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EGL Ref: 9642

23 May 2023

OCEANA GOLD (NEW ZEALAND ) LIMITED
MACRAES OPERATION
GOLDEN BAR WASTE ROCK STACK - STAGE 2
DESIGN REPORT

INTRODUCTION

Engineering Geology Ltd (EGL) has baequestethy Oceana Gold (New Zealand) Limited
Macraes Operatioto undertakethis design reporfor the Golden Bar Waste Rock Stack
(Golden BatwWRS) Stage 2 whichaises the stackip toRL610. This reporis tosupport an
application for aesourceconsent to expand the exigy WRS.

The Macraes Mine is located at Macraes Flat in East Otago as shown in Figure 1. Gold and

VFKHHOLWH ZHUH LQLWLDOO\ SURGXFHG DW ODFUDHYV E\
TV *ROG SURGXFWLRQ UHFRPPHQFHG IRU opedigitFXUUFE

mine. It was subsequently extended to include underground mining. Associated with the

mining arewaste rock stacks (WR$)r disposal of pit overburden matereatternalto the

open pitand tailings storage facilities (TSFs).

The Golden BaProject isa satellite projeclocated approximately Bm southeast of the
Macraes Minaas shown in Figure. TheGolden Bar Projeatonsistof anexistingopen pit
mine and a existingWRS.

The first stage of the mining at Golden Bar occufreth 2004 to 2006The existing layout
of the Golden Bar Stage 1 Open Pit &alden BaWRS are shown in Figure 2. An existing
silt pond(Clydesdale Silt Pondy located at the toe of theorthern extet of theexisting
WRS.The existing WRS has been in place since 2006 anpettiermance has met design
expectations. Theris no evidenc®f instability, deformationand littlesurface erosion.

Extension tage 2 of the Golden BaOpen Pitis proposed as part of the Macraes PHase
(MP4) Project. An extension of the WRS is also proposed to prautfecient storagefor
overburden materiaw@ste rock mined from the pit. The planned WRS corsist a
southwest extensiorof the existing WRSa 70 m extension from the front (northern) face
of the current WRSand a crest raise of approximately i®0above abuilt levels The
storage capacitgf theextendedWRS is approximatelf4 Mn? with thenewcrest level at
RL610. The proposed Stage 2 of the Golden Ba&rand WRSareshown in Figures.

This design report is prepared for Golden Bar WB&e 2Pells Sullivan Meynink (PSM)
is undertakingheslopedesign for the Golden Bar $f@ 2 Pit and their design considers the
impact of the open pit on the stability of the WHef. 1). The analses covered by this
report therefore only considethe stability of the WRSlopesand excludes analyses of
potentialfoundationshear failuréowardtheexpandegit. The potential for foundation shear
failures away from the influence of the pit are considerede PSMreport

e engineering
new zealand
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2.0 SITE GRID

All plan grids, references and geological orientations referred to in this report are to mine
north, which is approximately 45 degrees -@hickwise from true north.

3.0 PERFORMANCE OF THE GOLDEN BAR STAGE 1 WRS

The existingsolden BalPit andWRSStage havebeenn place since 200&GL undertook
awalkoverof the site on 8 November 2022hoto 1 shows the pit and Photo 2 shows the
downstream slope of tR&RS. At the toe of the WRIS the Clydesdale Silt Pdras seen in
Photo 36 and 7 The existing slopes are approximately Z5H:1V or 23 degTherewas

no evidence omajorinstability or deformationof the WRS. The rehabilitated $ace of the
WRS was in good condition with litteurface erosiorMinor seepag&as observed out the
toe of the WRS into the silt porahd localisedninor sumping or minor backward erosion

of the toe of the slop@lue to seepag&as visibleas is shown in Phota 7

The Clydesdale Silt Ponglas in good condition. There wasnor sediment accumulabn
in the silt pond, which is consistent with the little sediment generation froms\Wb&@rved
at the Macraes Operation.

Photo 1 shows a small slip on the cut fabeve theamp into the pit in the more weathered
schist materialNo notable slips were observed on the northern and eastern slopes of the
Stage 1 pit.

4.0 PROPOSEDWRS PROFILE

The proposedbotprintand contoursor Stage 2 of the Golden Bar WRSshownin Figure
3. Thegeometry of the WR&as beemesignedassuming27 Mt of wasterock excavated
from the pitand placed in the WR®\n average densitgf 2.18t/m? is assumed for waste
rock This equates th2.4Mm? of storage required. The design allows for 14.03With a
crest ofRL610. The design allows some contingency volume, wieichbleghe staging of
the WRS to allow for haubadsand minor variation in profile and extent if required.

The proposed slopes are at an angle of 2.5 horizontal to 1.0 ve2tidt XV, or22 deg).

To achieve the required fill volumes and intain operation of the Clydedale Silt Pond
during corstruction a locally steep section of slope is proposed directly above Clydesdale
Silt Pond The slopeangle over this sectiaa 1.35H:1V(37 degeeg. Waste rock at Macraes
standsmuchsteeper thaiH:1V when end tippedThis section of slope igpproximately

8 m high and has a 5m bench at itestr Once rehabilitation of the northern slopes are
complete the bench will be pushed dowmntidl the Clydesdale Silt Pontbr closure This
proposed approacmableghe existing silt pontb be used durinthe Stage 2xpansion of

the WRS.This avoids affecting the gully downstream of the existing silt pond.

