020 0.0025 Ho
MAagnesium | 118 165 168 -
Fotassium n.2o 4.7 ET 7.6 -
Sodirm 14 23 37 50 =
Suphate 59 B33 1204 1,254 f
Zinc 000075 | 00054 {0,080 .01 02 Mo

Hotes: "' &0 unis gt 94 dafn precentied i s sgn Bl Rqures; and ' ghe consand compifnce Bris for thees cammeles i
Pt depedadenl [for Fandress dependem metals (ooopar baad and mnc), S complianos limils prosided n s lsble Reve been
cakulied sspuming @ harcnas of 100 gim” as CalQ. mods! projections ko feotial Cinrglignes (il esceedanoes havs nol bese
eaisaled on g handnees dependet bass)

Table 54 Summary of reported water quality in tha NBWR at NBWRRF (2000 - 2010),

“Parameter | | Minimum Maan 85" Ylle Maxirmum | Existing Excecdances
compliance
" mit
pH {uanithess] &y 13 TR L] &.0.9.5 0
Conductivity x -
{Sim) 44 310 S6(] 4,700
Calciurn 24 16 £2 TS5 B 5
Chionde 6.3 a.0 12 13 . -
Magnesum | 1.1 o4 3 48 - -
Podaseium 015 1.8 .8 6.2 = -
Sodium 3.6 10 21 28 - =
Sulphate <10 A4 230 280 - -
Cyanite .y <0005 M, MA WA 2 .
Arsenic 0.0011 00044 0.0073 00080 0.01 ]
Coppar 7 <[.0005 00012 M 0.0014 n.oog v a
irom 012 043 11 1.4 1.0 1
Lead =0,0001 NA NA 00001 0.0025 & i
== D002 0.0085 0.0047 0.004% 01z = i

Motes: "' All units gfm” unkss aiharsiss sated, o1 dsta presenied to o sigriicent fgures. ™ S consest complancs ImEs tr hiss
prranscs B hanfoess decenden! (far handness dependent mesats (soppen, b and zinc), e complianta bnis prosided in this mbis
have basn calculalnd assuming & hardnass of 100 gim' as GaGO: the weakasfion o sxceedances is based on complancs Bmis
arcljstiond For massuned handness for soch sampiing event (Gakder 3011d)x ™ only four resubs abowe T datestios lirit and ™ oy o
pamphes i e daleetios Rl
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Table 55: Summary of projected water quality in the NBWR at NEWRRF (2011 — 2170).

Parameter "' | Minimum Mean BE" %ile Maximum | Existing Excasdance
compliance
limdt (Aane
proposed)
ArSEnC <[3,001 0,040 0.010 o.11 004 s
Caleiim 10 98 110 148 -
Chioride 025 11 11 14 -
Coppes <0001 €.00189 0.0020 0.0030 0,009 No
Cyanidewn <1.0H 00047 0,000 0. (D0 0.1 M
I 0,036 0.18 021 .43 1 [
Lead <000 <0001 <0001 0.0015 oon25 ™ Mo
MagREsium = 43 - T4 2
Potassium 028 32 35 5T 5
Sodivm 1.4 8 19 ik
Suilphate T F3i 30 810 -
Zira 0.0007 0.0050 0.0053 0.008 izt Mo

Motos: ™ A urits i al dals presected 1o e sgndficant fgures: ™ thi consant complance mits for hase paramalnm is Fardness
dapandend (ior hardness. depondoen matals [copper, lsad and sinc), the Complancs BmiEs. prorides in IhE e Bave bean calzuiid
asziming a hawness of 100 g an Cel0; rodel projections ko polential complianos it eecoadance s hass rol been ayaluaiad cn a
hardness dependaen] bask)

6.8 Pit Lakes

Watar quality projections for the pil lakes lellowing clasure have been developed as part of the ske wide
modeling praject. These projections are besed on the water quality ot the end of the 180 year pest-closurs
modelad pariod rether than at cverlos, &5 he pits &e not propected to overflow within this percd.