Photo 1 shows the proposed southwestern extension area above Golden Bar Pit and Photos
2 and 3 showhe extension area in front of existing northern fafcihe Stage 1 WRSlown
to Clydesdale Silt Pond.

Stage 1 of the WRS targeted a curvilinglapeprofile with minor bencheto blendinto the
naturalsurrounding environment. A similar approach can be achiagatemonstrated by

File: EGL9642 Golden Bar WRS Design Report Rev0.docx
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thecontourson Figure 3. Figur@ and9 shows the profile proposed in cross secf®ections
A-$T -%T-&ID- ' andE-E Y. The locaions of the sections are shown in Fig@r&o
6. The main slope profile shown is 2.5H:1V

The WRSis set baclat leasB85 mfrom themainpit wall. The closest location is Section D
1

The waste rockplaced in the Golden Bar WRS will be etpped, with each ayer
approximately 1€20 m high.The final outside surface will be profiled using bulldozers to
the target profilerehabilitation material placedndthe surface vegetated.

5.0 OPERATION LIFE

The estimated duration of the operation and rehabilitation of the Golden Bar WRS is
approximately3 yearsandthe WRSwill remain in place in perpetuity.

6.0 RESOURCE CONSENTS

It is anticipated that similaresourceconsent conditionkeld for the existing Golden Bar
Project and other WRSs at the Macraes Operation will be applied Gotden Bar Stage 2
Project The proposed design is similar to the recent Deepdell EastaMBSther WRS at
theMacraeOperationand therefore is expected to be meet similar itimmds.

7.0 BUILDING CONSENT

Building consent has been applifd someof the existingwasterock stacks at Macraes
EGL is notaware ofthe specificequirenent under th&lew Zealand Building Act 200tbr
waste rock stacks to have a building consent, however, understaadaintyin the past
around whether theock stacks represent structutess led to building consents being
applied for A building consent was applied for the most recent Deepdel\ZRS.

8.0 GEOLOGY

8.1. Regional Geology

The basement rock in Central and East Otago com@®ise® schist. The Otago schist

is primarily conposed of psammitic and pelitic grey schist derived from
metamorphism of Mesozoic age sandstone and mudstone. In the area of the Macraes
Flat, the rocks have been metamorphosed to green schist metamorphic facies, giving a
strongly foliated fabric of darkrgy micaceous and light grey quarizh laminations.

From previous geotechnical investigatsmf the Macraes Gold Project, it is apparent
that the prominent geological structure includes a-deleloped schistosityith two
dominant fault sets.

The major set of faults has an eastern trend. They exhibit Miocene (recent tectonic)
deformations andra related to the formation of the Alpine Fault. This deformation
has faulted and folded the surface within Central and East Otago to produce the
presemday basin and range topography.

File: EGL9642 Golden Bar WRS Design Report Rev0.docx
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The second set of faults has a northern trend, and the most signdfidhese is the
Hyde-Macraes Shear Zone (HM$ZThe HydeMacraes Shear Zone (HMSZ)
comprises a mineralised shear zone which has been mapped for at least 25 km by
OGNZL geologist. The HMSZ represents the principal gold bearing ore body
exploited by OGNZLand generally strikes north and dips at about 15° to the east.
Tectonic displacement associated with the HMSZ is inferred to be in the order of
hundreds of metres, with the movement initiating some 120 to 150 million years ago.
The oreschist zone of thélIMSZ consists of predominantly pelite and semipelite,
howeverincludes blocks of psammite, typically well foliated and containing quartz
veins. The Footwall Faulis a dominant structurehich defines the footwall of the
Hyde-Macraes Shear Zone (HMSZ)

West ofthe Footwall Faulthe schistosity is folded and has a varying trend over the
project area revealing a series of anticlines and synchudisition dips either to the
northwest, north, west or southwest. East of the Footwall Fault (Hamgilpthe
schistosity has more of an easterly treftte Golden Bar project is located east of the
Fault Wall Fault andHMSZ and the dip direction of the foliation is to miseutreast

as shown othe Geological Site Plan dfigure 6.

PSM reports (Ref. 1the Golden Bar Pit targsetthe Eastern Lode ore zone which is
positioned approximately 400m stratigraphically above the Footwall Fault.

8.2. Waste Rock Stack

The existing waste rock stackmprise schist rockfill from the mining of Stagkeof
Golden Bar Pit. The WR® capped with rehabilitatiomaterial (mixof soil and
rockfill) with a topsoillayer that has been grasséf@hots 2 and 3) Rehabilitation
material mayalsohave been placed over past topsoil, brown rock and ore stockpile
areas Rehabilitationsoils shall be stripped and stockpll@rior to placing Stage 2
rockfill. This is essential to maximise rehabilitation materials for Stage 2.

8.3. Foundation Soils

Inspection of the farm access track cuts dredpgrevalent rockutcropsindicatethat
there is generally only a thin layer of soilerlyingthe schistbedrock at the Golden
Bar area. In general, tls®il depth=f undisturbed ground ovéne proposedolden
Bar WRSStage Zootprint areexpected tdein the order oD to1 m (Phots 4 and
5). The soil generally comprises loasgerresidual soil weatheredinderlying schist)
and comprises layers of silt with varying amounts of clay, sand and g@xgalnic
soils and weak soils can be expected in the gullies.

Surficial soilsoverthe proposed footprint of the Golden Bar WRStarbe removed
during constructionThis includes organic soils, loess and residual $bils removal

is required to beemoved tdound thewaste rockon the bedrock foundaticemdthe

surficial soil need to bstockpiled for rehabilitation purposes

File: EGL9642 Golden Bar WRS Design Report Rev0.docx
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8.4. Foundation Schist Bedrock

Interpretaion of geological mappingf Stage 1 OGNZlirenchesby PSM (Ref.1)and
field mapping of schist outcro@ndexposures (see Figure 6 and Tablend)cates
the following:

x Foliation dips shallowly towards the sotghst averaging dip angle oR0h
and dip diretion of Hrelative to mine north)
x Joints are steeply dipgro the northeast and souttvestand are
- Planar to undulating with rough surface
- No infill material of thickness orded
x Faults are moderately to steeply dipping towards the north and west, and
steeply dipping toward the south
- Planar to undulating with smooth to rough surface
- Infill thickness ranging from 2 to 200 mm ofgge and rockfill(breccia)

A hangingwall shearis logged in past exploration borehokssd in the face of the
Stage 1 PitThe approximatgosition of the hanging wall shear pedon the Stage 1
Pit face is shown in Figure 6.

Large scale faults and shears were mapped along the east andvakstiauring
mining of Stag 1 byOGNZL (Ref.1) summariseas:

x Above hanging wall shear

- Moderately to steeply dipping towards the northeast
X Below hanging wall shear

- Moderatelydipping towards the east and southeast

- Shallowly dipping towards the northeast

The defects mappagknerallydo not indicate adverse orientation with respect to the
foundationgsfor the WRS apart frompotential features locally above the cut féoe

the rampdown the north west side tie Stge 1 Pit This area idikely to be below
the hanging wall sheawhere the mappethults and shearare indicated to be
moderately dipping to the east and southedsth would be towards the piRReview

of this area is recommendeldiring detailed design of the pit apdor to building
consenfor the WRS

No specificstrength testing has been undertaketheschist in the Golden Bar area.
However, elsewhere on the Macra@geration the typical unconfined compressive
strength (UCS) unweathered schist is about 20 MR@ tdPa, normal to the foliation.
Schist typically has a lower UCS along the direction of foliation. Ehisflective of

the layered nature of the ro@nd the presence ofeak, micarich laminations
(foliation). It is anticipated that the strength of the schist underlying the proposed WRS
will be consistent with that found elsewhere in the Mac@@sration

PSM (Ref. 1) has assessed the rock mass conditions at thesgaoject. A summary
is provided in Tabld.. The rock mass is classified into five classes, A t€lass A
with the highest rock mass strength and Class E with the lowest.

PSM (Ref. 1)summaisethe rock mass observed after the mining ofGoéden Bar
Stage 1Pit:

File: EGL9642 Golden Bar WRS Design Report Rev0.docx
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1. Rock mass is typically more massive and stronger than other pits resulting in an

upperbound Gological Strength Index (GS#)assification relative to other Class

B rock mass at Macraes

Large quartz veins are prominent along the walls

Jointing is well defined

Weathering extends to at least 70 m below the surface as evidenced by oxide

staining along the jointsn the east wallfahe Stage 1 Pit

5. The massive, moderately strong rock mass is expected to continue east based on
outcrops of psammite in the area.

Wi

Overall typical strength parameters used elsewhere for WRS designs at Macraes
founded on schist are appropriate for GolBan WRS. EGL not¢here is a small risk

of unknown geological defects (faultsaway from the pitwithin the rock mass.
Inspection of the foundatiamck during strippinghould be undertaken B3y OGNZL
geotechnical engineer or engineering geoloditadled designof the pit is required

by PSM (Ref. 1)

9.0 DESIGN AND ANALYSES

9.1. General

Stability analyses of the WRS have been undertaken using thdirvemsional
SLOPE/Wprogramme (Ref2). This includes both static and seismic analyses. The
analyses do rnionclude the stabilitpf potential shear failures in the Golden Bar Stage
2 Pit. This has been coveredtwe PSM report (Refl) as noted above

The stability of the WRS has been analysed using the same design approach and
parameters as that usknl the existing consented WRS projects (Ref and8).

Analyses of longerm static stability of the shoulders of the WRS and stabilihen
subjected to design earthquake lodds/e been undertakeasinglimit equilibrium
methodsThe Spencer solion (Ref. 3) has been used for analyses of circular potential
failure surfaces.

Limit equilibrium analyses have been undertaken to calctifet&actor of Safety
(FoS) for static and seismic loading conditions. Where seis@iting results in &EoS

of less than ong¢he yield coefficient (Y has been assessadd used teestimate
permanentisplacemergresulting from theearthquake

The seismic stability of the WRS is assedse@nOperating Basis Earthquake (OBE)
with an Annual Exceedance Probatyl{AEP)of 1 in 150 andan Safety Evaluation
Earthquake (SEE) withneAEP of 1 in 2,50Q This is consistent with Condition 11.1

of Dunedin City Council PCC) andWaitaki District Council WDC) Consents (No.
201.2016.779, 201.2013.360.1, Lt2016234 and LUGC2013225A, Ref.4). Note

that the SEE was previously referriedas theMaximum Design Earthquake (MDE)

but has changed to SEE to follow the terminology used in the latest New Zealand
Sockety on Large Dams (NZSOLD) New Zealand Dam Safety Guidelines 2015. The
WRS is not a dam, however, the NZSOlBsign criteria for dams were adopted.
Under the OBE shaking intensity onlyninor deformations arexccetable,and the
resulting damagenust beeasily repairable. Fothe SEE shaking intensity some
deformation and damage is permittedlong as stability is ensured.