Watear quality projeclions for Frasers Pit lake indicate an initially poor water quality &8s a conseguenca of
disposal of @ilings dreinage water from each of e TSFS in s pil Tor 8 simulated peaod of 20 years
following MGP closarne. Subsequently the walar qualty in the plt improves as dilutlon from ron-off water and
direct pracapitation forms &n increasing fraction of the water in e lake, There are no projecled seepage
iossaes from Frasers Pil durisg the 150 yaar simulated post-closure parod. The projected quality of the pit
lake water at 150 yesrs folmwing closure is summansed in Table 56, Waber gualily projeclions for the Roasd
Hill Pit lake {Table 58) indicate a rogressive decling in waber quality over tme, primarily as e modal Boes
niol mchede an allawance for seapage ases from ths lake. Consequantly, avaporative lesses fewand the
end of the maodel run resull in the sirdated coraminants in the ke becoming progressively more
concentrated. The evantual water guality balsncs was nod reached during fhee run period,

Ihase simulabons of waser quality in the pi lakes are derived from & simple mass balance madel and have
not baen tesked for hydrochemical stabiity. A& with the siream water qualty projections. the lake walar
projections ane considered io be consanatiee for several perarmedars due o the polental Tor precipitatian
raaciions b eocur in the kske {refer Secton 6.68.1). In additon, the watar quality projections gssume
compete mixing of the lake water and are therafore presemted as average concentralions or the lake water

Agrd 011 @
Rasor Mo, DTE1 10862 FOOE D | ] Mﬁ



MACRAES PHASE Il SITE WIDE SURFACE WATER MODEL

Table 56: Summery of projected pil lake water quality &t 150 years post-closure.

Parameter Frasers Pit Round Hill Pit
Arzanic 0.5 0.4
Calcium 160 220
Chloride 20 40
Copper 0,003 0,003
Cyansdeysn b2 0.4
len 25 &2
Lesd d.001 0.002
_Magnesium By 1410
Polassiom a T
Sodium a0 a0
Euwphate 740 B&d
£inc G009 .01

Matos: "' AF units p/m’; all dom presenied o o sagniicant g

6.9 Discussion
6.9.1 Model conservatism

The simadation of water quality ussg the GoldSim model has been performed based on the assumption that
contaminants are conservalively anspon in surface waters, For a number of the simulated parameters,
incuding metals, metalloids and cvende.r 1his i unlikaly t ba the case. For exarmple, the autcomes from
past imestigations in southemn Mew Zesfand have indicated arsenic is altenuated not anly in $oils but also in
tie strearm environment (Craw e al. 2000; Haffert & Craw 2003).

Tha GoldSim model was daveloped to 1ullil seversl abjectives, ona of which is to provide conservative
projections of water quality at exisling and progosed consent complidnce points into the future. The
assurrgdion of conseratve ransport within sireams & wselul far this purpose. Several parameters have
Been identified frem Be modelling process that that may evenlualy excesd compliarce limits al some of fhe
compliance mondonng paints,

The GoldSim model wsed to simulate contaminant transgor for this project is considered o genetate
cor@arvative cutcomes Tor a number of reazons documanted earlien in this report, Al this stage, & review of
the initial assumgdion of conservative transpod in $urlace waler is imporiant as tha dagres of consenatsm
ouitlt Into the model kas not been previowsty discussed.

PHREEQC is 8 physico-chemical modelling package that can be used fior peochemical modeling of surface
walnrs (Parkhurst & Appalo 19885} Such modelling can provide an indication of the degres of conservatism
incorporatad i load-based mixing calzulations. A praliminary assessment of B hydrochemical stabity of
fhe sirmdated waler qualily in Deepdell Creek at DCOB has been perfformed.  The assessment s predminary
and Indicative only in that the watesr qualily in Devils Creek can be expected 1o change daily. The
hydrochermical stabalty of the mixed inflows from e various confribubions to Deepdall Creek upstream from
D0 would iherefore also nhar?s 4r a daily basis. For this reasen the inilial PHREECG analysis has been
underiakan on the mean and 957 percentite wabter quality cutcomes from the GokiSim modal.

In Lndertaking Bis assessmeant of ihe hydrochemical stability of the: projected water quality in Dee pdall
Craak, the alkalinity was adjusted to echieve electro-neutralty and the smudstions were run wih and without
equiliErium with atmospharic CO,, both standard apprasches. The outcomes indicate the major ions,
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including caleium, patassium, magnesiurn and sulphete, are affactinely consarvatvely transported in surface
wiaaber at the concentrations semulabad by GoldSim at DCOE, In comdrast, mast of the metals ard metalloids
includineg iron ang Feedy to be attenuated through adsemdion and predpitaton reactons.

The simulated reductions in iron concantratcn from those generatad by GoldSim for DCOE wera at least two
orders of magniuce, based on the precipitation of Ferriiydie (Fe(OH]5). A simiflar rduction n the
eancentration of lead in eurface watar was indicated. Tha simulated decreasse n arsenic concantration was
at least ome arder al magnitude, In condrast, copper, Zine and cyanidey.q showed effectivaly no changs in
conceniratian.