File: EGL9642 Golden Bar WRS Design Report Rev0.docx
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9.2.

9.3.

A summary of the design criteria for the Golden Bar WRS is provided in Zable

Stability analyses have been undertaken for three cross se@iodg - %Y DQG &
& fthrough the WRS§locations shown on Figures6). These areepresentative of

the critical crosssections in terms of loadinthpographyand ground conditions. The
cross sections are shown in Figute

Seismic Hazard andDesign Earthquake Loadings

The site is in an area oélativelylow historic seismicityfor New ZealandHowever,

some nearby faultare considered activeith low slip rates, but they have the
capability of generatingare but largeearthquakes. They include the nearby Taieri
Ridge and Billys Ridg€Macraes)Faults and the more distant Hyde and Waihemo
Faults. These faults all have annual mean rsitps of less than 0.5 mm/year but are
considered capable of generating earthquakes with magnitudes in the range of about
Mw (moment magnitudey.4 to 7.3. The Alpine Fauylihe largest and most active fault

in New Zealandis locatedapproximately200 km northwest of the sit&he Alpine

Fault has an annual mean slip rate of 25 mm/year and is considered capable of
earthquakesf approximatelyMw 8.3. Estimates on the return period of rupture of the
Alpine Fault are around 150 to 300aye depending on interpretation and application

of the science. The distance from the Alpine Fault to the site will attenuate the shaking
Higher intensity shaking can be expected from the local active faults.

The design acceleration response spefdraOBE (1 in 150 AEP or150vyear
recurrence interval) and SEE {n 2,500 AEP o2,500year recurrence intervaire
provided in Table3. These are derived from the National Seismic Hazard Model
(NSHM) 2022 (Ref5) with an assumption oVszo condition of 1,500 m/s. V3o is
defined as the averageismic sheawave velocity from the surface to a depth of 30
mand is used toharactese thesite responseshear wave velocity testing fosdhas
been undertaken at the existing TSF at Macraes which hauarsioundation rock
conditions.The Peak Ground Acceleration (PGA) the OBE and SEE levslat the
ground surface arf@07 g and 0.32 g.

The design response spectra and PGA derived from the NSkilg a \é30=1,500m/s

is for the response dbundation level. Ground motisrwill amplify through the
rockfill massof the WRS dueto dynamicresponsef the fill massandtopographic
effects.The ground motion amplification (ratio of peak crest acceleration to PGA)
relationshp given by Harder et al. (Re6) has been used to determine the peak motion
at the crest of the WRS. The method is based on actual measuréfrentsase
histories)of ground motions recorded at the crests of embankments relative to those
recorded neahe base. Peak crest acceleratioin®.30 g and 0.63 gre estimated for

OBE and SEE levslof ground motions.

Material Properties

The adopted material properties for stability analyses are summarised iml.Tab&e
details are provided in theectionselow.

9.3.1. Waste Rock Characteristics

The waste rock is anticipated to consist of a mixture of psammitic and pelitic
schistfragments It is to be excavated from the Golden Bar Stage ZTR&.

File: EGL9642 Golden Bar WRS Design Report Rev0.docx
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schist rock varies from completely toweathered, depending on the relative
depth of excavation.

Physical characteristics of the excavated rockfill were assessed during the
designphase for the tailings embankments and were based ondedtscted

on samples of rockfill, schist and other various rock types used for similar
projecs.

The waste rock to be placed in the Golden Bar WRS will betippdd, so it
is assumed to be non-structural fill without compaction The waste rock
segregas when endipped, such that eadayer (approximately 120 m
high) varies from coarse rock at the botttorsilty sandy rockfill at the top.
Consequently, the Golden Bar WRIl consist of layers of rockfill of
varying permeability. Generally, theckfill could be expected to be free
draining, except at the top of each lift where a.tlow permeability layer is
created by the trafficking of the dump trucks.

The following shear strength function has been adopted for wastelrask
consistent with that previously used for WRS at Macraes Gold Project (Ref.
4,7 and8):

Shear strength\V = 1.29 V{P° (kPa), whereV] LV WKH HIIHFWLYH F
pressure.

For stability analysishe design unit weight used is 2k8/md.

9.3.2. Foundation Material Characteristics

A summary of the rock mass properties at the Golden Bar apeavisied in
Section 5.

Soils at thesurface beneath the proposed footprint of the Golden Bar WRS are
to be stripped before placement of waste roéky rehabilitation capping
material on the existing WRS is to be remowsd stockpiled for stability
purposes and for rehattdtion of the final Stage 2 profile

In general, it is expected thite majority of the foundationis comprised of
ClassB rock below the existing Stage 1 and proposed Stage 2 W&She
stability analyses,he properties of the Class C rock have been adopted.
Class C rock strengtassumption applielwer strengthghan Class B and
therefore for may sections the actual FOS is likely greater than presented in
Table 6 The HoekBrown Failure Criterion (Ref. 9) has been adopted to
determine the strength of the foundation rock mass.

9.4. Groundwater Conditions

The stability analyses for the WRS assuna the natural ground saturatedo the

rock surfaceand the waste rock is fully draindtlis likely that the foundation rock

will be less saturated than assumed in the analysis i.e., higher strengths in the
foundation.The WRS will be comprised of ikfill and gullies beneath the WRS are

to be infilled with coarse rockfill to ensure good drainage. Some localised perched
groundwater may occur on the thin low permeability trafficked layers within the WRS
(refer Sectior8.3.1), but due to the 10 to 20 werticalspacingoetween these layers is
unlikely to significantly affect the overall stability of the WRS
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9.5.

9.6.

Static Stability

Static stability analyses considered potential failure conditions using circular failure
surfaces which passed through the rockfill material and/or original ground foundation.
Only the critical failure slip surfaces are presenteithig report.

The resits of the static stability analyses are presentedrigures Al to A6 in
Appendix A and the results are summarised in Tablde results indicate that all the
calculated Factarof Safety (FoS) arapproximately at or above 1.5hereforethe
performarce of the WRS is satisfactory under static cond#ion

Seismic Stability and Shear Deformation Analyses

Seismic stability angdhear deformation analyses have been undertaken for both OBE
(1 in 150 AEP)and SEE(1 in 2,500 AEP)evels of ground motion.The seismic
stability analyses are conducted by limit equilibrium analyses with an applied average
horizontal acceleration gk for the potential failure mass. The ground motion is
expected to be amplified through the rockfill mass dudynamicandtopographic
effects. The design earthquake loadingeluding the effects of ground motion
amplification are summarised in Secti@m®.

The seismic stability analyses have been undertaken for three potentialsiaifaces

with different depths (i.e. full depth, 2/3H and 1/3H below the crest of WRS, where H
is the height from the crest of the WRS to the lowest point of the foundation).
Pseudostatic stability has been initially perfornfeskudostatic stability anakgs with

a calculated FoS less than 1.0 imply that some permanent deformation will occur
during the shakingn these cases, permanent deformations of the embankments have
been estimated using the Newmark type sliding block approached Qref Makdisi

and Seed 1978 (Refllland Bray and Macedo 2019 (Re2) 1These approaches allow

for dynamic responses of the potential sliding mass.

Lower and upper estimates are provided for the estimated seismically induced
deformations. For the Bray and Macedo 2QRef. ) method, the lower estimate is

the seismically induced permanent deformations with an 84% probability of
exceedance, and the upper is the 16% probability of exceedance. Engineering
judgement was used to develop lower and upper estimates uskdisMand Seed

1978 method (Ref. 1) because they do not present results in a probabilistic
framework.

There are variations in the estimates of seismically induced shear deformations
calculated with the two methods. The different methods have differengederlying
assumptions and have used different earthquake records. To capture the epistemic
uncertainty involved in utilising these methods, the averages of the results from the
two methods are considered to provide the best estimates.

The results othe seismic stability analyses are presented in Figures A7 to A24 in
Appendix A and are summarised in Table

For all the OBE cases, pseudostatic FoSs are greater than 1.0. This indicates that

yielding and deformation of the WRBeexpected to be mimal. Therefore, mekig
the performancebjectivesn Section8.1.
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9.7.

9.8.

9.9.

The results of the analyses for all the SEE cases indicate FoSs less thantlie0 for
assessed potential failure surfacétowever, he estimated seismically induced
deformationdor the SEE level shakingrel to 7 cmwhich isvery smallfor a large

fill embankment Such small deformatioa would not be noticeable within the
rehabilitated terrain. HowevdEGL noteshake down settlement of the rockfill under
strong earthquake shaking and potential deformation on fault structures within the rock
could result in some cracking of the waste rock surfAog.cracking is likelyto be
inconsequential oeasily filledor reprofiled with an excavatorThis is no diffeéent to

many natural landforms followin@ strong earthquake.

Surface Drainage

Rainfall readily infiltrates into the waste rock staekal no notable surface drainage
controls have been required for the existing WR®1e majority of surface water Wil
seep through the waste rostack andeport tothe existing Clydesdale Silt Porod
Golden Bar PitA catchmenbdf 7.5haaround thesouttwedernextension of the WRS
currentlyrepors down the natural slopes. During constructidhe WRSawindrow
will be maintained around the working tip head and running sunidgehwill control
surfacewater within the WRS working areas shown in Figuré. Surface water
ponding within the wiking area can be directed to Clydesdale Silt Pond or Golden
Bar Pitas requiredSurface water infiltrating the rock stack in smuttwedernarea
will seep out the toe of the WRS. Seepage flows in tles are expected to be low
due to theattenuation effect of the rock stagkxperience on site is that flows it
the toe of the WR®ave very low sediment content duethe filtering effectof the
rock materiain the WRS

Where requird perimeter bunsl canbe constructed around the toe of the WRS to
managestormwater runoff either to createa silt capturebund ordivert it into
temporarysilt pondsuntil permanent rehabilitation is in pladéis is further discussed

in Section9.9.

Subsurface Drainage

Existing ephemeral gullies beneath the WRS footprint are to be filled with coarse free
draining waste rock material either through hitjrhead segregation or direct
placement. This will enable subsurface drainage of gullies which are filled downstream
by waste rock.