I reaching conclusions based on the suface water madeling underlaken hor this progect, the fallowing
faclors need 1o be kepl In mind:

m  The inhersn] consendatsm of the contaminand transport modeds genarated during fhis project.
m The warler qualily adjiustrmznls indicated by fhe hydrochamical stability analysis.

The primary cotclusion reached ig thal sufphate ks Beety to b= the main dissolved contamirant that could
prasent a long berm issue for consent waber quaily complance atthe sita.

6.9.2 Iron issues

Monitoring for iFon in surface waler and growendwater 1S required under current consents.  The complance
concantraton for ingn s generally 1 gim® at groundwater compliance wells and syrface water monitorng
painks, except al the Shag River where the compliance concentration is 0.2 g/m® basad on MZDWE [MoH
2008} Inon is an essential elament with no lsted makimum geceptable values lor heaith sgnilicance, The
Emit in Mok (2008) is listed under “guideine values for sesthelic determinands” with & cormment Indicating
the concern is related to stainirg of laundry or sardary ware, ANZECC (2000 does nol provide guideline
values for protection of sockwaler or aquatic ecoayalems. The concentration of 1 gim? apecified in the
condilions of congent ts a valee based on a United Siates Environmeantal Protection Agency Gold Book
criterion. This criberion was developed o Bmit the rigk af inen locoulants developing in water recalving ron
contaminaled dischangas.

Tha GoldSim surface wabter madel projections ndicale the curment compliance erileria Tor iron woudld be
enceedead in the kocal waterways. The revienw of mosal corservatism presented in Section 6.9.1, howevar,
suggests dissoived iron B urdikedy to be an issee at the mine e coenpliance poenls. Assurming however the
input parameters o the models ane valid, the implication s that iron loccsdants ae llaly to devsiop close to
te discharge points dor TSF drains.  These discharges are expected 1o requre miligation, as docurnentbed in
Section 6,10, which should nclude addressing the potential for inon fliacculation.

T transpor of frem throwgh the groundwater system a the sike is not well tnderstood 2t this stage. The
concentrations rmaasured in samples from detection wels down-gradient from the MT1 suggest iion s ower-
represenied in cofnparizan to ciher conservatively fransported contaminands. Environmantal monitoning by
CiceanaiGold indicates backgroomd inon concendrafions in bath groamdwiter and surfsce waler vary
considerably across the MGP site and scross the wider Macrees area. For this reason tha projections for
iron concentrations gemerated fromm e model meed (o be teated wilh cation.

6.10 Scope of Mitigation Required for Compliance

[ he outcomes of thiz site wide surface wabter modeling program documented above ldentity locations whene
managerment measures may ba necessary in order by ensura the MGP continues 1o openate within the
curren and proposad consent compliance imils, assuming natural sttenuation does nol resul in
contaminanl concendraticns being reduced ko levels sufficlently to mesd compliance lavals, The outcomas of
the mcsalling in termes of projected consent compliance are summarisad in Tabbe 57,
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The GoldSim modeding outcomes indicate mitigafon measures are likely ko be necessary 1o enswre the MGP
cantinues 1o Meel consent complisnce regquiremeants at mast of the sites kstad in Tabbe 57,

Tabla 57: Summarised un-mitigated and un-atienuated exceedances of propesed consent water
quality lmilts.

Monitoring site Paramater |
Arsanic Copper Cyanidey.n Irain Sulphats

DCOR {YES) MO {YES] {YES) YES
TS0 (FES) MO HND WES) YES
Shag at Loop Road (YES) MO MW {YES) YES
Shag at McCormicks | (YES) MO MO (YES) YES
MEWR Fed Bank (TES) M Pk (YES) YES
MCOT (YES) ]n 58] (YES) YES
NBDE IYES) MO (5 (YES) YES
G N WO (bl YEE [

Hates; "' Oiher paamelers for Sese Shis an progelEd W remain wilen oomplancs Enis; © smyleed soeedanoos s e in
Erackess ara unlikaly $ evecbuale (lhe n-bulk conservalism of Tha rodel and Be ack of simulated ralunel sienustion processes loads
b mcesdancat haing adicatad]

Taking inlo considaration the inullt conservatsm of the model and natural processes that will likely
atlenuale arsenic and iron, as discussad In Section 6.9, the simulated exceadances of compliance critaria
that are unlikely to evertuate have also been ideniified in Table 57, Moniloring is recommended bor sl
bracketed paramaters listed in Table 57 o confiree (he expected conservatisem of e model, Mitigaton
ghould be censidered with respect to the parametens In Table 57 that are not bracketed due ko the greater
palential for excendarces al proposed surface waler complance mondoning locations.