Erosion and SedimentControl

Runoff from the WRS during construction will be directethi® Clydesdale Silt Pond,
Golden Bar Pit, otemporarylocal silt bunds or silt pond#\ny temporary local silt
bunds or silt ponds will be minor arnlde need for these can be reviewed as part of
environmental monitoring and erosion and sezhit control as part of the operation of
the WRS. These are or will béocated in the gullies immediately downstreafithe
WRS

The WRS will be constructed with the working surface sloping down away from the

outside shouldewith windrows around the tip head and running surfathe runoff
will infiltrate the rockfill and percolate through the coarse fill discharging as seepage
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downstream of the WRS. Experience to date indicates¢matimitedsilt is generated
from the rockfill during theonstructon of the WRS due tihve nature of the schist and
the progressive rehabilitatiarf the outside surfaceas the WRS is constructed. Most
of the runoff infiltrates the rockfill and the silt is removed beforestepage emerges
from the toe of the WRSThe existing Cl/desdale Creek silt pond has very little
sediment in it fronthe construction of th8tage WRS.

The main risk from an erosioand sediment control perspective is strippiagd
stockpiling ofthe surface topsoil, loesmd residual soilgrior to placenenton the
waste rock Surface water should be controlled within the cut or directed to the silt
ponds or pit during these works and rockfill placement should follow promptly
therafter. Stockpiles of rehabilitation matal will likely require perimeter bunding
using rockfill, or surface drains to direct run off to the pit or to temporary silt ponds.

An erosion and sediment control plan for the Golden Bar Project Stayssthe
prepared before commencing sy and it is recommended that this is submitted to
the consenting authority for approval.

9.10. Rehabilitation

The final contoured surface of the WRS is to be rehabilitated by spreadatgered
rock plustopsoil sufficient tostrike and maintain grasssurface in the longerm

10.0 CONSTRUCTION AND QUALITY CONTROL

Construction of th&VRS will be stagedtarting from thedownstreantoe of thenorthern
side of the WRSWaste rock will be placeuh layersup to the top elevation of the existing
Stage 1 WRS, before expansion of the WRS tetheiwest. Waste rock will be placed out
to theperimeter and the WRS raised in layers covering the full footprintitinéiéchesthe
design height.

Construction of the WRS will be undertaken by OGNZL, goant by contractors under the
direct supervision of OGNZL employees. OGNZL is responsible for setting out the works,
ensuring the rock stack is constructed to the design profile, that foundaippinst and
preparatiorarecarried out, subsurface drainage mateniglulliesis appropriate anduitably

placed, surface drainage is properly constructed and maintained, and rehabilitation (i.e.,
topsoil and grassing) isompletedto high standards. Ehproposed construction methods
and rehabilitation strategies are similar to those employed on the eXiSirggyand WRSs,

and these have been successful during the 25 years of operation at the MGP.

Construction QA willbe theresponsibilityof OGNZL with assstance from the Design
Engineer. It willinclude

Setout of the work

Approval of temporary erosion and sediment control works

Inspection and approval of stripped surfageor to placement of waste rock

Approval of te material and placement procedure of-ties@ning materiain

the gully floors

x Clean out ofthe Clydesdale Creek silt pond abdckfill with selected waste
rockand layer thickness

x Control of the placement of waste rock in layers between 10 m and 20 m thick

X X X X
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x Selection and control of placement of rehabildatmaterial and topsoil, and
grassing

X Survey of finishedurface

x Preparation of a construction report summarising the works completed

11.0 RISKS AND MITIG ATIONS FOR RESOURCE CONSENT

The following risks and mitigatiorsreoutlined fortheresourceconsent:

x All final slopes of the WRS have beehecked to confirm they can achieviag
term static FoS exceeding 1.5. EGL recommiiedfollowingrisk mitigations

o Any rehabilitation material on the Stage 1 Golden Bar WRS shall be removed
and stockpid for stabilityand rehabitation purposesf the Stage 2 WRS
profile.

o0 Any foundation soils over rock shall be removed and stockpiled prior to rock
placement for stability anethabilitationpurposes.

0 Area between the WRS toe and Clydesdale Silt Pond is cleaned out of any
accumulated sediment to rock before the placement of fill.

o Foundation conditions are inspected and recorded by OGNZL geotechnical
engineer during construction to confirm that all sdihve been stripped and
that there are no unfavourable fault structwéhin the rockwhich could
affect the stability of the WRS

0 Ephemeral gullies beneath the WRS footprint be filled with coarse free
draining waste rock material either through higthtead segregation or
direct placemeinto promote under drainage of the WRS

x An assessment of earthquake performance of the WRS has been undertaken and
indicates satisfactory performance under both OBE and SEE levels of earthquake
shaking. The pseudostatiroSs are all greater than 1 for the OBE level of ground
motion indicating minor deformations are likely. Under SEE shaking estimated
seismically induced deformations are smiddwever some cracking and settlement
of the surface could be expected. Such deformations are unlikely to compromise the
integrity of the WRSandcan be readily repaired with an excavator, which is no
different to many natural landforms.

x The WRS is located immdiately adjacento the pit. The effect of thepit on the
stability of the WRS has beassessebly PSM.Detailed design of the pit required,
and further investigation can be undertaken as requ&NZL will review the pit
stability as the pis developed. Any instability of theit affecting theWRS during
operationcould be mitigated byreprofiling and rehabilitahg prior to closure

X An erosion and seglient control planmust be developed and submitted to the
consenting authority for approval prior to commencing work. Surface water within
the WRS working area will be contletl within the existing Clydesdale Silt Pond
and Golden Bar Pit. Undercut of the foundation soils isthe risk for sediment
generatiorand shall be controlled within the box cuts or directed to silt pontse
pit. Local surface water control bunds and sediment retention bunds or ponds can be
corstructed as requiredsenerally WRSs generatdittl e sedment laden watesnce
rockfill is placed as it is selfiltering.
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12.0 CONCLUSIONS

The Golden Bar WRS is designed in accordance with accepted engineering practices.
Existing WRS have been designed to similar standards and their performance to date has
been satisfactory. Construction procedures, including supervision and quality control
practices for the Golden Bar WR®ill meet accepted engineering standafsks and
mitigationsassociated with the Golden Bar WRS Stagehighlighted in Sectiohl.0.
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Table 1 PSM Summary of Rock Mass Classes at Macraes Mir{Ref. 1)

weathered zone

soil

20%

Class Rock Mass Estimated Rock Rock Quality Estimated Typical Occurrence
Strength Designation Geological
(RQD) Strength Index
(GS))
A Lithified rock High rock strength| Good: 75 90% 55-75 Below Footwall Fault
with frequent Mean = 65
defects and rare
shearing
B Fractured rock Low to high Fair: 60- 70% 45- 65 Above Hanging Wall
with frequent Mean = 55 Shear
defects and somd
shearing
C Fractured to Low to medium Poor to fair: 40 40- 50 Above Class D to tog
fragmented rock 60% with zones of Mean = 45 of Hanging Wall
with frequent very poor: 0- 10% Shear
shearing
D Fragmented / Extremely low to | Very poor: <15% 20- 30 Include Footwall
sheared rock very low Mean = 25 Fault and zone of
poor rock mass abov|
E High to extremely| Extremely low to Very poor: 10 N/A Ranges between 30

70 m below surface




Table 2 Design Criteria

Earthquake

Operating Basis .

Earthquake (OBE) 1in 150 AEP

Safety Evaluation .

Earthquake (SEE) 11n 2,500 AEP

Stability

Static ILPLW (TXLOLEULXP )R6 -

Seismic

OBE Minor deformations aracceptable, and the resulting damage
easily repairable.

SEE Some deformations and damages are permitted as long as
stability is ensured.




Table 3 Design Earthquake Response Spectra, NSHM 2022 (Vs30 = 1,500 m/s)

T (sec) Spectral Accelerations
150 yr (OBE) 2500 yr (SEE)
0 0.07 0.32
0.1 0.15 0.77
0.2 0.14 0.72
0.3 0.11 0.56
0.4 0.1 0.46
0.5 0.08 0.38
0.7 0.06 0.29
1 0.05 0.21
1.5 0.03 0.14
2 0.02 0.11
3 0.01 0.07
4 0.01 0.06
5 0.01 0.04
6 0.01 0.03
7.5 0 0.03
10 0 0.02




Table 4 Material Properties for Stability Analyses

Material Strength Function Uniaxial Geological Material Disturbance | Unit Weight
Compressive| Strength Constant, mi Factor, D
Strength, Index, GSI

UCS

(kPa) (KN/m3)
Rockfill 2 o9 - - - - 21.5
Class A Foundation Rock Generalised HoeBrown 40000 65 12 0 27
Class B Foundation Rock Generalised HoeBrown 40000 55 12 0 27
Class C Foundation Rock (Adopted) Generalised HoeBrown 35000 45 12 0 27




Table 5 Summary of Static Stability Analyses Results

Section Potential Failure Surface FoS Figure
A-A' Critical Failure Surface within WRS 190 Al
Failure Surfacéhrough the WRS and Foundation 3.03 A2
B-B' Critical Failure Surface within WRS 2.26 A3
Failure Surface through the WRS and Foundation 2.62 A4
c-C Critical Failure Surface within WRS 2.18 A5
Failure Surface through the WRS and Foundation 1.49 A6




Table 6 Summary of Seismic Stability Analyses Results

Section Loading Toe of Failure Kn (g)® Ky (g)@ Pseudostatic Seismic Displacement (cnt) Figure
Condition Surface below FoS __
Crest Makdisi Bray and Best
and Seed | Macedo | Estimates
1978 2019
OBE H 0.07 - 1.58 - - - A7
OBE 2/3H 0.19 - 1.26 - - - A8
AA OBE 1/3H 0.30 - 1.08 - - - A9
SEE H 0.32 0.28 - 0-1 0-1 0-1 Al10
SEE 2/3H 0.48 0.31 - 0-3 0-1 0-2 All
SEE 1/3H 0.63 0.35 - 2-8 0-5 1-7 Al2
OBE H 0.07 - 2.20 - - - Al3
OBE 2/3H 0.19 - 2.09 - - - Al4
B-B' OBE 1/3H 0.30 - 1.13 - - - Al5
SEE H 0.32 0.33 - 0-1 0-1 0-1 Al6
SEE 2/3H 0.48 0.50 - 0-1 0-1 0-1 Al7
SEE 1/3H 0.63 0.37 - 1-6 0-4 1-5 Al8
OBE H 0.07 - 1.54 - - - Al19
OBE 2/3H 0.19 - 1.65 - - - A20
c-C' OBE 1/3H 0.30 - 1.11 - - - A21
SEE H 0.32 0.27 - 0-1 0-1 0-1 A22
SEE 2/3H 0.48 044 - 0-2 0-1 0-1 A23
SEE 1/3H 0.63 0.36 - 1-7 0-5 1-6 A24

(1) Kn (g) - average acceleration within the potential failure mass for various return period earthquakes (for pseudostatic analysis only)

(2) Ky (g) - yield acceleration within the potential failure mass for an FoS = 1.0, determined using pseudostatic approach.