A range of water managernent measures have been reviewed (Golder 2011a) with the objective of
padressing the potznbal water qualily compliance issues summansed in Table 57, A sule of measures has
bean identified suitable to mitigate for these projected comgliance issues. The simulated improvements to
watar quality heve ales been docurnented (Golder 201 1a). Water managerment maasuras that afler thi
pederdiad Io improes watber quality &t the sife during the opersfions! period of ha mine heve also baan
dantified. Messures appropriate far the management of iron facculants and the pracipitation of other
metalsimetalioids has been reviewad {Golder 207 1a) to provide a basls lor assessing environmental effects
relatad 1o surtace water tody substrates near dischare poinis

1 i expecied that an sppropriate set of water managemant magsures can be instigated by OosanaGold thal
would enable the MGP fo continue to operale withn the proposed water quality critera. Wasler management
maasuras can be put in piace prior b the coaswra of the slte thatl would enablo mgning compliance with the
proposed waler qualily critenia following closure (Golder 201 1a),

7.0 CONCLUSIONS

OceanaGold is proposing to undestake a substantial expansion to the MGP oparations, Incuding he slorage
o Railings and washe rock in areas previously nat influenced by the mining cperation, As part of the
environmantal essessmant of the Macraes Phese Il Projecl, & ming waler managemant model kas bee
constructed o simulate dissohved contaminant transpart 0 surface wataer from e MGP site. One et of
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At pasameters for this mine water modalling is derived from growsdwabes contamanant transpar modelling
undertakan as parl of the same project

Construchion of the Macraes Phase |1 Project would reguire an estension of the amvimnmantal compliance
monitoring program. The proposaed complance monfienng regime includes:

m  Mew compliance manitoring points downstresm from ke Back Rosd WRS and the TTTSF.
m  Removal of tsnnecessary compliance monitoning ponts on Despdell Creek and (he NEWER,
®  Shifling of ane compliance monibering paint on Murmpbys Creek,

Thee walder quallty compliance limits are pmposed tn be slandandised actoss the ke No waler quakly
parameters have bean rermoved from the lis? of compliance paramaters, however at soma sies naw
parameters have been added as pard of the slandardisabion,

hodalling mdicates the proposed campliance limits are likely 1o e excessed 81 most compliarce manibaring
stz gifher during the operational peried of the mine or fallowing mine clasune unless miligalion measumnes
ara undertaken, The modeliod eccestances ane mainly for sulphate, arsanic snd inon, althaugh tha
simulations atso indicate copper and cyanidey., may Also axceed the compliance lmils al ndividual sdes.

A the sulace watsr models used Tor this projest incorparate an sesumplion of consarative contamneant
transport within sudece water bodies, the modelled exceedances for arsenis and Syanide.n se enilely to
occur. Both are subject to geochemical reactions, precipitation, Bdsorplion or breakoown inthe natural
environmenl. Dissalved iron is alss unlkely to present an issue al the compliance points, dus bo its capacity
io rapidhy oxidise and subsaquently precpilate, Miligalion measures may howaver be reguired bo minimisa
any pessible issues of Fan fecculents and discolouration of straam beds close to the TSFs,

The primary water quality isswe kdentifed is the nead to manage eulphate concenirations in recaiving surace
wialer bodies, As sulphate 5 consansatvely tremsporied in water, it doss fed Becoms naturally atlenuated
except through dilution. Sulphete corcentrations at & ol the proposed compliance momitaring sites, excepl
tha site on Cranky Jims Creek, e Tkely bo evantually exceed the relevant complisnce limits on a seasonal
basis. MEigation messuras are therefore considard 1o Be necessary b ensure water guality on all of the
craeks infersecling tw MGF sibe, and in fve 3hag River.

I k& expectad that an appropriate sef of wabter maragemenl measures Gan be instigaied by CoeanaGokd he
wioulld enable the MGP 1o confinu: fo operate within the proposed weier quality criteria. Water manageamant
maasures can be put in place prion tothe closure of tha sita that would enable angeing compliance with the
propoesed water quaity critana following closwre {Golkder 2070 1a).

Tha mductans in catchrment aress due o the MGP cperations rasult in reduced flows downstream from tha
rrinesite. As you move down the calchment, the respeclive changes in flow are reduced. Af the waier
gualily compliance points of NEDS, Loop Road and MoGormecks, whach ane Iocated upsinetm mam
eonsented water takes, the changes in flows ame wery madest, AL these manitaring pointa. the reductions in
flows are axpecked 1o be within the emor associated with the cumant estimated flows.
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