(3) Estimated seismically induced permanent displacement during an earthquake. The range given here represents thppewestamées. For the
B&M method, it is the 84% and 16% probability of exceedance. The range given for the M&S method is developed by engdgsariagtjas they do
not present results in a probabilistic manner.



Table 7 Geological Fietl Mapping Summary

é c >
Obs?\lr(\)/étlon MGXP G- MGYP G- SEVS Obs_re;;:non Colour | Lithology | Weathering | Strength E % § Structure | Jt Spacing gﬂgﬁfye GSlI FO:S?Son (glrﬂfg) (?A'ggg) Seepage| Comments
<‘—E L £

Rock outcrop Slightly

GBO01 71,004 | 6,190 563 | (protruding) Grey Schist weathered Strong A2 1 Blocky 0.5-1.0m Good 65 25 100 145 Dry Outcrop on edge of old WRS
Outcrop on edge of old WRS; 1

Rock outcrop Slightly 2 m colluvial silty gravel soil in
GB02 71,076 | 6,275 565 | (protruding) Grey Schist weathered Strong A2 1 Blocky 1.0-2.0m Good 65 30 070 115 Dry bank neaoutcrop

Rock outcrop Slightly
GBO03 70,897 | 6,658 532 | (protruding) Grey Schist weathered Strong Al 0 Blocky 1.0-2.0m Good 65 20 080 125 Dry On slope above WRS

Rock outcrop Slightly
GB04 70,852 | 6,706 540 | (protruding) Grey Schist weathered Strong A2 1 Blocky 0.5-1.0m Good 65 14 030 075 Dry Outcrop on Ridge

Rock outcrop Slightly
GBO05 70,653 | 6,690 471 | (protruding) Grey Schist weathered Strong A3 1 Blocky 0.5-2.0m Good 60 20 090 135 Dry Top of bluff above sediment dar

Weak to

Rock outcrop Slightly moderately
GBO06 70,542 | 6,042 548 | (protruding) Grey Schist weathered strong A3 3 Seamy 0.5-2.0m Fair 35 30 010 055 Dry QOutcrop in gully

Soil outcrop Light Loess Very stiff to Gravelly
GBO07 70,556 | 6,153 544 | (track cutting) Brown Colluvium hard silt 1.5 m thick Dry Track cutting

Rock outcrop Slightly Outcrop in gully. Foliation
GBO08 70,588 | 6,191 530 | (track cutting) Grey Schist weathered Strong A2 3 Blocky 0.5-1.0m Good 65 15 080 125 Dry lineation perpendicular to dip

Rusty

Rock outcrop brownish Slightly Blocky- Track cutting, 0.40.2 m soill
GB09 70,559 | 6,226 533 | (track cutting) grey Schist weathered Strong A2 2 Massive 1.0-2.0m Good 70 33 055 100 Dry thickness

Fault outcrop Rusty It Highly Fault Faults x2 oriented 85/155 and
GB10 70,563 | 6,237 529 | (track cutting) brown Schist weathered | Very weak breccia Crushed Fair 20 010 055 Dry 85-055 (Macraes North)

Fault outcrop Rusty It Highly Fault
GB11 70,595 | 6,433 490 | (track cutting) brown Schist weathered | Very weak breccia Crushed Fair 20 045 090 Dry Fault oriented 75/045

Old erosion gully in WRS slope,

Old erosion gully Waste 0.5 to 1.0 m deep, inactive,
GB12 70,680 | 6,519 469 | in WRS Grey Rockfill Compact Dry grassed back over

Rock outcrop Slightly Blocky- Rock exposed in floor of gully
GB13 70,647 | 6,634 440 | (level) Grey Schist weathered Strong Al 1 Massive 1.0-2.0m Good 70 24 020 065 Dry U/S of dam, TL side

Rock outcrop Slightly Seamy
GB14 70,624 | 6,692 442 | (bluff) Grey Schist weathered Strong Al 1 Blocky 0.5-1.0m Good 60 35 050 095 Dry RH abutment of silt dam

Rock outcrop Seamy LH abutment of silt dam,
GB15 70,590 | 6,653 444 | (cutting) Grey Schist MW Weak A3 2 disturbed | 0.5-1.0m Fair 35 42 060 105 Dry faulted/sheared zone

Rock outcrop Slightly Moderately < 0.1 m cover over rock in cow
GB16 70,527 | 6,593 478 | (level) Grey Schist weathered strong A2 1 Blocky ? Fair 60 40 050 095 Dry track

Rock outcrop Slightly
GB17 70,444 | 6,519 506 | (protruding) Grey Schist weathered Strong Al 2 Blocky 1.0-2.0 Good 65 28 060 105 Dry Outcrop of ridge

Rock outcrop Slightly
GB18 70,418 | 6,274 546 | (level) Grey Schist weathered Strong Al 1 Blocky ? Good 60 22 080 125 Dry Outcrop minimal soil cover

Rock outcrop Slightly
GB19 70,295 | 6,093 553 | (protruding) Grey Schist weathered Strong Al 1 Blocky 0.5-2.0 Good 65 21 055 100 Dry Outcrop on crest of slope

1. MGPG = Macraes Gold Project Grid
2. Positions based on Handheld GPS (+ 3m)
3. Mapping: OGNZL BAdams, Heath
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